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3. Organization, Vision and Mission

Mission

To perform research and prepare human resources for the development of innovative nuclear reactor technologies – safer, more economical, with enhanced public acceptance – for the sustainable development of Brazil.

Vision 2014

To become national reference on research and human resources preparation for the development of advanced and innovative nuclear reactor technology

4. Management Committee Meetings and Deliberations

The Steering Committee met on the following dates:

Year 2008: August 26, 10, 15 and September 16, November 24 and 12 and December 16;

Year 2009: February 26, 2007 April, April 14, 15 and May 28, 2007 and 09 July, 29 September and 01 October;

Year 2010: February 2, 2009 and March 10, April 29, May 31, 2008 and June 21 and August 7.

The main topics discussed and decisions were:
· Review the schedule of activities and details of each line of research.
· Definition of strategic and integration themes.
· Definition of procedures and ways of monitoring the goals of the Institute.
· Criteria for approval and granting of scholarships from the Institute.
· Procedures for disbursement of funds from the Institute.
· Participation of the Steering Committee in a INAC 2009 roundtable.
· Conducting Seminar on hydrogen production using nuclear reactors.
· Formation of a research group on hydrogen production.
· Erection of a laboratory for research on hydrogen production.
· Inclusion of a new researcher into the Institute.
· New perspectives of nucleo-electric generation in Brazil.
· Prepare INCT to respond and act, should it be requested, in strategic planning of the sector and public policies to be adopted.
· Discussion of the evaluation system Qualis for the Engineering II Committee.
· Participation in the Institute's 4th National Conference on C & T.
· Approval and review of processes to request resources.
· Approval and review of processes of application for scholarships.
5. Activities, Cooperations, Events and Partial Results

The National Institute of Science and Technology on Innovative Nuclear Reactors (INCT on Innovative Nuclear Reactors) started its activities in November 2009. The research network comprises 48 researchers (D.Sc. and Ph.D.). Amongst them there are 20 CNPq productivity scholarship holders. 

Table 1. Number of researchers and CNPq productivity scholarship holders.
	Institutions
	Researchers
	CNPq Productivity Scholarship holders

	COPPE/UFRJ
	8
	7

	IPEN/CNEN
	9
	1

	UFMG
	3
	1

	UFPE
	3
	1

	IME
	1
	-

	CDTN/CNEN
	9
	1

	IEN/CNEN
	6
	4

	IPRJ/UERJ
	2
	2

	CRCN/CNEN
	1
	1

	UFRGS
	1
	1

	CEFET/RJ
	1
	-

	UESC
	2
	-

	UFOP
	1
	1

	ISCTN/Cuba
	1
	-


This INCT has the following goals: 

· To promote competitive and relevant research for the Country in the area of innovative nuclear reactor technology;
· To prepare specialized human resources for the nuclear sector;
· To promote the integration of the research in the area of nuclear technology, thus avoiding the duplicity of isolated efforts;
· To strongly interact with the productive sector and society;
· To enhance the international cooperation between the Brazilian research groups and centers or excellence abroad;
· To enlighten the debate within the Brazilian society regarding nuclear issues;
· To promote the nucleation and diffusion of new research groups on nuclear engineering in the Country;
· To develop new technologies for nuclear generation, such as the production of hydrogen by nuclear means, for instance;
· To improve the processes of training of nuclear reactor operators;
· To improve and develop new methodologies of analysis and design, aiming to guarantee the national capacity to model the new nuclear generation concepts;
· To enhance the national technical and scientific insertion on the world literature on the new concepts of innovative and advanced reactors and nuclear systems;
· To pursue excellence in the quality of teaching at post-graduate level in the area of nuclear reactor technology.

The first financial resources for the INCT were received in November 2009 (FAPERJ) and May 2010 (CNPq). In view of the above mentioned goals, and considering the items that must be presented in this first initial report (up to 30 June 2010) the INCT accomplished the following:

5.1. Scientific Bibliographic Production

             1 book;  

             1 book chapter; 


97 articles published (subjected to peer review) in congress proceedings;

35 articles published in indexed journal of international circulation.
5.2. Human Resources Formation


10 supervisions of Scientific Initiation (undergraduate level);


28 Master Thesis Concluded;


15 Doctor Thesis Concluded;


02 Post-doctorate Collaborations.

5.3. Projects Sponsored by Research Fomenting Agencies 
There are 22 projects on themes related to the INCT lines of research coordinated by researchers of the INCT sponsored by FAPERJ, CNPq, CAPES, FINEP and CNEN.

5.4. Projects Contracted with Industry

There are 04 projects contracted by the Brazilian industry (Eletrobras Termonuclear, Indústrias Nucleares do Brasil e Petrobras) with the coordination and participation of the INCT researchers that are connected to the research lines developed by the INCT.

5.5. International Cooperation

There are presently 12 agreements of international cooperation with international institutions from the EC, USA, China and IAEA involving the direct participation of the INCT’s researchers and students.


5.6. Organization of Events and Special Participations

The INCT participated, either providing financial support or through the direct action of its researchers, in the organization, coordination and as scientific/editorial committee of the following events:

I Seminar on the production of hydrogen by nuclear means.;

ENFIR/INAC 2009;

Symposium on Nuclear Energy /COBEM 2009;

Symposium on Nuclear Energy/ENCIT 2010;

Meeting on Computational Modeling 2010;

II International Workshop ENUMAS 2010;

International Conference on Mathematics and Computational Methods Applied to Nuclear Science and Engineering 2011;

Special participation on a panel in INAC 2009.

5.7. Awards and Honors

There have been 04 academic/scientific awards/honors received by the INCT researchers from CNPq and FAPERJ.

5.8. Appearances in the media

There have been 09 interviews with INCT researchers in magazines and newspapers with wide circulation on issues related to nuclear energy in Brazil.

