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Main Results of R&D activities in 2008

THE MAIN TASKS OF THE INSTITUTE IN 2008

The main tasks of the institute were related to eight main areas, the main R&D results are described below according to these areas.

The institute worked according to the research concept (see in separate document) elaborated according to the three main goals: nuclear safety research according to the present needs, preparation for the possible establishing of new nuclear units in Hungary,  research for future energy form, fourth generation NPPs and nuclear fission. Nuclear safety research is still the most important goal, however the role of the other two goals may increase in near future.

The safe operation of the Budapest Research Reactor, the continuous development of the research possibilities and thus keeping the world standard, remained an important task of the institute.

THE MAIN R&D RESULTS OF THE CURRENT YEAR 

Research in Reactor Physics
The major innovation of coming decades in nuclear engineering will be the development of Gen IV NPPs. The research in the institute was exclusively related to one type of Gen IV, to the HPLWR (High Performance Light Water Reactor). The core design of HPLWR and the safety analysis of reactivity induced incidents were performed in AEKI last year. The results exceed the results from literature, as they contain the detailed tracing of the 3D phenomena.
To make a better use of Uranium resources and to minimize the high activity waste originating from reactors, the trans-uranium isotopes resulting from reprocessing the depleted Uranium gained from the enrichment process and the Thorium, available in great amounts, will be burnt in fast reactors. This procedures were simulated by calculations in AEKI and the results were presented at workshops organized by OECD in the frameworks of NEA „Working Party on Scientific Issues of the Reactor Systems” .
In recent years the power of many NPPs was upgraded, resulting in worse fuel utilization at given cycle lengths. To compensate the above disadvantage, the fuel enrichment can be increased, however this may result in safety problems in storage and transport facilities. Burnable absorbers can solve the safety problem. That is the reason, why analyses for the modified fuel type have been carried out for Paks NPP.
A complex model was developed for describing the routes of radioactivity in the incident and accident scenarios. Further test were performed to validate the code system, developed in AEKI for core design of the Paks NPP. The necessity of these test is because of the modified fuel.
Research in Thermal Hydraulics 

A lot of investigations were related to the Paks NPP. The validation of the numerical fuel assembly model, based on the well-known FLUENT code has been performed using the LIF (laser-induced fluorescence) method. The investigation of possible water hammer scenarios of the tubes of the safety cooling systems was missing from the Safety Report. The analyses have been performed and only two critical portions have been detected, all others are safe. The critical portions have to be investigated experimentally to prove whether the prompt condensation is really possible there.

The outer cooling of the reactor pressure vessel can help to avoid, that the melt fuel reaches the reactor shaft in severe accident scenarios. To prove this concept an experimental facility has to be built. The technical design of the CERES facility has been completed.
A few safety analyses have been performed to supply the import license of the new fuel with burnable (Gd) adsorbers. Among others the consequences of the steam line breaks were analyzes by means of ATHLET/KIKO-3D coupled thermal hydraulic – neutronic calculations. The results prove, that the new fuel mitigates the safety only in a negligible measure

In the frameworks of the BEMUSE Project, supported by the Atomic Energy Authority, the uncertainties of safety analyses were determined numerically. The results from this project contributed to the improvements in incident analyses of the Hungarian NPP. The results of the ROSA experiments were used to validate results of FLUENT calculations.
Research of Fuel and Reactor Materials 

A new experimental facility was made in 2008, to investigate the whether the VVER type fuel assemblies can be cooled during loss of coolant incidents. No similar facility is known for hexagonal assemblies. The mean feature of our facility is, that one can model on it the local power maximum, caused by fuel debris during ballooning. The results of the first series of experiments have proved, that the VVER assemblies can be cooled down even in incidental conditions, however the cooling times are longer than in normal operational conditions.

If the oxide layer on the surface of zirconium is damaged, the fuel cladding can become rigid. The surface damage is only possible in certain circumstances. The post test examination of the specimen helped in determining the relevant circumstances. Material studies of the steel plate from the severe incident in the cleaning tank at Paks NPP indicated, that the temperature in the tank was above 1000oC.

