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Nuclear Engineering Education and Research 
 
Unique opportunity for education at the M. Sc. and Ph. D. levels: 

• Open to a wide range of science and engineering students.  
• Flexible curriculum of high international standing designed to meet 

interests of our students and their future employers.  
• Faculty with up-to-date research experience in international projects, 

supported by research labs at the University of Ljubljana and  
“Jožef Stefan” Institute.  

• Exchange of students and teachers with more than 50 members of the 
European Nuclear Education Engineering Network Association 
(www.enen-assoc.org). 

• Possibility for financial assistances. 
 
 

Further information: 
Phone: +386 1 4766 517 
Fax: +386 1 2517281 
E-mail: fizika@fmf.uni-lj.si 
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ARAO – Agency for Radwaste 

Management performs an integral 

public service of radioactive 

waste and spent fuel management 

in Slovenia in order to ensure: 
 

• safety and security, 

• environmental and social 

acceptability, 

• best available technology, 

• sustainability, 

• comprehensive efficiency. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

ANSALDO NUCLEARE is a company fully owned by 

ANSALDO ENERGIA and part of the FINMECCANICA 

Group. 

ANSALDO NUCLEARE has the complete responsibility 

for the nuclear business and has a sound presence 

in the new international markets.  In Italy, ANSALDO 

NUCLEARE is recognised as the main company in the 

nuclear sector. 

The company’s specific missions are: 

• Supply of new nuclear power plants 

• Service to operating nuclear plants 

• Decommissioning of nuclear plants and 

radioactive waste management 
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Nuclear Pre-Renaissance – the Case Finland 
Rainer Salomaa 
Helsinki University of Technology, P.O. BOX 4100 
FI-02015 TKK, Finland 
Rainer.Salomaa@hut.fi 

Nuclear energy is the main source of electricity in Finland. The four present NPP units produce about 
25% of the total electricity, i.e. 22 TWh in the country at an excellent capacity factor of more than 95%. 
The new power plant unit Olkiluoto 3 is expected to start its commercial production in 2012. The 
running NPP units are modernized and all have a longish valid operation licences. Also the nuclear 
waste disposal problems have found acceptable solutions. Some highlights of the current nuclear 
activities are given. Long term electricity consumption in Finland is expected to increase and in 
addition the dependence on electricity import continues which predicts that more new production 
capacity is needed. Nuclear energy is considered safe, economically viable, and publicly acceptable. 
The Finnish technical and economical infrastructure enables further nuclear units to be introduced. 
Three utilities, Fennovoima, Fortum, and TVO, have each made impact assessments of building new 
nuclear power units and filed their applications of decision-of-principle. The expansion of the Olkiluoto 
nuclear waste repository site is also under decision-of-principle stage. The Finnish nuclear regulations 
are up-to-date and the stringent safety requirements of the new reactor candidates are being 
assessed. As an interesting technical option large-scale combined heat and electricity is considered. 
The parliamentary decision of the new unit/units is expected to take place in 2010. A brief review on 
these new Finnish NPP projects is discussed.The Finnish nuclear energy renaissance requires 
considerable efforts to human resource development and knowledge transfer. Recently several new 
co-ordination actions have taken place to enhance industrial activities in the field. Besides utilities´ 
own R&D, the Finnish Safir2010 and KYT2010 public research programmes address the need of 
sufficient nuclear expertise; basic scientific R&D involves longer term perspective on studies like 
Generation 4 reactor concepts and fusion energy. 
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The NURESIM European Platform for Nuclear Reactor 
Simulation and the NURISP Associated European Project 

Christian Chauliac1, Dominique Bestion1, Nicolas Crouzet1, JM Aragones2, Dan 
Cacuci3, Frank-Peter Weiss4, Martin Zimmermann5 
CEA Saclay - DEN/DSNI, Bat. 121, 91191 Gif-sur-Yvette, France1 

Universidad Politechnica de Madrid (UPM), Alenza 4, 28003 Madrid, Spain2 

Universität Karlsruhe, Germany3 

Forschungszentrum Dresden-Rossendorf, Bautzner Landstrasse 400, D-01328 Dresden, Germany4 

Paul Scherrer Institute, Villigen, Ch-5232 Villigen PSI, Switzerland5 

Christian.Chauliac@cea.fr 

The NURESIM Reference Simulation Platform for Nuclear Reactors is being developed within the 
framework of the EURATOM R&D Program. This development follows a roadmap which is consistent 
with the European SRA (Strategic Research Agenda) of the SNE-TP (Sustainable Nuclear Energy 
Technology Platform). After delivery of a first version of the platform at the end of 2008, further 
developments are going on in the frame of the NURISP European Collaborative Project, which 
includes 22 organizations from 14 European countries. The NURESIM platform aims at developing a 
more accurate representation of the physical phenomena by promoting and incorporating the latest 
advances in Core Physics, two-phase Thermal-Hydraulics and fuel modeling. It includes multi-scale 
and multi-physics features, especially for coupling Core Physics and Thermal-Hydraulics models for 
reactor safety. Easy coupling of the different codes and solvers is provided through the use of a 
common data structure and generic functions (e.g., for interpolation between nonconforming meshes). 
More generally, the platform aims at providing generic pre-processing, post-processing and 
supervision functions through the open-source SALOME software, in order to make the codes more 
user-friendly. The NURESIM-Platform and the individual models, solvers and codes are being 
validated through challenging applications corresponding to nuclear reactor situations, and including 
reference calculations, experiments and plant data. Quantitative deterministic and statistical sensitivity 
and uncertainty analyses tools are also developed and provided through the platform. A Users’ Group 
of European and non-European countries, including vendors, utilities, TSO, and additional research 
organizations (beyond the current partners) has also been established in order to enhance the role of 
the platform in meeting the needs of the nuclear industry, as applied to current and future nuclear 
reactors. This presentation will summarize the achievements and ongoing developments of the 
platform in Core Physics, Thermal-Hydraulics, Multi-Physics, Uncertainties and Code Integration. 
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European Nuclear Safety Research – a way forward 
Giovanni De Santi 
Joint Research Centre of EC, Institute for Energy, P.O. Box 2, 1755 ZG Petten, Netherlands 
giovanni.de-santi@ec.europa.eu 

Three main trends are recognized as critical for our future: 1. It is recognised that a clear link exists 
between climate change and the production of greenhouse gases. In particular the energy sector is 
identified as a major contributor. 2. The demand for energy is going to drastically increase in the next 
decades, driven by the combined effect of the increase in the world population and the aspiration for 
development and improvement of living conditions. 3. In addition to the aspects of environment 
protection and the security of supply, economy and competitiveness will remain driving forces. 
Environmental sustainability According to the definition given in the Brundtland Report (1987) "Our 
Common Future World.”: sustainability is the ability to meet the needs of the present generation while 
enhancing the ability of future generations to meet society’s needs into the indefinite future. The 
operation of nuclear power plants does not produce greenhouse gases. The GHG's generated in the 
mining and decommissioning are negligible if compared to other primary energy sources. In the 
nuclear field, sustainable growth can be translated into ensuring safe and reliable operation for an 
extensive period of time and regardless of geographical distribution. Security of energy supply Nuclear 
energy has the potential to fulfil a large part of future demand, to reduce EU dependence from 
hydrocarbons and it relies on uranium as fuel, which can be obtained from countries with political 
stability. Competitiveness Nuclear energy has the potential to compete with other primary energy 
sources, especially for base-load electricity. Thanks to a low cost of fuel it can ensure lower and 
relatively stable prices over the long period. Euratom and Research The work of the Commission on 
nuclear research is shaped by the Euratom Treaty. Key developments in European nuclear fission 
research in recent years include: • The Sustainable Nuclear Energy Technology Platform (SNETP) 
comprising strategic research, deployment, training and funding strategies. • Euratom participation to 
the Generation IV International Forum and as an observer to the US Global Nuclear Energy 
Partnership (GNEP). European research focuses on: • Improving safety and reliability aspects of 
current nuclear installations. • Developing safe and efficient design for future generation power plants. 
• Providing solutions for nuclear waste minimization and disposal. • Easing operation, in particular 
enhancing maintenance. • Predicting plant lifetime and extending the available safe operating life. • 
Maintaining critical nuclear competences. 
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In-situ Observation of Damage in Nuclear Materials 
James Marrow 
The University of Manchester,  
Materials Performance Centre, 
School of Materials, Grosvenor St., M1 7HS Manchester, United Kingdom 
James.Marrow@manchester.ac.uk 

The Materials Performance Centre, at the University of Manchester, has a focus on scientific training 
and research in the degradation and structural integrity of nuclear materials and components. This 
activity is supported by UK and European nuclear industrial and scientific organisations. Nuclear plant 
life management requires a sound understanding of the mechanisms of materials degradation, with 
which to underpin the predictive models that are derived from plant monitoring observations and 
laboratory data for materials performance in aggressive environments. For example, experimental 
observations are essential for the validation for models for crack growth behaviour, particularly in the 
short crack regime, in order to understand the role of heterogeneous in welded components. This 
paper summarises the use of several new methods that are being applied at the Materials 
Performance Centre to achieve in-situ observation of short cracks (i.e. cracks with a length scale of 
the order of the microstructure). These new methods enable the visualisation of such cracks in 
circumstances in which they would generally be regarded as practically non-observable. The 
techniques include 3D observations of microstructure and cracking by synchrotron tomography 
techniques, and 2D optical digital image correlation.  The examples presented include stress corrosion 
of stainless steels, in conditions of high temperature and pressure as well as ambient atmospheric 
conditions, and brittle fracture of nuclear graphite. 
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R&D-Challenges For The Next Generation Of Nuclear 
Power Plants: A Utility View 

Hartmut Pamme, Markus Fendrich 
RWE Power AG 
Huyssenallee 2, 45128 Essen, Germany 
hartmut.pamme@rwe.com 

Nuclear power just experiences a strong tailwind within the considerations of many nations concerning 
their secure, economic and sustainable energy mix for the next decades. Beside the ongoing 
construction of new nuclear power plants (NPP) in Finland and France many nuclear planning 
processes have been initiated in the European countries. It is obvious that the next generation of NPP 
in Europe will consist of only a few designs, mainly PWRs. These designs will have to pass or already 
passed certification processes (like in the USA and presently in UK), where the general safety features 
are being reviewed in great detail. Additionally the national authorities will assess the safety behaviour 
of new plants within individual licensing procedures. So the utilities as investors will probably be 
confronted with additional or new questions concerning various safety features. Additionally the 
requirements of utilities themselves on a certain design might lead to design changes. The answers to 
challenging questions on safety features, design changes, but also on the economic attractiveness of 
new designs often require advice or support by R&D-activities. RWE as upcoming investor into new 
NPP in various European countries has gathered first experiences which kind of R&D is highly 
appreciated to provide these required answers. The presentation will shed a light on these R&D-areas 
with substantial interest of the utilities. 
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Fusion research: preparing for an environmentally and 
socially acceptable power source 

Jérôme Paméla 
European Fusion Development Agreement 
Max-Planck-Institut fuer Plasmaphysik, Boltzmannstr. 2, D-85748 Garching bei Muenchen, Germany 
Jerome.Pamela@efda.org 

Fusion is among the very few options for environmentally friendly, large-scale energy production, but it 
still requires further long-term research and development. Two options are studied towards the 
possible realisation of fusion power on earth: inertial and magnetic confinement. This talk is solely 
devoted to magnetic confinement based fusion research, although several conclusions apply to inertial 
fusion as well. A key step in the development strategy is the international project ITER, presently 
under construction at Cadarache (France), to be followed by a demonstration reactor, DEMO, which 
shall prepare for the first Fusion Power Plants (FPP). This paper will first describe the main technical 
features of a future FPP, in particular those which relate to the purpose of preparing for an 
environmentally and socially acceptable power source.  The sustainability of fusion power will then be 
addressed: the availability of fuel (deuterium and lithium) and other materials foreseen to be used in 
FPPs will be discussed. The foreseen environmental impact of FPPs will then be discussed, in 
particular on the basis of extended studies conducted in Europe over the past decade on FPP design 
and related safety aspects. In order to limit the amount of waste, a significant effort is made to develop 
low activation materials, which will be highlighted in the presentation. The economic aspects will play a 
key role in the acceptability of fusion power. The question of the possible entry of fusion in the energy 
mix during the second part of this century will therefore be addressed. An economic model is being 
developed on the basis of the broadly used TIMES model. The above mentioned European FPPs 
have also provided a preliminary assessment of the cost and cost structure of fusion based electricity 
production. Finally fusion research and the preparation for power generation involve not only scientific 
and technological challenges, but also questions such as governance and social acceptability. This 
will be addressed in the last part of the talk. 
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Neutron Flux and Dose Modeling of TRIGA Reactor using 
MCNP5 

Rustam Khan, Sam Karimzadeh, Helmuth Böck, Mario Villa 
Atominstitut der Österreichischen Universitäten, Stadionallee 2, 1020 Wien, Austria 
rustamzia@yahoo.com 

The 250kW TRIGA Mark II research reactor, Vienna, is equipped with four beam tubes (3-radial and 1- 
tangential) supplying neutrons for irradiation experiments like neutron activation, radiography, 
tomography etc. This paper presents the calculations and measurements of the thermal flux density 
and neutron dose rates in selected beam tubes employing the Monte Carlo techniques based 
computer code MCNP5. In order to perform these calculations, the already developed and confirmed 
MCNP model for the TRIGA core was extended to the reactor tank and to the external concrete shield 
including four irradiation beam tubes, the thermal and thermalizing column of the reactor. To save 
computational cost and incorporate the accurate and complete information for the individual MC 
particle tracks, the surface source writing capability of MCNP were applied to the TRIGA shielding 
model. The variance reduction techniques were also applied to improve the statistics of the problem 
and to save computational efforts. To confirm these calculations, neutron dose rate and flux mapping 
experiments were performed at thermal column and in selected beam tubes. 
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Calibration and Assessment of New I&C at VR 1 Training 
Reactor 

Martin Kropík, Antonin Kolros, Monika Jurickova 
Czech Technical University, Faculty of Nuclear Sciences and Physical Engineering 
Faculty of Nuclear Sciences and Physical Engineering, V Holešovičkách 2, CZ 180 00 Prague, Czech 
Republic 
kropik@troja.fjfi.cvut.cz 

The paper describes a calibration and an assessment of power (neutron flux) measurement of the new 
I&C (control and safety system) at the VR 1 training reactor in Prague. Before its installation, the new 
I&C was set during a parallel operation to provide the same power values as an original I&C. Later, it 
was decided to carry out fine calibration of the I&C system using an independent power measuring 
system and carefully assess this calibration and setting of the I&C. The new I&C uses uncompensated 
fission chambers for the power measurement. These chambers operate in a pulse or a DC current and 
a Campbell regime according to the reactor power. The pulse regime uses discrimination for the 
avoidance of gamma and noise influence of the measurement. During the calibration, it is necessary 
to set proper discrimination level. The DC current regime employs a logarithmic amplifier to cover the 
whole reactor DC current power range with only one electronic circuit. The system computer 
calculates the real power from the logarithmic data. The Campbell regime is based on evaluation of 
the RMS value of the neutron noise. The calculated power from Campbell range is based on the 
square value of the RMS neutron noise data. All data for the power calculation – discrimination level, 
constants for the logarithmic current evaluation and the Campbell power calculations are stored in 
FLASH memories of I&C computers and can be set via communication service line from a notebook. 
To set proper data into the FLASH memories, it was necessary to carry out the calibration. In the first, 
the proper discrimination value was found owing to spectrum of a neutron signal from the chamber. 
Next, constants for the DC current and Campbell calculations were determined from an independent 
reactor power measurement. The independent power measurement was accomplished by a 
compensated current chamber with an electrometer. The data from the electrometer were collected. 
The independent power measuring system provides approved values of the neutron flux at the VR-1 
reactor. The direct logarithmic DC current and Campbell data were collected via communication lines 
of the reactor I&C, stored, and used together with the independent power measurement data for 
calculation of calibration constants. The calculated calibration constants were stored into the computer 
FLASH memories, and the calibrated system was successfully assessed by a comparison with the 
independent power measuring system. Finally, a proper gamma discrimination of the Campbell 
system was carefully checked. 
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Advanced Methods in Teaching Reactor Physics 
Luka Snoj, Marjan Kromar, Gašper Žerovnik, Igor Lengar, Matjaž Ravnik 
Institut "Jožef Stefan" 
F8, Jamova 39, 1000 Ljubljana, Slovenia 
Institut "Jožef Stefan", Jamova 39, 1001 Ljubljana, Slovenia 
luka.snoj@ijs.si 

Three dimensional visualization of reactor physics data, such as neutron flux and power distribution, is 
a powerful tool for gaining insight into the characteristics of a reactor. With the use of advanced 
software for 3D visualization (e.g. Amira [1], Voxler [2], etc.) one can create and present neutron flux 
and power distribution in a revolutionary way never seen before. One can observe axial, radial or any 
other views of the neutron flux and power distribution in a nuclear reactor and literally "walk" through 
the reactor core and observe the changes in neutron flux and power throughout the different 
components of the reactor core. In the paper, the visualization of neutron flux and power distributions, 
calculated with CORD [3] and MCNP [4] computer codes, in Krško Nuclear Power Plant is presented 
using Amira and Voxler software. Modern Monte Carlo computer codes (e.g. MCNP [4]) enable the 
calculation of individual particle tracks, scattering and absorption events. By visualizing the distribution 
of scattering and absorption events and individual particle tracks one can see neutron transport 
parameters (mean free path, diffusion length, macroscopic cross section, up scattering, thermalization, 
etc.) from a completely different point of view. In the paper a visualization of neutron moderation in 
different moderators is presented. Most of the people remember things better if they can see them and 
visualize the processes. Therefore the new representation of the reactor and neutron transport 
parameters is certainly an outstanding educational tool for the future generation of nuclear power plant 
operators, nuclear engineers and other experts involved in nuclear technology. Moreover, the 3D 
visualization of rector core parameters can be used also in core management services and in core 
monitoring. 
 
Reference:  
[1] http://www.amiravis.com/overview.html (April 2009)  
[2] http://www.goldensoftware.com/products/voxler/voxler.shtml (April 2009)  
[3] A. Trkov, M. Ravnik, CORD-2 Package for PWR Core Design Calculations, International 
Conference on Reactor Physics and Reactor Computations, Tel-Aviv, January 23-26, 1994, 
Proceedings, Beer-Sheva, (1994), pp. 371-378.  
[4] X-5 Monte Carlo Team, MCNP - A general Monte Carlo N-particle Transport code, Version 5, LA-
UR- 03-1987, April 24, 2003 (revised June 30, 2004). 
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Transuranus verification during power ramp with respect to 
PCI 
Davide Rozzia, Martina Adorni, M. Bauer, Alessandro Del Nevo, Francesco D'Auria 
University of Pisa  
Department of Mechanical, Nuclear and Production Engineering, University of Pisa, Via Diotisalvi 2, 
56126 Pisa, Italy 
daviderozzia@libero.it 

The comprehensive understanding of fuel rod behavior and accurate prediction of the lifetime in 
normal operation and in accident conditions are part of the defense in depth concept. The research in 
the field involves the availability of experimental data and the development of advanced computational 
tools suitable for a reliable, best estimate simulation of the fuel behavior. In this connection, OECD 
NEA sets up the “public domain database on nuclear fuel performance experiments for the purpose of 
code development and validation – International Fuel Performance Experiments (IFPE) database”, 
with the aim of providing a comprehensive and well-qualified database on UO2 fuel with Zr cladding 
for models development and codes validation. This database includes the data sets of carried out at 
Studsvik in the framework of the Inter-Ramp BWR and Super-Ramp PWR Projects. The objectives of 
these projects are to establish the failure-safe operating limits, the failure mechanism and associated 
phenomena, in light water reactor during power ramp tests after a base irradiation ranging from 
10MWd/kgU up to 45MWd/kgU. The phenomena addressed are: the creep down occurring during the 
base irradiation until the closure of the gap of the fuel (PCI conditions), the tensile stress induced by 
continued fuel swelling after the gap closure and the failure mechanism (i.e. stress corrosion cracking) 
due to the power ramp. In particular, the stress corrosion cracking of the fuel clad is caused by the 
combined effects of the clad stress occurring in the region of the pellets ends and the presence of 
aggressive fission products (e.g. iodine). The TRANSURANUS code version “v1m1j08” is assessed 
against the Inter-Ramp and Super-Ramp databases in order to verify the capability of the code in 
predicting the failures due to stress corrosion cracking and the associated phenomena prior and after 
ramps. The results presented include the complete set of simulations of all rods irradiated in the 
Studvisk R2 reactor and the corresponding comparisons with the experimental data. Sensitivity 
calculations are also performed to address the influence of geometric parameters and the choice of 
the different code options on results. Finally, it is proposed an optimization of the empirical model of 
TRANSURANUS code based on the experimental results of the fuel failures. 
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Recycling as an Option of Used Nuclear Fuel Management 
Strategy 

Tomaž Žagar1, Aleš Buršič1, Jože Špiler1, Gilles David2, Dana Kim2, Mustapha 
Chiguer2, Philippe Gillet2 
GEN Energija d.o.o., Cesta 4. julija 42, 8270 Krško, Slovenia1 
AREVA, 33 rue La Fayette, 75009 Paris, France2 
tomaz.zagar@gen-energija.si 

The main purpose of the paper is to present the options and possibilities on management strategies of 
recyclable fissile and fertile materials in used nuclear fuel, with specific focus on the Slovenian case.  
The paper will evaluate and propose practical solutions for mid-term issues on Used Nuclear Fuel 
(UNF) Management for strategies. Different scenarios for UNF management will be presented, where 
UNF recycling (as MOX, for Mixed Oxied fuel, and ERU, for Enriched Reprocessed Uranium ) should 
be considered. The paper will explore further the feasibility of the Used Nuclear Fuel Recycling in 
connection with advanced recycling reactors and international initiatives. This first part of the paper will 
address the nuclear industry ecosystem dealing with general information such as today’s international 
trends, the Nuclear Renaissance, the worldwide evolution of the Back-End policies and how 
secondary resources, such recycling of nuclear material, are supporting the Nuclear Renaissance 
after decades of helping bridge the gap between primary resources and utilities requirements. The 
second part of the paper will present the different options available for Used Nuclear Fuel (UNF) 
management of recyclable fissile and fertile materials contained in used nuclear fuel and describe the 
implementation of the different scenarios in the Slovenian context. 

