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Nuclear Power Plants continue to seek improved performance through up-rating of power output, the use of higher burn-up fuel and longer operating cycles.  As a result the importance of reactor physics issues continues to be significant, potentially increasingly so as new designs such as the Generation IV systems are being considered.

Reactor configurations are becoming more heterogeneous both in composition and in the distribution of power throughout the core.  This makes prediction more difficult when assessing core behaviour and determining safety parameters, such as reactivity coefficients, that dictate transient behaviour.  Thus it is evident that experimental validation of neutronics methods continues to be required.  In addition, the modern use of advanced computational methods (e.g. 3D neutronics) to refine safety analyses and safety margins has emphasised the need for more detailed reactor physics data and also the experimental confirmation of analytical methods.  In addition, thermal-hydraulic and neutronic codes are now being coupled in order to address issues such as boron dilution and ATWS or the analysis of PHWR pressure tube reactors.  These further developments have their requirements for benchmarking data as well.

The NEA Committee on the Safety of Nuclear Installations (CSNI) “Support Facilities for Existing and Advanced Reactors (SFEAR)”, Report of the Senior Group of Experts on Nuclear Safety Research (SESAR), has also been undertaking a review recently in the reactor physics area and the status of key facilities [6].  The current Expert Group project has a somewhat different and broader focus to that of SFEAR and thus different spread of issues and facilities are discussed in the two reports reflecting the particular interests of the NSC and CSNI.  This overlap should help to ensure completeness. 

The Near Term

Work in the area of reactor physics of particular importance for the continued development of nuclear power in the nearer term obviously concerns current reactor designs: LWRs, Gas Cooled (Thermal) Reactors, and Heavy Water Moderated Reactors, plus those designs already in development such as the PBMR and fast reactors.

For these types, typical interests are:

· Reactor core and fuel-cycle physics issues at high and very high burn-up and for enrichments higher than currently used in LWRs

· Minor actinides recycling in LWRs 

· Moderator and Coolant Void Coefficient in PHWRs and Advanced PHWRs (e.g. heavy-water moderator temperature, density, and poison concentration effects on the safety analysis).

· Physics related to plutonium management and MOX usage in the medium term (before Gen-IV systems are deployed); this applies both to the use of weapons grade plutonium in LWRs, PHWRs and VVERs as well as to the use of PWR recycled plutonium.  Advanced fuel cycles involving plutonium are also being studied for use in PHWRs.

· Criticality Prediction for storage of new and spent fuel particularly for fuels of higher enrichment (i.e. > 5%) and different composition (MOX).  Experimental data to verify analytical tools will be needed.

· Issues relating to High Temperature Reactors including Pebble Bed designs
: it is worth noting that research for Pebble Bed designs extends to consideration of the movement of the pebbles and hence the need to couple to fluid dynamics (use of diffusion theory to tackle this problem is not successful near boundaries).  NEA has a programme “PBMR Coupled Neutronics/Thermal-hydraulics Transients Benchmark - The PBMR-400 Core Design” [
] though the majority of the comparisons are between codes rather than with experiments.
· Issues relating to current fast reactors; this includes activities like burning of transuranics which is an area of study in both Europe and in relation to the Global Nuclear Energy Partnership (GNEP) [
] (further discussion on fuel developments and actinide burning are given in Chapter 3.5).  Examples in Japan include work at JOYO [
] on cross section measurement, core management systems and burn-ups.  

· Effects of radiation on reactor internals and vessel at very-high burn-up and extended plant lifetime (e.g. neutron flux and spectra on the RPV internal structures and RPV wall are critical for determining material embrittlement, component lifetime and the potential for RPV failure due to thermal shock while pressurised.  This issue also applies to the aging of pressure tubes in PHWRs).  Discussion of Materials issues will be found below in Chapter 3.6.

· Associated with, but perhaps broader in overall scope than the previous topic, is the whole area of Materials Testing in reactors and hence the continuing availability of MTRs and the facilities that such reactors are able to provide.
· Reactor measurements relating to shielding.  



The Longer Term

Looking to reactor designs being considered in the longer term, such as the Generation IV candidates, there is need for information relating to:

· Gas-Cooled Fast Reactors …(specific topics required
…) 

· Lead-Cooled Fast Reactors …(ditto
…)

· Molten Salt Reactors …

· Sodium-Cooled Fast Reactors …

· Supercritical Water-Cooled Reactors …

· Very High Temperature Gas Reactors
. As indicated in recent reviews [
] and [
] many if not most of the issues that have to be addressed relate to materials and fuel performance properties; e.g. 

· High temperature materials

· Fuel performance and reliability

· Hydrogen production technologies

· Safe coupling of reactor and H2 production facilities

· Waste generation 

However, a guide to the relative expenditure predicted for VHTR development is given in the DOE paper [
] where Fuels & Materials and Balance of Plant account for over 65% of the costs while Safety and Reactor Systems account for 12 and 3% respectively.

Support facilities for providing data required for resolving these issues continue to be essential.  Data collected from past experiments carried out on now dismantled or still existing facilities are not sufficient to cover the need of the evolutionary and next generation power systems.  Specific new experiments are required, many of which can indeed be covered by existing facilities, provided they are maintained and refurbished.  However, new support facilities would need to be constructed if a strong justification in terms of cost/benefit for assessing new safety and operational issues is provided or for replacing outdated ones.

The experimental facilities, research reactors and tests in power reactors need to cover the measurement of the following parameters in critical and sub-critical configurations: 

· Neutron multiplication and k-effective

· Buckling & extrapolation length

· Spectral characteristics

· Reactivity effects

· Reactivity coefficients

· Kinetics measurements

· Reaction-rate distributions

· Power distributions

· Nuclide composition

Interpretation of reactor physics experiments for the purpose of improved understanding of system behaviour, of assessing the predictive power of models used and introducing refinements for best-estimates requires two components: 

(i) the data describing the basic underlying phenomena of the macroscopic system behaviour and 

(ii) computer codes to predict the results from the interplay of the large number of different basic events; i.e. the macroscopic or integral effects.  

Therefore, it is essential that, in addition to the integral facilities, facilities providing newly-required or improved basic data are maintained.

As for computational models and codes they have to cover:

· core physics, 

· coupled neutronics/thermal-hydraulics, 

· radiation shielding, 

· criticality safety, 

· physics of the fuel cycle, 

· materials activation, 

· decay heating, and 

· energy deposition. 

The necessary basis for providing integral experimental data for model development and validation must be available and maintained and, indeed, expanded in order to meet the new requirements from advanced reactor designs.

The Nuclear Science Committee together with the OECD/NEA Data Bank, in collaboration with the member countries and other specialized institutions have developed data bases with evaluated and qualified experimental data shared internationally in addition to a large set of computer codes covering the different needs in nuclear applications modelling. The databases cover:

· Basic nuclear ([
], JEFF [23]), and chemical thermodynamics data [
]
· criticality experiments (ICSBEP [
])

· radiation shielding and dosimetry experiments (SINBAD [
])

· reactor core and lattice experiments (IRPhE [2])

· data from coupled neutronics/thermal-hydraulics experiments and reactor operation [
]
· fuel behaviour experiments (IFPE [
])

Basic data needs for innovative systems in particular for transmutation of waste products (the minor actinides such as 238Pu, 242Pu, 241Am and 242mAm and fission products) are extensive and have to be quantified and prioritised.  Also other data are required, such as (i) improved capture cross-sections of certain absorbers (hafnium, erbium and gadolinium), (ii) improved scattering cross-sections of oxygen, (iii) better knowledge of yields of fission product isotopes from the fission of most heavy isotopes and (iv) decay schemes and energy yields of radioactive isotopes.  In general, cross-section measurements with higher than current resolution and covering the energy range from thermal energies to several MeV are required for a number of important isotopes.  For the purpose of providing guidance for those planning measurement, a high priority nuclear data request list for industrial applications has been established and is maintained by NEA [18]
.

The data evaluated and maintained within these databases are in the public domain.  The aim is to contribute to and share reactor physics model and method improvement within the international community.  This is achieved via specific projects or through international benchmark exercises.  Other important data are proprietary, have commercial value or are accessible only through specific arrangements.  These databases contain not only valuable data but document the development of measurement techniques and interpretation methodologies.  Analysis of the content and quality of these databases provides a means to identify the coverage within the current knowledge base and, possibly, to identify further needs and thus to justify new experiments to fill existing gaps for advanced reactors.  The public domain data is not comprehensive enough for all aspects of the current and future needs.  
Data from some closed down facilities have been preserved in the public domain, see IRPhE project [2].  In particular, practically all reactor shielding facilities have now been dismantled, but the knowledge acquired has recently been transferred to a large extent to the databases and to the methods in the computer codes. However, validation of new codes for reactor dosimetry and shielding has to rely now on the available evaluated experiments in the databases.

Chapter 4.3 expands on the work on such databases and the NSC recommends that the methods and QA procedures used for those be adopted for documenting current and future experiments.

Evaluation of the accuracy of methods and codes is the objective of verification, validation and qualification studies.  Measurements made in critical facilities, and irradiation measurements in reactors, play an essential role in the qualification studies.  The interpretation of experiments is a driving force for the continuous improvement of computational methods and nuclear data



3 Reactors, Critical and Sub-Critical Assemblies



The RTFDB database has been prepared in the knowledge of the existence of the IAEA Research Reactors Database [12].  It has not been the intention of the present project to cover exhaustively all of the reactors listed on the IAEA Database; rather the purpose is to refer to facilities that provide guidance on the trends in the availability of research reactors.  A further source of information on Research Reactors is the: International Group on Research Reactors (IGORR) [
].


In the light of the discussion above, this section analyses the needs for future research and test facilities within the Reactor Development field.  Then, on that basis, the next section (Chapter 3.2.4) provides some specific recommendations.