5.9. Patents

Three patent applications have been presented to INPI by INCT researchers in themes that are connected to the INCT goals.
In the next section the main methodological and technical results achieved by the research lines sponsored by the INCT will be presented.

6. Main Technical and Scientific Results Obtained by the Research Lines

6.1. Methods for neutronic parameters calculation applied to advanced reactors

Research Team

Aquilino Senra Martinez (COPPE) - Head
Fernando Carvalho da Silva (COPPE)

Daniel Artur Pinheiro Palma (CEFET)

Participating Institutions

Programa de Engenharia Nuclear - COPPE - RJ

CEFET - Química - RJ

Abstract of Activities and Scientific, Technological and Academic Results Obtained

During operation of a nuclear reactor, it is important to know the temporal variation of the nuclear power distribution as nuclear fuel is burned. For the design of nuclear reactor reload pattern, this distribution is obtained by solving the steady state diffusion equation, at different time intervals during the operating cycle of the reactor. For startup tests of the plant, however, it is important to continuously monitor the change in reactivity resulting from the scheduled withdrawal of control rod banks. In this case, it is necessary to solve the inverse point kinetics equation. The point kinetics model is based on the assumption that the spatial dependence of the neutron flux in a nuclear reactor can be described by the fundamental and innovative mod. Its use is widespread in certain transient analysis, during transient analysis and startup tests of a nuclear reactor in which effective control happens by the presence of delayed neutrons. For conventional nuclear reactors, with respect to the solution of the steady state distribution and of the inverse point kinetics equation, there are numerous articles addressing these issues in the literature. In these articles, there is a constant search for greater computational speed in executing such calculations, which are complex in nature, but having the accuracy required for integral reactor core parameters.

The INCT for Innovative Nuclear Reactors team that works in the line of research "Methods for Calculation of Neutronic Parameters in Advanced Reactors" has made significant contribution to solving the diffusion equation and the stationary solution of the inverse point kinetics equation, with new methods based on nodal expansion, in order to obtain the nuclear power steady state distribution and the partial derivatives of nuclear power density, to calculate reactivity of PWR type reactors. Part of these recent contributions is included in the list of publications highlighted at the end of this report.

On the technological side, as a consequence of aforementioned scientific production, the technical staff of the research line "Methods for Calculating Neutronic Parameters in Advanced Reactors" has participated in the development of a technological product unprecedented in the country and with only three international similars. This is the National  Reactor Physics Code (CNFR), an integrated computational system to generate nuclear data and to calculate three-dimensional pin to pin nuclear power distribution for all fuel elements that make up the nuclear reactor, for a given nuclear power plant operating cycle. This system was employed by the Brazilian utility (Eletrobrás Thermonuclear) and its associated software is now in the process of obtaining a patent's license.

Due to its complexity, the development of the National Reactor Physics Code was one of the biggest challenges in Reactor Physics in the country. Currently, this system is in process of licensing by the Brazilian Regulatory Agency for the use of nuclear energy in Brazil (CNEN), and will be used in the design of nuclear power plant reactor cores of Angra-1 and Angra-2. Furthermore, it is the most important and indispensable tool for nuclear reactor core reload optimization system.

Experience gained in developing methods for calculating the power distribution for conventional reactors, will allow the development of similar work for advanced and, in some cases operating in the sub-critical mode, nuclear reactors. There is a set of neutronic parameters which are essential for the safe operation of nuclear reactors, for example: the curve for the evaluation of reactor sub-critical condition, shutdown margins, DNBR, axial offset, reactivity coefficients and peak factors. These parameters must be estimated with sufficient precision, in computerized calculation systems. of. The technical staff involved in this line of research has developed methods for calculating these parameters, which are now being developed for applications in advanced reactors.

The INCT of Innovative Nuclear Reactors team,  working in the line of research "Methods for Calculation of Neutronic Parameters in Advanced Reactors" aims at developing methods for calculating parameters relevant to the safe operation of advanced nuclear reactors. Already as a result of research conducted under the INCT of Innovative Nuclear Reactors, several articles were recently published concerning applications for sub-critical and innovative reactors.

As a result of research conducted in this institute, supervision of 1 scientific initiation scholarship and of postdoctoral work were completed, 2 master's thesis and 1 doctoral thesis have been presented and the following research papers were published. It is worth mentioning that 1 post-doctorate supervision, 2 scientific initiation, 4 master and 5 doctor thesis are currently underway.
Publications

Díaz, D. S., Martinez, A. S., 2009. Reactivity Calculation with Reduction of the Nuclear Power Calculation, Annals of Nuclear Energy, 36, p. 676-679.

Lima, Z. R., Silva, F. C., Alvim, A. C. M., 2009. A Modal Multidimensional Kinetics Method using Pseudo-Harmonics, Annals of Nuclear Energy, 36, p. 752-759.

Palma, D., Martinez, A. S., Gonçalves, A. C., 2009. Analytical Solution of Point Kinectics Equations for Linear Reactivity Variation During Start-up of a Nuclear Reactor, Annals of Nuclear Energy, 36, p.1469-1471.

Palma, D., Martinez, A. S., 2009. A Faster Procedure for Calculation of the J-Function, Annals of Nuclear Energy, 36, p. 1516-1520.

Palma, D. A. P., Martinez, A. S., Gonçalves, A. C., 2009. Inverse Kinetics for Subcritical Systems, American Nuclear Society Annual Meeting, ANS 2009, Atlanta, USA. 

Silva, F. C., Avim, A. C. M., Martinez, A. S., 2010. An Alternative Solver for the Nodal Expansion Method Equations, Advances in Reactor Physics to Power the Nuclear Renaissance, PHYSOR 2010, Pittsburgh, USA.