 
 106 

Adaptation of FEMAXI-6 Code and RBMK Fuel Rods Model 
Testing Employing Best Estimate Aproach 

A. Juseviciute, Tadas Kaliatka, E. Uspuras 
Lithuanian Energy Institute  
Lithuanian Energy Institute, 3, Breslaujos, LT-3035 Kaunas, Lithuania 
tadas@mail.lei.lt 

The state-of-the-art FEMAXI-6 code is designed for modelling of processes in light water vessel type 
reactors. This paper provides information about this code adaptation for modelling of processes in fuel 
rods of RBMK type reactors. According to reactor specification new thermal properties of fuel rods’ 
materials were included in FEMAXI-6 code. The RBMK-1500 fuel rod model was developed using 
adapted code and the processes during normal plant operation were modelled. Developed model was 
tested employing the Best Estimate approach. For this reason the uncertainty and sensitivity analysis 
of FEMAXI-6 calculation results was performed and results were compared with calculations 
performed by specialists from Kurchatov Institute (designers of RBMK). The GRS methodology and 
computer code of statistical methods SUSA was used for uncertainty and sensitivity analysis. Such 
approach allowed to identify parameters, whish have the greatest impact on calculation results and 
highest deviation from reference calculations. Based on this information the FEMAXI-6 model of 
RBMK-1500 fuel rod was updated. The reasonable agreement of FEMAXI-6 calculation results with 
Kurchatov Institute dependencies shows that adapted code and developed model are suitable for 
future analysis of processes in fuel rods of RBMK-1500. 
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Extended Capabilities of the COREP Code 
Marjan Kromar 
Institut "Jožef Stefan" 
F8, Jamova 39, 1000 Ljubljana, Slovenia 
marjan.kromar@ijs.si 

COREP code has been developed at Jožef Stefan Institute for the nuclear design calculations of the 
PWR cores. It consists of nodal diffusion solver LEM (Laplace Eigenfunction nodal Method) 
supplemented with the possibility to cover power feedback effects and a module which enables the 
determination of neutron power distribution on the fine pin by pin mesh. Fine mesh reconstruction is 
performed with the LES method (Laplace Eigenfunctions Smoothing method). Method was developed 
and tested for the determination of the pin power in the reactor core. Recent development of the three 
dimensional visualization of reactor physics data performed at our department demands fine mesh flux 
and power distribution in the reactor core and nearby reflector region. COREP code has been 
supplemented with additional option to enable generation of fine mesh flux data in the core and 
reflector region. Accuracy of the fine mesh results has been determined for the 2-D IAEA and typical 
NPP Krško case. 
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Impact of the Thicker Cladding on the Nuclear Parameters 
of the NPP Krško fuel 

Marjan Kromar1, Bojan Kurinčič2 

Institut "Jožef Stefan"1 
F8, Jamova 39, 1000 Ljubljana, Slovenia1 
Nuklearna elektrarna Krško, Vrbina 12, 8270 Krško, Slovenia2 
marjan.kromar@ijs.si 

Longer fuel cycles tend to increase the probability for some fuel assembly leaking mechanisms. Grid-
to-rod fretting is the one that needs additional attention. Two failures modes that are considered 
possible are fuel assembly self excited vibrations and flow induced rod vibrations. To make fuel rod 
more resistant to grid-to- rod fretting the cladding thickness could be increased or strengthen. 
Implementation of thicker fuel rod cladding was evaluated for NPP Krsko that uses 16x16 standard 
fuel design. Since the zircaloy has low neutron cross sections, direct effect of the thicker cladding on 
the fuel neutronic behavior is negligible. We can expect larger effect indirectly with changing 
moderator-to-fuel ratio. Cladding thickness of the Westinghouse standard fuel design (STD) and 
optimized fuel design (OFA) is increased. Reactivity effect during the fuel burnup is determined. To get 
also complete realistic view of the fuel behavior a typical, near equilibrium, 18- month fuel cycle is 
investigated. The most important core parameters such as critical boron concentrations, isothermal 
temperature coefficient and rod worth are determined and compared. 
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Power Distribution near WWER-440 Core Blanket and 
Control Rod Absorbing Part with Possible Influence on 

Fuel Failure 
Ján Mikuš 
Nuclear Research Institute Řež 
Thermal-Hydraulic Analyses Department, Husinec-Řež 130, 25 068 Řež u Prahy, Czech Republic 
mik@ujv.cz 

The aim of this contribution consists in investigation of some heterogeneities influence on space 
power distribution in WWER-440 type cores, especially from viewpoint of the values and gradient 
occurrence that could result in static loads with some consequences, e.g., fuel pin (FP) or fuel 
assembly (FA) bowing and possible contribution to the FP failure root causes. Presented information 
was obtained by means of experiments on research reactor  LR-0 concerning the: 
1. Power distribution in FAs situated on the periphery of a WWER-440 type core neighbouring the core 
blanket and 
2. Power distribution in FAs neighbouring the control rod (CR) absorbing part in a WWER-440 type 
core at two concentrations of the boron acid in moderator. 
As for first above case a WWER-440 mock-up was assembled on reactor LR-0 with a WWER-440 
type core, i.e., the ~ 60° geometry sector from the core periphery area to the biological shielding was 
modelled. The core, core blanket of stainless steel, basket and barrel simulators were located inside 
the LR-0 tank, and the reactor pressure vessel and biological shielding ones outside the tank. The 
basic idea of the mock-up was the full - scale simulation (in ~ 60° geometry sector) of the radial - 
azimuthal geometry and material composition of the WWER-440 reactor. The fuel arrangement in the 
mock-up was chosen so that the radial - azimuthal power distribution within its peripheral area 
approximated the “equilibrium” power distribution in the core peripheral area of the WWER-440 power 
reactors. Measured power distribution values in FAs neighbouring the core blanket are presented.  
In second case two WWER-440 type cores were assembled on reactor LR-0 consisting 19 FAs with 
authentic, partly and fully inserted absorbing part of the WWER-440 CR model, situated in the core 
centre. The power distribution was determined in radial direction in two FAs neighbouring CR model 
by means of measurements performed at two concentrations of the boron acid in moderator. 
Obtained experimental results can be used for code validation in cases with complicated geometry 
and material composition of the above cores and subsequently for FP failure occurrence investigation. 
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Numerical Solution of the Dynamic Neutron Diffusion 
Equation by Using Nodal Method 

P. Abadi, Mohammad Jalili, Ali Pazirandeh   
Islamic Azad University, Hesarak St, Ashrafi Isfahani Boulevard, Tehran 1454696111, Iran 
peyvand_777@yahoo.com 

The aim of this article is to describe a numerical scheme for solving the time-depended three 
dimensional (hex-z), two group nodal diffusion equation whit thermal hydraulic feedback option. Prior 
to writing the time - depended governing equation of the nodal model in matrix form the time derivative 
of both the volume-averaged flux and the concentrations of the delayed neutron precursors have to be 
approximated numerically. To accomplish this the fission source in the delayed neutron precursor 
equations is assumed to vary linearly with time which makes this equations analytically solvable, then 
for the neutron equation a fully implicit method with a truncation error of order O(Δt) is used for its 
unconditional stability. 
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Two-group Diffusion Parameters for LWRs 
Osman Gürdal, Mehmet Tombakoglu 
Hacettepe University, Engineering Faculty 
Department of Nuclear Engineering,, 06800 Beytepe, Ankara, Turkey 
samil.gurdal@gmail.com 

In this study, two-group macroscopic cross sections are generated for LWRs using Monte Carlo code 
MCNP5 and deterministic code WIMSD5. A new algorithm is developed to determine diffusion 
coefficients in such a way that the diffusion solution has the same accuracy as the Monte Carlo 
results. The new diffusion- coefficient model and generation of two-group cross sections is 
demonstrated using the two-region slab benchmark problem. The diffusion coefficients and group 
parameters generated using Monte Carlo simulation results are compared with WIMSD5 results for 
the pin-cell benchmark cases for LWRs, given in NEA/NSC/DOC (2007)23. In the light of results 
obtained from pin-cell benchmark cases for LWRs, region- wise two-group diffusion parameters are 
also estimated for the 1-D reflector model of LWRs given in benchmark definitions 
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Analysis of the KRITZ Critical Benchmark Experiments 
Ivan Kodeli1, Luka Snoj1, Igor Remec2 

Institut "Jožef Stefan"1 
F8, Jamova 39, 1000 Ljubljana, Slovenia1 
Oak Ridge National Laboratory, Oak Ridge, TN, USA2 
ivo.kodeli@ijs.si 

In order to validate new nuclear cross-section evaluations and computational methods, a large number 
of benchmarks experiments were performed in the past. In order to preserve this information NEA 
launched several projects aiming to collect, preserve and disseminate in an user-friendly format the 
benchmark data. Reactor physics benchmarks are covered by the IRPhE project. The information on 
experiments available in this database can be found from http://www.nea.fr/html/dbprog/. In this paper 
we will present the preparation of the IRPhE compilation for the KRITZ-2 critical experiments. 
Altogether six configurations, both UO2 and MOX, were measured at 2 different temperatures at 
STUDSVIK. These configurations were analysed in the scope of an international exercise using Monte 
Carlo and deterministic methods (MCNP, MVP, MCU, THREEDANT, HELIOS). Cross section 
sensitivity and uncertainty analysis were also performed using the SUSD3D code to check the 
consistency among the C/E discrepancy observed by the participants and the calculated uncertainties 
due to the uncertainties in the nuclear data. Cross section sensitivity and uncertainty analyses were 
based on the transport calculation performed by the discrete ordinates codes THREEDANT and 
TWODANT. 18 energy groups, P3, S8 approximations were used. Discrepancies between the 
calculated and measured keff are presented in the Table and in the Figure below. In the Figure the 
discrepancies are compared to the uncertainties (both given in units of pcm) calculated by the 
SUSD3D code.  
Reference:  
1. I. Remec, J. C. Gehin, P. D'hondt, E. Sartori, “OECD/NEA KRITZ-2 UO2 and MOX Benchmarks”, 
Proc. PHYSOR 2002, Seoul, Korea, Oct. 7-10, 2002. 
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A Nodal Method For The Static Neutron Diffusion Equation. 
Application to VVER Reactor 

Mohammad Jalili, P. Abadi, Ali Pazirandeh   
Islamic Azad University, Hesarak St, Ashrafi Isfahani Boulevard, Tehran 1454696111, Iran 
peyvand_777@yahoo.com 

The safe operation of a nuclear reactor requires the accurate prediction of its neutron population at all 
time for all possible conditions and configurations Although this might look as straightforward as 
solving a set of differential equations that govern the neutron behaviour in a reactor. Traditionally 
reactor neutronic analysis is done using few group diffusion theory with fine-mesh, finite-difference 
solution techniques. However constraints on problem size and angular behaviour are major drawbacks 
of finite-difference method. Advanced codes, capable of dealing with three-dimensional geometries 
are needed to be able to simulate spatially complicated steady state in a nuclear power reactor. In this 
paper we propose a numerical method to solve the static neutron diffusion equation in which the 
spatial part has been discretized using a nodal collocation method for hexagonal geometry. 

 
 114 

Application of Advanced Numerical Method to Solve the 
Static Neutron Diffusion Equation in 3DFD Code 

P. Abadi, Mohammad Jalili, Ali Pazirandeh   
Islamic Azad University, Hesarak St, Ashrafi Isfahani Boulevard, Tehran 1454696111, Iran 
peyvand_777@yahoo.com 

A three-dimensional reactor static code-3DFD-for calculation of flux in VVER type pressurized water 
reactor core has been developed and benchmark. For solution of the time independent neuron 
diffusion equation a finite difference method was used. To solve this equation with finite difference 
method, the speed of the applied numerical calculation is very important concern especially when the 
number of nodes increases, therefore using an appropriate method to make the calculation faster is in 
the first priority. The aim of this paper is to discuss some numerical experiments in three-dimensional 
nuclear reactor with emphasis on the comparison between advanced iterative algorithms in the 3DFD 
code. 
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Activity Analysis of Primary Coolant in TRIGA MARK II 
Research Reactor 

Matjaž Stepišnik, Bogdan Pucelj, Luka Snoj, Matjaž Ravnik 
Institut "Jožef Stefan" 
SVPIS, F8, Jamova 39, 1000 Ljubljana, Slovenia 
matjaz.stepisnik@ijs.si 

Extensive measurements of radionuclide concentrations in the primary cooling water were performed 
in the past years in the TRIGA MARK II reactor at Jožef Stefan Institute. It was shown that an 
important contribution to elevated radiation levels at normal operation comes from activation of short 
lived radionuclide N-16 in the primary coolant. The purpose of the study was to determine the 
individual contributions of different gamma sources in the reactor to the exposure of workers. 
Additionally the objective was also to determine whether short lived radionuclides in the primary 
coolant can be used for monitoring the reactor power level. Detailed in-situ gamma ray spectroscopy 
measurements were carried out. Continuous on-line sampling system was set up in order to sample 
primary coolant from any location in the reactor pool. Vertical cross section measurements of specific 
activity of the water in the reactor pool were carried out during reactor operation. It was shown that 
short lived activation products can be used as tracers for the study of primary coolant flow. Primary 
coolant activity measurements of water coming from the top of the reactor core were also performed 
when reactor was operating at different power levels. A linear relation between specific activity of N-16 
and the power level was established which shows that N-16 can be used for continuous monitoring of 
the reactor power level. Theoretical model of TRIGA reactor core based on Monte Carlo simulations 
(MCNP) was used to calculate the reaction rates for production of short lived N-16 and O-19. The 
calculated activities were compared to the measured values. 

 
 116 

Effect of WIMSD4 libraries on Bushehr VVER-1000 Core 
Fuel Burn-up 

Ali Pazirandeh, Elham Younesian   
Islamic Azad University, Hesarak St, Ashrafi Isfahani Boulevard, Tehran 1454696111, Iran 
e_y1982@yahoo.com 

 The objective of this paper is to present the comparative results of fuel burn-up in VVER-1000 core 
using ENDF/B-VI, JENDL-3.2, JEF-2.2, WLIB and WIMKALL88. The calculations were performed 
using WIMSD4 and CITATION codes, for different type assemblies, based on the generated 69-group 
cross-section library. The calculated integral parameters were also compared with those of IAEA 
benchmark found in WIMS Library Update Project showed close agreement. The obtained results for 
first three libraries were in good agreement with each other; but for other two were a bit different. The 
neutron energy spectra in fuel for five libraries were obtained from the WIMSD4 output. Keyword: 
WIMS Library, fuel burn-up, core parameters, evaluated data files 
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A Simplified 1-D Model Problem for Accelarator Driven 
Subcritical  

Haluk Atak, Mehmet Tombakoglu, Ayhan Yilmazer 
Hacettepe University, Engineering Faculty 
Department of Nuclear Engineering,, 06800 Beytepe, Ankara, Turkey 
ha@hacettepe.edu.tr 

A simplified 1-D model of an ADSR (Accelerator Driven Subcritical Reactor) consisting of a lead target 
and a subcritical core has been presented in this paper. Multiplication features of the system is 
analysed for a beam of proton incident on the target by solving neutron and proton transport equations 
analytically for both regions. Analytical results are compared with the Monte Carlo simulation of the 
model problem. 
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Calculations of Effective Sample Mean Chord Length for 
Anisotropic Neutron Flux 

Gašper Žerovnik, Andrej Trkov, Luka Snoj 
Institut "Jožef Stefan" 
F8, Jamova 39, 1000 Ljubljana, Slovenia 
gasper.zerovnik@ijs.si 

The probability of a neutron absorption, scattering, or escape event in a sample is closely related to its 
geometry, more specifically the average length of the sample 'as seen by the neutrons', i.e. the 
sample mean chord length. It can be shown (e.g. [1]}, p. 115-120) that the sample mean chord length 
is a function of sample surface area and volume, and does not depend on the shape of the sample. 
However, the expression holds only for convex samples and more importantly, isotropic neutron flux 
distribution. Thus, we introduced the so-called generalized mean chord length of the sample, taking 
into account the anisotropy of the flux distribution. We formulated an expression for mean chord length 
for arbitrary angular flux and sample geometry. We showed that the generalized expression reduces 
to ordinary mean chord length in case of isotropic flux. Additionally, for samples of cylindrical shape, 
we derived analytical expressions for generalized mean chord length for different angular flux 
distributions. We verified our results by Monte Carlo neutron transport code MCNP [2] calculations. 
The purpose of our derivations was to improve and generalize the MATSSF code [3], which is used to 
calculate the self-shielding factors of samples for neutron activation analysis (NAA). The numerical 
model in MATSSF unites all spatial effects in one parameter, mean chord length. By including 
analytical expressions of generalized mean chord length, the usage of the code can be extended to 
different (and more realistic) sample - neutron source configurations without losing computational 
efficiency. Furthermore, for more complicated geometries, for which analytical solution does not exist, 
either Monte Carlo calculated, or numerically integrated generalized mean chord length could be 
included into the code.  
 
[1] G. I. Bell, and S. Glasstone, Nuclear Reactor Theory, Litton Educational Publishing, Inc. (1970)  
[2] J. F. Briesmeister, MCNPTM-A General Monte Carlo N-Particle Transport Code, Version 4C, 
Manual (2000)  
[3] A. Trkov, MATSSF Program Available online: http://www-nds.iaea.org/naa/matssf/ (April 2009) 
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Power Pulse Tests on Short Fuel Rods in TRIGA Reactor of 
INR Pitesti 

Grigore Horhoianu, Gheorghe Olteanu, Dragos Ionescu 
Institute for Nuclear Research Pitesti, Campului Street 1, Mioveni, 115400, Romania 
grigore.horhoianu@nuclear.ro 

Pulse irradiation tests on short fuel rods have been carried out in Annular Core Pulse Reactor ( ACPR) 
of INR Pitesti to investigate aspects related to the thermal and mechanical behavior of CANDU type 
fuel under short duration and large amplitude power pulse conditions.  Short test fuel rods were 
instrumented with thermocouples for cladding surface temperature measurements and pressure 
sensor for element internal pressure measurement .Transient histories of reactor power, cooling water 
pressure, fuel element internal pressure and cladding temperature were recorded during tests. The 
fuel elements were subjected to total energy deposition from 70 to 280cal g-1 UO2.Rapid fuel pellet 
expansion due to a power excursion caused radial and longitudinal deformation of the cladding. 
Cladding failure mechanism and the failure threshold have been established.  This paper presents 
some recent results obtained from these power pulse tests performed in ACPR of INR Pitesti.  
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Development and Application of MCNP5 & KENO-VI Monte 
Carlo models for the ATUCHA-2 PHWR analysis 
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Atucha-2 is a Siemens-designed PHWR reactor under construction in the Republic of Argentina. Its 
geometrical complexity and peculiarities require the adoption of advanced Monte Carlo codes for 
performing realistic neutronic simulations. Therefore core models of Atucha-2 PHWR were developed 
using both MCNP5 and KENO-VI codes. The developed models were applied for calculating reactor 
criticality states for a beginning of life core and for a burnup-equilibrium core. Moreover they were 
applied for the calculation of reactor cell constants and for estimating the oblique control rods volumes 
in each of the hexagonal prisms by which the reactor core was discretized. This last task was a 
necessary step for the setting-up and the validation of a RELAP5-3D©/NESTLE three dimensional 
neutron kinetic coupled thermal-hydraulic model, currently applied by GRNSPG/UNIPI for part of the 
Chapter 15 FSAR analyses. 
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Effects of fuel pebble modelling on keff in high temperature 
reactors 

Vladimir Radulovič, Andrej Trkov, Igor Lengar, Luka Snoj 
Institut "Jožef Stefan" 
F8, Jamova 39, 1000 Ljubljana, Slovenia 
vladi.radulovic@gmail.com 

The aim of this paper is to analyze the problems which occur in the calculations of keff due to the 
inaccurate modelling of fuel pebbles in high temperature reactors (HTR-s). The large number of 
coated fuel particles (TRISO particles) present in a spherical fuel pebble (around 8000) makes their 
individual modelling quite complicated and time-consuming. The most frequent method used by 
modellers is to create an infinite lattice of fuel particles and filling the fuel pebble cells with said lattice. 
This technique introduces an error in the expected fuel mass due to the truncation of the fuel particles 
in the vicinity of the surface which defines the fuel pebble cell. The error, which is often neglected by 
modellers, can in realistic cases exceed a few percent, and thus introduce disastrous consequences 
to the calculation of keff. A number of simple calculations have been performed to establish the 
dependence of the error in the expected fuel mass with the fuel pebble and fuel kernel geometry as 
inputs. These calculations revealed the existence of “magical” pitches at which the above error 
vanishes. Subsequently various MCNP calculations yielded the variation in keff due to the error in the 
expected fuel mass for worst case scenarios. 
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Growth and Propagation of Interfacial Disturbances 
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This study is in the framework of CATHARE 3 developments and more precisely to present its ability 
to model growth and propagation of interfacial disturbances of a gas-liquid horizontal stratified flow. 
During LOCA, transient phenomena appear locally. Among them a stratified vapor-liquid flow may 
occur in the hot leg of the primary loop. Interfacial waves which exist along the interface and the 
dynamics of droplet entrainment-deposition have a significant effect on the pressure drop 
characteristics of the system, particularly in the steam generator. Consequently, the ability of system 
codes to predict the entrainment-deposition of droplets is interesting. However, there are no 
mechanistic models developed and validated for this flows but essentially semi-empirical correlations 
based on non-dimensional numbers. In this work, a first step in the attempt to develop such a model is 
conducted for the rate of droplet entrainment. The mechanisms used for the development of wavy 
regimes in the pipe are based on physical concepts and a realistic approach of apparition and growth 
of waves along the interface. Furthermore, a linear stability analysis is performed to determine flow 
regime transitions and the appearance of first waves. This study is achieved in the framework of a 
two-fluid model in conjunction with the closure relations used in CATHARE 3. The dispersion equation 
of interfacial waves is derived and compared to results from literature. The influence of the closure 
relations modelisation and the effect of flow parameters like gas or liquid flow rates and pipe diameter 
are mainly investigated. 
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Experimental Investigation of Post-Dryout Heat Transfer in 
Annulus with Flow Obstacles 