The numeric model of the processes in the fuel are made by means of the codes FUROM and TRANSURANUS. Steady states were modeled by FUROM, using the extension for Gadolinia fuel. The release from the capsules of the damaged fuel has been determined using input data from the NPP and modeling. 
Development of Operator Aid Tools and Expert Systems 

The first phase of the reconstruction of the core monitoring system VERONA was finished successfully on Unit 2. On the other three units already the reconstructed system is in operation. As a consequence of the reconstruction the reactor power could be increased to 108%. Now Units 1, 2 and 4 operate at 108% level, while Unit 3 on the 104% level, it will reach 108% in 2009 following the great inspection. 
A special tool, the VERONA-t was introduced to test the modifications of the software. VERONA-t has no data collection system, but can be switched to any NPP Unit. In 2008 the work resulting in the modified VERONA system proved to be capable to handle the fuel assemblies with burnable poisons.

The reconstruction of the PAZAR noise diagnostics system at the Paks NPP has been successfully finished. Both the data collection system and the data elaboration system have been upgraded.
The full reconstruction of the CERTA VITA information system of the HAEA CERTA (Hungarian Atomic Energy Authority, Center for Emergency Response, Training & Analysis) started in 2008. CERTA VITA provides HAEA with safety relevant data from all four units of Paks NPP. The modules of the new system were made in 2008. Now the old and the new system run simultaneously, after the testing period the new system becomes operational in 2009.

Research in Reactor Simulation 

A method was developed for the estimation of the stability border between liquid and steam phase in one- and multi-component systems. The method was tested by lattice-Boltzmann simulation, for water, Argon, Helium and carbon dioxide. The stability border is significant for the cavity problems of the mercury target of the European Spallation Source (ESS). and for the description of the pressure drop incidents in supercritical water cooled reactors  (SCWR).
The investigations of metals and metal melts under high pressure and extreme conditions started. For special interest are the melting point at high pressure and the stability limits. Studying the heat transfer problems in the vicinity of the pseudo critical temperature, it was seen, that a lot of thermal parameters (e.g. density, specific heat) undergo big changes. These big changes may explain the fiasco of previous calculations. Taking into account both the temperature dependence and the pressure dependence of the parameters, heat transfer coefficient were determined for laminal flow.
In the frameworks of the NURESIM project numeric experiment were carried out with Taylor bubbles in sub-channel sections. The results of the simulations were successfully compared to the results of previous experiments.

CFD simulation of fuel assemblies continued, the results were compared to the experimental results. Further experiments were proposed based on the comparison.
The modification of the full scale simulator of Paks NPP is proceeding successfully. The modifications are related to the new Gadolinia fuel.
Research in Material Science 

Small angel neutron scattering was used to determine the interaction between the molecules of 3-metipiridin in water – heavy water solutions as a function of the temperature and of the deuterium concentration. The results showed an increased interaction with increasing deuterium concentration.
The kinetic behavior of a few typical contaminant of the primary coolant has been determined. This is important for a absorption - desorption determination. The local corrosion behavior of the irradiated Zr-1%Nb has been investigated, to study the influence of microstructure on the corrosion properties. Structural materials as stainless steel and titanium alloys have been investigated in high temperature experiments, under water of supercritical temperature. Results showed that chrome in the alloy increases the corrosion resistance. Dynamic neutron radiography was used to observe the water in supercritical condition.
Water samples from the primary and secondary coolant as well as from both spent fuel storage pools have been analyzed by means of neutron activation analyses (INAA) and gamma spectrometry – in the frameworks of the water chemistry program for safe operation of the Budapest Research Reactor. Normal operation of the research reactor was monitored by measuring the activity concentrations of the 41Ar and 135Xe nuclides in the ventilation system. INAA was used to determine halogen isotope: Cl, Br, I, and alkali: Na, K, alkali earth: Ca, Mg, Ba, corrosion products: Al, Fe, Cr, Mn, Cu, Co concentrations in the primary and secondary coolant, in the water manipulation system, and in the spent fuel storage pools. INAA results were compared to those of the measurements carried out in Paks NPP.
In the frameworks of the Budapest Neutron Center (BNC) trace elements in samples form archeological and biological origin have been determined by means of INAA – in cooperation with the Vienna University (Institute for Food and Institute for Un-organic Chemistry).