3 Analysis of Needs

(a) Research reactors

“Research reactors” 
is a generic terminology which groups a number of different types of facilities; these can notably be dedicated to the development of new generations of nuclear plants, but also to the production of radionuclides for medical purposes, to material science experiments, to basic research, to safety benchmarks, to training, etc.  In addition to all the different and numerous purposes which they can be assigned, nuclear research reactors constitute unique and necessary infrastructures aimed at supporting the industrial nuclear electricity generation capacity and its further development (see, for example, [
 and 
]).  
With 20% of the operating fleet worldwide, the Russian Federation is the country currently possessing “the greatest park of research reactors” [
]. 

It should be noted from the outset of this analysis that, in parallel with national programmes, international collaboration has, for many years, been viewed as vital and has already led to the realisation of a number of major projects.  One significant example of this form of collaboration is the Institut Laue Langevin - High Flux Reactor (ILL-HFR), which was originally co-funded by Germany and France in 1967, with the UK joining as a third Associate member country in 1973 [
].  Today ILL gathers ten further countries which have signed “Scientific Membership” agreements: Spain, Switzerland, Austria, Russia, Italy, the Czech Republic, Sweden, Hungary, Belgium and Poland.  

However, many research reactors were put into operation in the 1960's and are thus clearly ageing.  Some of them have already shutdown, and a substantial number is awaiting the same fate.  As an example, 245 reactors are operating in 2007 [
], two thirds of which are older than 30 years, while 272 research reactors were operating in 2004 [
].  Within the European Member States of the OECD, R2 – a 50 MWth reactor in Sweden - was shutdown in 2005 [
].  In France OSIRIS, a French 70 MWth reactor which has been in operation since 1966, is expected to be shutdown by 2010 and PHENIX is due to shut-down in 2009,.  The following facilities are also expected to be shutdown in the not too distant future:

· LVR15 (Czech Republic)
10MWth
in operation since 1957, 
· Halden (Norway)

19 MWth
in operation since 1960, 
· HFR (Netherlands)

45MWth
in operation since 1963, or 
· BR2 (Belgium)


100MWth
in operation since 1961
In China, HWRR and SPR are “facing the aging problems” and will be “out of service successively in the near future” [
].  

However, alongside the observation that some research reactors have been shutdown or are about to close, there are developments which are new and encouraging.  

(i) 
Reactors recently coming into operation: 

· OPAL in Australia (first criticality 12th August 2006) [
];

(ii) 
In construction: 

· the Jules Horowitz Reactor (JHR) 
[
]; France launched the JHR project in 1998.  It involves French companies like EDF, AREVA, but also European partners, and it is supported by the European Commission. The first step of this shared implementation was performed in the frame of a co-funded EURATOM Framework Programme FP5 Project
 which led to the elaboration of a joint conclusion: “There is clearly a need as long as nuclear power provides a significant part of the mix of energy production sources” “Given the age of current MTRs (Material Test Reactors), there is a strategic need to renew MTRs in Europe; At least one new MTR shall be in operation in about a decade from now”. Further details of the JHR project are given in Chapter 3.2.1.2 below. 

· the MAPLE 
reactors in Canada [
] (undergoing commissioning tests and relicensing [
]); 

· in China: CARR 
(start-up expected late 2007) [59, 
] and CEFR (scheduled for criticality in 2008) [
] in China

· the PIK reactor in Russia (start-up expected 2009-2011 [
]);

(iii) 
In the planning stage: (more details and corresponding references are given in Chapter 3.2.1.3 below)

· JMTR upgrade in Japan,
 

· Pallas, Netherlands 

· MYRRHA, Belgium
· an innovative nuclear prototype reactor, probably a Sodium-cooled Fast Reactor (SFR), France. 

· Advanced Recycling Reactors (previously referred to as Advanced Burner Reactors or Advanced Burner Test Reactors) in the GNEP programme, USA
In this context it is pertinent to emphasise some qualities of fast neutron research reactors as well as their current status and future expectations.  They possess complementary features to thermal systems, notably related to their high neutron fluxes
 and to their energy.  Primarily, however, they constitute necessary knowledge generating pathways before further scaling-up and industrial development of fast neutron reactors, which are believed to be 60 to 80 times more efficient in energy production from uranium feedstock than thermal neutron reactors and which could also transmute highly radioactive long-lived Minor Actinides (i.e. Am, Np and Cm) and possibly highly radioactive long-lived fission products such as technetium and iodine.  Further information on this last topic is given in the discussion on Fuel in Chapter 3.5.
At present time, four fast neutron research reactors (all SFRs) are operated worldwide: PHENIX (France) [
], JOYO (Japan) [41], BOR-60 (Russia) [
] and FBTR (India).  In China, the 20 MWe CEFR is scheduled for 2008.

One industrial plant, BN-600 (600MWe), is currently operated in Russia.  BN-800 (800MWe), whose re-budgeting and construction restarted in 2006, should be commissioned in 2012 [
].  In addition, India is constructing the PFBR (1200 MWth, 500MWe), which should be put in operation by 2010.

As well as France, three OECD-countries envisage building SFRs, but they would likely not be operational much before 2020. 

· GNEP the construction of the Advanced Recycling Reactor, a 250MWth experimental SFR reactor expected to be in operation by 2014-2019, followed by a full-scale prototype to commence operation between about 2025 and 2030 [
].

· Korea is presently developing the KALIMER-600 (Korea Advanced LIquid MEtal Reactor) [
]; this is a 600MWe SFR loaded with metallic fuel U-TRU-Zr.  Under GNEP a partnership on SFR was agreed with Korea in 2006. 

· In Japan, Mitsubishi Heavy Industry has been selected by the government to develop and construct a SFR by 2025, followed by a commercial reactor by 2050 [
].

In the period before these new reactors are built and started up, PHENIX will have been definitively shut-down in 2009.  As a consequence, after this date, JOYO (140 MWth) [41] and MONJU (280 MWe) - which should be re-started in February 2008 [
] – will constitute the only available fast neutron reactors in the OECD area until the newer reactors become available.  This confirms the need for the new or updated facilities and emphasises the importance that these plans are brought to fruition.
(b) Other facilities

In the context of the expected near-term nuclear renaissance, and in the light of preparing the nuclear technology of the future, in particular in the frame of GenIV, new R&D facilities covering the whole fuel cycle will be needed.

Inter alia, innovative research facilities dedicated to the exploration of advanced reprocessing processes precluding the sole separation of Plutonium (for non-proliferation purposes), and pilot shielded and automated facilities plants for the fabrication of new types of (i) fuel (e.g. carbides, nitrides or metallic form and possibly loaded with Minor Actinides) and (ii) cladding are essential steps prior to any further scaling-up.

In this context, there are ambitions for the ATALANTE facility, France [
], to achieve “GANEX” (Group Actinide EXtraction process) over the period 2008-2012 in order to avoid the sole separation of Plutonium.  The next step would be the construction of an International Laboratory at La Hague, France, to be operational by 2015-2020, which would be followed by an industrial scaling-up facility expected by 2040. 

Today, most of the fuel loaded in NPPs consists of Uranium oxide and, to a limited extent, of MOX.  When group extraction has become a reality, fuels will very likely be made of Uranium, Plutonium and Minor Actinides, in order to address proliferation concerns and to minimise the amount of high-level long-lived waste.  Because of the inclusion of the latter, these new fuels will be very radioactive and will request dedicated shielded and automated fabrication plants. 

The above-mentioned laboratory will be designed to fabricate Minor Actinides-loaded fuel that will be shipped by 2025 to the Japanese fast neutron reactor MONJU for irradiation tests in the frame of GACID (Global Actinide Cycle International Demonstration - A common project between CEA –JAEA –DOE [
]).

(c) Learning from the past

While these comments refer to recent and future developments, it has to be remembered that good results can still be obtained with older reactors.  However, it also has to be recognised that current requirements on measurement accuracy and in the type of measurements place additional burdens on contemporary work that may only be achieved with newer equipment.  Equally, it is recognised that while one can draw from older measurements (such as recorded in the IRPhE project [2] and where there is an attempt to see if the results of older experiments can be brought to the point of being acceptable according to modern standards), the information content in older work is finite.  In essence, more information is required nowadays.  Of course, there is currently a greater ability to perform simulations which can sometimes avoid the need for further experimentation.  However, as is demonstrated by the cases for new facilities, there remain requirements that can only be met by new, tailored facilities.
3 Current Status of Reactors, Critical and Sub-Critical Assemblies

In reviewing the reactor experimental field, it is plain that some reactors are of general application while others are, for instance, oriented towards specific uses such as neutron scattering.  In the latter category, it can be noted that all the facilities, including reactors, which were considered in the US Office of Science and Technology Policy Interagency Working Group on Neutron Science [
] are included in the RTFDB database.

In relation to Fast Reactors, the IAEA has compiled a database which provides information on existing and planned fast reactor plants [7].  It is an evolution of the information first published as a TECDOC in 1996 [
].  The online Database [7] contains detailed data on Liquid Metal Fast Reactors – specifically their plant parameters and design details.  A large number of parameters; design data and relevant graphic material are accessible. 

Further information on the current status of a number of Research Reactors and Critical Assemblies has been supplied.  The following should not be viewed as a comprehensive listing of facilities; rather it is intended to provide a view of the range of facilities that are available around the world.

· Belgium

VENUS [
]

 

VENUS is a zero-power critical facility build in the 1960s at SCK•CEN.  It has been in use ever since and has been used extensively for code validation for a wide variety of topics including, amongst others: reactor pressure surveillance, Pu-recycling in LWRs and burn-up determinations.  It has been decided to transform this facility into an ADS (accelerator driven system) where the core will consist of enriched uranium (30%) in a lead matrix and driven by a continuous wave deuterium accelerator.  The internal neutron will be provided by a deuterium or tritium target.  This programme, called GUINEVERE, will run until 2013.