Ionut Anghel, Henryk Anglart, Stellan Hedberg 
Royal Institute of Technology (KTH) 
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Sweden 
iganghel@kth.se 

The purpose of this paper is to present the results of the post dryout heat transfer experiments 
performed in an annulus with flow obstacles. Despite of the significant effort exercised in the last few 
decades, the physical phenomena that govern the post-dryout heat transfer in the vicinity of obstacles 
is still not well understood. In particular, recent investigations (e.g. Anglart and Persson, Int. J. 
Multiphase Flow, 33 (2007), 809-821) indicate that the current prediction methods may significantly 
under-predict the effect of obstacles (such as spacer grids in nuclear fuel assemblies) on the post-
dryout heat transfer. The objectives of present experiments are to obtain a new insight into the 
obstacle influence on post-dryout heat transfer and to build a detailed database in order to improve 
current models used in the post-dryout calculations.  The experiments are carried out in the High-
pressure Water Test (HWAT) loop in the Nuclear Reactor Technology Division of the Royal Institute of 
Technology in Stockholm, Sweden. The HWAT experimental facility is designed to operate at 
pressures up to 25 MPa, power up to 1 MW and water mass flow rate up to 1.2 kg/s. The test section 
consists of two-side heated annulus (12.7x24.3) mm, with the total heated length equal to 3650 mm. 
For the reference cases pin spacers are employed to keep the rod in the central location in the 
annulus. They are positioned at three levels evenly displaced from the annulus inlet. The influence of 
the pins on to the post-dryout heat transfer is very small, thus this case can be treated as an obstacle-
free reference case. In the experiments with obstacles, 7 ring-shaped obstacles are inserted into the 
annulus to simulate the spacer grids of BWR fuel assembly.  The experimental investigations are 
performed with both types of test sections in a wide range of the operational conditions: mass flux 
(500-2000) kg/(m2s), inlet subcooling (10-40) K and system pressure (5-10) MPa, with focus on typical 
operating conditions in BWRs. The temperatures data was collected using 88 thermocouples placed in 
the test section: 40 thermocouples are placed axially inside of the rod to measure the rod wall 
temperature, 40 thermocouples are placed outside of the tube to measure the tube wall temperature, 
and finally, 8 thermocouples are placed azimuthally before and after the last obstacle to determine the 
azimuthal temperature distribution on the tube wall at that position. The data is collected using a data 
logger device and the Labview program. The full paper will contain a detailed description of the 
experimental procedure and a thorough analysis of the experimental results. 
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Two-fluid models are based on averaged Navier-Stokes equations and are frequently used for 
simulations of industrial two-phase flows. The main disadvantage of the two-fluid models used for 
simulations of free surface flows is their poor accuracy in simulations of free surface flows due to 
numerical diffusion of the interface. In the present paper the interface of the two-phase flow was 
successfully recognized and sharpened with the conservative level set method within the two-fluid 
model. After the advection step of volume fraction the numerical diffusion of the interface was reduced 
in such a way that the thickness of the interface is kept constant during the simulation. The two basic 
instabilities of free surface flows: the Rayleigh-Taylor and Kelvin-Helmholtz instability were used to 
validate the drag force, the interface sharpening and the surface tension force implementation within 
the two-fluid model. The Rayleigh-Taylor instability occurs in the system, where the fluid with higher 
density is located above the fluid with lower density. Due to the gravity the fluid with higher density 
moves below the fluid with smaller density. The surface tension defines the most unstable wave-
number. The most unstable wavelength that appears in the simulation of Rayleigh-Taylor instability 
and its growth are in good agreement with theoretical prediction. The tilted tube experiment, where 
two immiscible fluids are present in the channel, suddenly tilted for a small angle, was simulated. Due 
to density difference countercurrent flow evolves in the channel. After certain time, when the velocity 
difference is high enough the Kelvin-Helmholtz instability appears. The onset of instability, critical 
wavelength, growth of amplitude and wave speed in the simulation with two-fluid model with interface 
sharpening are in good agreement with experimental measurements and theoretical predictions. The 
improved two-fluid model presents a step towards the simulations of mixed flows, where free surface 
flow is present at one location and dispersed at other location of the computational domain. Both flows 
can be simulated within two-fluid model: the free surface flow, simulated with two-fluid model with 
interface sharpening and dispersed flow, simulated with two-fluid model for dispersed flow. Such 
mixed flow appears during loss of coolant accident, where emergency core cooling system injects cold 
water into partially uncovered cold leg. 
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Plunging jets play an important role in nuclear reactor safety research. In the actual paper the case of 
the strainer clogging issue is considered. During a LOCA insulation debris might be released near the 
break. Fractions of the released insulation debris can be transported into the reactor sump, where it 
may perturb/impinge on the emergency core cooling systems. The jet-induced flow into the sump will 
sensitively influence the fibre transport. In the University of Applied Science in Zittau experiments in a 
plexiglass tank having dimensions of about 1*1*1 m were performed. High-speed video was used as 
measurement technique, which enables the determination of the bubble entrainment plume. In the 
presented investigations air entrainment is given as an inlet boundary condition according published 
correlations. The point of interest is here the influence of the entrained gas on the liquid flow field. 
Using the CFD-code ANSYS/CFX-11 the influence of entrained air on the liquid flow field could be 
shown. The simulated gas penetration depth and the shape of the bubble entrainment plume were 
compared to the experiments. To check the validity of the simulations at the beginning of some tests 
the bottom of the tank was covered by a fibre layer. Influenced by the jet these fibres were 
redistributed. The redistributed deposition picture influenced by entrained air could be shown both in 
the experiments and in the calculations. During further tests the influence of the entrained air on the 
temperature distribution in the tank volume was investigated for the case of a lower temperature of the 
jet. The temperature mixing procedure influenced by entrained air was investigated both in the 
experiments and in the simulations. In a larger volume having a length of 6 m, a width of 1 m and a 
water height of maximum 3 m the single phase water flow and the influence of the air entrainment on 
fibre deposition pattern on the bottom were observed and simulated by the CFD model. The 
calculations show that CFD is able to calculate the main flow characteristics. The preferred regions of 
fibre accumulation dependent on the flow situation can be identified. The application of such models to 
real sump geometries enables at least qualitative statements. 
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Czech Republic operates 4 VVER 440 units and 2 VVER 1000 units. Their Safety Analyses are 
performed with advanced best estimate computer codes of RELAP, ATHLET, CATARE type which 
were developed for western PWRs. Up to now, these codes, while applied for licensing purposes, 
were used with conservative boundary and initial conditions which required a number of sensitivity 
analyses. The current state of uncertainty analysis methods and their incorporation into computer 
codes utilised for thermo hydraulic computations are best presented in the OECD studies and projects 
(eg. BEMUSE, SM2A) prepared following recommendations of Committee of the Safety of Nuclear 
Installations with the purpose to forward development of advanced thermo hydraulic computer codes. 
Under preparation is a proposal of the methodical procedure to be applied for thermo hydraulic 
analyses of some selected initiating events for VVER 440/213 and VVER 1000/320 reactors, which 
takes into account the mentioned trends and especially OECD recommendations. Considered is, for 
instance, application of this method for the evaluation of such events as LB LOCA or SB LOCA, using 
uncertainty and sensitivity analysis use e.g. GRS nonparametric method base on Wilks formula. The 
important part of the best estimate method is also validation of computer code on integral 
experimental facilities. In the paper, the use of the GRS best estimate method is presented and the 
performed validations of computer code ATHLET are summarized with description of dominant 
phenomena corresponding to the analysed initiating events. 
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Flow fields in the safety research of nuclear reactors are usually complex and often involve two-phase 
flows, where one of the phases is continuous and the other phase consists of disperse bubbles. 
Interfacial heat and mass transfer within such flows is directly related to the interfacial area density, 
and to the residence time of the disperse phase. Conventional methods are inadequate to resolve the 
local distribution and movement of disperse phase. Computational fluid dynamics (CFD) has been 
identified as a viable tool for the analysis of such cases. In many CFD simulations of two-phase flows, 
the disperse phases, i.e. the bubbles in gas-liquid flows, are assumed to have an equal size and 
shape. In the reality, due to bubble coalescence and breakup a wide spectrum of sizes and shapes 
may exist throughout the flow, which is called polydisperse flow. The inhomogeneous Multiple Size 
Group (MUSIG) model has led to notable success in the prediction of polydisperse flows by taking the 
bubble size distribution into account. This model was developed with the cooperation of ANSYS-CFX 
and Forschungszentrum Dresden-Rossendorf and implemented into the CFD code CFX. During the 
validation process, the default constitutive models [1, 2] for bubble coalescence and breakup were 
diagnosed as the weakest points, hich must be further investigated. Details can be found in previous 
work [3, 4, 5, 6]. Thus, a series of work was done for the purpose of developing more fundamental 
models for bubble coalescence and breakup in polydisperse bubbly flows, which would apply to a 
large range of flow conditions. Based on an extensive literature study on breakup and coalescence 
models available for fluid particles, a basis model has been proposed, which considers coalescence 
and breakup due to different mechanisms, including coalescence due to turbulence, laminar shear, 
wake entrainment and eddy capture, and breakup due to turbulent fluctuation, laminar shear and 
interfacial slip velocity. In the previous work, the basis model was implemented in a 1D Test Solver 
and compared with the experiments of TOPFLOW test facility of Forschungszentrum Dresden-
Rossendorf. The new model was shown to be capable of tracing the evolution of bubble size 
distribution due to coalescence and breakup, even for large gas volume fraction [7, 8, 9, 10]. In this 
work, the basis model is implemented into the CFD code CFX through user FORTRAN routines, and 
serves as new constitutive models for the inhomogeneous MUSIG NNN.2 Proceedings of the 
International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 8-11, 2008 
approach. Its validation for several vertical pipe flow situations is presented. Predictions for the 
evolution of radial gas volume fractions and bubble size distribution as well as separation of small and 
large bubbles along the vertical pipe are compared to the experimental TOPFLOW data and the 
default constitutive models of Luo & Svendsen and Prince & Blanch. 
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The Institute Laue Laugvine (ILL) in southern France operates a strong neutron source for scientific 
use. This heavy water moderated pool type reactor has a single, compact fuel assembly. After being 
unloaded from the reactor pool, such a fuel element has a high residual power of about 160 kW and 
thus has to be cooled sufficiently in the fuel storage pool. For this purpose, a passive cooling concept 
has been developed at ILL: The fuel element is placed at the storage pool in an “exchange flask”. The 
residual heat is removed from the exchange flask by internal natural circulation to the pool. The 
compact fuel assembly is about one meter high and consists of 280 evolvent shaped plates which are 
arranged between two concentrical aluminium cylinders. The exchange flask consists primarily of an 
aluminium cylinder and a tube bundle heat exchanger. The heat exchanger is mounted on one side of 
the exchange flask with two supply lines, one above and one below the fuel element. The fuel element 
hangs inside the aluminium cylinder between these supply lines so that a natural circulation through 
the element and heat exchanger is established in normal operation, the residual heat is transferred to 
the fuel pool by the heat exchanger and cold water is fed to the lower plenum of the flask again. The 
aim of a numerical study performed at Juelich in cooperation with Aachen University of Applied 
Sciences is to investigate the safety margins of this storage and cooling concept. For a subsequent 
accident analysis, it is important to gain an insight into each cooling channel of the fuel assembly and 
determine local effects, thus the fuel assembly has to be geometrically resolved. The model 
development is performed in 3 steps. In first subchannel studies, the effects of grid resolution, wall 
treatment, turbulence and buoyancy model have been investigated on a single channel. As a second 
step, a porous medium has been implemented in order to get a first insight into the flow in the 
exchange flask and address the influence of the boundary conditions, the complete exchange flask is 
considered but the plates and the water channels are modelled by a porous medium. Based on the 
results of these scoping tests, a final half symmetry model was built, resolving the subchannels of the 
fuel element and the flow in the exchange flask. 
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The Marviken Boiling Heavy Water Reactor (BHWR) nuclear power plant in Sweden was completed in 
1971 up to light water commissioning tests, but the reactor never operated. The BHWR reactor and 
containment were used to perform experiments of containment behaviour at accident conditions. In 
the period 1972-1973, 16 blowdown experiments were performed. In the proposed work, the 
simulation of the test Blowdown 16 is presented. The pressure vessel, which is situated in a pressure 
suppression containment, was filled with 3 times the normal quantity of water. The initial pressure in 
the containment was 1.1 bar, and the initial relative humidity 100% in all compartments. The test 
simulated a large water line break in the lower drywell of the containment: about 200 tons of water 
were discharged from the steam line (from time 0 s to 83 s) and from the feedwater line (from time 10 
s to 283 s). The pressure in the containment increased up to 2.9 bar. In an earlier work (Kljenak and 
Mavko, 2008), a simulation of the thermal-hydraulic phenomena in the Marviken containment during 
the Blowdown 16 test with the lumped-parameter code CONTAIN was presented. In the present work, 
a simulation performed with the ASTEC V1.3 code is also included. On one hand, simulations with 
different codes provide opportunities to compare the adequacy of the codes for simulating specific 
transients. On the other hand, a relatively good agreement of the results obtained by both codes with 
experimental results increases the trust in future theoretical predictions by either code. Separate input 
models consisting of 18 cells (representing 15 rooms in the actual containment) and 31 flowpaths 
between cells were developed for both codes. The connection between the header and the wetwell 
pool was modelled separately, using adequate models that are included in both codes. The discharge 
from the pressure vessel was modelled by prescribing measured water mass flow rates from the 
steam and feedwater lines as sources in the input model. The simulation reproduced the first 500 s of 
the test (including the blowdown phase, which lasted about 290 s). The simulated thermal-hydraulic 
conditions (pressure and atmosphere temperature) in different rooms of the containment, as well as 
the conditions of the water pool in the wetwell, are compared with experimental results.  
 
Reference: I.Kljenak, B.Mavko, Simulation of containment thermal-hydraulics in the Marviken 
blowdown experiment with the CONTAIN code, Proceedings of Int.Conf. “Nuclear Energy for New 
Europe 2008”, Portorož, Slovenia, September 8-11, 2008. 
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This paper presents an analysis of heat transfer to supercritical water in bare vertical tubes. A large 
set of experimental data, obtained in Russia, was analyzed and a new heat-transfer correlation for 
supercritical water was developed. This experimental dataset was obtained within conditions similar to 
those for proposed SuperCritical Water-cooled nuclear Reactor (SCWR) concepts. Thus, the new 
correlation presented in this paper can be used for preliminary heat-transfer calculations in SCWR fuel 
channels. The experimental dataset was obtained for supercritical water flowing upward in a 4-m-long 
vertical bare tube. The data was collected at pressures of about 24 MPa for several combinations of 
wall and bulk-fluid temperatures that were below, at, or above the pseudocritical temperature. The 
values for mass flux ranged from 200–1500 kg/m2s, for heat flux up to 1250 kW/m2 and inlet 
temperatures from 320 to 350°C. Previous studies have confirmed that there are three heat-transfer 
regimes for forced convective heat transfer to water flowing inside tubes at supercritical pressures: (1) 
Normal heat-transfer regime; (2) Deteriorated heat- transfer regime, characterized by lower than 
expected heat transfer coefficients (HTCs) (i.e., higher than expected wall temperatures) than in the 
normal heat-transfer regime; and (3) Improved heat-transfer regime with higher-than-expected HTC 
values, and thus lower values of wall temperature within some part of a test section compared to those 
of the normal heat-transfer regime. Also, the previous studies have shown that the HTC values 
calculated with the Dittus-Boelter and Bishop et al. correlations deviate quite substantially from those 
obtained experimentally. In particular, the Dittus-Boelter correlation overpredicts significantly the 
experimental data within the pseudocritical range. A new heat-transfer correlation for forced 
convective heat transfer in the normal heat-transfer regime to supercritical water in a bare vertical tube 
is presented in this paper. It has demonstrated a relatively good fit (±25%) for the analyzed dataset. 
This correlation can be used for future comparisons with other independent datasets, with bundle 
data, for the verification of computer codes for SCWR core thermalhydraulics and for the verification of 
scaling parameters between water and modeling fluids. 
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The PARAMETER-SF3 test conditions simulated a severe LOCA (Loss of Coolant Accident) nuclear 
power plant sequence in which the overheated up to 1700÷2300K core would be reflooded from the 
top and the bottom in occasion of ECCS (Emergency Core Cooling System) recovery. The test was 
successfully conducted at the NPO “LUTCH”, Podolsk, Russia, in October 31, 2008, and was the third 
of four experiments of series PARAMETER-SF. PARAMETER facility of NPO “LUTCH”, Podolsk, is 
designed for studies of the VVER fuel assemblies behavior under conditions simulating design basis, 
beyond design basis and severe accidents. 
The test bundle was made up of 19 fuel rod simulators with a length of approximately 3.12 m (heated 
rod simulators) and 2.92 m (unheated rod simulator). Heating was carried out electrically using 4-mm-
diameter tantalum heating elements installed in the center of the rods and surrounded by annular UO2 
pellets. The rod cladding was identical to that used in VVERs: Zr1%Nb, 9.13 mm outside diameter, 0.7 
mm wall thickness. 
After the maximum cladding temperature of about 2000K was reached in the bundle during 
PARAMETER-SF3 test, the top flooding was initiated. 
The Russian numerical code SOCRAT/V2 was used for the calculation of PARAMETER-SF3 
experiment. The counter-current flow limitation (CCFL) model was implemented to best estimate code 
SOCRAT/V2 developed for modeling thermal hydraulics and severe accident phenomena in a reactor. 
Thermal hydraulics in PARAMETER-SF3 experiment played very important role and its adequate 
modeling is important for the thermal analysis. The results obtained by SOCRAT/V2 were compared 
with experimental data concerning different aspects of thermal hydraulics behavior including the CCFL 
phenomenon during the reflood. The temperature experimental data were found to be in a good 
agreement with calculated results. It is indicative of the adequacy of modeling the complicated thermo-
hydraulic behavior in the PARAMETER-SF3 test. 
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During a LOCA incident the high pressure in the fuel rods can lead to clad ballooning. This enlarged 
section of fuel can collect the fuel debris. Of these are possible two consequences. The ballooned 
section creates some obstacles for the cooling water during reflood of the bundle, but this effect 
causes only a short delay in the cooling down of the hot fuel rods. The accumulated fuel pellet debris 
in the enlarged zone results a local power peak, which leads to further slowing down of quench front. 
The evaluation of the role of these two effects on the coolability of VVER type fuel bundle was the 
main objective of the experimental series. The experimental results confirmed that a VVER bundle 
with even 86% blockage rate remains coolable after a LOCA event. The coolability of ballooned VVER 
type bundle investigated also by the APROS code. The model of the studied system was built in the 
Finnish APROS thermohidraulic code. The APROS code was specially designed to simulate VVER 
reactors, so this code is the right choice to reproduce the examined cooling process on computer, and 
gives the opportunity to compare the measured and simulated results. The computational results 
showed also that a VVER bundle remains coolable after a LOCA event. 
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The Krško nuclear power plant (NPP), which is a two-loop pressurized water reactor, Westinghouse 
type, before modernization in 2000 obtained plant specific full scope simulator. With the 
RELAP5/MOD2 computer code reference calculations of some design basis accidents were 
performed for the verification of Krško Full Scope Simulator. In 2004 annual ANSI/ANS validation was 
performed using RELAP5/MOD3.3 computer code. The purpose of the present analyses was to 
reanalyse reference calculations for KFSS validation with the aim to animate the calculations. Namely, 
this will help to better understand the physical phenomena and processes and more efficiently 
interpret the results obtained using the complex best-estimate thermalhydraulic codes. The new 
reference calculations were performed with the latest RELAP5/MOD3.3 Patch03 code. For animations 
the Symbolic Nuclear Analysis Package (SNAP) version 1.1 was used. In total six scenarios were 
analyzed: two scenarios of the Small Break Loss-of-Coolant Accident (LOCA), two scenarios of the 
Loss of Main Feedwater (LOFW), scenario of the Anticipated Transient Without Scram (ATWS), and 
scenario of the Steam Generator Tube Rupture (SGTR). Animation schemes were created for the 
primary and secondary system, a reactor vessel, a pressurizer with pressurizer relief tank, main 
steamline, a steam generator, main feedwater, an emergency core cooling system and an auxiliary 
feedwater system. Besides, the reactor protection systems signals and time sequence of events were 
added for better understanding of the transient progression. The developed animation model of Krško 
nuclear power plant showed several benefits like better understanding of the calculated physical 
phenomena and processes, user friendly tool for understanding the nodalization and the detail of plant 
modelling, better presentation of the results due to visualization and movies, a convenient tool to train 
new users of thermal-hydraulic code etc. It can also be concluded that such modern tool attracts 
young people to work also with system codes comparing to the last decade when most favour 
computational fluid dynamics codes. 
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Сondensation-induced water hammer is a thermal-hydraulic phenomenon that occurs in fluid systems 
when a steam and subcooled water contact directly. Experimental and theoretical studies of this 
phenomenon in the vertical geometry have been carried out within the frame of the INTAS project 05-
1000008-8086 "Condensation-induced water hammer in vertical vessels" by research teams from 
different institutes. The validation of WAHA code and CODEX codes was carried out on the basis of 
experimental data obtained at the small-scale test facility developed for investigation of water hammer 
in a vertical geometry. A test section of the facility is a vertical tube where overpressure and force of 
gravity accelerate a column of the subcooled water initially located at the upper section of the tube into 
the lower section filled with the vapor. The experimental data of 10 tests were used for the validation. 
In general, the calculation and experimental results are in a reasonable agreement for both codes. 
Code parameters which have a strong influence on the calculation results were identified within the 
frame of the sensitivity studies. The cross-verification of WAHA and CODEX codes with RELAP5 code 
was carried out for a pre-specified set of NPP operating conditions. The results of the cross-
verification are presented in this paper. 
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In order to proclaim NPP containment air tight, its leak rate needs to be below a certain value. This 
limiting value is often given at the containment design pressure conditions whereas Containment Leak 
Rate Tests are executed at a lower pressure. To determine leak rate limiting value at test pressure 
conditions, a simple RELAP5/MOD3 model is created, comprising single-volume as the containment, 
a valve element as leak opening and a time-dependent volume as the atmosphere. In the first 
simulation, equivalent size of the opening is determined by targeting the design leak rate at the design 
pressure. In the second simulation, this opening is utilized to determine the leak rate at test conditions. 
Moist air is used as a fluid and RELAP noncondensible option 6 is used to prescribe the initial 
conditions for single-volume element. 
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The reactor internals are designed to ensure cooling of the fuel, to ensure the movement of control 
rods under all operating conditions including accidents and facilitate removal of the fuel and of the 
internals following an accident. This paper presents preliminary results of the numerical simulations of 
the WWER440/V213 reactor vessel internals (RVI) dynamic response to maximum hypothetical Large-
Break Loss of Coolant Accident (LBLOCA). In case of this LOCA accident it is assumed rapid 
“guillotine” break of one of the main coolant pipes and rapid depressurization of the primary circuit. 
The pressure wave spreads at the speed of sound and enters the reactor pressure vessel and causes 
deformation and stress in reactor vessel internals. The purpose of this analysis is to determine reactor 
pressure vessel internals response, and structural integrity due to rapid depressurization and to prove 
no permanent (plastic) deformations occur in the RVI which would prevent timely and proper activation 
of the control rods. The finite element model was created by MSC.PATRAN and dynamic response 
was solved using MSC.DYTRAN. The model consists of reactor vessel internals (Lagrangian solid 
elements) and water coolant (Euler elements). Arbitrary Lagrangian Eulerian coupling was used for 
simulation of the fluid-structure interaction. The calculation assumes no phase change in the water. 
Comparison with the experiment was not performed up to now, because required experimental data 
are not accessible for this type of the reactor. 
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The need of a quality assurance oriented approach in the application of CFD codes to Nuclear 
Reactor Safety (NRS) has brought to the introduction of Best Practice Guidelines (BPG), as a means 
to provide more reliable results and reducing the related errors and uncertainties. On the other hand, 
such guidelines are seldom adopted in the resolution of actual industrial scale problems, because of 
excessive computational costs in developing several grids for discretization error analysis and running 
many sensitivity calculations. The present work consists of a demonstrative systematic application of 
the NEA/CSNI/R(2007)5 “Best Practice Guidelines for the use of CFD in Nuclear Reactor Safety 
Applications”, in order to point out the main features, benefits and drawbacks of this method. In 
particular, the study aims at the verification and validation of a simple pressure drop case found in 
literature (flow through a thick diaphragm) using the CFD code ANSYS CFX 11. Three turbulence 
models were tested (k-ε, k-ω based Shear Stress Transport SST and the six equation SSG Reynolds 
Stress Model) and error analyses were performed for all these models. The results show an erratic 
variation of some of the parameters suggested for the discretization error analysis; hence a detailed 
study was carried out to identify the source of this behaviour. In particular, alternative choices are 
suggested which better check whether the solution has reached the asymptotic convergence. 
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The present paper deals with the assessment of CATHARE2 code against a primary to secondary 
leak transient conducted in the scaled facility PSB-VVER. It is an Integral Test Facility (ITF), full 
height, full pressure, low power and scaled 1:300, installed at the Electrogorsk Research and 
Engineering Centre, Russia. The experiment is the fourth out of five experiments part of the 
OECD/NEA PSB-VVER Project validation matrix. The objectives of the test are the investigation of the 
thermal-hydraulic (TH) response of the VVER-1000 primary system following a primary to secondary 
side accident and the availability of experimental data aimed at the validation of thermal-hydraulic 
codes. Indeed, the test was designed and executed to obtain the experimental data addressing a 
scenario and phenomena not covered by the OECD/NEA VVER validation matrix. The experiment is a 
“Primary to Secondary Side Leak” with a BRU-A failure (the valve remained open in fully position) in 
the SG connected with the broken loop. The calculations have been performed using 
CATHARE2V2.5_1, its accuracy has been evaluated by qualitative and quantitative analysis reported 
in the present document. The quantitative analysis has been performed adopting a method developed 
at University of Pisa, which has capabilities in quantifying the errors in code predictions related to the 
measured experimental signal; the Fast Fourier Transform (FFT) is used aiming to have an integral 
representation of the code calculation discrepancies (i.e. error between measured and calculated time 
trends) in the frequency domain. 
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The present paper describes the main features and an application to a real Nuclear Power Plant 
(NPP) of an Integrated Software Environment (in the following referred to as “platform”) developed at 
University of Pisa (UNIPI) to perform Pressurized Thermal Shock (PTS) analysis. The need of such 
tool rises from the difficulty connected to the exchange of data among proprietary and non proprietary 
codes used in the analysis such as Relap5, Cathare2, CFX and Ansys Multi-physics, each code 
having its own specific format for data input and output. The platform is written in Java for the 
portability and it implements all the steps foreseen in the methodology developed at UNIPI for the 
deterministic analysis of PTS scenarios. The methodology starts with the thermal hydraulic analysis of 
the NPP with a system code (such as Relap5, Cathare2, etc.), during a selected transient scenario, in 
order to calculate the cooling loads induced on the internal RPV wall surface by the Emergency Core 
Coolant (ECC) injection. The results so obtained are then processed to provide boundary conditions 
for the next step, i.e. a CFD calculation of the mixing phenomena occurring at small scale on the 
Reactor Pressure Vessel (RPV) welding lines region of the down-comer. Once the system pressure 
and the RPV wall temperature are known, a stress analysis can be performed to evaluate both thermal 
and mechanical stresses by means of a Finite Element (FE) structural mechanics code. The last step 
of the methodology is the Fracture Mechanics (FM) analysis, using weight functions, aimed at 
evaluating the stress intensity factor (KI) at crack tip to be compared with the critical stress intensity 
factor KIc. The platform automates all these steps foreseen in the methodology once the user 
specifies a number of boundary conditions at the beginning of the simulation. 
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Accurate simulation of transient system behavior of a nuclear power plant is the goal of systems code 
calculations, and evaluation of a code's calculation accuracy is accomplished by assessment and 
validation against appropriate system data. These system data may be either from a running system 
prototype or scaled model test facility, and are comprised of the relevant phenomena during both 
steady state and transient conditions. The identification and characterization of the relevant data, and 
the assessment and validation of thermal hydraulic systems codes, has been the objective of multiple 
international research programs. The validation and assessment of the TRACE systems code against 
the Multi-Application Small Light-Water Reactor (MASLWR) natural circulation, helical coil steam 
generator, NSSS design is a novel effort, and is the topic of the present paper. Specifically, the current 
work relates to the assessment and validation process of the system thermal-hydraulic TRACE code 
against the natural circulation database developed in the OSU- MASLWR test facility. This facility was 
constructed at Oregon State University under a Department of  Energy grant in order to examine the 
natural circulation phenomena of importance to the MASLWR reactor design, which includes an 
integrated helical coil steam generator . This paper illustrates a sensitivity analysis to evaluate the 
fidelity of various methods to model the OSU-MASLWR steam generator in TRACE. The results of 
these analyses show that oscillations observed in a previous study by Mascari (2008) are related to 
the particular steam generator nodalization used. The SNAP animation model capability is used to 
show a direct visualization of selected calculated data. 
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Over the past years, many Nuclear Power Plants (NPP) organizations have performed Probabilistic 
Safety Assessments (PSAs) to identify and understand key plant vulnerabilities. As part of enhancing 
the PSA quality, the Human Reliability Analysis (HRA) is key to a realistic evaluation of safety and of 
the potential weaknesses of a facility. Moreover, it has to be noted that HRA continues to be a large 
source of uncertainly in the PSAs. Within their current joint collaborative activities, Indizen, UPM and 
CSN are developing the so-called SIMulator of PROCedures (SIMPROC), a tool aiming to simulate 
events related with human actions and able to interact with a plant simulation model. The tool helps 
the analyst to quantify the importance of human actions in the final plant state. Among others, the 
main goal of SIMPROC is to check the Emergency Operating Procedures (EOPs) been used by the 
operating crew in order to lead the plant to a safe shutdown state. Currently SIMPROC is has been 
coupled with SCAIS software package [1], but the tool is flexible enough to be linked with other current 
plant simulation codes.  Results of SIMPROC application to the assessment of a LOCA accident in a 
PWR plant will be reported to illustrate the tool.  
  