Alvim, A. C. M., Silva, F. C., Martinez, A. S., 2010. Depletion Calculation for a Nodal Reactor Physics Code, 18th International Conference on Nuclear Engineering, ICONE 18, Xi’an, China.

Palma, D. A. P., Gonçalves, A. C., Martinez, A. S., Silva, F. C., 2009. Analytical Calculation of the Average Scattering Cross Sections Using Fourier Series, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.

Freire, F. S., Martinez, A. S., Silva, F. C., 2009. Fast Three-Dimensional Core Optimization Based on Modified One-Group Model, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.

6.2. Studies of Systems for High Radioactive Waste Transmutation – Generation IV Nuclear Systems and Hybrid Ones (ADS)

Research Team

Claubia Pereira Bezerra Lima (DEN/UFMG) - Head 

Rubens Souza dos Santos  (IEN/CNEN)

Maria Auxiliadora Fortini Veloso (DEN/UFMG)

Antonella Lombardi Costa (DEN/UFMG)

Participating Institutions

Departamento de Engenharia Nuclear (DEN) - UFMG - MG

Instituto de Engenharia Nuclear (IEN) - CNEN - RJ

Abstract of Activities and Scientific, Technological and Academic Results Obtained

The following activities were done during this period.

Participant in the  Collaborative Project COOL "Investigation of technological challenges related to the removal of heat by liquid metal and molten salt coolants from reactor cores operating at high temperatures" in the International Project on Innovative Nuclear Reactors and Fuel Cycles (INPRO) from International Atomic Energy Agency (IAEA). Nominated by Brazil, CNEN/IEN, the researcher Rubens Souza dos Santos has studied  neutronic effects on LBE alloy used in ADS as coolant [COOL, 2009], 2nd Consultancy Meeting, 11-12 June 2009, Vienna, Austria.

Presentation of CINESP-ADS Code in INAC2009, as part of a development of a neutronic code to transient analysis in ADS, based on multigroup diffusion theory, taking into account  any precursor group and energies, One-, Two-Dimensional [Santos, 2009].

Participant and presentation of paper using CINESP-ADS Code, International Conference on Physics of Reactor PHYSOR2010, Pittsburgh, USA. The paper analyses the delayed neutron effects on the startup of an ADS, since zero until power operation regime [Santos, 2010].

Participant in the 3rd Consultancy Meeting of Collaborative Project COOL, 22 - 23 June 2010, Vienna, Austria. In this phase, using SIRER-ADS Code, which has been developed for analyzing reactivity transients in reactor cores, based on point kinetics model, we have applied it in to analyze the startup of an ADS of 77 MWth, to verify the feedback effects from temperatures in the coolant as in the fuel.

Participation in the Brazilian Fusion Research Program through the project "Evaluation of Fusion-Fission and Fission-ADS System for Transmutation of High Radioactive Waste Using MCNPX2.6 and SCALE6 Codes. The international collaboration with the Universidad Politécnica de Valencia, Spain will be continued, with the project "Development of a Method of Coupling Between Thermo-Hydraulic and Neutronic Analyses Codes for Simulation of Nuclear Reactor Behavior” and it will begin a new international collaboration with the Nuclear Technology Institute of Technisch Universitaet Muenchen, Munich, Germany, entitled  “Uncertainty Propagation Methodology”.

Development of two cluster computers for scientific calculation on LINUX operating system for running dedicated of MCNPX and MCNP5 codes, in parallel.
As for personnel training, 4 dissertations were finished and 1 is underway, 1 doctoral thesis was defended and 5 are in progress, 1 undergraduate scientific supervision and supervision of 1 postdoctorate were also completed. In addition, 2 postdoctoral supervisions are underway.

Publications

Costa, A. L., Reis, P. A. L., Pereira, C., Veloso, M. A. F., Mesquita, A. Z., Soares, H. V., 2010. Thermal hydraulic analysis of the IPR-R1 TRIGA research reactor using a RELAP5 model. Nuclear Engineering and Design (Print), v. 240, p. 1487 - 1494.

Costa, A. L., Pereira C., Veloso, M. A. F., Silva, C. A. M., 2009. A Neutronic Evaluation of the (Pu-U) and (Am-Pu-U) Insertion in a Typical Fuel of Angra-I, Annals of Nuclear Energy, v. 36, p. 1 - 6.

Aaújo, A. A., Pereira, C., Dalle, H. M., Veloso, M. A. F., Costa, A. L., 2010. Flux and Dose Rate Evaluation of Iter System Using MCNP5. Brazilian Journal of Physics (Impresso) , v. 40, p. 50 - 62.

COOL, 2009. http://www.iaea.org/INPRO/COOL/2009-06-CM-COOL.html

COOL, 2010. http://www.iaea.org/INPRO/COOL/COOL_2010_3rd_CM.html

Santos, R. S., 2010. On delayed neutron effects at the starting of accelerator driven systems to the nominal power, Advances in Reactor Physics to Power the Nuclear Renaissance, PHYSOR 2010, Pittsburgh, USA.
Silva, F. C., Pereira, C., Costa, A. L., Silva, C. A. M., Veloso, M. A. F., 2009. A Neutronic Evaluation of VHTR and LS-VHTR, Advancements in Nuclear Instrumentation, Measurement Methods and their Applications, ANIMMA2009, Marseille, France.

Costa, A. L., Pereira, C., Silva, C. A. M., Veloso, M. A. F., 2009. Valuation of Power Oscillations in a BWR after Control Rod Banks Withdrawal Events, Advancements in Nuclear Instrumentation, Measurement Methods and their Applications, ANIMMA2009,  Marseille, France.

Silva, C. A. M., Pereira, C., Veloso, M. A. F., Costa, A. L., 2009. Neutronic Evaluation of a MHR System to Transmutation of Minor Actinides, Advancements in Nuclear Instrumentation, Measurement Methods and their Applications, ANIMMA2009,  Marseille, France.