· Czech Republic

· France

MASURCA [
]

MASURCA is a “zero” power reactor (5kW) dedicated to the studies of Fast Neutron Reactors and the development of measurement techniques.

In 2006, the loading of a “gas” core to validate the new neutronic control system of the facility marked the beginning of an important renovation plan which, at the beginning of 2010, will provide an upgraded facility able to meet new challenges.  In the meantime, while MASURCA is undergoing a major overhaul, there will be no experimental programme for several years.
EOLE [
]

The EOLE critical facility is a very low power experimental reactor devoted to the neutronic study of moderated lattices, in particular Pressurized Water Reactors (PWR) and Boiling Water Reactors (BWR). Recent and current elements of the experimental programme are:

(i) FUBILA, from 2005 to 2006, being the continuation of the 100% MOX study in the High Burn-up BWR which was started with the earlier BASALA programme; 

(ii) FLUOLE, which aimed by the end of 2006 to give an experimental database for the 1300MWe PWR Vessel Fluence calculation; 

(iii) PERLE, in 2007, for the study of a heavy reflector option for the EPR (European Pressurized Reactor).

MINERVE [
]

The experimental reactor MINERVE is devoted to neutronics studies of lattices of different reactor types.

(i) The OCEAN programme (Oscillation en Coeur d’Echantillons d’Absorbants Neutroniques) will occur between 2005 and 2008 in various neutron spectra. In the framework of the lengthening of the fuel cycle and of the increasing utilisation of MOX fuel, it answers the need for more accurate knowledge for neutron absorbers, 155Gd, 157Gd, Gd-nat, 177Hf, 178Hf, 179Hf, 180Hf, 166Er, 167Er, 168Er, 170Er, 160Dy, 161Dy, 162Dy, 163Dy, 164Dy, 151Eu, 153Eu and Eu-nat.

(ii) The OSMOSE programme (OScillations dans Minerve d’isOtopes dans des Spectres Eupraxiques) will start in 2005 and end in 2010.  It will permit validation over a large range of neutron spectra. of the absorption cross sections of the minor actinides: 232Th, 233U, 234U, 235U, 236U, 238U, 237Np, 238Pu, 239Pu, 240Pu, 241Pu, 242Pu, 241Am, 243Am, 244Cm, 245Cm.



Jules Horowitz Reactor (JHR) [61]

As noted above, France launched the JHR project in 1998.  The JHR consortium agreement was signed on 19th March 2007 by 8 partners: CEN/SCK, CEA, EDF, AREVA, NRI, CIEMAT (including a pool of Spanish industries and public bodies), VTT, and the EU.  The JHR will provide high thermal neutron flux (up to 5.5 1014 n/cm²/s) for fuel studies and high fast neutron flux (up to 1015 n/cm²/s > 0.1MeV) to simulate, especially, material ageing.  The predicted commissioning date is 2014.  
· Germany

· Italy
(see [
])

TRIGA RC-1

A Triga Mark II reactor upgraded to 1MW in 1967.  Recent experimental programmes included: 2005: Conclusion of the ADS experimental campaign; 2006: full 1 MW core for Neutron Radiography, Medical Isotope Production, Irradiation on demand and Training.
TAPIRO

A “Fast Source Reactor”, based on the concept of AFSR (the now shutdown Argonne Fast Source Reactor at Idaho Falls).  Future activities include (i) BNCT - Experimental Assessment MCNP Estimations and trials in cooperation with Hospitals
, (ii) Neutron Irradiation Service - Electronics components for aerospace and High Energy Physics. 

· Japan

RTFDB lists several criticality assemblies and experimental reactors in Japan.  Of these, DCA (Deuterium Criticality Assembly) and VHTRC (Very High Temperature Reactor Critical Assembly) of Japan Atomic Energy Agency (JAEA) are already shutdown.  However, other criticality assemblies are widely used, not only for research and development of new fuel systems, but also for nuclear safety research.  The following are of particular significance to reactor physics development.
FCA [
]
The Fast Critical Assembly (FCA) has been used for several mock-up experiments of Japanese fast reactors such as JOYO [41] and MONJU [73].  In addition it has been used for other technical developments for fast reactors such as for an advanced FBR core and a moderator-added FBR core, as well as tests conducted with a Gas expansion module.

FCA has been used for verification of nuclear data and rector physics methodologies for fast reactor design; in particular, cross section data of minor actinides (MA) and effective delayed neutron yield ((eff) have been measured.  This latter item was undertaken for the NEA international benchmark
[
].

Because of the flexibility of its core configuration and fuel materials, FCA has been used for research and development of other types of reactors including thermal systems.  For example, reactor physics experiments for HCLWR (High Conversion Light Water Reactor), RMWR (Reduced-Moderation light Water Reactor), and the 4S (Super Safe Small and Simple) Reactor, plus a basic experimental study of ADS (accelerator driven system) were all carried out in FCA.

TCA [
]
The Tank Type Critical Assembly (TCA) was initially built in order to research the reactor physics of light water reactors including JPDR (Japan Power Demonstration Reactor
).  TCA has been used for variety of reactor physics experiments.  In the fast phase of its utilisation, it was used for development and verification of reactor physics experiments and neutronics parameters of reactor cores of JPDR and the Nuclear Ship Mutsu [
].

After that, reactor physics experiments relating to plutonium utilisation in thermal reactors were carried out.  Subsequently, TCA has been used for criticality safety research including physics of sub-critical system and measurement of sub-criticality, and reactivity measurement of MA isotopes have been conducted in recent years.

Because TCA is a simple and well-characterized criticality assembly, it has been used for education of students and staff from other institutes.  More than one hundred people participate in the TCA education programme each year.  However, the future programme of TCA is under discussion.

STACY [
] and TRACY [
]
Nuclear criticality safety is one of the most important issues in safety evaluation of fuel cycle facilities.  In Japan, a nuclear fuel cycle utilising spent fuel reprocessing is the main strategy of the national energy programme.  The first commercial reprocessing plant, Rokkasho Reprocessing Plant (RRP) of Japan Nuclear Fuel Limited (JNFL) [
], has been constructed in the Aomori-prefecture.  In order to validate calculational code systems and data libraries by obtaining experimental data of solution systems of uranium fuel in static as well as transient status, the respective facilities STACY (Static Experiment Critical Facility) and TRACY (Transient Experimental Critical Facility) have been operated.

Since the initial criticality of STACY, fundamental criticality data of 10% and 6% enriched uranyl nitrate solutions as well as criticality properties for complicated systems such as multiple core systems have been obtained.  The recent experimental activities are with a heterogeneous core (an array of fuel rods) with 6% enriched uranyl nitrate solution with fission product isotopes such as Cs, Nd, Sm, Gd and Eu in order to simulate the dissolver of a reprocessing plant. These data are used for burn-up credit analysis.  Some of the data taken in STACY was evaluated in the International Criticality Safety Benchmark Evaluation Project (ICSBEP) [47].

In TRACY, transient characteristics have been studied using 10% enriched uranyl nitrate solutions.  Power profile data were obtained in various reactivity addition tests, and basic data such as the number of fissions in a criticality accident of low-enriched uranyl nitrate solution system were obtained.  The knowledge accumulated in the TRACY experiments and the code system validated through analysis of these experiments were employed in the analysis of the first criticality accident in Japan which occurred in 1999.  Recent experiments in TRACY have been devoted to the study of the mechanism of void generation by radiation in solutions in criticality accidents.

KUCA [
]
Because experience obtained by operating actual nuclear reactors and criticality assemblies which are flexible tools for validating innovative concepts and methodologies of reactor physics has important meaning not only for research and development but also for education, the operation of criticality assemblies in universities has a special and important role.

The Kyoto University Critical Assembly (KUCA) is a multi-core type critical assembly.  It is a facility for the study of reactor physics which is available for the joint use of researchers from any university in Japan.  KUCA has been used for the study of the nuclear characteristics of the Kyoto University High Flux Reactor, physics of coupled-cores, critical experiments of thorium fuel, critical experiments using medium enriched uranium fuel, criticality safety issues and reactor physics studies for high conversion light water reactors.

· One of current aspects in the reactor physics experiments of KUCA is a study of Erbium isotopes as a burnable poison of light water reactor fuel.  Another is the Kumatori Accelerator driven Reactor Test project (KART) [
].  In this project, KUCA is connected with the FFAG (Fixed Field Alternating Gradient) accelerator, and several 
studies on medical application of accelerators, materials, chemistry and physics as well as ADS will be conducted.

JOYO [41]
JOYO is the Japanese Fast Breeder Reactor operated by Japan Atomic Energy Agency (JAEA).  It has been used for obtaining experimental data for reactor physics and technical development of fuel design and fabrication, plant behaviour, removal of decay heat and determination of defect fuels.

The initial core of JOYO was upgraded to the MK-II version in 1982 and to MK-III in 2003 in order to archive higher irradiation performance and capacity.  Recently, JOYO has been used for obtaining information on cross section data of neutron-induced reactions of Minor Actinides (MA).  Because JOYO is an experimental reactor and an irradiation experimental facility is co-located, experiments treating higher radioactive materials are possible.

MONJU [73]

Monju first achieved criticality in April 1994.  A significant amount of modification work was completed in May 2007, based on the lessons learned from the sodium leakage accident in 1985. The current expectation is that the reactor will be restarted in 2008, initially conducting a series of Core Confirmation tests and subsequent Power Raising tests over a 2 year period [
].
· Russian Federation
NIIAR has two renovation projects [54]: MIR.M1 [
] (under way) and BOR-60 [68] (for which the design and engineering documentation is being prepared).

BN-800 [69], 
The BN-800 fast neutron reactor being built by OKBM at Beloyarsk is designed to supersede the BN-600 unit there and utilise MOX fuel with both reactor-grade and weapons plutonium [
].  Following some earlier set-backs, re-budgeting for construction is approved and the programme was re-launched in 2006 with commissioning is expected by 2012.