[1] Izquierdo, J.M., J. Hortal, M. Sánchez-Perea, E. Meléndez, R. Herrero, J. Gil, L. Gamo, I. 
Fernández, J. Esperón, P. González, C. Queral, A. Expósito and G. Rodríguez (2008). SCAIS 
(Simulation Code System for Integrated Safety Assessment): Current status and applications. 
Proceedings of ESREL 08 
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Today, EDF has a PSA reference model (level 1+ internal events) for each series of French nuclear 
power plants: the 900 MW series (34 units), the 1300 MW series (20 units), and the 1450 MW series 
(4 units). The scope of these models is currently under development and a lot of resources are also 
devoted to PSA applications. Since the first EDF model developed in 1990 for the 1300MW series, 
PSA models and their results have played an increased role at EDF, in conjunction with deterministic 
data, in the decision making process for design and operation. In order to back up the technical 
adequacy of PSA models and applications, a Fundamental Safety Rule has been written in 2002 by 
the French Safety Authority and EDF. But producing PSA models and applications of quality requires 
also a high level of competence among the PSA practitioners as it is stated by law for activities 
regarding nuclear safety (“Arrêté qualité 10 août 1984”). Currently, EDF risk professionals mainly learn 
what they need to know about PSA by on-the-job training. There are some general training courses 
about nuclear safety, reliability methods and tools, … But until now, no global and consistent PSA-
specific education programs were available. Under those conditions, EDF new PSA engineers needed 
about 3 years to get a comprehensive knowledge of PSA and sufficient practical experience. Moreover 
staff mobility has increased the last few years and makes it very difficult to maintain a high level 
qualification in the PSA teams. Those are the reasons why EDF has decided to develop a curriculum 
of courses that can make EDF PSA engineers be quickly operational. Our goal is to reduce the 
qualification time from about 3 years to 1 year. First, this article presents the organization we adopted 
to build the program : need analysis, definition of scope and specific goals in terms of master 
knowledge and practical abilities, proposal of a particular pedagogical answer, development of 
courses, launching of the first class. We went through those different steps in one year. Then the 
pedagogical solution is described. We aimed to make sure that students will be really operational at 
the end of the program. We also tried to find solutions to make them take part in the courses and not 
only attend them. Finally, the main lessons learned are identified and some feedback analysis is given 
on the first course series which occurred in April 2009. 
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The U.S. Nuclear Regulatory Commission encourages use of the probabilistic safety assessment to 
improve safety decision making and improve regulatory efficiency. The Regulatory Guide 1.174 
defines acceptance guidelines for nuclear plants risk measures and their corresponding change 
resulting from the licensee initiated modifications. The risk measures used in the acceptance 
guidelines are the core damage frequency and large early release frequency. The appropriate 
consideration of the uncertainties associated with the probabilistic safety assessment and their impact 
on results is necessary in order to address them in the context of the decisionmaking. The different 
types of epistemic uncertainty are parameter, model, and completeness uncertainties. The uncertainty 
analysis on the reference model of the nuclear power plant is done. The core damage frequency for 
operating at-power light water reactor considering internal events is assessed. The analysed 
modification is extension of the test interval of the emergency diesel generators. The results from the 
uncertainty analysis are compared with the established acceptance criteria. The obtained results show 
the necessity of appropriate consideration of the uncertainties in the probabilistic safety assessment in 
order to adequately support the risk-informed decision making. 
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In the PSA models of accident sequences, the designed response of operators and managers leads to 
a safe system state when a sequence of hardware systems and barriers operate successfully and the 
operators perform a set of required actions at the appropriate points in scenarios. Unsafe system 
states are reached through a combination of hardware failures and/or omissions of required actions. 
Consequently, the Human Reliability Analysis (HRA) methods are focused basically on the omission of 
the required actions at selected points of scenarios – Error Of Omission (EOO). However, under 
higher stress of hardware and barrier materials and humans, the operators and managers may often 
erroneously perform an action that will aggravate the scenario at any point of its evolution – Error Of 
Commission (EOC). The identification of the potentially significant hazards, EOCs and EOOs is the 
central problem of their treatment in the PSA. Other issues that should be addressed are modelling 
and quantification of the EOCs and EOOs in the accident conditions. Context dependent HRA models, 
such as the Holistic Decision Tree (HDT) and Performance Evaluation of Teamwork (PET) methods, 
are the so-called second-generation HRA techniques. The HDT model has been used for a number of 
PSA studies. The approach to the determination of Influence Factors, Quality Values, Anchor Values 
and verification of Human Error Probabilities (HEPs) has varied. Making detailed observations of 
operator responses is a very intensive task, especially if the observers record their notes manually. 
That is why the HDT method includes Data Collection System (DCS) – CREDIT. Use has been made 
of various domain experts, HRA experts and simulator results. The approaches have varied because 
of the available tools, experts and time/money. The PET method reflects promising prospects for 
dealing with dynamic aspects of human performance. It distinguishes between three basic concepts 
determining the reliability of human performance: violation, cognitive erroneous actions (as EOCs) and 
executive erroneous actions (as EOOs). Based on these concepts a “second-by-second” macroscopic 
quantification of contexts of individual cognition and team communication processes is made. 
Naturally and technologically recognized context factors and conditions are taken into account. The 
results of contexts quantification are used in reliability models of cognition (Rasmussen’s Step- Ladder 
Model), communication and execution processes. The HEP calculations could be based on the 
thermal- hydraulic analyses, archives of training exercises, audio-visual system performance 
observation and operators’/instructors’ interpretation and justification. The Simulators Department of 
Kozloduy NPP has elaborated a methodology based on the PET method for quantitative assessment 
of operators’ team performance. The model data could be obtained from training programs, operation 
instructions and emergency procedures. This methodology could be applied for training evaluation on 
different scale simulators – full- scope, multifunctional and computer-based. The proposed paper 
presents a comparison of the three HRA techniques for calculation of post-accident HEPs in the PSA, 
namely: HDT; and PET. Different event training scenarios based on standard (benchmark) PSA model 
assumptions are designed and their detailed boundary conditions are described. The HEPs of post- 
accident main control room critical operator’s actions are calculated by means of each investigated 
technique. For each inconsistency identified, a counter measure and recommendations are proposed. 
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Term On-Line Maintenance (OLM) represents testing and maintenance that is performed with the 
main generator of the nuclear power plant connected to the grid. The objective of the paper is to show 
risk evaluations of OLM activities of current plants and to examine if the current practices are suitable 
for the new nuclear power plants. The risk of testing and maintenance activities for selected 
equipment is evaluated for several nuclear power plant probabilistic safety assessments including a 
new power plant. The results of risk evaluations of OLM and their comparison show that the criteria or 
guidelines developed for existing plants are not completely suitable for new plants. The new power 
plants with expected lower risk measures, which can be lower for more than couple of orders of 
magnitude compared to existing plants, would be able to deal with OLM in plant configurations which 
would increase the risk for orders of magnitude, but would still be acceptable in terms of risk, if the 
existing criteria or guidelines are used. Results suggest that the risk criteria and guidelines for the 
OLM should be updated for their use in the case of new nuclear power plants. 
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The process of Safety Margin Assessment, as proposed in the SMAP framework [1], is based on the 
identification of the Risk Space and the extensive application of uncertainty analysis methods with the 
objective of obtaining an estimation of the Exceedance Frequencies of specified safety limits. The Risk 
Space can be understood as an extension of the design scenarios aimed at including every possible 
malfunction susceptible to challenge any safety limit of interest. The additional malfunctions are 
included in the event trees associated to each safety limit. CSN, with the help of UPM and Indizen, is 
developing the SCAIS (Simulation Code System for Integrated Safety Assessment) simulation-based 
computational framework implementing the CSN integrated PSA approach for independent 
assessment of safety studies. Current efforts are being directed to extend its current capabilities 
(automatic event tree delineation, coupling simulation of plant dynamics and operator actions, coupling 
of different simulation codes depending on phenomenology requirements) with suitable modules that 
obtain a realistic estimation of exceedance frequency as the figure of merit of safety margin, that 
merges both deterministic and probabilistic information corresponding to the safety case being 
assessed. This paper surveys the work performed. It will elaborate on the following points:  
a) TSD (Theory of Stimulated Dynamics, [2]) as theoretical framework that guides the computational 
approach.  
b) Main concepts: Dynamic Events and Dynamic Sequences, Damage Domain of a Sequence.  
c) Uncertainty analysis in the context of exceedance frequency calculation.  
d) Proposal of a suitable strategy for calculation of exceedance frequencies.  
e) Specification of the designed computational modules (Risk Assessment and Path Analysis 
modules).  
f) On the use of current PSA fault tree models to feed the computational approach.  
Results of the application of the tool to the assessment of a power up-rate in a PWR plant, currently 
being performed within the NEA/OCDE SM2A project, will be reported to illustrate the method.  
 