Miró R., Barrachina T., Verdu, G., Pereira, C., Martínez-Murillo, J. C., 2009. Implementation of Control Rod Movement and Boron Injection Options by using Control Variables in Relap5/Parcs v2.7 Coupled Code, TOP FUEL 2009, Paris, France.

Miró R., Barrachina T., Verdu, G., Pereira, C., Martínez-Murillo, J. C., 2009. Implementation of Control Rod Movment and Boron Injection Optios by Using Control Variables in RELAP5/Parcs v2.7 Coupled Code, Spring CAMP Meeting, Technishe Universitat Munchen, Munchen, Germany.

Barrachina T., Miró R., Verdu, G., Pereira, C., SILVA, Silva, C. A. M., Ortega A., Martínez-Murillo J. C., 2009. REA 3D-Dynamic Analysis in Almaraz NPP with Relap5/Parcs v2.7 and Simtab Cross-Sections Tables, TOP FUEL 2009, Paris, France.

Pereira, C., Costa, A. L., Silva, F. C., Araújo, A. A., Silva, C. A. M., Veloso, M. A. F., 2009. Results from Current Studies of Simulations in Nuclear Power Systems Performed at the Department of Nuclear Engineering of the Federal University of Minas Gerais - Brazil, 14th International Conference on Emerging Nuclear Energy Systems, ICENES 2009, Lisboa, Portugal.

Soares, H. V., Costa, A. L., Pereira, C., Veloso, M. A. F., Reis, P. A. L., 2009. Valuation of BWR stability operating in natural circulation condition, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.
Santos, R. S., 2009. Startup transients in accelerator driven systems using CINESP-ADS code, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil. 

Miró R., Barrachina T., Verdu, G., Pereira, C., Silva, C. A. M., Ortega A., Martínez-Murillo J. C., 2009. REA 3D-Dynamic Analysis in Almaraz NPP With RELAP5/PARCS v2.7 and SIMTAB Cross-Sections Tables, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil. 

Silva, F. C., Pereira, C., Costa, A. L., Veloso, M. A. F., 2009. A Preliminary Neutronic Evaluation and Depletion Study of VHTR and LS-VHTR Reactors Using The Codes: WIMSD5 AND MCNPX, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.
Barros G. P., Pereira, C., Veloso, M. A. F., Costa, A. L., 2009. A Preliminary Simulation of an ADS Using MCNPX for U233 Production, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.
SILVA, C. A. M., Pereira, C., Costa, A. L., Veloso, M. A. F., 2009. An Evaluation of The PWR Cycle with Insertion of Mass, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.
Costa, A. L., Pereira, C., Soares, H. V., Veloso, M. A. F., 2009. An Overview of Computational Modeling Using 3D Neutron Kinetic and Thermal Hydraulic Coupled Codes for Nuclear Reactor Analyses, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.
Reis, P. A. L., Costa, A. L., Pereira, C., Veloso, M. A. F., Zacarias A. M., Soares, H. V., 2009. Assessment of a RELAP5 model for the IPR-R1 TRIGA research reactor, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.
Araújo, A. A., Pereira, C., Dalle, H. M., Veloso, M. A. F., Costa, A. L., 2009. Flux and Dose Rate Evaluation of Iter System Using MCNP – A Preliminary Simulation, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.
Campolina, D. A. M., Pereira, C., Cavatoni A., Veloso, M. A. F., 2009. GB - A Preliminary Linking Code Between MCNP4C and ORIGEN2.1 - DEN/UFMG Version, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.
Miró R., Barrachina T., Verdu, G., Pereira, C., Martínez-Murillo, J. C., 2009. Implementation of Control Rod Movement and Boron Injection Options by Using Control Variables in RELAP5/PARCS V2.7 Coupled Code, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.

Silva, C. A. M., Pereira, C., Costa, A. L., Veloso, M. A. F., 2009. Neutronic Evaluation of a Fuel Block of a GT-MHR Using WIMSD5, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.
Barros, G. P., Pereira, C., Veloso, M. A. F., Costa, A. L., 2009. Análise da Produção de Nêutrons em Alvos de ADS Utilizando o Código MCNPX 2.6, Encontro de Modelagem Computacional, EMC 2009, Rio de Janeiro, Brasil.

Dies, J., Puig, F. A., Pereira C., 2009. Multimedia on Nuclear Reactor Physics - Versão Digital, Wil/Suiça : xinexus NUCLEAR AG, v. 1. p. 700. - Book
Dies, J., Puig, F. A., Pereira C., 2009. Multimedia on Nuclear Reactor Physics - Versão Impressa, Wil/Suiça : xinexus NUCLEAR AG, v. 1. p. 408. - Book
Silva, F. C., Silva, C. A. M., Pereira C., Veloso, M. A. F., Costa, A. L., 2010. A Basic Comparison Between WIMSD5 and MCNPX to Simulate High Temparture Reactors, Progress in Nuclear Energy (New series). – Paper accepted
Reis, P. A. L., Costa, A. L., Pereira, C., Veloso, M. A. F., Zacarias A. M., Soares, H. V., Barros, G. P., 2010. Assessment of a RELAP5 Model for The IPR-R1 TRIGA Research Reactor, Annals of Nuclear Energy. - Paper accepted
Silva, C. A. M., Pereira, C., Costa, A. L., Veloso, M. A. F., 2010. Neutronic Evaluation of a MHR System to Transmutation of Minor Actinides, IEEE Transactions on Nuclear Science. - Paper accepted
Costa, A. L., Pereira, C., Veloso, M. A. F., Silva, C. A. M., 2010. Valuation of Power Oscillations in a BWR after Control Rod Banks Withdrawal Events, IEEE Transactions on Nuclear Science. - Paper accepted
Barros, G. P., Pereira, C., Veloso, M. A. F., Costa, A. L., 2010. Neutron Production from a ADS Target Utilizing the MCNPX 2.6.0 code, Brazilian Journal of Physics (Impresso). - Paper accepted
6.3. Building Nuclear Fuel Technologies