Research in Health and Environmental Physics 

The Pille-MKSz dosimetry system was developed in the institute, now it is part of the International Space Station (ISS). Since 2003 continuous measurements are done with Pille, providing dose maps, personal dose during space walks and sun bursts, as well as part of on-board experiments (ESA Matroshka). In 2008, similarly to previous years, a lot of data are collected and the results of evaluations published.
The experience form Pille was utilized in the development of the  PorTL system to use on earth. These systems are produced by the daughter company AEMI. In AEKI the further development of PorTL continued in 2008; prototypes of the advanced system for mixed  gamma – neutron radiation are being developed.
Development of TriTel three axis space dosimetry telescope with constant sensitivity in 4π continued during 2008. Tritel is capable to determine the absorbed dose, the linear energy transfer (LET) and the biological efficiency as well.  Variants of TriTel will be used for measurements at different modules of ISS, in its Russian segment and on board of a satellite.

The Rosetta space capsule will reach the comet Csurjumov-Geraszimenko in 2014, bringing two devices from AEKI, the ROMAP/SPM plasma- and the SESAME/DIM powder-detectors. In 2008 the devices were tested on route. Significant measurements were carried out by the capsule near to the asteroid Steins.
ESA asked the institute to take part in Foton-M3 Biopan-6 biosatellite experiment to perform the entire dosimetry program in it. The experiments were carried out in 2007, the evaluations in 2008. ESA recognized the works by an award. Cosmic rays were investigated in the Japanese Space-Icchiban-3 and the European (ESA) Matroshka-2B programs.

A realistic respiratory geometry model, based on 3D CFD for the determination of lung radiation due to Radon inhalation was developed earlier. In 2008 the model was upgraded. The upgrade meant mainly the more detailed bronchia description, the development of micro-dosimerty and taking into account the bystander effect. The new model helps in clearing the validity of the linear consequence approximation.
Preliminary investigations were carried out for environmental studies of a possible site for the European Spallation Source. The European Science Forum for Large Infrastructure found the investigations complete and valid, there is no objection against the Debrecen site from environmental point of view.

Calculations of the external costs of electric energy have been performed for different fuel types. The results show, that in case of lignite the environmental damage can be as high as 98% of all costs, in case of coal it is 85%, for gas or oil 65%, however for nuclear power only 20%. The use of bio-mass is contradictory in this respect, heating with wood debris causes only 17%, but the burning of straw leads to 70%.
The air pollution monitoring system at the airport was established. The system measures aerosol mass and gases (CO, NO, NO2, NOx, SO2, O3, VOC). The system consists of two parts, a fixed (built at Terminal 2A) and a mobile. An online system provides with the data measured by the system, beside the actual values averages for different time periods can be shown as well. The meteorological parameters are part of the online available values.
The Main Results at the Budapest Research Reactor 

In the frameworks of a user program Hungarian and foreign researchers may apply for measuring time at the devices of the Budapest Research Reactor. Applications are accepted twice a year (May 15 and October 15). The form for application can be found at the web page of the Budapest Neutron Center (www.bnc.hu). The applications are evaluated and ranked by an international committee. Members of this committee represent European neutron centers. The main aspects of ranking are the scientific value and the novelty whereas PhD and diploma works are supported. As a consequence of the overbooking of beam-time only the excellent and good proposals are accepted.
BNC plays an active role in FP6 NMI3 – the Integrated Infrastructure Initiative for Neutron Scattering and Muon Spectroscopy – program. NMI3/FP6 is a project for 4.5 years, supporting the muon research community of about 5000 persons. The project was closed on June 30, 2008. More than 900 experiments were financed by the project, supporting about 1200 scientists. A lot of workshops and symposia were organized as well. The contribution of BNC was well recognized at the closing conference of the project, in the 4.5 years 82 proposals were supported, 493 reactor-days were offered.
OVERALL EVALUATION OF THE SITUATION

The institute faced with a lot of challenges in the last years and the measures introduced have proven to be satisfactory until now. The most important challenge is to answer the question related to the mission of the institute: which issue should basically orient the R&D activities of the institute? The three potential answers are as follows: 

· the long term and prompt needs of the Paks NPP 

· the establishing of new nuclear units in Hungary

· the research related to Generation 4 nuclear plants.