· Switzerland 

· USA
 

I note that Ray’s offer was on the basis of analysis and we certainly need that in addition to the simple listing of facilities we have had offered from various people at the moment.
On the other hand, if we have entries from France, Belgium, Italy and Japan, I feel we must have something equivalent from the USA 
So please, Ray, can you provide for the USA?? I do not think it needs more than a couple of sentences.
Other reactors indicating Reactor Development activities, which are listed in RTFDB, are in Brazil, Canada, China
, India (where the 1250 MWth PFBR is due for operation around 2010 [
]), Netherlands, and Slovenia.
3 Reactor, Critical and Sub-Critical Assembly Developments in the Planning Stage

The following facilities are in the planning phase and as such it has to be remembered that the concepts may change over time.
JMTR Upgrade



NEED TO CONFIRM THIS TEXT IS OK AS IT CURRENTLY STANDS
The Japan Materials Testing Reactor (JMTR) had been running since 1968 until August 2006 [
].  The reactor had been used for power ramp tests of BWR fuels and for reactor material irradiation tests on, such as, blanket materials for fusion, irradiation assisted stress corrosion cracking (IASCC) and irradiation embrittlement.  The JMTR is currently shutdown for refurbishment of the reactor and upgrading the irradiation facilities.  Re-start of the reactor is expected in 2011.  The refurbishment plan of the JMTR has been discussed in numbers of JAEA’s and governmental committees in the recent years to have the plan authorized. Preparation of the JMTR refurbishment has started in April 2007 to complete the renewal of reactor control system, cooling system and electric power supplies in 4 years. Expected preliminary schedule for the refurbishment, irradiation facility upgrading and following tests is shown in Figure 1.  
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Figure 1 Preliminary schedule for refurbishment and upgrading of the JMTR

A feasibility study on the material and fuel irradiation studies in the JMTR and preliminary designing of the facilities were conducted in Japanese FY 2006, sponsored by the Nuclear and Industrial Safety Agency (NISA)/Ministry of Economy, Trade and Industry (METI).  The study is being extended to prepare the material tests on SCC, corrosion, fracture toughness and irradiation growth of nuclear materials under radiation fields.  Schematic configuration of the material irradiation loops for in-pile SCC and corrosion tests is illustrated in Figure 2.  Influence of the radiation on the crack growth rates and corrosion will be investigated under simulated LWRs’ water conditions including the chemistry.  

Figure 2 Schematic of the material irradiation loops in the JMTR
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The feasibility study on the fuel irradiation study under the transient and steady state conditions the in the JMTR is continued to make a concrete test plan.  In the plan, upgraded water loops for the fuel bundle irradiation and transient capsule would provide on-line measurement and post-test data on fuel behaviour under well controlled environment simulating the LWRs.  The loop would be able to simulate the new water chemistry, e.g. noble metal and hydrogen addition, and also provide higher burn-up UO2 and MOX fuels for further testing.  Power ramp tests of BWR UO2 fuels had been conducted in the JMTR using boiling capsules (BOCAs).  Schematic configuration of the BOCA capsule is illustrated in Figure 3.  Capability of the test capsule is going to be extended for PWR cooling conditions.  The new transient tests would provide failure criteria of UO2 and MOX fuels with modified design and materials at high burn-ups under abnormal transient conditions.  Facilities for radio isotopes production, such as Tc-99m, and neutron doping of silicon semiconductors are also planned to be installed in the JMTR.  

Figure 3 Schematic of the fuel transient test capsule
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PALLAS, Petten, Netherlands
NRG, in cooperation with Mallinckrodt Medical B.V. and the Joint Research Centre of the European Commission, has started a project that will lead to the construction and operation of a new reactor by 2015 [
]. The project is focusing on the technical and financial options, on the preparation of the licensing procedures and on obtaining the necessary social and political support.

MYRRHA, Belgium

Because of its relevance to Accelerator Driven Systems (ADS), the discussion of MYRRHA (Multi-purpose hYbrid Research Reactor for High-tech Applications) [
] will be found in Chapter 3.4.  In brief, MYRRHA is a small Pb-Bi-cooled XADS (40 MWth core power, driven by a 350 MeV ( 5 mA proton beam current to be delivered by a cyclotron or a linear accelerator on a liquid Pb-Bi windowless spallation target).
An innovative nuclear prototype reactor, France

On January 2006 former French President Chirac announced the construction of this prototype reactor, which is likely to be a Sodium cooled Fast Reactor, and which would commence operation in 2020.

Advanced Recycling Reactors 
(previously referred to as Advanced Burner Reactors
 or Advanced Burner Test Reactors)
In the frame of the Global Nuclear Energy Partnership (GNEP [40]) the USA has indicated [
] that it will develop and demonstrate Advanced Recycling Reactors (advanced fast reactors) as a key element of a new, integrated U.S. recycling capability.  As they produce power, advanced fast reactors consume transuranic elements (plutonium and other long-lived radioactive material), potentially eliminating the need for their disposal in the geologic repository at Yucca Mountain, Nevada.  A 250MWth experimental SFR reactor expected to be in operation by 2014-2019, followed by a full-scale prototype to commence operation between about 2025 and 2030
[
]
.

3  Future Reactors, GNEP, Gen IV, etc.

The review earlier in this Chapter has concentrated on facilities which are existing, soon to be implemented or for which planning is underway.  However, there are a number of initiatives that have the potential for development of new and advanced reactor systems.  It is clear that Programmes such the medium term GNEP [40] and long term Gen IV [
] programmes are already leading to work on a number of future reactors and other facilities.  GNEP grew recently to a consortium of 16 countries and is focusing on:

· the need to deal with waste materials in a responsible manner; 

· the costs involved with developing the necessary infrastructure; 

· the need to develop and deploy technologies that will increase the efficiency of the fuel cycle; and, 

· the risks posed by the potential for proliferation of nuclear materials and sensitive technologies. 

The Generation IV Systems selected by the GIF for further study are: 

· GFR
Gas-Cooled Fast Reactor

· VHTR
Very-High-Temperature Reactor

· SCWR
Supercritical-Water-Cooled Reactor

· SFR
Sodium-Cooled Fast Reactor

· LFR
Lead-Cooled Fast Reactor

· MSR
Molten Salt Reactor

Are we able to make a statement about the actual reactors or other facilities being planned or the likelihood of future facilities associated with these programmes?

What about other countries – Russia, China etc.?

3 Reactor Loops

Discussion of this topic will be found mainly in Chapter 3.7.3.1
, though there is some relevant discussion in Chapter 3.4 under ADS.  May also need to refer to LBE Chapter. 



Here is a list of the “loops” listed in RTFDB
	Details
	Legal name of facility
	Abbreviated name
	Owner
	Country

	Details
	Corrosion Tests Loop
	CORTEL
	SCK•CEN
	Belgium

	Details
	Autoclave loop in hot cell
	 
	Nuclear Research Institute Rez plc
	Czech Republic

	Details
	Experimental reactor water loop
	RVS-3
	Nuclear Research Institute Rez plc
	Czech Republic

	Details
	Experimental reactor water loop
	RVS-4
	Nuclear Research Institute Rez plc
	Czech Republic

	Details
	Experimental reactor water loop
	ZINC
	Nuclear Research Institute Rez plc
	Czech Republic

	Details
	Experimental reactor water loop
	BWR-1
	Nuclear Research Institute Rez plc
	Czech Republic

	Details
	Experimental reactor water loop
	BWR-2
	Nuclear Research Institute Rez plc
	Czech Republic

	Details
	Experimental and Test (loop type ) - CRDM Testing Rig
	 
	SKODA Jaderne strojirenstvi
	Czech Republic

	Details
	Molten Fluoride Salt Loop
	ADETTE - 0 (and later versions)
	SKODA Jaderne strojirenstvi
	Czech Republic

	Details
	Parallel Channel Test Loop
	PACTEL
	Lappeenranta University of Technology
	Finland

	Details
	BI-EMBOUT Loop
	BI-EMBOUT Loop
	AREVA NP
	France

	Details
	BETHSY
	BETHSY
	CEA
	France

	Details
	CABRI
	CABRI
	CEA
	France

	Details
	CICLAD
	CICLAD
	CEA
	France

	Details
	HERMES loops
	HERMES loops
	CEA
	France

	Details
	Phebus (Phébus)
	PHEBUS (Phébus)
	CEA
	France

	Details
	STELLA (Standard TEchnology Loop for Lead Alloys).
	STELLA
	CEA
	France

	Details
	Thermal loop CLAUDIA
	CLAUDIA
	Direction de l'Energie Nucléaire
	France

	Details
	Thermal loop CLOTAIRE
	CLOTAIRE
	Direction de l'Energie Nucléaire
	France

	Details
	Thermal loop FATHER
	FATHER
	Direction de l'Energie Nucléaire
	France

	Details
	Thermal loop SUPERCLAUDIA
	SUPERCLAUDIA
	Direction de l'Energie Nucléaire
	France

	Details
	GB (Grande Boucle: Big Loop)
	GB
	EDF
	France

	Details
	CORRosion In Dynamic lead Alloys
	CORRIDA
	 
	Germany

	Details
	Helium Loop Karlsruhe
	HELOKA
	 
	Germany

	Details
	KOKOS
	KOKOS
	 
	Germany

	Details
	Technologies of Heavy liquid metal SYStems loop
	THESYS
	 
	Germany

	Details
	Test facilities and measuring instruments for steam and fluid flows as well as for multiphase flows of water, oil and air
	 