Research Team

Fernando Soares Lameiras (CDTN/CNEN) - Head
Humberto Gracher Riella (IPEN/CNEN)

Michelangelo Durazzo (IPEN/CNEN)

Elita Urano de Carvalho Frajndlich (IPEN/CNEN)

Wilmar Barbosa Ferraz (CDTN/CNEN)

Ana Maria Matildes dos Santos (CDTN/CNEN)

Armindo Santos (CDTN/CNEN)

Gino de Assis (CDTN/CNEN)

Ricardo Alberto Neto Ferreira (CDTN/CNEN)

Denise das Mercês Camarano (CDTN/CNEN)

Antônio Claret Soares Sabioni (UFOP)

Fábio Branco Vaz de Oliveira (CDTN/CNEN) 

Participating Institutions

Centro de Desenvolvimento da Tecnologia Nuclear (CDTN) - CNEN - MG

Instituto de Pesquisas Energéticas e Nucleares (IPEN) - CNEN - SP

Universidade Federal de Ouro Preto (UFOP) - MG

Abstract of Activities and Scientific, Technological and Academic Results Obtained

Nuclear fuel technology of ceramics based on UO2

Obtention of UO2 pellets with isostructural seeding, addition of Al2O3 and SiO2 for grain size modification in order to improve the performance of nuclear fuel; characterization of grain size by the Saltykov method, presentation and submission of papers for publication in proceedings of national congress and advisory of master degree. 

Fundamental studies and measurements of material properties of nuclear fuel

Metrological evaluation of characterization methods for measuring density and thermal conductivity of nuclear fuel UO2; implantation of the management system and acquisition of signals for measuring thermophysical properties of nuclear fuel; estimate of the uncertainty in the measurement of thermal diffusivity by laser flash method ; determination of thermophysical properties in alloys of U2,5Zr7,5Nb at temperatures of 23 ºC to 200 °C; determination of thermophysical properties in UO2 pellets; investigation of the influence of compaction pressure on thermophysical properties of UO2 pellets, presentation and submission of papers for publication in proceedings of national and international conferences, publication in international journal, guidance of scientific Initiation.

Metal fuel technology 

Obtention of U2.5Zr7.5Nb and U3Zr9Nb alloys by fusion process; thermal treatments of U3Zr9Nb alloy at temperature of 1000 ºC, cooled to 800 ºC, quenched in tin bath, aged at isothermal temperature of 300 °C with different times of aging, and water quenched; thermal treatments in alloy U2.5Zr7.5Nb at temperature of 1000 ºC, cooled to 800 ºC, water quenched, aged at isothermal temperature of 600 ºC with different aging times; development of methodology for preparation of UZrNb alloys for microanalysis and X-ray diffractometry; identifying the major phases present in the U2.5Zr7.5Nb and U3Zr9Nb alloys; study the method of Rietveld refinement and application in the diffractograms of U2.5Zr7.5Nb alloy; obtention of powder of uranium and alloys through comminution process by hydriding-dehydriding with different heat treatments; characterization of particle size of powders; study of initial oxidation of the alloy U4Zr2Nb by photoelectron spectroscopy, X-ray, presentation and submission of papers for publication in proceedings of the national congress; guidance of master degree, of scientific initiation and program of institutional capacitation with a scholarship DTI 7D.

With respect to staff training, 1 dissertation and 7 scientific initiation supervisions were completed and 5 dissertations, 4 doctoral theses, 2 supervisions of scientific initiation, 1 post-doctora supervisionl and 1 Capacity Building Program are ongoing.
Publications

Durazzo, M., Oliveira, F. B. V., Carvalho, E. F. U., Riella, H. G., 2010. Phase studies in the UO2 Gd2O3 system, Journal of Nuclear Materials, v. 400, p. 183-188.

Durazzo, M., Saliba-Silva, A. M., Carvalho, E. F. U., Riella, H. G., 2010. Remarks on the Sintering Behavior of UO2-Gd2O3 Fuel, Journal of Nuclear Materials , p. 1012-1016.

Camarano, D. M., Migliorini, F. L., Silva, E. H. C., Grossi, P. .A., Ferraz, W. B., Paula, J. B., 2010. Thermophysical properties of uranium based niobium and zirconium from 23º C to 200 ºC, International Journal of Thermophysics. - In Press.

Migliorini, F. L., Silva, E. H. C., Grossi, P. A., Ferreira, R. A. N., Camarano, D. M., 2009. Calculated Uncertainty of the Thermal Diffusivity Measurement Based on Flash Method, XIX IMEKO World Congress - Fundamental and Applied Metrology, Lisboa, Portugal.

Durazzo, M., G, Riella H., 2010. The sintering blockage mechanism in the UO2-Gd2O3 System, European Nuclear Conference, Transactions ENC 2010. Viena: IAEA, v. 1, p. 1-7, Barcelona, Spain.

Oliveira, F. B. V., Riella, H. G., 2009. Synthesis and Characterization of Gamma UMo Powders Fabricated via tha HDH Technique, RRFM 2009, Vienna. CD-ENS RRFM 2009, p. 01-05, Brussels, Belgium.

Lameiras, F. S., Faêda, K. C. F., 2010. Caracterização do Combustível Nuclear utilizando o Método de Penetração e Imersão (MPI), 54o Congresso Brasileiro de Cerâmica, Foz do Iguaçu, PR, Brasil.