[1] SMAP Task Group (2007). Safety Margins Action Plan. Final Report. Technical Report 
NEA/CSNI/R(2007)9, Nuclear Energy Agency. Committee on the Safety of Nuclear Installations, 
http://www.nea.fr/html/nsd/docs/2007/csni-r2007-9.pdf.  
[2] J. M. Izquierdo, I. Cañamón, "TSD, a SCAIS suitable variant of the SDTPD", Proc. ESREL 2008, 
Valencia, Spain. 
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Safety critical systems are used for control and protection of process components in Nuclear Power 
Plants (NPPs). To maintain the cyber security, computer-based safety critical systems must be 
analyzed for vulnerabilities and threats because a single successful security breach due to a cyber 
attack can cause system failure, which can have catastrophic consequences on the environment and 
plant staff. Cyber Security is preservation of confidentiality, integrity and availability. Cyber Security 
Analysis (CSA) means to analyze computer-based systems from unauthorized access, use, 
disclosure, disruption, modification or destruction. The purpose of CSA is firstly to develop a method of 
identifying portions of a system that have the potential to be exploited by Design Based Threat (DBT), 
secondly to conduct analyses that can provide increased confidence in especially vulnerable portions 
of the system and, thirdly to encourage design changes that will reduce or eliminate vulnerabilities. 
Threat is a potential cause of attack, which may result in unwanted consequence to system. For 
example, threat may compromise the safety and integrity of NPP by causing the failure of Plant 
Protection System (PPS) to trip the nuclear reactor, which can lead to a rapid, energetic fission 
reaction and the release of radioactive fission products; hence, the human life and environment can be 
threatened. The threat may also cause unplanned outages for elimination of vulnerabilities and hence 
decrease the availability and reliability of the plant. Attack trees have been widely used to analyze the 
cyber security of computer-based systems due to their ability to capture system specific as well as 
attacker specific details. In this paper, we used an attack tree based methodology to analyze the cyber 
security of computer-based Reactor Protection System (RPS). We first constructed an attack tree and 
determined the attack scenarios. Second, suitable security controls were described based on the 
results of the security assessment and security requirements were elicited. Third, different design 
configuration were evaluated using the tree and results of the security assessment. 
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The existing internal flooding probabilistic safety analysis (PSA) study of Krško NPP was upgraded in 
response to the Krsko Periodic Safety Review (PSR) issues concerning the screening criteria for 
internal floods, residual risk from screened out areas and propagation of scenarios to plant damage 
states and Level 2. The area screening process was revisited in order to cover also the areas with 
relevant risk potential, although without automatic reactor trip equipment, which may have been 
screened out in the original study. The PSA input to the list of relevant mitigation equipment was 
revisited regarding the latest, referential, version of the PSA model. Through the screening process, 
the residual core damage frequency (CDF) from screened out areas was systematically estimated in 
order to demonstrate that its combined value is acceptably low as compared to the total estimated 
internal flooding CDF. In the next step, the internal flooding PSA model was extended to Level 2 in 
order to address the corresponding PSR issue. All Level 1 core damage sequences from the internal 
flooding event trees in the PSA model were extended to Level 2. Bridge trees (containment systems 
event trees) were developed. All resulting plant damage states previously unconsidered in Krsko PSA 
studies were propagated to release categories in a manner consistent with Individual Plant 
Examination (IPE) studies. Frequencies of release categories were quantified. The plant area 
screening process was repeated at Level 2 in a manner equivalent to the screening at Level 1. 
Residual Level 2 risk was estimated in terms of large early release frequency (LERF). The paper 
describes the overall process of upgrading the internal flooding PSA study and model, and presents its 
results. 
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The primary purpose of surveillance testing and maintenance (T&M) is to assure the reliability of 
standby safety systems and components in nuclear power plants (NPPs). The optimal schedule of 
safety equipment outages due to testing and maintenance is one of the parameters of the plant safety. 
Early optimizations of single component test intervals were based on minimizing the risk, e.g. the time-
average unavailability, without cost considerations. However, the appropriate development of T&M 
strategy depends not only on the T&M intervals but also on the resources (human and material) 
available to implement such strategies. Since these testing and maintenance activities are associated 
with substantial cost, they present an important domain, where risk reduction and costs can be 
balanced. The objective of this paper focuses on assessing how the costs may affect the T&M 
optimization. The costs are expressed as a function of the selected risk measure. In that sense, 
analysis of the impact of different cost functions is performed. The time dependent function of the 
selected risk measure is obtained from probabilistic safety assessment (PSA), i.e. the fault tree (FT) 
analysis at the system level, extended with inclusion of time parameters. The testing strategy is also 
addressed. Sequential versus staggered testing comparison is stressed out. A properly selected 
engineered safety system is chosen as a case study. 
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The existing Level 2 PSA calculations were performed using external post processing of bridge tree 
sequence results. This type of calculation is time consuming and impractical for regular use. Till this 
implementation only a part of Level 2 model was present in the PSA model, the bridge trees. When 
calculating the Level 2 Release Frequencies (RF) or Large Early Release Frequency (LERF) the PSA 
model did only a part of needed calculations. The results, bridge tree sequences, were exported to a 
file, grouped in Plant Damage States (PDS) and post-processed by use of different tools. To get the 
final result by the RiskSpectrum tool and PSA model, the Containment Event Tree (CET) split factors 
needed to be implemented in the model. It was accomplished with the formation of split factors event 
trees that represent the solution of the Containment Event Tree. The result is the single consequence 
called LERF or release category consequences RC1 to RC 8 (also A and B where applicable). The 
first important outcome of this integration is that it enables the calculations of LERF within the PSA 
model without the need for exporting and external post processing of intermediate results. Another 
also very important outcome, are importance and uncertainty factors that can be calculated with this 
model. The paper describes the overall process of implementation of Level 2 event trees into the PSA 
model, and presents its results. 
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External reactor vessel cooling (ERVC) is considered as one of the most promising severe accident 
management strategies for in-vessel corium retention (IVR) during a sever accident in Light Water 
Reactors (LWR). The success of ERVC is determined by melt pool heat transfer which is plant and 
sequence dependent. There is lack of knowledge about the influence of pool formation patterns and 
initial cooling conditions on the heat transfer behaviour of the melt pool. Furthermore, rare 
experimental data is available in large scale 3D geometries. Based on this necessity, the experimental 
research program LIVE (Late in-Vessel Phase Experiments) at Forschungszentrum Karlsruhe (FZK) is 
engaged to investigate melt thermal behaviour and melt solidification process in the reactor vessel 
lower plenum under various relocation scenarios. The main part of the LIVE facility is a 1:5 scaled 
semi-spherical lower head of the typical pressurized water reactor. The maximum volumetric heating 
power is 18.5kW. At present the well-known simulant material KNO3-NaNO3 in non-eutectic 
composition (80-20 mole %) and in eutectic composition (50-50 mole %) are applied. 3D heat flux 
distribution through vessel wall, melt pool temperature distribution, crust thickness progression, motion 
of the melt surface and the pool melt composition can be measured or determined. Up to now, LIVE-
experiments have been performed to investigate melt pool behaviour influenced by initial external 
cooling condition, melt release position, melt volume and heat intensity. Future tests will be focused on 
the heat transfer in stratified melt pool, under melt top cooling and debris in melt pool. Extensive 
results have been obtained from LIVE tests regarding both the general characteristics of heat flux and 
melt temperature distribution and the response of steady-state heat flux on single effects concerning 
cooling condition and melt relocation pattern. Such single effects comprise: -initial external cooling: air 
cooling followed by water flooding or water cooling at beginning - melt release position: either central 
or near the vessel wall - simulant material: eutectic melt and non-eutectic melt -various initial melt 
temperature It is found that the steady-state heat flux distribution is strongly depended on initial 
cooling condition and melt relocation pattern. The result can provide validation for computing codes 
and give guidelines for the definition of the reactor safety management. 
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During a severe accident supposed to occur on a Pressurized Water Reactor (PWR), significant 
release of volatile ruthenium species from fuel matrix may occur if the fuel is sufficiently oxidized, 
especially for air ingression accident. Thus, ruthenium can be partly transported through the reactor 
coolant system (RCS), and reach the reactor containment building. Ruthenium is of particular interest 
for the two combined reasons: first its ability to form highly volatile oxide species and second, Ru is a 
very hazardous compound due to its chemical toxicity and its radiotoxicity resulting from the 106Ru 
and 103Ru high specific activities. The Ru species which may be present inside the containment are 
the ruthenium tetroxide (RuO4(g)), ruthenium dioxide (RuO2 aerosols) or mixed ruthenium aerosols. 
In order to assess the source-term, it is important to know and predict ruthenium chemistry potentially 
leading to the formation/destruction of gaseous ruthenium tetroxide. When reaching the containment, 
most of Ru aerosols will settle in the sump, the remaining part being deposited onto inner walls. These 
aerosols may produce RuO4(g) both in the gaseous and aqueous phases, due to oxidation reactions 
induced by radiolysis. An extensive experimental program has been performed since 2004 by the 
French “Institut de Radioprotection et de Sûreté Nucléaire” to obtain data concerning RuO4 behaviour. 
Firstly, this paper deals with ruthenium aqueous experiments performed in the EPICUR �-irradiation 
facility, simulating severe accident conditions. The results highlight the absence of ruthenium 
volatilization, from basic solution whatever the ruthenium aerosols forms are, and from dioxide in 
acidic solutions. It can be concluded that the Ru aqueous chemistry does not affect significantly the 
amount of RuO4(g) remaining in the containment atmosphere. Secondly, gaseous experiments were 
performed and the results concerning the volatilization of ruthenium oxides deposited onto inner 
surfaces of the containment are discussed. These experimental data have been used to implement Ru 
modelling in the ASTEC severe accident simulation software. Lastly, a preliminary calculation of 
RuO4(g) potential releases assessment into the environment, for a severe accident scenario, is 
presented. The sensitivity study performed allows to determine the key parameters and consequently 
the possible needs to improve their knowledge. IRSN is preparing a new research program to study 
the chemistry of Ru through the RCS. At present, additional data about Ru reactivity through the RCS 
will be needed to confirm these preliminary source-term assessments. 
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In the frame of the OECD/SETH-2 project experiments are performed at the MISTRA (CEA, France) 
and PANDA (PSI, Switzerland) facilities to set up a database on physical phenomena relevant for 
LWR containment safety. The tests are specifically designed for obtaining data suitable for improving 
the modelling and validation of advanced Lumped Parameter (LPs) codes and CFD codes with 
respect to the prediction of post-accident containment thermal-hydraulic behaviour. Scoping and pre-
test calculations with different codes have been performed with the goal of identifying challenging 
situations for the code simulations. From the experimental side significant effort has been made to 
perform the tests with well controlled initial and boundary conditions using well defined preconditioning 
procedures ensuring test repeatability. The SETH-2 experimental programme is aimed to study 
hydrogen transport within containment compartments and in particular, to investigate the effect of 
mass sources (the release of steam and hydrogen), heat sources (hydrogen-oxygen recombiner), and 
heat sinks (condensation of steam caused by containment coolers and sprays or “cold” wall) on it. The 
programme also includes some tests addressing the influence of more specific containment scenarios 
and components, like e.g. the sudden opening of rupture disks. The paper introduces the results of the 
“Second series” of SETH-2 PANDA experiments, named as “Horizontal fluid release”. The test matrix 
for this series has been defined using GOTHIC scoping calculations. For the tests two large PANDA 
vessels (each having 4 m diameter and 8 m height) interconnected by a large (1 m diameter) pipe are 
used. In the upper part of one of the vessels a helium-steam mixture (helium is used to simulate 
hydrogen) is created while the remaining volume is filled with steam. The paper presents test results 
on the erosion of the “helium-rich” layer by horizontal steam injection either into the vessel confining 
the layer or into the adjacent vessel for different vertical locations of the layer. The possibility of 
predicting the erosion of helium-rich layer by a horizontal fluid release has been, so far, a challenging 
task also for codes having 3D capability. The parametric variation of the test conditions in this series 
allows gaining insight into the effect of condensation, pressurization and injection location on the 
erosion of the helium rich-layer. 
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Steam explosions might occur during an accident with core melting as a consequence of an 
interaction of molten core material with water, inside the Reactor Pressure Vessel - RPV (in-vessel 
steam explosions), or due to release of melt from the RPV into water in the cavity (ex-vessel steam 
explosions). Such steam explosions may significantly enhance risks of severe accidents yielding 
failure of structures, possibly even of the RPV or the containment. The exclusion of the risk of steam 
explosions in reactor accident scenarios would support options for the accident management, e.g. 
external flooding of RPV or flooding of the cavity up to the RPV (deep water pools in BWR). Major 
limiting effects to strong steam explosions are given by limited mass of melt in mixture (inflow rate of 
mass in water, incomplete jet breakup), the void buildup during premixing (strongly counteracts to 
explosion strength due to its compressibility) and the solidification at the surface of melt droplets 
(inhibits fine fragmentation of melt droplets). Previously, assessment of limiting factors in reactor 
applications was performed by using 2D models. Reactor scenarios with asymmetric conditions – e.g. 
a lateral outflow of melt into the lower plenum close to the RPV wall (in-vessel) or into a water-filled 
cavity close to the cavity wall – were analyzed by using 2D approximations in the cylindrical coordinate 
system with a central jet. However, due to the one-side restriction in geometry for the lateral extension 
of the mixture, an accumulation of melt mass in the wall proximity is expected. This may cause 
significantly higher pressure loads on the wall leading to failure of the RPV or containment structures. 
Due to an asymmetric expansion of melt and void around a melt jet, such asymmetric scenarios can 
not be analyzed adequately in 2D. Therefore, the model has been extended to 3D. Calculations were 
performed for an assumed ex-vessel case with a melt jet close to the cavity wall using the three-
dimensional premixing code JEMI (IKEJET/IKEMIX-3D), developed at IKE. As expected, significantly 
higher melt volume fractions were obtained close to the wall but also a higher void in these regions 
(due to a stronger evaporation), which can be here considered as the main limiting factor to steam 
explosions. On the contrary, in distant regions with lower melt content and with lower or no void (the 
regions with lower void strongly depend on initial water subcooling), the solidification of melt drops 
acts as the decisive limitation factor to mixture explosivity. 
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The coolability of ex-vessel core debris is an important issue in the severe accident management 
strategy of e.g. the Nordic boiling water reactors. In a core melt accident, the molten core material is 
expected to discharge into the containment and form a porous debris bed on the pedestal floor of a 
flooded lower drywell. The debris bed generates decay heat which must be removed by boiling in 
order to stabilize the debris bed and prevent local dry-out and possible re-melting of the material. The 
STYX test facility which consists of a cylindrical bed of irregular alumina particles was used to 
investigate the effect of lateral coolant inflow on the dry-out heat flux of the particle bed. The lateral 
flow was achieved by downcomers attached on the sides of the test rig near the bottom of the bed. 
The downcomers provide coolant into the lower region of the bed by natural circulation. Both 
homogenous and stratified bed configurations were examined. It was observed that the dry-out heat 
flux is increased 22%-25% for the homogenous bed. For the stratified configuration with a fine particle 
layer on top of the bed, no significant increase in the dry-out heat flux was observed. The experiments 
were analyzed by using the MEWA 2D code. Models which include explicit consideration of gas-liquid 
friction were used in the calculations in order to realistically capture the lateral flow configuration. 
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Steam explosion experiments have indicated important differences in behaviour between simulant and 
prototypic melts. The steam explosion energy efficiency for oxidic corium melts is significantly lower 
than for simulant alumina melts. Differences in the material properties are probably the reason for the 
observed differences. The experimentally observed differences are importantly attributed to 
differences in the melt solidification, i.e. differences in crust formation during the premixing phase. The 
crust formation is believed to be one of the most decisive consequences of the material properties 
regarding the limitation of the strength of the steam explosion. Namely, the crust inhibits the fine 
fragmentation process and if the crust is thick enough it completely prevents it. Therefore, the crust 
formation during the premixing phase could explain the observed differences in the steam explosion 
efficiency between simulant alumina and corium melts. The melt droplet solidification modelling 
approaches in current FCI (fuel – coolant interaction) codes are based on rather basic models. Current 
FCI codes do not take crust formation into account in enough detail to be able to predict solidification 
effects on FCI and consequently to predict the observed differences in the steam explosion efficiency 
between different melt materials. In the MC3D code, which is a reference FCI computer code in the 
SERENA and SARNET programmes, the melt droplets solidification is modelled in the simplest 
possible way, i.e. by the comparison of the droplet’s bulk temperature with the melt solidification 
temperature. In reality the temperature profile inside a melt droplet is not flat and consequently a solid 
crust can form on the droplet’s surface much earlier than the droplet’s bulk temperature decreases 
below the melt solidification temperature. It is believed that an improvement in the accuracy of the melt 
droplet solidification modelling would enable to reduce the significant uncertainties in the prediction of 
pressure loads during a steam explosion in reactor conditions. Therefore, a reasonably complex melt 
droplets solidification model, considering the melt material properties, was developed. Appropriate 
fragmentation criteria were proposed to take into account the influence of the formed solid crust on the 
fragmentation during the premixing phase and on the fine fragmentation during the explosion phase. 
Adequate transport equations were derived for the most important model parameters in conservative 
form to enable the use of the developed model and criteria in FCI computer codes with an Eulerian 
description. The proposed solidification model and criteria were implemented into the comprehensive 
FCI Eulerian computer code MC3D, which is being developed by IRSN, France, and is used for 
nuclear reactor safety analyses. In the paper the first results of the simulations performed with the 
upgraded code MC3D with the implemented model and criteria will be presented and discussed. 
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In case of a severe accident in a nuclear power plant, the quantity of iodine that can be released into 
the environment is a major issue. The simulations performed with computer codes can not account 
totally for the behaviour of iodine observed in the PHEBUS-FP tests. One approach to improve the 
models aims to determine the molecular composition of the particles formed in the primary circuit. An 
experimental program on this subject is currently in progress at IRSN in collaboration with the 
CNRS/LASIR. In this work, we investigate the interactions between species that can directly affect 
iodine chemistry, especially Mo and Cs compounds in the primary circuit. The experimental line, 
named GAEC (Generation of AErosols in the primary Circuit), has been developed to produce 
aerosols representative of those which would be released into the primary circuit in case of a severe 
accident. Vaporised species in the I-Cs-Mo system are mixed with a carrier gas consisting of argon 
and steam at temperatures close to 1600°C in a high temperature furnace. Temperature quickly 
decreases to reach 150°C. At the end of the GAEC line, condensed species are collected on a quartz 
fiber filter with a poral grade of 1.6 µm and gases are trapped inside bubbling bottles containing an 
alkaline solution. Chemical species collected on the filter are analysed by complementary analytical 
techniques: microscopic and imaging Raman scattering for molecular analysis, Environmental 
Scanning Electron Microscopy (ESEM) and Scanning Electron Microscope coupled with a Wavelength 
Dispersive Spectrometer (SEM-WDS) for elemental analysis. Trapped species inside bottles are 
analysed by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS). This paper presents GAEC 
experimental results and compares them to predictive results obtained with SOPHAEROS code. This 
module of the integral code ASTEC predicts transport in the reactor coolant system of vapours and 
aerosols formed by condensation of materials released from the degraded core. SOPHAEROS 
calculates aerosol size distribution and chemical speciation of aerosol and vapour phases. The basis 
of the chemical modelling is calculation of thermodynamic chemical equilibrium.  Preliminary results 
obtained by simultaneous vaporisation of CsI and MoO3 show the formation of caesium molybdates 
CsxMoyOz unpredicted by SOPHAEROS calculation. 
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ASTEC and ICARE/CATHARE are computer codes allowing analysing severe accidents in LWRs. The 
ASTEC integral code, commonly developed by IRSN (France) and GRS (Germany), is intended for 
prediction of a whole severe accident sequence from the initiating event up to fission product release 
out of the containment. The ICARE/CATHARE code, developed by IRSN, is based on a coupling 
between the IRSN core degradation code ICARE2 and the best-estimate French thermalhydraulics 
code CATHARE2 (co-developed by CEA, AREVA-NP, EdF and IRSN). The ICARE/CATHARE V2 
code aims to analyse a severe accident since the beginning of the accident up to a possible corium 
transfer into the lower head and to reactor vessel failure. The code applicability to VVER is a clear 
common IRSN-GRS objective. The current work in collaboration between IRSN and RRC KI (Russia) 
aims at reaching this objective. Several actions supporting codes application to VVER have been 
initiated: Development and optimization of nodalization schemes for VVER reactors, safety systems 
and containment; Expansion and development of the code material database specific to VVER; 
Development and implementation into codes of the models specific to VVER safety systems; 
Validation of codes on experiments specific to VVER conditions. This paper is devoted to ASTEC and 
ICARE/CATHARE applications to simulation of a severe accident scenario on a VVER-1000. A Large 
Break LOCA (850 mm) sequence accompanied with the station blackout was selected for analysis. 
ICARE/CATHARE V2.2 successfully predicted main events of the accident: heat up of the core, core 
degradation, and melt relocation to the lower part of the core. A simulation of a whole accidental 
sequence was performed with ASTEC V1.3-rev3 code: core heat up, core elements melting, melt 
relocation, reactor vessel rupture, molten corium/concrete interaction, release and distribution of 
steam, H2, CO, CO2, fission products and aerosols in the containment. It must be pointed out that, as 
concerns the thermalhydraulics front-end phase and the in-vessel degradation phase, the ASTEC 
simulation exhibited consistent results with respect to the best-estimate ICARE/CATHARE ones. The 
next stages of the collaboration will consist in formulating the modelling specifications of VVER safety 
systems, and in parallel to work on validation and reactor applications of the next versions of ASTEC 
and ICARE/CATHARE codes. 



 
 

 
International conference Nuclear Energy for New Europe 2009: Book of Abstracts 53 

 
 410 

Parametric Analysis of Aerosol Mass Deposition in 
PHEBUS Containment under FPT-3 

Aurimas Kontautas, Egidijus Urbonavičius 
Lithuanian Energy Institute  
Laboratory of Nuclear Instalation Safety, Breslaujos G.3, LT - 44403 Kaunas, Lithuania 
aurkon@mail.lei.lt 