	 
	Germany

	Details
	Karlstein Thermal Hydraulic Test Loop

	KATHY
	AREVA NP GmbH
	Germany

	Details
	Primary Coolant Loop Test Facility
	PKL
	AREVA NP GmbH
	Germany

	Details
	Thermal Hydraulic Platform Karlstein
	 
	AREVA NP GmbH
	Germany

	Details
	Budapest Advanced Gascooled Irradiation Rig with Aluminium structure (BAGIRA) loop
	BAGIRA
	AEKI
	Hungary

	Details
	The PMK-2 facility
	PMK-2
	AEKI
	Hungary

	Details
	CHEmistry and OPErations (CHEOPE) Loop
	CHEOPE I
	ENEA
	Italy

	Details
	CHEmistry and OPErations (CHEOPE) Loop
	CHEOPE II
	ENEA
	Italy

	Details
	CHEmistry and OPErations (CHEOPE) Loop
	CHEOPE III
	ENEA
	Italy

	Details
	Impianto LECOR (LEad CORrosion)
	LECOR
	ENEA
	Italy

	Details
	Loop for Blowdown and off-normal Behaviour Investigation
	LOBI
	European Communities Joint Research Centre (Ispra)
	Italy

	Details
	Passive injection and depressurisation test system
	GEST-SIP1
	SIET (Società Informazioni ed Esperienze Termoidrauliche).
	Italy

	Details
	Simulatore Pressurizzato per Esperienze di Sicurezza
	SPES
	SIET (Società Informazioni ed Esperienze Termoidrauliche).
	Italy

	Details
	Japan Materials Testing Reactor
	JMTR
	JAEA, Oarai
	Japan

	Details
	Sulfuric acid test loop
	 
	JAEA, Oarai
	Japan

	Details
	JAEA Lead-Bismuth Loop -1
	JLBL-1
	JAEA, Tokai, Nuclear Science Research Institute
	Japan

	Details
	JAEA Lead-Bismuth Loop -2
	JLBL-2
	JAEA, Tokai, Nuclear Science Research Institute
	Japan

	Details
	JAEA Lead-Bismuth Loop -3
	JLBL-3
	JAEA, Tokai, Nuclear Science Research Institute
	Japan

	Details
	Thermal Hydraulics and Neutronics Coupling Loop
	THYNC
	JAEA, Tokai, Nuclear Science Research Institute
	Japan

	Details
	Thermal-Hydraulic Test Loop
	THTL
	Kyoto Univ., Research Reactor Institute, Kumatori
	Japan

	Details
	Air Water Loop
	HAWL
	KAERI
	Korea

	Details
	Air Water Loop
	VAWL
	KAERI
	Korea

	Details
	Cold test loop
	 
	KAERI
	Korea

	Details
	High heat flux visualization loop
	 
	KAERI
	Korea

	Details
	CIRCUS
	CIRCUS
	Delft University of Technology
	Netherlands

	Details
	GENESIS
	GENESIS
	Delft University of Technology
	Netherlands

	Details
	Hastelloy Loops
	 
	IFE
	Norway

	Details
	Liquid metal loop for investigation of the target heat removal
	 
	 
	Russian Federation

	Details
	PSB-VVER
	PSB-VVER
	 
	Russian Federation

	Details
	CIRCO Loop
	CIRCO
	 
	Spain

	Details
	FIX-II
	FIX-II
	 
	Sweden

	Details
	Tall Loop
	TALL
	 
	Sweden

	Details
	BWR fuel loop FRIGG
	FRIGG
	Westinghouse (to become Toshiba)
	Sweden

	Details
	CorrWett Loop
	CorrWett
	Paul Scherrer Institut
	Switzerland

	Details
	PSI high-temperature water loops with autoclaves (6 loops/autoclaves)
	 
	Paul Scherrer Institut
	Switzerland

	Details
	Engineering Development Laboratory
	EDL
	ANL
	USA

	Details
	Engineering Development Laboratory
	 
	ANL
	USA

	Details
	Development of Lead-Bismuth Target Applications
	DELTA
	LANL
	USA

	Details
	LCS
	LCS
	LANL
	USA

	Details
	Materials Compatibility, Molten salt loop and Mechanical Properties Laboratory
	 
	ORNL
	USA

	Details
	Thermal-Hydraulic Test Loop
	THTL
	ORNL
	USA

	Details
	Air-water Test Loop for Advanced Thermal-hydraulic Studies
	ATLATS
	Oregon State University
	USA

	Details
	Advanced Energy Conversion Lab - Technology Support Center
	 
	SNL
	USA

	Details
	Transmutation Research Program Lead Bismuth Experimental Facility
	LBE
	UNLV
	USA


3 Analysis of the Needs
3 Recommendations

This section brings together some recommendations based on the earlier analysis of the current and expected near future situation together with some views of the longer term.  The section is divided into 5 parts:

· Identifying the needs

· Building new facilities: 

· Extending reactor life

· Enhancing international co-operation

· Keeping the know-how

· Identifying the needs

The current situation regarding research reactors should be analysed in depth to identify the needs for the OECD area.  
Generally speaking, obtaining a perspective on the future needs relating to specific research fields and types of reactors is extremely difficult; variations in importance of particular reactor designs over time and the current resurgence of interest in novel reactor concepts is widening the field of development.  For example, gas-cooled reactors (GCRs) were regarded as being of interest several decades ago; however, all but a few countries abandoned GCR development programmes thereafter.  More recently, with the current development of the PBMR and also within the Generation-IV International Forum, interest in GCR technology has returned again to prominence.  
As well as the direct requirements for specific research reactors and criticality assemblies related to particular reactor designs, there is also a need for zero (or low) power reactors and even sub-criticality assemblies for basic reactor physics experiments and educational purposes.  This is despite the extensive development of reactor core simulators; it is evident that the actual experience of use of a reactor core is the most effective way to gain an understanding of the behaviour of a nuclear reactor.  This requirement to extend the knowledge of the skills base applies for any nuclear energy developments in future regardless of reactor types adopted.  On this basis, it is clear that criticality assemblies should be versatile (multi-purpose) in order to be able to react to changing requirements.  

The requirement for research reactors as a source of neutrons must also be stressed. Current basic research needs high intensity neutron sources as probes of materials.  While large and/or multipurpose accelerators feature in current trends for such facilities (e.g. IFMIF [38], JANNUS [
]), conventional research reactors have advantages such as the ability to provide continuous irradiation.  Thus both types of facility (accelerators and reactors) are required and are complementary in their abilities.


· Building new facilities: 

Several OECD countries have started construction or have announced their intention to build new nuclear reactors and other nuclear fuel cycle facilities.  On the other hand, non-OECD countries like Russia, China and India have already launched active programmes leading to concrete implementation in this field.  In particular, significant efforts have been deployed in order to build fast neutron reactors. 

In this context, OECD-countries could possibly give a new impetus to the promotion of the relevant R&D in order to encourage innovation in the nuclear industry and to retain the leadership in nuclear technologies.  This momentum could consist in a substantial increase of the national budgets directed to R&D on innovative nuclear fuel cycle technologies and/or to the further promotion of international collaboration.  This would require clear deadlines, milestones and one visible and realistic objective: for instance, the construction of a jointly-owned fast neutron reactor and/or of a laboratory dedicated to grouped extraction and to the fabrication of Minor Actinides-loaded fuel (see below under “Enhance international co-operation”).

· Extending reactor life

Operating research reactors should be kept – with the proviso that they meet best international safety standards – in order to ensure that current and future research activities can be carried out.  In particular, the need for criticality facilities could be underlined, as they are used for reactor physics and criticality safety studies. Nevertheless, some existing facilities have already been shutdown.  An example of extending the life of an existing reactor is the upgrade of JMTR [96] by JAEA; see the earlier discussion in Chapter 3.2.1.3.

· Enhancing international co-operation

The recent expansion of the GNEP partnership to 16 member countries [
], is an indication of the desire for collaboration within the international nuclear power community in order to address near term developments.  Similarly, former French President Chirac (while announcing on 5 January 2006 that France intended to construct an innovative nuclear prototype reactor to commence operation in 2020) underlined that industrial and international partners who would like to become involved would obviously be welcomed.  With a longer term perspective, the Generation IV initiative [101] already brings together a number of countries through the Generation IV International Forum with the aim of making progress in reactor designs for future application.  
Following the same line of thought, further federation of the financial, scientific and technical efforts of the OECD-countries could circumvent fragmentation and overlapping of activities while optimising available resources.  This would have the aim, for instance, of better usage of existing research reactors, or of building jointly-owned nuclear facilities, following a similar approach to that adopted by the Institut Laue-Langevin (ILL) consortium of countries [55] (or, in the fusion field, ITER [37]). 

International institutions have a key role to play in the promotion of such co-operation between countries and existing synergies between NEA and IAEA activities
 in this matter might be explored further.

Also, the exchange of researchers, of research plans, and of results should be encouraged.  On-going examples, such as the collaboration between facilities in France and Belgium (e.g. EOLE [80] and VENUS [78]), could be followed.

· Keeping the know-how

Present nuclear research-related facilities are operated by very competent and experienced scientists and technical staff.  In the current context of a "nuclear renaissance", it is recommended that this human resource and expertise be preserved, which thus requires the appropriate recruitment and retention of younger staff to replace those reaching retirement.  

Examples from the past have shown that technologies that were abandoned may experience a revival; one such case is HTR, which is now one of the six systems selected within the frame of Generation IV.  This demonstrates the need to retain existing facilities operational, as far as is appropriate, and to conserve the body of knowledge built up.
Also in relation to knowledge retention, it was noted at the beginning of the current Chapter (3.2) that the work (which is further expanded Chapter 4.3) on databases of older experiments such as IRPhE [2] has led to the NSC recommendation that the methods and QA procedures used for those be adopted for documenting current and future experiments.  The current Expert Group activity confirms this recommendation.
Within the context of building up the base of knowledge within younger researchers, the initiative of France and Germany in creating and building up the Frédéric Joliot / Otto Hahn Summer School on Nuclear Reactors Physics, Fuels and Systems [
] has, over the last dozen years, been instrumental in both bringing together significant numbers of young researchers and exposing them to up-to-the-minute issues in nuclear power development.  With a rather different and, perhaps, more political and leadership orientation the World Nuclear University has been operating since 2003 [
].  These initiatives are to be encouraged. 
Some notes as aide memoir to show that comments from the sub-group have been incorporated: Comments in BLUE HAVE been incorporated
2. What is missing in the report?