Ferraz, W. B., Assis, G., Santos, A. M. M., 2010. Investigação do Tamanho de Grãos em Pastilhas de UO2 através de Semeamento Isoestrutural Conjugado com Adição de Al2O3 e SiO2, 54o Congresso Brasileiro de Cerâmica, Foz do Iguaçu, PR, Brasil.

Ferreira, R. A. N, Andrade, A. S, Miranda, O., Grossi, P. A., Camarano, D. M., Migliorini, F. L., Silva, E. H. C., Andrade, R. M., 2009. Compactation Pressure Influence on the Thermophysical Propeties of Uranium Dioxide Pellets produced with Kernels, Innovations in Nuclear Technology for a Sustainable Future, International Nuclear Atlantic Conference, INAC 2009, Rio de Janeiro, Brasil.
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6.4. Virtual Reality Applications in Nuclear Sciences
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Abstract of Activities and Scientific, Technological and Academic Results Obtained
Activity

Development of an intelligent virtual system capable of determining, in real time, the radiation dose inside Argonauta reactor main room.

Methodology

First, an artificial neural network (ANN), to predict the radiation dose at a given point of the nuclear installation, was trained with a set of measurements taken inside the reactor hall, using as inputs: i) subject position, ii) reactor power level and iii) data set from detector readouts in the real physical installation. Later a virtual environment of the reactor was created incorporating the interpolating function generated from the previously trained ANN. This system (Fig. 1) allows radiation profile visualisation and thus the training of employees without radiation exposure.


[image: image1]
Figure 1 – Virtual system, with accumulated received dose according to position and time

Activity 

Development of a virtual nuclear plant control table, coupled with automatic speech recognition.

Methodology 

First, a virtual control table was developed using C++ programming language. It was then connected to the existing reactor simulator in the Human System Interface Laboratory of IEN / CNEN. Subsequently, an automatic speech recognition system, based on ANN, was implemented and added to the virtual table code so that the virtual system, (Fig. 2), could recognise some voice commands from the operator. 
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Figure 2 – Virtual Control Table with voice control.

Activity 

Development of an intelligent system for accident diagnosis to support operation centred on the user's attention. 

Methodology 
First, an ANN was trained to perform a preliminary diagnosis of the event in progress. Later a system based on fuzzy logic was implemented to determine the confidence level of the ANN and direct the attention of the operator.

With regard to staff training, 3 dissertations were defended in the period.
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6.5. System for the Identification and Classification of Transients
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Abstract of Activities and Scientific, Technological and Academic Results Obtained

The objective of this research Project is the development of an information system able to give support for the operation of new generation nuclear Power reactors identifying and classifying any initializing transient at its early beginning. This may provide a more reliable and safe operation, increasing the plant reliability by reducing the need for forced stops.

The proposal is to develop a Transient Identification and Classification System actuating during normal operation able to identify the beginning of an unsafe transient or the tendency of a given transient to conduct the power plant to emergency or accidental conditions.

This system under development is based on Artificial Neural Networks of the Self-Organized Maps of Kohonen (SOMF), in association with supervised neural networks.

A programmed system was tested in two experimental facilities that simulate pressurized water nuclear power reactors systems. The first experimental facility simulates the Emergency Cooling System of an Advanced Nuclear Power Reactors and is set at the Thermal Hydraulic Laboratory of the IPEN Nuclear Engineering Center (Fig. 1). The second experimental facility simulates the primary system of a PWR and is set at the Laboratories of CDTN (MG) (Fig. 2).
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                     Figure 1 – Natural circulation bench at IPEN.
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                        Figure 2 – Experimental bench at CDTN.

The results of this research give the opportunity for the formation of 2 students, one for the Master Degree and another for the Doctoral Degree. Another academic result is that the knowledge obtained with this development is being transmitted to graduating students during the presentation of the graduating discipline of Artificial Neural Networks in the Nuclear Engineering, the IPN-0007 at the Sao Paulo State University (USP), with 25 students this year.

The overall results are promising, raising the hope of success in the application of Artificial Intelligence to the New Generation of Nuclear Power Plants. 
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6.6. Computational Neutronics
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Abstract of Activities and Scientific, Technological and Academic Results Obtained

Our research work is applied to nuclear reactor global calculations, to nuclear reactor kinetics and to radiation shielding, that protects equipments and personnel against ionizing radiation, including in the context of the storage of long-lived radioactive waste. The deterministic models that we use are the linearized Boltzmann transport equation in the discrete ordinates formulation and the neutron diffusion equation. We develop coarse-mesh numerical methods, special albedo boundary conditions, and within-node analytical reconstruction technique in order to generate more localized details of the coarse-mesh numerical solution. Along this line, we look forward to giving our contribution to the computational modeling of neutron transport problems with focus on innovative reactor design in the context of the present nuclear renaissance.

With regard to staff training, 2 dissertations were defended and 2 final graduation projects were concluded. 
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6.7. Advanced Reactor Technology: Computational Fluid Dynamics, Nuclear Power Plant Simulators, and Experimental Thermohydraulics
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Abstract of Activities and Scientific, Technological and Academic Results Obtained

The activities of this line of research are organized according to three interconnected issues: development of computational fluid dynamics methodology to transport phenomena simulation and advanced reactors safety analysis, development of simulators of advanced reactors nuclear power plants and implementation of experimental thermohydraulic studies to validate computational codes and to validate project of reactors and safety device. 

One of the major results obtained in the first phase of the project is the consolidadtion of computational and experimental studies of multiphase flow. An experimental facility for two-phase gas-liquid flow in horizontal and slightly inclined circular tube was built in the Laboratory of Experimental Thermalhydraulics, IEN/CNEN, as a part of a doctorate thesis. A number of papers on gas-liquid two-phase flow were presened in natiaonal or international conferences (ENCIT, COBEM, ICONE, INAC, EBECEM). A paper presnted in 2th EBECEM was selected for publication in the Journal of Brazilian Society of Mechanical Science and Society, and another paper presented in the 18th International Conference on Nuclear Engineering (ICONE18) was selected for published in the Nuclear Engineering and Desgin. 