After severe accidents in nuclear reactors at Three Mile Island in 1979 and at Chernobyl in 1986, a 
worldwide effort has been undertaken to understand and to model severe accident phenomena in 
nuclear reactors in case of a hypothetical loss of core cooling. The most extensive international 
program, performed under French Institut de Protection et de Sûreté Nucléaire (IPSN), is PHEBUS 
Fission Product (FP) program. The PHEBUS FP program provides a unique opportunity for performing 
integral experiments, using real core materials and scaled, well instrumented models of the primary 
circuit and containment. PHEBUS FP program is not only experimental program, but also concerns 
and wide range of analitical researches. This paper deals with the analysis of processes in 
containment under PHEBUS FPT-3 conditions. COCOSYS code was used for the analysis of 
processes that occur in PHEBUS containment. Containment model of 19 nodes for analysis of FPT-3 
experiment, already, with good agreement, was used for FPT-1 calculation. Simulation of thermo 
hydraulic parameters (pressure, temperature, etc.) are in good agreement with measured 
experimental results, which provides a good basis for the analysis of aerosol particles transport and 
deposition. Parametric analyses were performed to investigate the influence of aerosol density and 
aerodynamic mass median diameter (AMMD) on the aerosol deposition rate and deposition 
distribution in PHEBUS containment. Performed analysis showed that aerosol density has only minor 
influence on the aerosol transport and distribution, and AMMD strongly influences deposition 
mechanisms in the containment and specially gravitational settling. 
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A steam explosion is a physical phenomenon in which the internal energy of a hot liquid is rapidly 
transferred to a colder and more volatile liquid, which as a result vaporizes at high pressure and 
expands against the inertial constraint of the surrounding structure as well as the mixture. It may occur 
during a severe nuclear reactor accident if the molten core comes into contact with the coolant water. 
A strong enough steam explosion in a nuclear power plant could jeopardize the containment integrity 
and so lead to a direct release of radioactive material to the environment. Steam explosion 
experiments have indicated important differences in behaviour between simulant and prototypic melts, 
i.e. the energy efficiency for prototypic corium melts is about one order of magnitude lower than for 
simulant alumina melts. These differences are mainly attributed to the differences in the crust growth 
on the melt droplets during the premixing phase. The formed solid crust inhibits the fine fragmentation 
process, which drives the steam explosion, and if the crust is thick enough it completely prevents it. 
The crust growth depends on a number of factors, e.g. droplets size, material properties, heat transfer 
conditions, melt temperature, etc. In this paper we will focus on the influence of the melt superheat on 
the crust growth. Superheat denotes how much the melt temperature is above its liquidus 
temperature. A melt droplet crust growth model, which treats the melt droplet as an opaque 
symmetrical sphere, was developed. The model assumes that the heat inside the droplet is transferred 
only by conduction and that the heat losses from the droplets surface are uniform. The heat flux from 
the droplets surface was determined as the sum of the film boiling heat flux and the radiation heat flux. 
The temperature profile inside the melt droplet was calculated numerically with the finite differences 
method. For a number of conditions, considering also different corium compositions, the lifetime of 
active melt droplets (i.e. droplets which are liquid enough that they can fine fragment during the 
explosion phase and so participate in the team explosion) was calculated as a function of melt 
superheat. Based on the results of the performed analysis and the review of past performed 
experiments, a high melt superheat steam explosion experiment was proposed, which would provide 
important missing experimental data for computer code validation, necessary for reliable extrapolation 
of experimental findings to reactor conditions. 
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In a nuclear power plant, a potential risk in some low probable situations of severe accident is an air 
ingress in the vessel. Air is a highly oxidizing atmosphere that can lead to an enhanced core oxidation 
and degradation affecting the release of FP, especially increasing that of ruthenium which is of 
particular importance because of its high radio-toxicity and of its ability to form highly volatile 
oxides.Oxygen affinity is decreasing between cladding in Zircaloy, fuel and ruthenium inclusions. It is 
consequently of great need to understand the phenomena governing cladding oxidation by air as a 
prerequisite for the source term issues. A review of existing data in the field of Zircaloy oxidation in air 
containing atmosphere shows that this phenomenon is relatively well understood. The cladding 
oxidation process can be divided in two kinetic regimes separated by a breakaway transition. Before 
transition, a protective dense zirconia scale grows following a solid state diffusion- limited regime for 
which experimental data are well fitted by a parabolic time dependence. For a given thickness which 
depends mainly on temperature and pre-oxidation in steam, the dense scale can potentially 
breakdown. In case of breakaway combined with oxygen starvation, cladding oxidation can then be 
much faster because of the combined action of oxygen and nitrogen through a complex self sustaining 
nitriding-oxidation process. A review of the pre-existing correlations used to simulate the zirconia scale 
growth under air atmosphere shows a high degree of variation from parabolic to accelerated time 
dependence. Variations also exist in the choice of the breakaway parameter. Multiple correlations and 
breakaway parameters found in the literature were implemented in the MAAP4 SA code. They were 
assessed thanks to the simulation of the QUENCH10 test which is a semi-integral test built to study 
fuel assembly exposure to steam and air. This paper deals with the main achievements obtained with 
MAAP when simulating the QUENCH10 test and with plans for future code improvement and 
validation. 
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Transport and deposition phenomena in the Primary Heat Transport (PHT) System strongly influence 
the source term formation during a severe accident (SA) evolution. In CANDU type reactor, due to the 
complexity of the circuit (horizontal fuel channels, outlet horizontal feeders, outlet vertical feeders, 
steam generators, etc.) an important part of the fission products (FPs) released masses are retained 
in the PHT, the system of feeders and horizontal channels acting as a filter for FPs. At the same time 
the complexity of the circuit introduces great difficulties in the modelling of the PHT. In our paper the 
model is performed by SOPHAEROS module (one part of ASTEC integral SA code). ASTEC is 
generally used for PWR reactors, but it was adapted for VVER and investigation for adaptation for 
CANDU, BWR and RBMK reactors were performed in the FP6- SARNET project. The severe accident 
was initiated by a loss of coolant event and loss of emergency cooling system, therefore the quantities 
of interest for our analysis consist of FPs transferred masses into the containment. At the same time 
the distribution of the depositions in different nodes of the PHT were studied. Each simplification 
introduced by the model’s assumption or by the user trough the input parameters (values of the 
parameters for initial and margin conditions, calculation options, geometry description, etc.) has a 
direct influence on the output results. An important effect is introduced by the geometry simplifications 
such as the reducing of the existing five classes of feeders to one diameter averaged. Also the feeders 
are different from the point of view of the horizontal and vertical lengths and this fact introduces 
influences in the deposition of FPs. Our study treats separately each dimensional class and develops 
an interpolation approach in order to estimate the real case of CANDU PHT. The influences in the 
Iodine, Caesium and Strontium masses, deposited in different nodes of PHT, and, also, in the 
transferred masses to the containment, are presented. 
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Passive autocatalytic hydrogen recombiners (PAR) are used in light water reactors for the conversion 
of incident based hydrogen to water vapour. The flameless recombination takes place on the surface 
of catalytic elements. The heat of the exothermal reaction has to be removed in an amount sufficient 
to keep the temperature of the catalytic elements below the ignition temperature of the hydrogen/air-
mixture under all conditions. Consequently, measures have to be taken for passive cooling of the 
catalytic elements. One possibility is the combination of a PAR with passive heat removal by means of 
Heat Pipes. A Heat Pipe is a heat transfer device that can transport large quantities of heat with a very 
small difference in temperature between the hotter and colder interfaces. The difference in enthalpy of 
two phases is used to put a coolant circuit into practice. It consists of an evacuated tube made of a 
material with high thermal conductivity, filled with a small amount of working fluid. Due to the pressure 
in the tube, which is near or below the vapour pressure, some of the fluid is in the liquid phase, some 
is in the gas phase. A wick structure, in which the liquid fluid is transported by means of capillary 
pressure, is mounted on the inner wall of the tube. Heat transfer is realised by evaporating liquid fluid 
out of the capillary structure into the tube. The heat is then transported as vapour to the cold end of 
the tube and the heat is released by condensation of the vapour to liquid into the capillary structure. 
The liquid is then transported through the capillary structure to the hot end of the Heat Pipe. The rate 
of the heat transfer depends on the condensation rate of the working fluid. The combination of a PAR 
with passive heat removal by means of Heat Pipes is studied with three different designs. For this 
purpose, experiments are performed in the REKO-1 facility. The paper gives an overview of the 
general approach and results achieved so far. 
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In the frame of the OECD/SETH-2 project, an experimental program is being carried out at PSI 
(PANDA facility) in Switzerland and CEA (MISTRA Facility) in France with the aim of generating high-
quality experimental data for the assessment and validation of Lumped Parameter (LP) and CFD 
codes for the analysis of phenomena relevant for LWR safety. In the PANDA part of the SETH-2 
project are performed seven different series of experiments (vertical jet or plume, horizontal jet, spray, 
containment cooler, recombiner, rupture disk, integral containment). This paper presents the results of 
the spray series. Sprays are important accident mitigation systems with the functions of preventing 
overpressure and enhancing gas mixing in the containment. The condensation induced by the spray 
could lead to an increase in hydrogen concentration in some region of the containment. In PANDA 
facility have been performed two spray tests. The PANDA facility compartment used for the tests 
consists of two large vessels (each having 4 m diameter and 8 m height) which are interconnected via 
a bended pipe having approximately 1 m diameter and 4 m length. The spray nozzle was installed in 
Vessel 1 at a specified distance from the top wall of the Vessel. During a spray test water was injected 
through the spray nozzle with a constant flow rate and a constant temperature (water temperature and 
flow rate were kept the same in both tests). The main objective of the PANDA spray tests is to create 
an experimental database addressing the effect of spray activation on the overall gas mixing and 
transport in the two interconnected vessels and the dynamical effect of the spray on breaking up of the 
helium stratification layer above and below the spray nozzle location. The experimental results are 
presented in this paper in term of gas concentration and fluid temperature variations over the test 
period. Moreover the variations of the containment pressure for the two PANDA tests are compared to 
evaluate the effects of water sprays on the mitigation of containment pressure for the case in which 
two non condensible gases i.e. air-helium are present (e.g. lower steam partial pressure and slower 
depressurization rate) and for the case in which only one non- condensible gas i.e. helium is present 
(e.g. higher steam partial pressure and faster depressurization rate). 
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The investigation of effectiveness of passive safety systems of recent Advanced Light Water Reactor 
(ALWR)s has gained an appreciable attention in the last decade. This was the main objective of 
international research project TEPS (Technology Enhancement of Passive Safety System) as well as 
OECD/NEA Committee on Safety of Nuclear Installations (CSNI) International Standard Problem 
(ISP)-42 test in PANDA (Passive Nachwärmeabfuhr und Druckabbau Test Anlage) facility. In the 
paper, the results of the analysis of OECD/CSNI ISP-42 Phase A experiment at PANDA facility using 
stand-alone codes RELAP5/mod3.3 and GOTHIC 7.2a code are presented. PANDA is a large-scale 
thermal-hydraulic test facility installed at PSI (Paul Scherrer Institute) in Switzerland. Its primary goal is 
the simulation of passive containment for ALWRs. The OECD/CSNI ISP-42 test was performed on 
April 21-22, 1998. The test consisted of six sequential phases (Phase A through F). The present work 
deals with the post-test calculation of the Phase A, including the break of the main steam line and the 
Passive Containment Cooling (PCC) System Start-Up. The objective of the analysis is to investigate 
the start-up phenomenology of passive cooling system when steam is injected into cold vessel filled 
with air. The event was initiated by turning on reactor power (1 MW). The steam produced in the core 
is led via main steam lines to the Dry Well (DW), 1 and 2, where it partially condenses on the cold DW 
walls. The steam/air mixture propagates further to Passive Containment Cooling (PCC) units and the 
PCC vent lines submerged in the Wet Well (WW) pool water. With the displacement of the air from the 
DWs and PCC tubes to the wet well, the effective condensation in the PCC tubes takes place and the 
condensate flows back to the Reactor Pressure Vessel (RPV). In the final stage of the test, the stable 
heat removal via PCC units was established and the pressure in the DWs and WWs stabilized. The 
calculation was performed as preparatory phase for application of coupled RELAP5 + GOTHIC code 
for analysis of the same experiment. The intention is to see if there are any benefits in usage of the 
codes more suited for the system and for the containment calculation together in the situation where 
that should be more important than in current reactor systems. The comparison between RELAP5 and 
GOTHIC analysis has shown a good qualitative agreement for all the phases of the simulation and has 
provided good basis for application of the coupled code and for making decision where the modeling 
boundary between two codes should be placed. 
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The aim of the international experimental programme Phebus Fission Product (FP) is to study the 
release, transport and behaviour of fission products and bundle, structure and control rod material, 
from the fuel of a light-water-reactor under severe accident conditions, in a scaled reactor circuit and 
containment building. The reduced volumetric scale factor of the Phebus facility (which is located in 
Cadarache, France), compared to a Pressurised Water Reactor 900 MW, is approximately 1/5000. 
The programme consists of integral in-pile tests, varying the type of fuel, the thermal-hydraulic 
conditions and the physico-chemical environment of the fuel, as well as the configuration of the 
experimental circuit components and the thermal-hydraulic conditions in the containment. The Phebus 
FPT2 test was carried out in order to study the release of fission products and their subsequent 
transport and deposition in the primary circuit and the containment of a pressurised water reactor 
under low- pressure oxidising or “steam-poor” conditions (in contrast, the earlier test FPT1 was carried 
out by ensuring “steam-rich” conditions). The FPT2 test was conducted using irradiated fuel. During 
the fuel bundle degradation, a significant amount of fission products and bundle, structure and control 
rod material were released. These releases were transported by steam flow, through the experimental 
line to the containment vessel, which is represented by a 10m3 cylinder. Hydrogen, which was 
generated during bundle degradation, was also conveyed to the vessel. In the proposed work, the 
simulation of containment phenomena during the first 24000s of the Phebus FPT2 test (that is, before 
the isolation of the containment vessel from the experimental line) with the CONTAIN code is 
presented. A one-cell input model of the Phebus containment vessel was developed. The following 
physical phenomena were taken into account: convective heat transfer between the vessel 
atmosphere and heat structures (walls and condensers), steam condensation on structures, aerosol 
agglomeration and deposition. The following calculated time-dependent parameters are compared to 
experimental values: pressure, atmosphere temperature, relative humidity, steam condensation rate, 
as well as aerosol airborne mass. 
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ASTEC and ICARE/CATHARE computer codes, developed by IRSN (France) (the former with GRS, 
Germany), are used in RRC KI (Russia) for the analyses of accident transients on VVER-type NPPs. 
The latter versions of the codes were continuously improved and validated to provide better 
understanding of the main processes during hypothetical severe accidents on VVERs. This paper 
describes modelling improvements for VVERs carried out recently in the above codes. These actions 
concern the important models of fuel rod cladding mechanical behaviour and oxidation in steam at 
high and very high temperatures. The existing models were improved basing on the experience in the 
field and latest literature data sources for Zr+1%Nb material used for manufacture of VVERs fuel rod 
claddings. The modification of the Zr oxidation model allowed establishing best-fitted correlations 
through a broad temperature range, along with recommendations on model application in clad 
geometry and starvation conditions. A model for the creep velocity was chosen for the clad 
mechanical model and some cladding burst criteria were established as a function of temperature. The 
verification of modelling improvements was carried out on several types of tests: •Separate Effect 
Tests, •Integral bundle tests: CORA-VVER, QUENCH, CODEX-CT, PARAMETER-SF (the latter 
performed in the frame of the International Science Technological Centre or ISTC), •Paks-2 cleaning 
tank incident (analysis done in the frame of the corresponding OECD/CSNI project). The comparison 
of updated code results with experimental data demonstrated very good numerical predictions, which 
increases the level of code applicability to VVER-type materials. All the simulations with the ASTEC 
and ICARE/CATHARE codes have been performed in the frame of the technical collaboration 
between RRC KI and IRSN and most of them should be regarded as a common contribution to the 
OECD/CSNI and ISTC projects. 
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A Simple Improvement of Plant Efficiency 
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Plant efficiency gets more and more important. Plant efficiency is influenced by the flow resistance of 
components like valves or by loss of energy due to leaking valves. Power uprate is a common method 
to gain more electricity out off an existing plant with a limited investment like turbine modification. The 
flow resistance is an important parameter when the power of the NPP shall be increased. Power 
increase is in most of the cases accompanied by an increased flow of water and steam. The loss of 
energy due to the flow resistance of components in the flow path will increase proportional with the 
square of the flow rate increase. Thus, just as an assumption, a 15% uprate will increase the loss 
because of flow resistance, for example thru isolation valves, by about 32%. The right decisions about 
components to be replaced and the right selection of new components does influence the plant 
efficiency significantly. Another source of energy losses are leaking components, for example leaking 
steam dump valves. These components shall get plant operators attention. Small investments to 
improve the situation will provide a quick pay back. On behalf of three examples the paper will show 
the difference between the alternatives including a calculation of gained / lost MW. The first example 
explains the influence of the location for valves in the flow path. The difference between using of globe 
valves versus angle type valves is shown. It will be demonstrated that it could be more efficient to use 
an angle type valve, placed in the pipe system instead of an elbow. The second example will 
demonstrate what the difference can be between using a Y-pattern globe valve versus a gate valve for 
isolation purposes. The third case will discuss the effect of energy losses due to leaking valves and 
the possible countermeasures to improve these situations. As a conclusion the paper will present 
some simple guidelines for an effective valve selection and improvement. 
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Alloy 600 RVHP nozzles & corresponding J-welds cracking and leaking phenomena on US NPP’s 
have been strictly regulated by NRC Order EA-03-009 since 2003. Some additional events on this 
component (Canopy Seal welds, Thermal sleeve, Control Rods Drive Mechanism…) in nuclear 
industry have raised concerns about the structural integrity of RVH and consequently increased extent 
of Non Destructive Examination employing new state-of-the art NDE and repair methods. This article 
presents examination of Reactor Pressure Vessel Head (RPVH) by various NDE methods. The scope 
of this examination includes Eddy Current examination of RPVH J-weld surface; ultrasound 
examination of penetration tube from inner side; removal of surface indications; confirmation of 
surface treatment, VT inspection of Thermal Sleeve to CRDM penetration adapter surface and CRDM 
Latching Tool Mechanism. This article present details of examination techniques with focus on eddy 
current examination as well as details on AST (Automatic Surface Treatment) end-effector developed 
for RPVH examination. 
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New Metodology For Determination Maximum Instalation 
Location Acceleration For Single Devices Built In Cabinets 

For Load Cases Which Cause Iinduced Vibrations 
Karla Liebig, Eberhard Ellinghaus 
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karla-davina.liebig@areva.com 

For single devices in safety related systems that requires to remain functional during or/and after 
induced vibration loadings, such as earthquakes, explosion pressure waves and airplane crash; it is 
common to demonstrate the operability using a vibration test. There are two different methods 
available to attain this goal:  
-Experimental Method The cabinet with the built-in single devices is qualified as a whole by a vibration 
test. This is a common methodology applied worldwide. -Combined method The mechanical behavior 
of the support structure (cabinet) is analyzed using a FEM model and subsequently the maximum 
installation location acceleration for the single devices is determined. With this method, each single 
device of the cabinet is qualified by a separate vibration test with the calculated excitation. However, 
there is a major short coming for the experimental method. The qualification process of single devices 
requires considerable time and is usually very costly. Any slight alteration to an already qualified 
cabinet would invalid the qualification process and the operability proof because the experiment is no 
longer the true functional and physical representation of cabinets and built-in devices under the 
required induced vibration loads. To overcome the disadvantage mentioned previously, one alternative 
is to perform a dynamic analysis (i.e. FEM calculation) for the tested supporting structure to 
determinate the maximum installation location acceleration (MILA) for one type of single devices. A 
second alternative is to obtain the required data for determining the maximum in-cabinet acceleration 
of the installation location using the transfer function recorded during the resonance search of the 
already experimentally tested cabinet.  A new method has been developed by AREVA NP GmbH to 
improve the process of determining the maximum acceleration that occurs at the installation location 
of the single device during induced vibration load cases. This new method is based on the 
experimentally obtained natural frequencies. This paper will demonstrate this new method through an 
example. Furthermore, the calculation of the MILA will be verified by comparing the result to the 
experimentally recorded data. The advantage of this process is that the calculation for MILA only 
requires the pre-existing obtained information and no additional complicated and costly Finite-Element 
analysis is necessary. 
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Within the frame of the first NPP Krško Periodic Safety Review (PSR), a comprehensive and 
documented review has been performed of the plant operational and design status. Review confirmed, 
Ref. [2.], that the plant was as safe as originally intended and didn’t found any structures, systems, 
components, human activities or administrative processes that could limit the life of the plant in the 
foreseeable future. This review had not revealed any major safety issue. As a result, it was found that 
Krško NPP could safely operate, as a minimum up to the completion of the next Periodic Safety 
Review. The purpose of the present paper will be to discuss a developed program, Ref. [1.], for the 
second NPP Krško Periodic Safety Review. The program considers three major inputs which 
represent a referential ground for the second Krško PSR. They are:  
1. The program, experience and results from the first NPP Krško PSR,  
2. The development of national legislation and requirements relevant for the PSR, which took place in 
the meantime,  
3. Changes in the international perception of the PSR resulting in changes in the relevant international 
guiding documents reflecting on PSR.  
The paper will discuss all relevant elements of the second Periodic Safety Review that need to be 
agreed and confirmed by the Regulator (SNSA) in accordance with Ref. [5.] before commencing the 
review. It discusses the definition of objectives and scope of the review, selection of methods and 
assessment criteria as well as managerial and procedural / quality assurance arrangements related to 
PSR. Program also provides a basic guidance to the PSR team regarding methodological approaches 
to be used in the assessment. 
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A steam generator, a component which in case of defects may cause leakage of radioactive material 
into the environment, is one of the most important components of nuclear power plants. Therefore, it is 
required to monitor its condition from cycle to cycle, documenting the type, size, orientation, location, 
growth of flaws as well as indicate tubes not meeting performance criteria. These tubes must not 
remain in service as they may impair structural stability during normal and accidental conditions in the 
following cycle. Indicated tubes shall be eliminated from the service by applying corrective action-
plugging. Structural integrity assessment is performed during reactor refuelling outage. Acquired data 
on steam generator condition through inspection applying NDE, is the basis for the structural integrity 
assessment. We may observe the structural integrity assessment as the period before and after the 
outage: before-condition monitoring, backward looking, and after-operational assessment, forward 
looking. Condition monitoring implies the end of the previous cycle. The inspection results are 
compared against defined performance criteria and they also provide an analysis of previous 
operational assessment predictions. On the other hand, operational assessment predicts component 
condition at the end of the following cycle. Forced shutdowns caused by structural integrity impairment 
and leakage must be avoided during the following cycle. The article will focus on NDE system 
performance related to inspection of VVER steam generators. Degradation detection as well as 
degradation sizing aspects of performance will be considered; detection quantified by probability of 
detection and degradation sizing quantified by measurement uncertainty. Probability of detection and 
NDE measurement uncertainty are one of key elements of steam generator structural integrity 
assessment. 
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This article presents system for Eddy Current Inspection of VVER-440/1000 Steam Generator’s 
Tubes. Scope of this presentation includes following: IMEC system overview with manipulator and its 
control system, video system, audio system, Eddy Current instrument, Automatic acquisition, Eddy 
Current Tubes examination as well as collector material. Examination will be preformed applying 
bobbin probe, rotation probe and X probe. Presentation contains details of examination Eddy Current 
techniques, manipulator and pusher module details as well as integration of module for ultrasonic 
examination of Steam Generator Collector. 
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Dražen Krajina 
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Ovation Network is designed to support diverse network protocols. Initially, the architecture was based 
on FDDI/CDDI, later lead to the migration to Fast Ethernet (Ovation 1.4). Currently, the technology 
continues to be based on Fast Ethernet with updated network components. Ovation Networking is a 
real-time data broadcast that receives dynamic data and stores the updated data in a local memory 
unit. This data can be acquired using different types of Smart Instrumentation Technology such as 
Foundation Fieldbus, Profibus, DeviceNet. These Bus technologies connect to the Ovation control 
system, each having the ability to streamline the wiring by utilizing a single, twisted pair segment. Bus 
technology offers significant improvements over traditional analog technology by delivering fast, 
intelligent, streamlined data flow throughout power plants. Bus technology enables the connection of 
multiple field instruments to a single cable or network, creating a digital, bi-directional, multi-drop 
communication system that enables real-time distributed control of your plant. In addition, bus 
technology also provides true device interoperability, enhanced field-level control, and reduced 
installation cost. 
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In the mid-90's Nuclear power plant Krško (NEK) has initiated activities to address NRC concerns 
regarding potential failures of motor operated valves (MOV) that could cause them to fail to perform 
their safety function intended by the plant’s design. These concerns were addressed in IE Bulletin 85-
03, General Letters 89-10, including subsequently issued supplements, GL 95-07 and GL 96-05. At 
the time, NEK has decided to establish a dedicated plant program (MOV program) that will organise all 
necessary engineering and testing activities which will ensure safe and reliable operation of the NEK’s 
safety related MOVs (important for safe shut down of the plant in case of the postulated plant 
accidents). NEK MOV program documents were initially developed based on the VECTRA 
Technologies methodology for prediction of MOV behaviour, but later on, as a result of use of the 
CRANE MOVATS testing equipment, their testing support and based on their well known and by the 
industry accepted testing approach, initially developed testing program documents (thrust/torque 
calculation procedure) were accordingly revised. In cooperation with NUTEC (now ENCONET d.o.o.), 
a software tool was developed, one which enables storage of all data relevant for the program and 
calculations of the valve operating margins. This tool is the NEK MOV Database and includes all 
important valve data needed for calculation of both targets and thresholds as a prerequisite for field 
testing, and testing data needed for evaluation of the valve status after the test has been performed. 
Both Test Setup Window calculations and Post-Test Engineering evaluations are achieved using 
software's in-built mathematical alghorythms. Out of the whole NEK MOVs population, only safety 
related MOVs were screened out and included in the program. Currently, 124 valves are included in 
NEK MOV program, 120 of which have been comprehensively analysed and documented through the 
NEK MOV Database. MOV program has been established in 1999, and divided into three phases:  
Phase1: Design Basis Review (finished)  
Phase2: Static test of all MOVs included in the program (finished as of 2009.)  
Phase3: Periodic Verification, Dynamic Tests, Trending&Maintenance (in progress)  
This paper presents experience gained during first 10 years of the MOV program, its results, lessons 
learned and expected developments. 
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One of technical-organizational measures directed to reduction of preventive maintenance (PM) of the 
power unit is improvement of planning and realization of repairs of primary and support equipment at 
NPPs. To improve planning and realization of maintenance of primary and support equipment at NPP 
(directed to reduction of PM time without decreasing NPP safety level) it is need to use the so-called 
transfer to scheduled safety and reliability centred maintenance (SRCM) of the equipment and 
systems. SRCM intends (deviating from design requirements) to reduce periodicity and scope of repair 
and maintenance works when the equipment characteristics meet the established criteria of operability 
and reliability. Such approach is in common practice all over the world, but in Ukraine it actually is at a 
stage of substantiation for operational and regulating activity. The paper represents the basic 
components of conception of transfer to SRCM, the necessary measures to estimate technical 
condition, the recommendations to choose behaviour defining of technical condition (BDTC), the 
methods and criteria to estimate effect of the equipment and systems on safety and efficiency of NPP 
operation. For planning PM of the equipment use the gamma-percent failure time of the equipment. 
The paper represents a substantiation of significance levels of the equipment (high, average, low) 
depending on its influence on safety and efficiency of NPP operation. The paper represents the 
substantiation of gamma- percent value for gamma-percent failure time of the equipment (if 
significance level higher that gamma-percent higher too). The paper represents forecasting methods 
of BDTC behaviour, which acceptable for the NPP equipment. 