· KALIMER-600

It is in the Analysis of needs section – may move earlier
· ABTR
now ABR but then use term “advanced recycling reactor”, I think –see RF email of 31/8/2007
· Page 24, missing dates (year). For JHR, this will be 2014. For CARR (China Advanced Research Reactor), this will be Autumn 2007. PIK Russia in 2009 to 2011. For MAPLE also.   Now done for JHR, CARR, PIK. Info sought from AECL for MAPLE – but following no response, found further information about the relicensing hearing.
· Page 25, some words about SFR and GFR in France to be drafted by French CEA colleagues.   
· Page 28, ABR (see above) and ATBR in US.  NB ATBR = A thorium Breeder reactor – suspect reference was to ABTR.
· JANNUS (France) in the Recommendations section and also noted in the draft for Materials and MTS 
(USA)

3. New and proposed facilities (for Chapter 5)

· Page 83(5-1), PHENIX, BOR60, HWRR (China), SPR (China) will be closed. 

· Page 83(5-3), BN800, re-budgeting for construction is approved. The programme was re-launched in 2006, and commissioning for 2012.

· MONJU will be restarted in 2008.

· Page 84(5-4): PFBR in India (1200MW): construction expected by 2010.

· Page 85: Calls for tenders for GNEP were launched in 2006.
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� Thematic network FEUNMARR (Future European Union Needs in MAterial Research Reactors, Nov. 2001 – Oct 2002)


� Fluxes of 4.4(1015 n.cm-2.s-1 can be achieved with PHENIX 





� Fully dismantled 1996


� � HYPERLINK "http://www.gnep.energy.gov/pdfs/snfRecyclingProgramPlanMay2006.pdf" ��http://www.gnep.energy.gov/pdfs/snfRecyclingProgramPlanMay2006.pdf� 


� For instance, Sub-programme D.2 “Research Reactors” within the IAEA’s Programme D. Nuclear Science and with the new IAEA Research Technical Working Group on Research Reactors (TWGRR)





�(I still think we need to be more specific about reactor physics needs…)


EG4/ 65 RJ to supply contact details (NB Action is still open) – DRW then to ask  





RJ Isn’t this part of NEA Benchmark Programme Workshop.





PBMR Benchmark Workshop reference added, but query sent to Enrico Sartori 4/10/2007  


�Perhaps mention JANNUS here or leave it to Chapter 3.6?


DRW 19/10/2007


�RJ commented at EG4: 


previously had shielding facilities, now have mainly reactors.


There might be a lack of shielding facilities compared with a few years ago NESTOR.  


Do we want to comment on this.





Perhaps also review comments in version of draft post EG4


�Have remembered this is rather like the SFEAR text.  Need to check whether from PD’h or from SFEAR and edit as necessary. 


�I would be grateful for suggestions regarding the particular Reactor Physics issues to flag and also whether we should adjust the order to represent the more likely developments – my understanding is that some Gen IV designs are less likely to be taken forward – or am I wrong?


�EG4/ 67 RJ to provide some words 


�EG4/ 67 RJ has colleagues in this area.


�EG4/ 67 RF saw a presentation last week. Will provide info


For further notes see post EG4 version


�30/10/2006: 


EG4/ 67 RJ to provide some words


RF this is major interest for US – burner reactor, not for breeding


ES Need FFTF!!!!





�RJ Action EG4/67


�I have extracted information from the FJ/OH Summer School 2004 as agreed.


�Pierre, can you confirm you meant the High Priority Request List here, please?


�I noted previously the words of the SFEAR report:


“The NEA-Nuclear Science Committee (NSC) should take the lead to monitor the status of and make recommendations for actions to preserve key facilities in the reactor physics area�. The facilities and information in this report in the reactor physics area represent the SESAR group’s views on the safety issues and facilities important to nuclear safety research and are for NSC use in carrying out this responsibility.”





As an earlier “Question” noted, we need to decide if we want to make any different, NSC related comments, rather than just using what was sent to SFEAR.


�For quite a few comments on our discussions see the version of the report issued after the EG4 meeting.


�Material from " summary_reactors_04-07-07.doc" from J Coadou ~6/7//2007 merged with the earlier text.


�Pick up from here





I am still not sure how this is best merged with the text above


�Material from " summary_reactors_04-07-07.doc" from J Coadou ~6/7//2007.


�Is this confirmed, Pierre?


� For CARR (China Advanced Research Reactor), this will be Autumn 2007. PIK Russia in 2009 to 2011. For MAPLE also.





Dates added as far as possible (consistent with WWW confirmation – DRW 8/10/2007





�Query sent to AECL on date for MAPLE 11/10/2007


But in absence of response I have added information from the Relicensing hearings Sept 2007


DRW 25/10/2007


�The China Advanced Research Reactor (CARR) in CIAE: this is still being established. and will be put into use in the second half of 2007. ...�www.iop.org/EJ/article/0954-3899/34/8/S01/g7_8_s01.pdf


�The preliminary nature of the words in Section 5 relating to JMTR upgrade have to be  noted.


�I have included these as they have been offered – indeed more information has been supplied across the Summer of 2007 and included in the text.  However, this still represents only a very small fraction of the research reactors around the world.  Do we want to get more of this sort of information, OR do we want to say things in a more overall way?  








If the latter, how am I to obtain this information?


�Reference needs checking


�Should we include BR2?


�Should we mention LR-0 and even VR-1?


�Information supplied as files by IY





\NEA Database\Fiche Outil MASURCA.pdf





\NEA Database\FO_EOLE.pdf





\NEA Database\FO_MINERVE.pdf


�What about CABRI and SILENE?


�Should we mention FRM-II?


�Need to check full details of the conference proceedings for the references list


�Check wording vs the Ref words.  May need to revise – does not quite flow at the moment.


�RR could be used for FR interests.  ES also for HTGR.  All potential not actually doing.


�Are we able to reference this.  I was not able to find it easily on the NEA web site – too many “benchmarks”…


DRW 8/10/2007





KS 2007/11/21 


I think following conference paper is OK for this purpose.





K. Sakurai and S. Okajima,” Adjustment of total delayed neutron yields of 235U, 238U and 239Pu by using results of in-pile measurements of effective delayed neutron fraction,”


Proceedings of International Conference on the New Frontiers of Nuclear Technology; Reactor Physics, Safety and High-Performance Computing (PHYSOR 2002) (CD-ROM), Seoul, Korea, October 7-10, 2002.


�Should we mention PROTEUS?


�30/10/2006. 


EG4/ 68 RF will make a start at making some analysis of the current status of existing and known new facilities – this will be a US bias, can then amplify later with comments from elsewhere.


Awaited


�Should we try to get some words for China, for example?


�


EG4/ 108 K Suyama will provide words (if any) regarding JMTR





Action Complete: New wording supplied by IY 2006/04/06.





Noted that it is still subject to change and thus still a little sensitive.





(This text was prepared in Japan as 6 April 2007 and supplied to DW at that time; it is still subject to change.)





NEED TO CONFIRM IT IS OK AS IT CURRENTLY STANDS


DRW 11/10/2007


�Max size for Figures 16x23cm including caption.





For Tables same.





Also ensure Figure 1-3 appear in the TOC  - missing at the moment.





Also Figures go in the relevant chapters.


�Ray, this is a simple statement based on information from the WWW.





Do you wish to supply alternative (or more) words?  


DRW 11/10/2007





�Are there other facilities we should explicitly mention?





PR: do we really want to talk about plans?


Fear if we put in an OECD report it will be taken for granted.


Not in concrete yet.


Move to future plans and make clear that they are only considerations and not definite.


�I really would like to put something here about plans for specific facilities if there is anything that we can say.  Or is it all too far in the future and thus nothing is firm yet?


DRW 19/10/2007


�Actually, there is no text at that later location yet.  Do we want to say anything about Reactor Loops here?





If so, what?





Do we omit comment on loops altogether?


DRW 2007/11/1


�For some further comments on Loops see Post EG4 version of the Report.


�Material from " summary_reactors_04-07-07.doc" from J Coadou ~6/7//2007.





�This worries me as I think it is what WE were supposed to be doing.





Who can provide the appropriate input here???


�“David, I fully agree this section should be more developed, but I am not a specialist of research reactors. Can you please ask Kenya more precisions about what he had in mind? Thank you in advance! Jean.”





I have taken Jean’s words and put them into the style of the rest of the report.  





Additions and amendment are sought.


DRW 22/10/2007


�Are the whole EG content with this “recommendation”?  I am not sure that it is consistent with the UK government viewpoint.


DRW 23/10/2007


�Query sent to JC to confirm meaning of “MTS”


DRW 25/10/2007


�There is a fair bit about GNEP in the draft.  IS it enough, Ray?





� 	OECD/NEA PBMR Coupled Neutronics/Thermal-hydraulics Transients Benchmark - The PBMR-400 Core Design


	� HYPERLINK "http://www.nea.fr/html/science/wprs/pbmr400/index.html" ��http://www.nea.fr/html/science/wprs/pbmr400/index.html�





� 	US DOE GNEP website


	� HYPERLINK "http://www.gnep.energy.gov/default.html" ��http://www.gnep.energy.gov/default.html�





� 	JOYO Reactor, JAEA, Japan


	� HYPERLINK "http://www.jaea.go.jp/04/o-arai/joyo/indexs.htm" ��http://www.jaea.go.jp/04/o-arai/joyo/indexs.htm�





� 	H S Khalil, The 2004 Frédéric Joliot & Otto Hahn Summer School, August 2004, Cadarache





� 	P E MacDonald  and H L Brey, The 2004 Frédéric Joliot & Otto Hahn Summer School, August 2004, Cadarache





� 	U.S. DOE Nuclear Energy Research Advisory Committee and the Generation IV International Forum, “A technology roadmap for generation IV nuclear energy systems,” GIF002-00, (2002).