The development of hybrid analytical-numerical methods for transport phenomena was also consolidated, with three articles published in indexed international journlds. The doctorate thesis of student Carlos Vital Pessoa on heat conduction in spherical nuclear fuel elements was concluded and approved in March 2010. As results of the concluded thesis, several papers were presented conferences (ENCIT, COBEM, ICONE, INAC, EBECEM). Two articles on heat conduction were published respectively in the Applied Thermal Engineering and in the Applied Mathematical Modelling.
Research on computation simulation of natural convection of a heat-generating fluid in cavities was initiated.. The M.Sc. dissertation of student Camila Braga Vieira was concluded and approved in February 2010. A paper resulted from the dissertation was presented in ICONE18 in Xi’An, China in May 2010 another paper will be presented in the EPTT (Spring School on Transition and Turbulence). Two more papers were submitted to ENCIT2010 em Uberlândia, MG.

In the first phase of the project, as results of the activities realized within the scope of the National Institute, 9 articles were published in indexed international journals, 9 doctorate theses and 5 master dissertations were defended and approved supervised or co-supervised by the INCT researchers. A total of 34 papers were presented in national or international conferences. 
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6.8. Methodologies, databases and analysis tools for the human aspects of the nuclear technology

Research Team

Antonio Carlos de Oliveira Barroso (IPEN/CNEN) - Head
Kengo Imakuma (IPEN/CNEN)

Mario Olímpio de Menezes (IPEN/CNEN)

Participating Institutions

Instituto de Pesquisas Energéticas e Nucleares (IPEN) - CNEN - SP

Abstract of Activities and Scientific, Technological and Academic Results Obtained

In the last 12 months, activities became better structured and it was possible to enroll a few good students that now are initiating their work. There was good progress, whose results will become visible in the next 12 months. A topic description of the research line is presented below.

Organizational and Safety Culture 

A first version of a safety culture knowledge basis has been concluded. It was implemented as set of concept maps with links and annexes. It is available in a Cmap server at IPEN, but restricted for internal use at the moment. 

Using a snow ball type survey, IPEN employees in activities that need a safety culture were mapped and they were the subject of a safety climate survey. Additionally, using these employees as a seed group, the social network which influence them, on the several factors of the safety culture research, were mapped. Social Network Analysis and Multivariate Statistical Analysis methodologies will be used to identify the main influencers of the safety culture formation at IPEN.

A model for culture dissemination was designed in a way to generalize models available in the literature. This model uses stochastic treatment in which independent agents interact through dynamic networks topology simulating culture dissemination simulation patterns

An investigation that couples natural language processing with semantic networks was initiated and with the use of a glossary defined by specialists, an automatic classifier for scientific papers and abstracts of safety culture area will be implemented.

Risk perception, public opinion and communication of nuclear energy 

Available data from a previous research were investigated again and the results allowed for the development of a new model whose measuring instruments are being developed and will be applied to a robust sample of students from Great São Paulo area.

A research was started to develop a system that couples crawling, subject classifying and detection of opinion using data from web in general as well as social web sites, such as facebook, twitter, etc. All texts involving nuclear area will be detected, roughly classified according to the topic and its opinion identified as positive or negative. Statistical methods, bayesians classifiers and neural networks will be tested for application in this system.

Knowledge and Competences Generation and Preservation

A systemic study of how knowledge and technology are generated at IPEN is well under way. From a data basis of publications, collaboration networks were mapped for each two-year period since 2001. The most relevant actors in terms of centrality (degree, betweeness, eigenvector, etc.) and their closest collaborators were identified and interviewed to understand what motivates collaboration. Literature models were reviewed and a model was elaborated. The resulting instruments were applied and data is being analyzed. A graph of the network pertaining to years 2007/2008 is shown in figure 1.
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Figure 2 - 2007/2008 collaborative network
Using NetLogo, an educational game was developed. It is aimed at demonstrating the importance of knowledge being shared among colleagues in a organization. The game demonstrates how evaluation policies with unbalanced emphasis on “pay per individual performance” can induce a collective selfish behavior and how the organization is harmed by this mind frame. The game GUI is shown in figure 2.
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Figure 2 - game of  knowledge

A new research, aimed at development of methodology for knowledge and risk management in projects of high complexity and long execution period, has been started.

It is in an advanced stage the development of a foresight methodology coupling technology roadmapping with emergent research fronts detection. The test application will start soon.
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Aronne, I. D., Azevedo, C. V. G., Palmieri, E. T.. Navarro, M. A., Barroso, A. C. O., 2009. Use of Experimental Data for the Development of the Software for Identification and classification of transients (SICT), International Nuclear Atlantic Conference - INAC 2009, Rio de Janeiro, Brasil.
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6.9. Theoretical and Experimental Research on Innovative Reactor Systems

Research Team

Carlos Alberto Brayner de Oliveira Lira (UFPE) - Head
Fernando Roberto de Andrade Lima (CRCN/CNEN)

Antônio Carlos de Oliveira Barroso (IPEN/CNEN)

Rita de Cássia Fernandes de Lima (UFPE)

Celso Marcelo Franklin Lapa (IEN/CNEN)

Cláudio Márcio do Nascimento Abreu Pereira (IEN/CNEN)

Paulo Augusto Berquó Sampaio (IEN/CNEN)

Lázara Silveira Castrillo (UPE)

Participating Institutions

Universidade Federal de Pernambuco (UFPE) - PE

Centro Regional de Ciências Nucleares do Nordeste (CRCN) - CNEN - PE

Universidade de Pernambuco (UPE) - PE

Instituto de Engenharia Nuclear (IEN) - CNEN -RJ

Instituto de Pesquisas Energéticas e Nucleares (IPEN) - CNEN - SP

Abstract of Activities and Scientific, Technological and Academic Results Obtained