 
 510 

Eddy Current Testing With X-Probe Sizing Capability of 
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Eddy current inspections of steam generator tubes in nuclear power plants with pressurized water 
reactors make a significant progress during regular refueling outages. During a routine eddy current 
inspection in a German nuclear plant a new flaw phenomenon was discovered in the Incoloy 800 
tubes Afterwards, a program to determine the cause of the flaw mechanism and its detectability was 
initiated. In order to recognize this new flaw type early / in good time the inspection technique has 
been improved by using the X-Probe in place of the standard bobbin probe since spring 2005. This 
probe combines high speed and high sensitivity. That means with this type of inspection probe 
indication with small volume it is rather easy to detect. The only disadvantage of the X-Probe is the 
estimation of the flaw depth. For the first and the following inspection no tool for the depth estimation 
with the X-Probe was available. After tube pulling in 2006 / 2007 a metallography on samples was 
carried out and the destructive testing shows the real depth of the new indications. With these values 
and the results of the prior performed X-Probe results in addition to laboratory tests a realistic analysis 
curve was established. With this new tool especially the wall thickness reduction of of small volume 
axial indications is determinable now, in particular if the indications of standard inspection with the 
bobbin probe show a small signal to noise ratio or the signal can not evaluated due to the influence of 
disturbing signals. The first practical trials on site show reasonable results of the new analysis 
technique for the X-Probe regarding the determination of wall thickness reduction and will be used in 
the future. 
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The objective of the paper is basic safety and technical modernization program and enhancement of 
WWER 440/V213 safety of Mochovce NPP reactor units 3 and 4 in Slovakia to improve their future:  
Safe operation,  Reliable operation,  Economical operation. Final objective of the modernization 
program was to comply recent requirements on the unit’s safety:  by improving of nuclear safety as a 
minimum to the level given by the requirements of ÚJD SR (Regulatory Body of Slovak Republic) and 
by the IAEA recommendations valid generally for NPPs, specifically for VVER 440 / V213, and 
complying as close as possible requirements of EUR and WENRA,  by attaining of the confinement 
tightness by means reducing leakage to minimum level,  by achieving of probabilistic targets to EUR 
level,  by creating conditions for prolonging the lifetime,  by creating conditions for power margin 
increasing,  by creating conditions for power follow up modes within the range of primary and 
secondary load follow mode. It was decided to base definition and assurance of operational and 
nuclear safety according to European standards of Mochovce WWER 440/V213 reactor units 3 and 4 
based on the documents in the following order: a) Safety issues and their ranking for NPPs with VVER 
440/213 reactors, IAEA, WWER-SC-108, April 7-th, 1995 b) Mission for safety improvements checking 
on Mochovce NPP, IAEA, WWER-SC-102, September 8-th, 1994 c) Safety improvements evaluation 
for Mochovce NPP, Riskaudit report No. 16, IPSN/GRS, December 20- th, 1994. The document 
"Safety issues and their ranking for NPPs with VVER 440/213 reactors“, WWER-SC-108, published on 
7. 4. 1995 presenting • consolidated list of general safety issues according to their safety importance, • 
measures for safety improvements. was used as reference document to facilitate elaboration of 
programs of safety improvements specifically for the given plant as well as basis for evaluation of their 
implementation. Mochovce WWER 440/V213 reactor units 3 and 4 are underwent intense 
modernization and consequent detailed assessments of nuclear and operational safety within the 
framework of deterministic and probabilistic approaches with results documenting high international 
standard of their realization from the both quoted points of view - nuclear and operational safety and 
reliability assessments. The paper demonstrates safety improvements as well via PSA study was 
developed to prove that safety level of Mochovce WWER 440/V213 reactor units 3 and 4 with the 
proposed safety measures and technical improvements is at least at the same level in comparison 
with internationally reached levels, and that the probabilistic criteria recommended by UJD SR, EUR 
and WENRA are met. Finally, the paper presents comparison of results obtained from level 1 PSA 
studies of WWER 440/V213 reactor units in Slovakia after implementation of safety measures and 
technical improvements with level 1 PSA study results of Borssele NPP (Holland) equipped by 
pressure water reactor after its safety improvement. 
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The paper deals with NPP Krško water requirements for condenser cooling purposes. The NPP Krško 
power operation depends on fresh water resources which are crucial for end net power. For NPP 
Krško it is optimal when Sava river flow rate is at least 105 m3/s, due to water permission, and CW 
system flow rate is slightly more than 25 m3/s for the lowest possible condenser pressure. First 
condition depends on nature of Sava river flow which is increasingly under human control, due to 
cascade of hydro plant accumulations. The second condition depends on biological and mechanical 
dirtiness but a proper maintenance can reduce this loss.After summer 2003 NEK hasn’t experienced a 
serious low Sava river flow and in the mean time NEK Cooling Tower capacity has been extended for 
about 50 %. Anyway cooling towers operation is expensive due to used MWs and lost MWs. Aim of 
this paper is a feasibility study to show how to use hydro plants water accumulations upstream from 
NPP Krško to postpone the cooling towers operation and maximize the common net power production 
during drought summer periods. 
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This presentation will discuss replacement of the DEH Mod II Turbine Control system with the new 
Ovation based DCS (Distributed Control System) platform for the secondary plant systems in the 
Nuclear Power Plant Krško (NEK). In May 2007, NPP NEK signed the turn-key contract with 
Westinghouse Electric Company for the project of replacement of the Turbine Control System (TCS), 
Turbine Emergency Trip System (ETS), Moisture Separator Reheater (MSR) control and some other 
control and monitoring functions. In addition to the control and monitoring functionality that have been 
replaced or added as new ones, the new system has brought significant changes to the Main Control 
Room (MCR) and Main Control Board (MCB) computerized Human Machine Interface 
(HMI).Presentation will discuss complete cycle of the project development and implementation, from 
the architect engineering design development, software development, licensing issues, system 
integration and Factory Acceptance Testing (FAT), to the system delivery, installation at NEK site, Site 
Acceptance Testing and project closure activities.The new system that was named PDEH 
(Programmable DEH) was installed on two Krško Full Scope Simulator (KFSS) simulator platforms 
(Background and Foreground simulators) in October-November 2008, while plant PDEH system was 
installed during the outage in April 2009. Preparation, planning and implementation of this complex 
project presented many challenges which will be discussed including the customer anticipation of 
project goals, makeup of the project team, participant responsibilities, development of the design 
modification package and other project documents, approach to testing and V&V in general, project 
schedule and electromechanical field modifications. The project successes, difficulties and lessons 
learned will also be presented. 
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If a large fraction of the power generated in a network is nuclear, nuclear plants in that network may 
be required to follow system load and, under some circumstances, to control system frequency. This 
condition has already been reached abroad, most notably in Franceand, to a lesser extent, in Taiwan, 
and Japan. This condition may also apply in countries just developing nuclear power generation. The 
possibility of some form of carbon tax, along with the simplification of the licensing process, has raised 
the possibility that, in the cominggeneration, a significant fraction of the electrical energy generated in 
the US will be from nuclear power plants. These plants too may be subjected to load following and 
frequency control requirements. The capability of nuclear plants to follow load requires that the nuclear 
fuel be capable of sustaining relatively rapid power density changes, and that the plant power be 
effectively controlled. An additional factor arises with respect to the effectiveness of control. An 
amendment to Appendix K of Title 10, Part 50 of the code of (US) Federal Regulations1 allows 
licensees to operate at power levels within as little as 0.3% of the power level at which plant safety 
has been analyzed, on the basis of reduced uncertainty in the instrumentation used for the 
determination of plant thermal power. These so-called Measurement Uncertainty Recapture (MUR) 
uprates are also being applied to the new plant designs currently slated for construction. This paper 
explores the special instrumentation and control issues that arise from the small numerical margin 
between the licensed power and the power of the safety case in such plants, as well as the regulatory 
and safety constraints imposed on them. 
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The flaw tolerance concept has served as a powerful tool for the application of fracture mechanics to 
nuclear power plant components. In Pressurized Water Reactor (PWR) nuclear power plants, nickel-
based alloys and the associated welds are susceptible to Primary Water Stress Corrosion Cracking. 
For example, the reactor vessel closure head penetration nozzles used for the control rod drive 
mechanisms and other instrumentation systems are made of such nickel-based alloys. Cracking and 
leakage have been observed in the head penetration nozzles in nuclear power plants worldwide. The 
flaw tolerance concept has been applied in the disposition of detected indications to minimize outage 
delays, by performing upfront fracture mechanics evaluations for the common types of indications 
detected in the susceptible areas.In another application, where full examination of these nickel-based 
alloy components and weldments cannot be easily achieved due to physical obstruction or component 
specific geometry, flaw tolerance evaluations were performed to support alternate examination volume 
and or inspection interval. A discussion including some of the inspection issues encountered by the 
nuclear power plants and the use of flaw tolerance concept to support alternative examination volume 
and or inspection interval will be provided in this paper.Flaw tolerance concept was also applied to 
support plant license renewal requests wherein Environmentally Assisted Fatigue (EAF) evaluations of 
fatigue sensitive components are required. Specifically, if the projected cumulative usage factor at the 
fatigue sensitive critical location exceeds 1.0, fatigue flaw tolerance evaluation was performed to 
demonstrate fitness for service. This approach enables the implementation of an inspection strategy 
such that successive inspection intervals of the components of interest are adequate for detecting a 
fatigue crack before it grows to an unacceptable flaw size. The use of such a flaw tolerance concept 
application is also discussed in this paper. 
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The safety of industrial installation and of nuclear power plant (NPP) is strictly related to the possible 
external events, both natural and human-induced, that might occur and influence the plant safety and 
security. In general NPPs must be constructed and operated in order to protect individuals, society 
and the environment against an uncontrolled release of radioactivity also in the event of a jet aircraft 
crash which has become very significant after the September 11, 2001 event.This paper deals with a 
preliminary evaluation of dynamic loads that may arise from the aircraft impact into nuclear outer 
containment. In fact a suitable safety design of the outer containment (according to the international 
safety and design code guidelines, as NRC or IAEA ones), even if designed to meet other design goal, 
may represent a “built-in protection” to avoid or mitigate the effects of an aircraft impact. With the 
reference to the above mentioned accident for a given aircraft mass, the impact speed is often used to 
represent directly the energy transmitted to the outer walls containment model. To determine 
numerically the structural effects of the propagation of dynamic as well as other types of impulsive 
loads (response of containment structure) due to large size of civilian jets or military aircrafts impact, 
up to the relevant nuclear components, a suitable and rather sophisticate methodology adopting finite 
element (FEM) approach is necessary. In the report a preliminary analysis using a simple geometry 
and homogenous material for both missile and target were used to check the capability of the 
available codes to represent the relevant impact phenomenon in comparison with available literature 
data. Afterwards representative (as accurately as possible) three-dimensional FEM models of 
mentioned NPP containment and aircraft structures were set up and used in the performed following 
part of analyses taking also into account the suitable materials behaviour and their related constitutive 
laws. Moreover the structure capability to bear high level of dynamic loads and their performances 
were evaluated even if by means of the obtained preliminary results.A sensitivity analysis was carried 
out taking into account different containment wall thickness and reinforced/prestressed concrete 
characteristics. The obtained results were analysed to check the considered NPP containment 
strength reserve in the case of the considered event generated by the mentioned aircraft impact.The 
preliminary obtained results seem to confirm the availability of suitable code and models to simulate 
the considered rather complex impact event. 
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Overall purpose of such a project is to modernize the power station in a cost effective way with the 
result that the following overall requirements are attained.The prime target is to fulfill the requirements 
imposed by the local regulations from the regulatory offices. The controlling, monitoring and power 
supply of safety functions has to comply with these regulations. Any deviations from the existing SAR 
are rectified. In addition to the safety measures the general technical status should be improved to 
extend the lifetime to 60 years. During the modernization a high availability has to be assured.Scope 
of detailsAREVA NP is capable of dealing with such projects holistically. This also refers to 
installations of other suppliers. Currently such a project is in progress for a PWR in Sweden. In most 
cases, apart from taking newer technical installations into consideration, in particular additions and 
stricter diversions in the RPS (4 divisions) and swapping from an analog to a digital RPS have to be 
done. Here is where the control systems TXS and TXP are employed. Furthermore usually the power 
outage of the emergency power diesel generators has to be adjusted. In the majority of cases a swap 
or an upgrade of the diesels is required, frequently connected with the construction of diesel buildings. 
Goal is the protection of the primary system integrity.Besides the desire for more power and lifetime, 
the upgrade/modification of the plants particularly depends on the momentarily installed facilities, 
especially the safety systems and their power reserves. Possible upgrades in this context are:for 
facilities with 2 DGs usually an upgrade to 4 DGs is donea new control room (MCR, ECR, simulator) a 
new class 1E switchgear (UPS; sub A – D)a partly new instrumentation the adjustment of the safety 
relief system to the uprated powerthe replacement of the RPV steam exchangerthe modification of the 
scram system and the Boron Injection Systemsteam turbines and the electric generatordocumentation 
of all changes and operating proceduresand possibly a lot of other necessary equipment. 
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An aging management program is systematically implemented under provisions of the Slovak 
Electricity Company environment since 1996, when the Safety Analysis Report after 10 years of Unit 3 
& 4 operation had been submitted to the Slovak National Regulatory Authority. By then, the effects of 
known degradation mechanisms, of which various equipment and components were assessed through 
the use of existing particular programs; e.g. RPV’s irradiation embrittlement by a standard design-built 
surveillance specimen program and neutron dosimetry calculations, then the low-cycle fatigue of the 
main primary components/pipelines hot spots applying computational analyses as well as the 
evaluation of an erosion-corrosion effect on wall thinning of critical secondary piping components. As 
the world‘s trends and progress still have continued further towards the use of more sophisticated 
software, hardware, diagnostics, analyses, procedures and computing, given methodologies have 
been modernized and the idea of operational loads on evaluated systems, structures and components 
has been several times revised. After issuing of country‘s nuclear authority safety guide BNS 
I.9.2/2001 “Aging management of nuclear power plants. Requirements.” in 2001, a project called 
“Aging management and lifetime optimization of nuclear power plants with WWER 440 units” had 
been introduced, in collaboration with the nuclear power plants research institute (VUJE) it has been 
developed within the period of 2002-2005. Corrosion stability monitoring of safety related components 
is an important task for the safety operation and lifetime extension of NPPs. From the operational 
experience and from the demands of the nuclear regulatory authority follows requirements for 
corrosion behavior monitoring of main structural materials. As the respond to this requirement, several 
technical solutions have been prepared for the long-term monitoring of NPP materials. Concurrently 
corrosion monitoring has been covered by the safety guide BNS II.3.4/2006 “Corrosion monitoring of 
safety significant components of nuclear facilities”. The most important degradation mechanisms as 
RPV`s materials irradiation embrittlement, corrosion monitoring of safety related NPP components and 
thermal aging are the topics of this paper. 
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Steam generators are crucial components of pressurized water reactors. The failure of the steam 
generator as a result of tube degradation by corrosion has been a major cause of Pressurized Heavy 
Water Reactor (PHWR) plant unavailability. Steam generator problems have caused major economic 
losses in terms of lost electricity production through forced unit outages and, in cases of extreme 
damage, as additional direct cost for large-scale repair or replacement of steam generators. The 
excellent performance to date of CANDU steam generators can be attributed, in part, to their design 
and performance characteristics, which typically involve higher recirculation ratios and lower heat 
fluxes and temperatures. However the CANDU steam generator tubes are susceptible to failure by a 
variety of mechanisms, the vast majority of which are related on corrosion. The generalized corrosion 
is an undesirable process because it is accompanied of the deposition of the corrosion products which 
affect the steam generator performances. It is very important to understand the generalized corrosion 
mechanism in the purpose to evaluate the quantities of corrosion products which exist in the steam 
generator after a determined period of operation.The purpose of the experimental research consists in 
the assessment of corrosion behavior of the tubes material (Incoloy-800) at normal secondary circuit 
parameters (temperature-2600C, pressure-5.1MPa). The testing environment was the demineralized 
water without impurities, at different pH values regulated with morpholine and ciclohexilamine (all 
volatile treatment – AVT). The results are presented like micrographies and graphics representing loss 
of metal by corrosion, corrosion rate, the total corrosion products, the adherent corrosion product, the 
released corrosion products and the release of the metal. 
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The steam generator tubing condition may change during the nuclear power plant operation. It is 
necessary to monitor its condition from cycle to cycle by performing in-service inspection according to 
appropriate regulations and standards. The steam generator structural integrity shall be retained 
during the next cycle and the tube burst shall be prevented. If the degraded tube cannot retain the 
integrity during the next cycle, the tube shall be excluded from the operation or the interval shall be 
modified. Defining the moment when each degraded tube shall be put out of service presents a 
complex task, bearing in mind that each plugged tube decreases the plant’s power as well as the cost-
effectiveness indicators. Therefore, the performance of the structural integrity assessment is 
necessary.According to the Structural Integrity Performance Criterion (NUREG-1022, Rev.2 ) tubes 
shall retain the structural integrity over the full range of normal operating conditions and design basis 
accidents. The structural integrity assessment consists of three elements: degradation assessment, 
condition monitoring and operational assessment. Degradation assessment is the planning process 
that identifies and documents the information about the present degradation mechanisms. Its purpose 
is to prepare for an upcoming outage, to ensure the appropriate inspection scope and technique in 
order to obtain necessary information.Condition monitoring is the assessment of the current state of 
steam generator tubing. It is performed at the end of the steam generator inspection. It requires that 
the detected flaws do not exceed the condition monitoring limit for each degradation mechanism. 
Condition monitoring results are to be evaluated with respect to the previous operational assessment. 
Operational assessment is a forward looking prediction of the steam generator condition at the next 
inspection. The determination of the operational assessment limit considers factors such as probability 
of detection, measurement uncertainty and growth rate. The purpose of the article is to describe the 
process of steam generator integrity assessment with its key element. Successful implementation of 
the integrity assessment will help ensure that the steam generator will be maintained for each 
degradation form over normal operating condition as well accidental conditions occurring in the 
following cycle. 
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In regular operations of nuclear power plant, the pressurizer has main role to ensure steam pressure 
and dumping of pressure caused by water level changes in primary coolant system. The most loaded 
is lower spherical section of pressurizer. This part was made from two materials clad and substrate. 
Lower spherical section and nozzle for pipeline are connected by welded joint. It has been found that 
locally near the weld joint is the highest stress caused by internal pressure and thermodynamic load. 
Paper presents the structure integrity assessment of pressurizer bottom part considering interaction of 
all three material properties. The structure integrity is performed for pressurizer with assumed semi-
elliptical surface crack. The obtained results of numerical analysis show that maximum internal 
pressure can not cause the unstable fracture. However, in the case of further crack propagation the 
leak-before-break (LBB) fracture behavior appear before failure of the component. 
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The materials used for the SO3 decomposer in Iodine-Sulfur (IS) cycle for NuclearHydrogen 
Production System require excellent mechanical properties as well as a high corrosion resistance in 
SO2/SO3 environment at an elevated temperature up to 900 oC. So far, no metallic materials have 
been suggested to be useful in such an environment. Ni-Cr-Fe superalloy such as Hastelloy X, is a 
promising candidate in various structural applications for high temperature and corrosive 
environments. However it is also prone to degradation in iodine-sulphur cycle for nuclear hydrogen 
generation systems. In this wok, surface modification of Hastelloy X by a SiC coating with intermediate 
Maxthal film by electron beam evaporative deposition has been studied in combination with an ion 
beam mixing (IBM) and an ion beam hammering (IBH). Corrosion and annealing evaluations of 
electron beam evaporated and ion beam modified SiC films on Hastelloy X coupons with intermediate 
Maxthal 211 (T2AlC) films have been performed. Effects of post-deposition ion beam hammering IBH 
and post-deposition annealing have been reported in addition to the stability of the ceramic multilayers 
in boiling aqueous H2SO4 solution before and after the annealing treatments.Corrosion rates of ion 
beam processed and merely coated coupons and the coupons that are later annealed were measured 
by using the weight change after several hours’ immersion in boiling aqueous H2SO4. The simply 
deposited ceramic films on the Hastelloy X substrate were found to corrode or peel-off as a result of 
long-term immersion in boiling acidic solution and annealing treatments. The processed coupons have 
subsequently been examined for surface morphology and chemical changes at the interface by using 
the SEM, EDS, XTEM and XPS. The potential of ion beam modification technique is shown in terms of 
increase in corrosion resistance and adhesion of ceramics films on Hastelloy X substrate in annealing 
and in boiling acid environments. Annealing and corrosion behaviours are discussed in terms of 
enhancement of adhesion, passivation of surface layers, weight changes, surface morphologies and 
elemental make-up of the surface / interface, and the interdiffusion of the elemental species across the 
interface. 
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Recently, the long-term operation of a nuclear power plants beyond theirs licensed term has become a 
worldwide trend, as long as the safety of the plant is maintained in the extended operation period. The 
NEK, the Slovenian Westinghouse 2-loop PWR design plant, is the similar example of this type of 
operator intent, for the pro-longed operation beyond the current licensed operating lifetime. The 
comprehensive technical evaluation of the current operating experince and practice of the plant was 
completed, to confirm the overall safety of the plant. The technical evaluation included an Aging 
Management Review (AMR) of the plant programs and procedures, Time Limited Aging Analyses 
(TLAA), and a review of the plant processes that have to incorporate the activities that will ensure the 
aging process in managed in the proper way, and the plant could operate for an additional 20 years 
beyond its original operational design life, as long as safety and reliability of the plant is maintained in 
its extended operation period. The paper will present the results of the NEK technical evaluation of 
time-limited aging analysis (TLAA), that are required by U.S. NRC regulation 10CFR54.21(c) as a part 
of the Licensee Renewal Application for the pro-longed/extended plant operation. By this requirement,  
the licensee/operator is to submit a time-limited aging analysis (TLAA) report of critical components 
related to safety, for the continued operation of a plant. The TLAA can be defined as calculations, 
and/or as analyses done with time-limited assumptions defined by the intended operating lifetime 
extension, for example 20 years in the case of NEK, to confirm the safety of the systems, structures 
and components (SSCs) within the scope of continued plant lifetime of operation. The confirmation for 
the intended plant lifetime extension can be achieved by showing that TLAA remains valid during the 
continued operation period, or that the integrity of the SSCs are maintained through an analysis at the 
end of the extended period, or that aging effects on the inherent functions of SSC will be properly 
managed. 
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NPP Krško is originally designed to operate 40 years, until 2023. Based on nuclear industry practices, 
good plant conditions and energy consumption demands, several plants around the World decided to 
extend their lifetime for 20 or even 40 years. The most developed processes for lifetime extension or 
license renewal applications are present in US regulated NPP’s, applying 10CFR54 rule.NPP Krško 
decided to use similar approach during development of Aging Management Program (AMP), which 
represents the major part of license renewal application within NRC licensing process. NEK AMP was 
finalized in 2008, Time Limited Aging Analyses (TLAA) were verified and some will be repeated for the 
extended lifetime. Changes in plant processes and programs were identified and will be implemented. 
Licensing documents changes were proposed as a basis for design lifetime extension for 20 
years.Based on AMP program findings, actions to be implemented and good plant condition, NEK is 
ready for plant lifetime extension. 
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Stratified flows that form in pipelines under certain conditions may lead to increased fatigue loading 
that was typically only implicitly accounted for during the design phase of the second generation of 
nuclear power plants. Extension of operational license would typically require explicit account for 
fatigue loads imposed by stratified flows. This further requires rather complex state-of-the-art 
computational technology combined with measurements of the temperatures at the outside surfaces of 
pipes, which comprise pressure boundary of the reactor coolant.A parametric study using detailed 
finite element analysis has been performed to quantify the possible range of fatigue loads and fatigue 
usage factors. The example taken was a typical surge line containing stratified flow of water and 
steam. The investigated parameters include the finite element mesh density, the film coefficients 
governing the heat transfer from fluid to the pipe wall and the velocity of the interface between the 
water and steam. Results of the paper include the expected ranges of fatigue loading and usage given 
the range of investigated parameters. Additionally, predictions of readings provided by hypothetical 
thermocouples at the pipe outer surface are provided. 
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The influence of the microstructural inhomogenities in materials on the life-time of safety significant 
components of nuclear power plants is still not fully characterized. One of the most important sources 
of inhomogenities in metals is their grain structure. Differences in crystallographic orientations of 
grains lead to different responses under the applied loads and increased stresses at the grain 
boundaries. Engineering tools which are used to asses a response of a structural component to the 
applied loads are typically based upon the mechanics of continuum and are not able to account for 
these effects. Dedicated polycrystalline aggregate models are therefore being developed to study the 
effects of the microstructure on the load carrying capabilities of materials. A spatial model of a 
polycrystalline aggregate that accounts for random grain sizes, shapes and orientations is proposed 
here. Applied loads are chosen to mimic a small section of a pipe or a cylindrical pressure vessel 
subjected to internal pressure. Finite element method is used to obtain numerical solutions of strain 
and stress fields. Material parameters for pressure vessel steel 22 NiMoCr 3 7 with bainitic 
microstructure with b.c.c. crystal lattice are used. The effects of different finite element types and 
mesh densities are studied and compared to the already known results of a 2D models. 
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The revival of the interest towards fast neutron reactors is due to their capability to produce more 
fissile than they consume, besides to reduce the burden on the disposal of high-level waste containing 
very-long life nuclides. Of course a rapid substitution of the existing LWRs by FRs requires large 
technical and economic investments that are currently not justified considering the high uncertainties 
on the long-term energy demand and electricity consumption.Different studies have been launched by 
international and national organizations on impact of transition scenarios. They show that the 
relevance of transitioning to fast reactors depends on the expected future role of nuclear energy and 
on the development of advanced nuclear technologies.The scenarios (regional and world-level) 
selected for that study assume the logic of NEA low scenario for nuclear capacity to 2050 and they 
consider the nuclear capacity constant after that date. The deployment of sodium fast reactors is 
foreseen from 2040 to cover up to 1/3 of the energy demand.The calculations have been performed 
with DESAE code (Dynamic Energy System - Atomic Energy).The paper deals with the results of 
assessment performed to investigate the maximum deployable capacity of fast reactors mainly from 
the viewpoint of uranium resources availability and date of deployment. 