� 	OECD Nuclear Energy Agency, Nuclear Data Services


	� HYPERLINK "http://www.nea.fr/html/dbdata/welcome.html" ��http://www.nea.fr/html/dbdata/welcome.html�





� 	OECD Nuclear Energy Agency, Thermochemical Database (TDB) Project


	� HYPERLINK "http://www.nea.fr/html/dbtdb/" ��http://www.nea.fr/html/dbtdb/�





� 	International Criticality Safety Benchmark Evaluation Project (ICSBEP)


� HYPERLINK "http://icsbep.inel.gov/" ��http://icsbep.inel.gov/� and � HYPERLINK "http://www.nea.fr/html/science/wpncs/icsbep/" ��http://www.nea.fr/html/science/wpncs/icsbep/�





� 	OECD Nuclear Energy Agency, Radiation shielding experiments database (SINBAD) 


� HYPERLINK "http://www.nea.fr/html/science/shielding/index.html" ��http://www.nea.fr/html/science/shielding/index.html� and


� HYPERLINK "http://www.nea.fr/html/science/shielding/sinbad/sinbadis.htm" ��http://www.nea.fr/html/science/shielding/sinbad/sinbadis.htm�





� 	Expert Group on Reactor Stability and LWR Transient Benchmarks


	� HYPERLINK "http://www.nea.fr/html/science/egrsltb/" ��http://www.nea.fr/html/science/egrsltb/�





� 	OECD Nuclear Energy Agency, International Fuel Performance Experiments (IFPE) Database


� HYPERLINK "http://www.nea.fr/html/science/fuel/ifpelst.html" ��http://www.nea.fr/html/science/fuel/ifpelst.html�





� 	International Group on Research Reactors (IGORR)


	� HYPERLINK "http://www.igorr.com/" ��http://www.igorr.com/�





� 	“Research Reactors Worldwide”, IAEA Division of Physical and Chemical Sciences,


� HYPERLINK "http://www-naweb.iaea.org/napc/physics/ACTIVITIES/Research_Reactors_Worldwide.htm" \o "blocked::http://www-naweb.iaea.org/napc/physics/ACTIVITIES/Research_Reactors_Worldwide.htm" �http://www-naweb.iaea.org/napc/physics/ACTIVITIES/Research_Reactors_Worldwide.htm�





� 	“Research Reactors”, World Nuclear Association, May 2007


� HYPERLINK "http://www.world-nuclear.org/info/inf61.html" ��http://www.world-nuclear.org/info/inf61.html�





� 	B A Gabaraev and V L Aksenov, “Final Document of the International Conference "Research Reactors in the 21st Century", 20-23 June 2006, Moscow, NIKIET (N.A. Dollezhal Research and Development Institute of Power Engineering)


	� HYPERLINK "http://www.nikiet.ru/eng/conf/reactorxxi-2006/final_document.pdf" \o "blocked::http://www.nikiet.ru/eng/conf/reactorxxi-2006/final_document.pdf" �http://www.nikiet.ru/eng/conf/reactorxxi-2006/final_document.pdf�





� 	Institut Laue-Langevin (ILL), Grenoble, France


	� HYPERLINK "http://www.ill.fr/index.html" ��http://www.ill.fr/index.html�





� 	International Conference on Research Reactors: Safe Management and Effective Utilization, 5-9 November 2007, Sydney, Australia, Organized by the IAEA,


	� HYPERLINK "http://www.iaea.org/NewsCenter/News/2007/confsydney.html" ��http://www.iaea.org/NewsCenter/News/2007/confsydney.html�





� 	International Conference on Research Reactor (Utilization, Safety, Decommissioning, Fuel and Waste Management), 10-14 November 2003, Santiago, Chile, Organized by the IAEA,


	� HYPERLINK "http://www.iaea.org/NewsCenter/News/2003/reactors20031117.html" ��http://www.iaea.org/NewsCenter/News/2003/reactors20031117.html�





� 	R2 Reactor closure; see “Hot Spring for the R2”, Studsvik NEWS June 2005


	�HYPERLINK "http://www.studsvik.se/files/StudsvikNewsJune2005_en.pdf"��http://www.studsvik.se/files/StudsvikNewsJune2005_en.pdf�





� 	Yuan Luzheng, Ke Guotu, Jin Huajin, “Brief Description to Design Characteristics of CARR”, China Institute of Atomic Energy, Beijing, RRFM/IGORR Joint Meeting, Lyon, France, March 11-15, 2007





� 	OPAL reactor, ANSTO, Australia


	� HYPERLINK "http://www.ansto.gov.au/opal/" �http://www.ansto.gov.au/opal/�





� 	Jules Horowitz Reactor, Cadarache, France


	� HYPERLINK "http://ec.europa.eu/research/energy/fi/fi_cpa/other/article_2535_en.htm" ��http://ec.europa.eu/research/energy/fi/fi_cpa/other/article_2535_en.htm�





� 	MAPLE reactors, AECL, Canada


	� HYPERLINK "http://www.acr-700.com/index.asp?layid=3&csid=471&menuid=810&miid=811" ��http://www.acr-700.com/index.asp?layid=3&csid=471&menuid=810&miid=811�





� 	MAPLE reactors, relicensing hearings, 12th September and 22nd June 2007, AECL, Canada


	� HYPERLINK "http://www.aecl.ca/Regulatory/Activities/Maple-Update.htm" ��http://www.aecl.ca/Regulatory/Activities/Maple-Update.htm�





� 	China Advanced Research Reactor (CARR) reactor, China Institute of Atomic Energy, China


	� HYPERLINK "http://neutron.neutron-eu.net/n_about/n_neutrons_for_the_future/china" ��http://neutron.neutron-eu.net/n_about/n_neutrons_for_the_future/china�


	W Q Shen, J. Phys. G: Nucl. Part. Phys. 34 S173-S179 (2007)





� 	Chinese Experimental Fast Reactor (CEFR), CIAE, China Institute of Atomic Energy, China


	World Nuclear Association, “Nuclear Power in China” October 2007


	� HYPERLINK "http://www.world-nuclear.org/info/inf63.html" ��http://www.world-nuclear.org/info/inf63.html�


	


� 	PIK Reactor, Petersburg Nuclear Physics Institute, Russia,


	� HYPERLINK "http://www.nikiet.ru/eng/conf/reactorxxi-2006/final_document.pdf" ��http://www.nikiet.ru/eng/conf/reactorxxi-2006/final_document.pdf�





� 	PHENIX Reactor, CEA France


	� HYPERLINK "http://www.cea.fr/fr/actualites/articles.asp?id=437" ��http://www.cea.fr/fr/actualites/articles.asp?id=437�





� 	BOR-60 Reactor, Russian Federation 


� HYPERLINK "http://www.niiar.ru/ofibr/en/e_bor60.htm" ��http://www.niiar.ru/ofibr/en/e_bor60.htm�





� 	BN-800 Reactor, Russian Federation


	V B Ivanov, “Reactor BN-800: the Purposes of it construction and use”, Presentation to U.S. Congressional staff, 19 October 2006


� HYPERLINK "http://cstsp.aaas.org/files/ivanov.pdf" ��http://cstsp.aaas.org/files/ivanov.pdf�





� 	US Department of Energy, Report to Congress, “Spent Nuclear Fuel Recycling Program Plan”, May 2006


	� HYPERLINK "http://www.gnep.energy.gov/pdfs/snfRecyclingProgramPlanMay2006.pdf" ��http://www.gnep.energy.gov/pdfs/snfRecyclingProgramPlanMay2006.pdf�





� 	KALIMER Reactor, Korea


	World Nuclear Association, “Nuclear Power in Korea” September 2007


	� HYPERLINK "http://www.world-nuclear.org/info/inf81.html" ��http://www.world-nuclear.org/info/inf81.html�


See also: �HYPERLINK http://ehome.kaeri.re.kr/snsd/eng/organization/organization.htm ��http://ehome.kaeri.re.kr/snsd/eng/organization/organization.htm�





� 	World Nuclear News, 18-04-07


	� HYPERLINK "http://www.world-nuclear-news.org/newNuclear/180407-Mitsubishi_to_develop_Japan_s_next_fast_breeder_reactor.shtml" ��http://www.world-nuclear-news.org/newNuclear/180407-Mitsubishi_to_develop_Japan_s_next_fast_breeder_reactor.shtml�





� 	MONJU Reactor, JAEA, Japan


	� HYPERLINK "http://www.jaea.go.jp/04/monju/index.html" ��http://www.jaea.go.jp/04/monju/index.html�


	� HYPERLINK "http://www.jaea.go.jp/04/monju/EnglishSite/index.html" ��http://www.jaea.go.jp/04/monju/EnglishSite/index.html�





� 	CEA Marcoule: Atalante (ATelier Alpha et Laboratoires pour ANalyses, Transuraniens et Etudes de retraitement)


	� HYPERLINK "http://www-marcoule.cea.fr/scripts/home/publigen/content/templates/show.asp?P=172&L=FR&ITEMID=15" ��http://www-marcoule.cea.fr/scripts/home/publigen/content/templates/show.asp?P=172&L=FR&ITEMID=15�





� 	Global Actinide Cycle International Demonstration (GACID) within: 