In this line of research, previous theoretical studies resulted in the defense of 1 dissertation and 1 doctoral thesis, and also in some publications listed below. These studies have allowed, for the year 2009, the conceptual design and final technical desingn of the experimental setup to be completed. With few resources in the participating institutions, we could buy pumps and simple meters for the project. From the beginning of 2010, we remain awaiting the release of funds for acquisition of the remaining materials, equipment and data acquisition system for implementing the assembly, testing and operation of the facility. Some figures show an overview of the project that will run. 
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Figure 01 – Isometric perspective of experimental bench
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Figure 02 – Front View of experimental bench

We currently have 2 doctoral, 2 Masters and 1 scientific initiation students developing their research in this line of research.
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Silva, M. A. B., Lira, C. A. B. O., Barroso, A. C. O., 2010. Fractional Scaling Analysis for IRIS pressurizer reduced scale experiments, Annals of Nuclear Energy, 37 (10), p. 1415-1419.
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Ramos, N. V., Lira, C. A. B. O., Lima, F. R. A., Castrillo, L. S., 2009. Improving MODPRESS heat loss calculations for PWR pressurizers, International Nuclear Atlantic Conference - INAC 2009, Rio de Janeiro, Brasil.

6.10. Systems for Optimization of the Project and Operation of Nuclear Reactors

Research Team

Roberto Schirru (COPPE) - Head
Jose Antonio Carlos Canedo Medeiros (COPPE)

Cláudio Márcio do Nascimento Abreu Pereira (IEN/CNEN)

Participating Institutions

Programa de Energia Nuclear - COPPE - RJ

Instituto de Engenharia Nuclear (IEN) - CNEN - RJ

Instituto IDSIA (Dalle Molle Institute for Artificial Intelligence - Universidade da Suíça Italiana em Lugano).

Abstract of Activities and Scientific, Technological and Academic Results Obtained

The activities developed by the Human Factors Group of the Programa de Energia Nuclear da Coppe, (PEN/COPPE/UFRJ), within the period 2009-2010, by means of seminars, 3 M. Sc. Theses and 5 D. Sc. Theses, resulted in 8 publications in international journals, two publications in national journals and 10 publications in international conferences.

These activities focused on studying the problem of nuclear reactors reloading and on the problem of nuclear power plant accidents identification. The problem of nuclear reactor reloading is a difficult one by conventional techniques for which the use of evolutionary optimization techniques seeks to study the development of systems for automatic reloading optimization ins such a way to increase the use of nuclear fuel on single or multiple cycles. The accident identification problem in nuclear power plants demands a high cognitive effort from the operator during the occurrence of a nuclear accident. The study of AI techniques to this problem has the objective to study their use in building systems to support operator diagnosis activities in decision making in case of events at a nuclear plant.

The M. Sc. orientation activities resulted in two M. Sc. theses related to optimization of engineering problems and identification of nuclear accidents at nuclear power plants using techniques inspired by quantum computing, and a thesis for a cognitive system to support the operator of nuclear plants based on context based modules using a neuro-fuzzy system.

The doctoral orientations resulted in four D. Sc. Theses: one thesis using neural networks for identification of flow regimes and to predict the volume fractions in multiphase systems, and three theses with development of evolutionary optimization techniques (genetic algorithms and swarm particles) to solve the problem of nuclear reactors reload.

As a result of the joint cooperation on a doctoral thesis, developed together with the Institute IDSIA, two workshops on combinatorial optimization and evolutionary algorithms were taken, having as lecturer Dr Luca Maria Gambardella of IDSIA Institute, one ot them being held in the Programa de Engenharia Nuclear (PEN/COPPE/UFRJ) and the other at the Instituto de Engenharia Nuclear (IEN/CNEN).
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7. Perspectives and future evolution

In a general way the future perspectives of INCT of Innovative Nuclear Reactors are the following ones: to promote competitive and important research to the country in the area of technology of innovative nuclear reactors; to form specialized personal (Graduated, MSc. and PhD.) for the nuclear sector; to do the integration of the research activities in the area of technology of nuclear reactors, in way to avoid duplicity of efforts; to interact strongly with the productive sector and with the society; to enlarge the international cooperation; to clear up the Brazilian society about the subjects of the nuclear energy; to promote the diffusion of new research groups in nuclear engineering around the country; to develop new technologies of nuclear power generation, as for instance, the production of Hydrogen through nuclear heat and to improve processes of training of nuclear facilities operators.

The perspectives are of continuing the efforts in R&D for the development of methods for calculation of important parameters to the safe operation of advanced nuclear reactors, among them, the development of nodal methods for calculation of the nuclear power distribution and correlated functions and also the development of methods for calculation of reactivity in subcritical systems. There are also perspectives for continuing R&D efforts for upgrading the manufacturing of nuclear fuel for innovative nuclear reactors.

The development of innovative reactors is one of the fundamental steps to consolidate the renaissance and the sustainability of the nuclear energy for electrical generation. A huge theoretical and experimental effort is still necessary to achieve reactor configurations appropriate to each application, according to its purpose of use or to the power level of installation. Besides the production of energy, reactors for water desalination, for hydrogen production, for production of heating processes, certainly will find usefulness in the next decades.  The INCT of Innovative Nuclear Reactors intend to contribute decisively for this area, when we hope to acquire important knowledge to allow the technological development of the most promising types of nuclear reactors.

Safety culture related research will have a significant advance with the conclusion of the study on social network of influence in safety culture. Also the culture dissemination model will be fully developed and its respective software will be in its final tests. In this research group it will be initiated a more extensive collaboration with CASOS research group of Carnegie Mellon University.
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