The three answers do not exclude each other, moreover the general expectation is to produce high level results at every field. At the same time the parallel R&D work on the three orientations may require a basic development of the human and infrastructure resources. In the last years the institute concentrated on the needs of the Paks NPP (especially because of the decisive role of the institute in consolidating the consequences of the 2003 April incident). The other two fields were strengthened in the last two years, but one can easily see that either the works concerning new Hungarian nuclear units really start, or the European research cooperation related to the development of Generation 4 nuclear plants is really organized, the present capacities of the institute will not be satisfactory to fulfill all the three expectations at the same level. 

The hoped parliamentary resolution concerning the establishment of new nuclear units in Hungary may strengthen two important fields of research, namely the comparative analysis of environmental and health effects of nuclear and other plants producing electricity, and also the elaboration of the scientific and technical background for the Hungarian strategy of the long term handling of spent fuel and high activity radioactive waste. The establishing of a scientific-technological basis of the Hungarian energy strategy (and within this that of renewable energy sources) may occur to be a further objective. All these aspects, together with some current R&D activities at the KFKI site make the idea of establishing a National Laboratory for Energy Research to be reasonable.

The institute staff became younger in the last years. Several respected elderly colleagues retired as the age limit of 65 years was introduced (the retired colleagues are continuously at the disposal of the institute on the advisory level). At the same time plenty of young M.Sc. scientists joined the institute. Unfortunately, the ambitions and abilities of the young scientists are below the level of former generations, since both the prestige of KFKI decreased and also the research work (and physics especially) is not so attractive as earlier. We try to ease this situation by internal and outer education courses and by employing new young scientists. The employment of young scientists decreased the number of scientists with Ph.D. degree, but the institute elaborated a carrier model which should ensure a significant improvement in this respect.

The operation of the Budapest Research Reactor is a separate important issue. The operation of the reactor is stable, significant R&D activities are organized around it and the reactor is widely used by the international community with the support of EC. A key problem of the reactor operation is the conversion of the reactor from the use of fuel with 36 % enrichment to the use of fuel with 20 % enrichment. The repatriation of high enriched fuel to Russia was a pre-requisite of the conversion. The transportation of spent fuel to Russia was managed in 2008 (this was a huge project), the acquisition of fresh fuel is ongoing. The evaluation and renewal of the R&D activities around the reactor is a task for the coming years.

The institute has other significant research infrastructure elements (the PMK thermal hydraulic equipment, the CODEX facility for fuel behavior and severe accident investigations), and several targeted experiments are also carried out. The renewal of the research infrastructure is slower than expected basically because of the uncertainties of the European nuclear research co-operations, and, consequently, that of the objectives. We use the possibilities provided by international co-operations for getting access to high level research facilities.

The financial stability of the institute was satisfactory until now. Though the workloads related to finances are quickly growing, no significant problem was detected in the relatively complicated financial activities (neither in the financial, nor in the technical sense). 35-40 % of the institute’s budget is provided by the budget of the Academy, about 20-25 % comes from various grant systems and the remaining 40 % comes from contracts. The resources from EU framework programs were significantly reduced because of the decreasing support of nuclear fission research in the 7th Framework Program. 

The international relations of the institute are more than satisfactory. Almost every research group participates in one or more EU projects, and in the co-operations and projects organized by the OECD Nuclear Energy Agency. Institute scientists play a leading role in several projects. The institute is considered, together with the Czech NRI and Slovak VUJE, to be one of the most important nuclear research institutes in Eastern Europe.

The institute is responsible (from 2007) for the operation of the KFKI site. The site gives  home for five institutes of the Academy and for many larger and smaller companies. The increased workload due to the site operation is managed appropriately.

Contacts with education is a weak point of the institute. Our main partner is the Budapest University of Technology and Economics that does not have an ambition to have external lecturers. A significant change can be hoped only if this standpoint of the university is revised.
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