	F Carré, “The Nuclear Fuel Cycle: key to Generation IV Nuclear Energy Systems’ Sustainability and transition from LWRs”, ANS Annual Meeting, Boston, June 2007


	� HYPERLINK "http://web.mit.edu/nse/pdfs/07_ansannualmtg/ANS_07%20(Carre).pdf" ��http://web.mit.edu/nse/pdfs/07_ansannualmtg/ANS_07%20(Carre).pdf�





� 	US Office of Science and Technology Policy Interagency Working Group on Neutron Science, June 2002, � HYPERLINK "http://www.ostp.gov/html/NeutronIWGReport.pdf" ��http://www.ostp.gov/html/NeutronIWGReport.pdf�





� 	IAEA Fast Reactor Database , IAEA-TECDOC-866 (1996)





� 	VENUS reactor, SCK-CEN, Belgium


http://www.sckcen.be/SCKCEN_Information_Package_2005/CDROM_files/public/installaties_onderzoek/FR/VENUS.pdf





� 	MASURCA Reactor CEA, Cadarache, France


	P. Fougeras, A. Chabre, C. Mergui, “The place of EOLE, MINERVE and MASURCA facilities in the R&D Activities of the CEA”, IGORR 10 : International Group On Research Reactors. Gaitherburg MD USA 12-16 September 2005


	� HYPERLINK "http://www.ncnr.nist.gov/trtr2005/Proceedings/Fougeras%20-%20EOLE%20MINERVE%20MASURCA%20paper.pdf" \o "blocked::http://www.ncnr.nist.gov/trtr2005/Proceedings/Fougeras - EOLE MINERVE MASURCA paper.pdf" �http://www.ncnr.nist.gov/trtr2005/Proceedings/Fougeras%20-%20EOLE%20MINERVE%20MASURCA%20paper.pdf�


	� HYPERLINK "http://www.ncnr.nist.gov/trtr2005/Proceedings/Fougeras%20-%20EOLE%20MINERVE%20MASCURA.pdf" ��http://www.ncnr.nist.gov/trtr2005/Proceedings/Fougeras%20-%20EOLE%20MINERVE%20MASCURA.pdf�





� 	EOLE Reactor, CEA, Cadarache, France


	REFERENCE REQUIRED





� 	MINERVE Reactor, CEA, Cadarache, France


	REFERENCE REQUIRED





� 	R. Rosa, “The ENEA-Casaccia Research Reactors, Current Status”,


� HYPERLINK "http://www.ncnr.nist.gov/trtr2005/Proceedings/Rosa - ENEA CASICCA Research Reactors.pdf" ��http://www.ncnr.nist.gov/trtr2005/Proceedings/Rosa - ENEA CASICCA Research Reactors.pdf�





� 	Fast Critical Assembly (FCA), JAEA, Japan


	� HYPERLINK "http://www.jaea.go.jp/04/ntokai/11/index.html" ��http://www.jaea.go.jp/04/ntokai/11/index.html�





� 	K. Sakurai and S. Okajima, “Adjustment of total delayed neutron yields of 235U, 238U and 239Pu by using results of in-pile measurements of effective delayed neutron fraction,” Proceedings of International Conference on the New Frontiers of Nuclear Technology; Reactor Physics, Safety and High-Performance Computing (PHYSOR 2002) (CD-ROM), Seoul, Korea, October 7-10, 2002.





� 	Tank Type Critical Assembly (TCA), JAEA, Japan


	� HYPERLINK "http://www.jaea.go.jp/04/ntokai/11/index.html" ��http://www.jaea.go.jp/04/ntokai/11/index.html�





� 	Nuclear Ship: MUTSU, Japan


	� HYPERLINK "http://inisjp.tokai-sc.jaea.go.jp/ACT95E/06/0601.htm" ��http://inisjp.tokai-sc.jaea.go.jp/ACT95E/06/0601.htm�





� 	Static Experimental Critical Facility  (STACY), JAEA, Japan


	� HYPERLINK "http://www.jaea.go.jp/04/ntokai/11/index.html" ��http://www.jaea.go.jp/04/ntokai/11/index.html�





� 	Transient Experiment Critical Facility (TRACY), JAEA, Japan


	� HYPERLINK "http://www.jaea.go.jp/04/ntokai/11/index.html" ��http://www.jaea.go.jp/04/ntokai/11/index.html�





� 	Japan Nuclear Fuel Limited (JNFL), Japan


	� HYPERLINK "http://www.jnfl.co.jp/english/index.html" ��http://www.jnfl.co.jp/english/index.html�





� 	Kyoto University Critical Assembly (KUCA), Japan


	� HYPERLINK "http://www.rri.kyoto-u.ac.jp/CAD/english/index.htm" ��http://www.rri.kyoto-u.ac.jp/CAD/english/index.htm�





� 	Kumatori Accelerator-driven Reactor Test Facility (KART), Kyoto University, Kumatori, Japan


	� HYPERLINK "http://www.rri.kyoto-u.ac.jp/KART/en/" ��http://www.rri.kyoto-u.ac.jp/KART/en/�





� 	MONJU Reactor, “Schedule of System Start-up Test (SST) & Refueling”, JAEA, Japan


	� HYPERLINK "http://www.jaea.go.jp/04/monju/EnglishSite/contents03/contents03.html" ��http://www.jaea.go.jp/04/monju/EnglishSite/contents03/contents03.html�





� 	V P Smirnov, V G Asmolov, L N Andreeva-Andrievskaya, Ye G Bek et al, “Experimental Research Results in Support of the Behaviour of the High-Burnup Fuel Rods in PWR LOCA Conditions”, 6th Russian Conference on Reactor Material Science, Dimitrovgrad, 11-15 September 2000, (in Russian), 


�HYPERLINK http://www.niiar.ru/eng/docl.htm ��http://www.niiar.ru/eng/docl.htm�


Also: A F Grachyov, A L Izhutov, V V Kalygin et al. “Complex of measures on refurbishment and extension of MIR reactor operation”. Proceeding of Rosatom meeting “Use and operation of research reactors”, vol.1, p.240, Dimitrovgrad, 2005, referenced in European Nuclear Society, RRFM 2006, Transactions, Session 4, International Topical Meeting Research Reactor Fuel Management, Sofia April 2006,


�HYPERLINK http://www.euronuclear.org/meetings/rrfm2006/pdf/RRFM%202006,Transactions,final,Session_4.pdf ��http://www.euronuclear.org/meetings/rrfm2006/pdf/RRFM%202006,Transactions,final,Session_4.pdf�





� 	BN-800 Reactor, Russian Federation


	Australian Uranium Association Ltd, UIC Briefing Paper # 62, October 2007


� HYPERLINK "http://www.uic.com.au/nip62.htm" ��http://www.uic.com.au/nip62.htm�





� 	Prototype Fast Breeder Reactor (PFBR), India


	� HYPERLINK "http://www.igcar.ernet.in/igc2004/reg/homepage/PFBR_paper.pdf" ��http://www.igcar.ernet.in/igc2004/reg/homepage/PFBR_paper.pdf�


� HYPERLINK "http://www.world-nuclear.org/info/inf53.html" ��http://www.world-nuclear.org/info/inf53.html�





� 	Japan Materials Testing Reactor, JMTR, JAEA, Japan


	� HYPERLINK "http://jmtr.jaea.go.jp/index_main.html" ��http://jmtr.jaea.go.jp/index_main.html�





� 	Pallas, NRG Petten, Netherlands 


� HYPERLINK "http://www.nrg-nl.com/docs/newreactor/pallas_leaflet2_eng.pdf" ��http://www.nrg-nl.com/docs/newreactor/pallas_leaflet2_eng.pdf�





� 	MYRRHA, SCK-CEN, Belgium, 


� HYPERLINK "http://www.sckcen.be/myrrha/" ��http://www.sckcen.be/myrrha/�





� 	US DOE GNEP website- Advanced Burner Reactors: � HYPERLINK "http://www.gnep.energy.gov/gnepAdvancedBurnerReactors.html" ��http://www.gnep.energy.gov/gnepAdvancedBurnerReactors.html�


	This URL was not working as at 25/10/2007





� 	US DOE GNEP website


	� HYPERLINK "http://www.gnep.energy.gov/pdfs/snfRecyclingProgramPlanMay2006.pdf" ��http://www.gnep.energy.gov/pdfs/snfRecyclingProgramPlanMay2006.pdf�





� 	Generation IV International Forum (GIF)


	� HYPERLINK "http://www.gen-4.org/index.html" ��http://www.gen-4.org/index.html�





� 	Joint Accelerators for Nanosciences and Nuclear Simulation/Jumelage d’Accélérateurs pour les Nano-sciences, le NUcléaire et la Simulation (JANNUS), CEA and CNRS-IN2P3, France


	� HYPERLINK "http://www-ist.cea.fr/publicea/exl-php/200700001902-jannus-experimental-validation-at-the-scale-of-the-atomic-modelling.html" ��http://www-ist.cea.fr/publicea/exl-php/200700001902-jannus-experimental-validation-at-the-scale-of-the-atomic-modelling.html�


	Clefs CEA - N° 55 - Été 2007, “La plate-forme Jannus : simuler par faisceaux d’ions l’irradiation des matériaux”





� 	GNEP Press Release September 16, 2007


	� HYPERLINK "http://www.gnep.energy.gov/gnepPRs/gnepPR091607.html" ��http://www.gnep.energy.gov/gnepPRs/gnepPR091607.html�





� 	Frédéric Joliot / Otto Hahn Summer School on Nuclear Reactors Physics, Fuels and Systems, CEA Cadarache, France and FzK Karlsruhe, Germany


	� HYPERLINK "http://hikwww4.fzk.de/fjohss/" ��http://hikwww4.fzk.de/fjohss/�





� 	The World Nuclear University,


	� HYPERLINK "http://world-nuclear-university.org/" ��http://world-nuclear-university.org/�
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