 
 703 

A Dynamic Model of a Lead-Cooled Fast Reactor (LFR) with 
a Supercritical Water Steam Cycle 

Davide Papini, Antonio Cammi, Marco Colombo, Vito Memoli, Marco Ricotti 
Politecnico di Milano - department of energy, Via La Masa 34, 20156 Milano, Italy 
davide.papini@mail.polimi.it 

The LFR (Lead Fast Reactor) is one of the six innovative concepts of nuclear reactors envisaged by 
the GIF (Generation IV International Forum) initiative for the long term evolution of the nuclear 
technology, in the direction of a more sustainable and economic power generation. Sixteen European 
organizations proposed to the European Commission the project of a European Lead-cooled SYstem 
(ELSY), a 600 MWe power reactor cooled with molten lead.A linearized model, for the investigation of 
the dynamics of a lead cooled fast reactor with a supercritical water steam cycle, was developed. The 
reference design for the primary system is the ELSY reactor. In this paper a supercritical secondary 
circuit is studied. Such a configuration is competitive with the subcritical superheated steam 
configuration, in particular following the prevision of a lead working temperature increase. The 
supercritical water steam cycle is an attractive option for a nuclear power plant, hence it is of great 
interest to study its dynamic behaviour when it is coupled with the primary system of a nuclear reactor. 
Suitable heat transfer correlations are required to duly model convective phenomena near the critical 
point region. A comparison of different correlations was carried out. The results show that Jackson 
correlation is a fair choice for the modelling of the process.Two separate dynamic models, for primary 
and secondary loop, were developed, validated and coupled in order to describe the whole system. 
Despite several limits brought by the linearization, the LFR system with a supercritical water steam 
cycle shows satisfactory results in the dynamic responses. Investigated perturbations concern reactor 
power, feedwater temperature and feedwater mass flow. The developed model provides a useful tool 
coping with the study of the system dynamics and can be considered a starting point for future 
investigations on the matter, e.g. when dealing with control design issues. 
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Currently, there are a number of Generation IV SuperCritical Water-cooled nuclear Reactor (SCWR) 
concepts under development worldwide. The main objectives for developing and utilizing SCWRs are: 
1) Increase gross thermal efficiency of current Nuclear Power Plants (NPPs) from 30 – 35% to 
approximately 45 – 50%, and 2) Decrease capital and operational costs and, in doing so, decrease 
electrical-energy costs.SCW NPPs will have much higher operating parameters compared to current 
NPPs (i.e., steam pressures of about 25 MPa and steam outlet temperatures up to 625°C). 
Additionally, SCWRs will have a simplified flow circuit in which steam generators, steam dryers, steam 
separators, etc. will be eliminated. Furthermore, SCWRs operating at higher temperatures can 
facilitate an economical co-generation of hydrogen through thermo-chemical cycles (particularly, the 
copper-chlorine cycle) or direct high-temperature electrolysis. To decrease significantly the 
development costs of a SCW NPP, to increase its reliability, and to achieve similar high thermal 
efficiencies as the advanced fossil steam cycles, it should be determined whether SCW NPPs can be 
designed with a steam-cycle arrangement that closely matches that of mature SuperCritical (SC) 
fossil-fired thermal power plants (including their SC-turbine technology). The state-of-the-art SC-steam 
cycles at fossil-fired power plants are designed with a single-steam reheat and regenerative feedwater 
heating. Due to that, they can reach thermal steam-cycle efficiencies up to 54% (i.e., net plant 
efficiencies of up to 43% on a Higher Heating Value (HHV) basis).This paper presents and discusses 
several SCW NPPs layouts and, corresponding to that, thermodynamic-cycle options developed by 
AECL (Atomic Energy of Canada Limited), Hitachi Power Systems America and UOIT (University of 
Ontario Institute of Technology). An analysis of main parameters and thermal efficiency performance 
of SCW NPP concepts based on a no-reheat and single-reheat regenerative cycles are discussed.The 
no-reheat configuration has a more simplified design: the Intermediate-Pressure (IP) turbine section is 
eliminated and the exhaust from the High-Pressure (HP) turbine is directly routed to the inlet of the 
Low-Pressure (LP) turbines. The cycle consists of a condenser, nine feedwater heaters, a topping de-
superheater, associated pumps, and the nuclear source of energy, i.e., the SCWR. In general, the 
major technical challenge associated with a SC no-reheat turbine is the high moisture content in the 
LP turbine exhaust. A thermal-performance simulation reveals that the steam quality at the exhaust 
from the LP turbine is approximately 81%. However, the moisture can be reduced by implementation 
of contoured channels in the inner casing for draining water and moisture removal stages. The overall 
thermal efficiency of the cycle was determined to be not more than 50% (assumptions are made to 
account for turbine and pump efficiency losses). The single-reheat cycles are comprised of: a SCWR, 
a SC turbine (consisting of one High-Pressure (HP) cylinder, one Intermediate-Pressure (IP) cylinder 
and two Low-Pressure (LP) cylinders), one deaerator, several feedwater heaters, and pumps. Since 
the single-reheat option includes a “nuclear” steam-reheat stage, the SCWR is based on a pressure-
tube design. A thermal-performance simulation reveals that the overall thermal efficiency is 
approximately above 50%. Previous studies have shown that direct cycles, with no-reheat and single-
reheat configurations are the best choice for the SCWR concept. However, the single-reheat cycle 
requires a nuclear steam-reheat, thus increasing the complexity of the reactor core design. 



 
 

 
International conference Nuclear Energy for New Europe 2009: Book of Abstracts 82 

 
 705 

A Preliminary Application of Dynamic Reliability to a 
Nuclear-Powered Hydrogen Plant 

Alain Flores1, Eduardo Gallego1, Jose M. Izquierdo2, Miguel Sanchez2 

Universidad Politécnica de Madrid (UPM), Nuclear Engineering Department, José Gutiérrez Abascal 
21 

28006 Madrid, Spain1 

Consejo de Seguridad Nuclear, Justo Dorado, 11, 28040 – Madrid, Spain2 

msp@csn.es 

The main motivation of this paper is to show the current status of the CSN Integrated Safety 
Assessment (ISA) methodology and related tools (SCAIS, Simulation Code System for ISA) via an 
application to the safety assessment of the prototype High Temperature Engineering Test Reactor 
(HTTR) of the Japan Atomic Energy Research Institute’s (JAERI). The HTTR was developed as an 
experimental Very High Temperature Reactor (VHTR) with the main objectives of testing new 
concepts and technologies for the advanced High Temperature Test Reactor (HTGR), and new 
applications to hydrogen production plants. ISA CSN diagnostic method is based on advanced 
dynamic reliability techniques on top of using classical PSA and deterministic tools. SCAIS is a 
simulation based safety code cluster, which is being developed by CSN staff with the help of UPM and 
Indizen [1],. Main SCAIS goal is to dynamically unfold the event tree that stems from an initiating 
event, and to compute a realistic estimation of the exceedance frequency of specified safety limits. 
With this aim, SCAIS makes a comprehensive and intensive use of code coupling techniques to join at 
each time step: -simulation of nuclear accident sequences (simulation of thermal-hydraulics, severe 
accident phenomenology and fission product transport);-simulation of operating procedures and 
severe accident management guidelines;-automatic delineation of event and phenomena trees;-
probabilistic quantification of fault trees and sequences; and -integration and statistic treatment of risk 
metrics.Practical application of ISA to HTTR safety assessment requires building up a suitable model, 
representing both plant dynamics and reliability features, as well as their interactions. The paper will 
report the status of these activities and first simulation results. 
[1] Izquierdo, J.M., J. Hortal, M. Sanchez-Perea, E. Melendez, R. Herrero, J. Gil, L. Gamo, I. 
Fernandez, J. Esperón, P. Gonzalez, C. Queral, A. Exposito and G. Rodríguez (2008). SCAIS 
(Simulation Code System for Integrated Safety Assessment): Current status and applications. 
Proceedings of ESREL 08. 
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Feasibility Study and Optimization of Cooling Towers for 
New Nuclear Power Plant at the Krško Site 

Robert Bergant, Aleš Buršič 
GEN Energija d.o.o., Cesta 4. julija 42, 8270 Krško, Slovenia 
ales.bursic@gen-energija.si 

Since the cooling capability of Sava river is already exploited due to the once through cooling of 
existing nuclear power plant, cooling towers as a closed third cycle are predicted for the new nuclear 
power plant which will be located next to the existing one. Therefore, feasibility of different cooling 
tower designs and their adequacy to meet the plant and environmental parameters were examined. At 
two generator output power levels 1200 MWe and 1700 MWe, three cooling tower designs 
representing three basic cooling air philosophies forced-, induced- and natural draught were applied. 
The feasibility evaluation for cooling towers analyzed two separate nuclear power plant systems: 
circulating Water system (CW) and Service Water system (SWS).Multiple issues are presented and 
elaborated. Starting with selection criteria of presented cooling options and environmental influence on 
cooling. Circuit water treatment is vital for optimal and cost effective operation of cooling tower. An 
appropriate cost-effectiveness study is proposed to determine an adequate method and necessary 
guidelines for preparation of circuit water treatment. Performance curves for the various types of 
cooling tower illustrate the operation characteristics and efficiency. The economic factors determining 
the choice of cooling tower and depend on the interplay of capital costs presented and running costs. 
Environmental impacts are summarized, graded and discussed for each cooling type option. With 
optimal sound attenuation approaches and disregarding power consumption the least impact is 
achieved with Circular Hybrid cooling tower option.The cooling tower layout depends on several 
design data. In a comparison such as this where the ambient data is the same for the applications the 
main influences are: Range – the difference between the hot and cold water temperatures, approach – 
the difference between the cold water and wet bulb temperatures and heat load – the heat that the 
cooling tower is required to dissipate. These factors determine the sizing required for a specific type of 
cooling tower. The determining factors for the type of cooling tower must reflect local considerations 
including space availability, height restrictions and plume acceptability.The economic criteria; capital 
cost versus running costs should be considered in terms of a project time frame. With all costs 
amortized over this period a comparison can be made. However, economically quantifying the “value” 
of plume-free operation is not objectively possible. Here the value is in terms of the project 
acceptability.As presented there are many factors to consider in selecting appropriate cooling tower 
option. The weighting for the selection criteria for a cooling tower application are always dependant on 
the local conditions and preferences of the end user. Comparison between different cooling designs 
and highlight of advantages and disadvantages as main part in this study provides relevant 
information for next steps in decision making process. 
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Flowblockage Failures in EFIT Reactor 
Maddalena Casamirra1, Francesco Castiglia1, Mariarosa Giardina1, C. Lombardo1, 
Paride Meloni2 
University of Palermo, Department of Nuclear Engineering, Viale delle Scienze, 90128 Palermo, Italy1 

ENEA, Via Martiri di Monte Sole 4, Bologna 40129, Italy2 

castiglia@din.unipa.it 

Nuclear energy holds a considerable role in the future mix of energy sources. Nevertheless it is not 
possible leaving out the need of effective approaches about the management and the disposal of High 
Level Wastes (HLW) fully accepted by public opinion.A solution which has received appreciable 
attention in the last decades, is based on the idea of burning the nuclear wastes in subcritical fission 
systems combined with an additional neutron source that can be suppressed in case of accident. In 
this field, the Accelerator Driven Systems (ADSs) seem to furnish an adequate answer to this 
requirement.Indeed, the ADS reactors combine a subcritical core, with or without blanket, and a high-
intensity proton accelerator equipped with a suitable spallation target, that supplies neutrons 
necessary for criticality.Among these systems, the EFIT (European Facility for Industrial 
Transmutation) system is worth to mention. The conceptual design of this reactor of about 400 MW 
thermal power, cooled by pure molten lead in forced circulation, is under development in the frame of 
the European EUROTRANS Integrated Project of the EURATOM Sixth Framework Program 
(FP6).The reactor thermal power is removed in normal operation by 8 helical-coil tube bundle Steam 
Generators (SGs), located in the upper part of the primary vessel to enhance natural circulation in 
case of loss of primary pumps. In the present paper, RELAP5 analyses of the EFIT behaviour, during 
some fuel channel flow blockage transients will be taken into consideration.Fuel element obstructions 
or blockages may originate, in a localized region of the reactor core, by debris swept against the core 
inlet by the force of the coolant flow, by failure of fuel or other components within the core, as well as, 
by agglomeration of particles (Pb oxides) from various regions of the system. Due to cooling 
malfunction, channel blockages in fuel subassemblies can cause propagating clad melting, fuel 
melting and, if not stopped, can lead to subassemblies and whole core disassembling. In order to 
conservatively consider worse conditions, it is hypothesized that the flow area reduction takes place at 
the hottest channel, all other components being however well working.The aim of the analyses is to 
assess the EFIT reactor as for its capability to withstand to flowblockage accidents possibly of various 
extent. 
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Main Safety Features and Construction Strategy of ATMEA1 
Gerard Castello 
ATMEA SAS, Tour AREVA, 1 Place Jean MILLIER, 92084 Paris La Defense, Paris, France 
gerard.castello@areva.com 

ATMEA, an AREVA NP and MHI joint venture offers ATMEA1, an innovative and reliable mid-sized 
evolutionary Generation III+ Pressurized Water Reactor (PWR) based on innovative and proven 
technologies.The presentation will focus on and emphasize the main safety features and licensing 
aspect of ATMEA1. High level safety, operational objectives, licensability and public acceptance have 
driven the design.  Buildings and all safety systems are being designed in compliance with stringent 
regulations and worldwide accepted codes and standards, making ATMEA1 a licensable product in 
any country around the world.Public acceptance is a key element in the nuclear world. Safety features 
like large commercial airplanes crash protection and resistance to severe accident including core 
catcher, make ATMEA1 one of the safest generation III+ reactors. Paper will also address the 
construction strategy to realize short construction period thanks to the experience of ATMEA’s parent 
companies and use of the latest technology. 
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Nonlinear Transient Dynamic Structural Load Generation 
Analysis For the Westinghouse AP1000 Integrated Head 

Package 
Jason Young 
Westinghouse Electric Co. 
Division of Nuclear Projects, Pittsburgh, P.O. Box 355, Pittsburgh, PA 15230-0355, USA 
youngjs@westinghouse.com 

Accurate development of structural loads is imperative for the safe design of nuclear reactor 
components. Advances in computerization allow for increased detail and complexity in generation of 
finite element analyses, which reduces overly conservative modelling assumptions and eases in the 
design and qualification of components. The nuclear industry requires adherence to the highest 
standards of safety including verification of input source scripts for computerized analyses. In this 
analysis, an input source script generates finite element models of the Reactor Vessel Integrated 
Head Package (IHP) and Control Rod Drive Mechanism (CRDM) assemblies for the Westinghouse 
AP1000 plant design. Geometric and cross-sectional input data are parameterized and finite elements 
are grouped via component names for ease in element selecting and post-processing.  IHP 
components and each of the CRDM assemblies are modelled explicitly using 3D elastic beam finite 
elements and 3D structural point masses. Dynamic impact interactions between CRDM assemblies 
are captured using nonlinear gap finite elements. The finite element model weight and center of 
gravity is compared with design information extracted from 3D solid models of components. Source 
scripts are generated to perform an explicit nonlinear transient dynamic time history analysis for Safe 
Shutdown Earthquake and Loss-Of-Coolant-Accident (LOCA) input excitations. A modal analysis is 
performed to determine mode shapes and natural frequencies of the model. Input boundary motions 
are in the form of time history displacement and rotations at the center of gravity of the reactor vessel 
head. Frequency dependent damping techniques are employed. Post-processing source scripts 
generate structural force, moment, displacement and acceleration time history results; generate 
acceleration response spectra at various damping levels; and produce enveloping maximum results 
on a time or component basis. An automated plot generation script produces images of finite element 
orientations, numbers, coordinate systems and extruded beam cross-sections, which ease in analysis 
documentation and verification.  
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Pre-preparation Phase of the New Nuclear Power Plant – 
JEK 2 

Martin Novšak, Jože Špiler, Robert Bergant, Tomaž Žagar 
GEN Energija d.o.o., Cesta 4. julija 42, 8270 Krško, Slovenia 
tomaz.zagar@gen-energija.si 

The Government of the Republic of Slovenia adopted a “Resolution on National Development Projects 
for the period 2007-2023” in October 2006. Among several projects that all support the sustainable 
development of Slovenia, the option of a new nuclear power plant was proposed. Thus, the Slovenian 
Government showed the clear intention and direction of Slovenian future electricity energy generation. 
Also recently elected Government put in its coalition contract the new nuclear power plant (NPP) 
amongst the priority projects in 4 - years mandate. Furthermore, the Ministry of the Economy has just 
issued the Green paper for the National Energy Program (NEP) of Slovenia where the nuclear energy 
is recognized as one of the possible option for future development.The supply of electricity has been 
under stress in Slovenia in recent years because of two main reasons. The first is lack of investment 
initiatives in new electricity production. The second reason is the growth of gross domestic product 
(GDP) and Slovenia’s approaching the standard of living of developed EU countries. On the other 
hand, the economic crisis caused less inquiries for the electricity need in the last year; however the 
current situation must not be excuse to do nothing. It is obvious that the lack of electricity will be only 
postponed for some years.GEN energija started with the project of new nuclear power plant in the 
beginning of 2007 and has just accomplished the pre-preparation phase. Many studies and analysis 
were performed during this initial phase and all results confirm good harmony with the philosophy of 
the sustainable development, where ecological, economical and social affairs have to be balanced. 
Studies covered four main areas, i.e. analysis of development possibilities in the field of electro energy 
in Slovenia, environmental impacts of different technologies, technology itself as well as economic and 
financial effects of the new NPP. All studies were performed by well recognised foreign and Slovenian 
companies. The main conclusion based on early studies is that the project is justified and technically 
feasible. The latest time schedule of the project with all major activities and milestones will be also 
presented. 
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Thermal-Hydraulics Analyses of ELSY Lead Fast Reactor 
with Open Square Core Option 

Massimiliano Polidori, Giacomino Bandini, Paride Meloni 
ENEA Centro Ricerche “Ezio Clementel”, Via Martiri di Monte Sole 4, Bologna 40129, Italy 
massimiliano.polidori@enea.it 

The future generation of nuclear reactors, well-known as Gen-IV, considers the LFR (Lead Fast 
Reactor) one of the most promising advanced reactors able to fulfill its principle: sustainability, 
economic competitiveness, safety and proliferation resistance. The ELSY project (European Lead-
cooled SYstem), funded by the 6th European Framework Program, aims at investigating the 
technical/economical feasibility of a high power critical fast reactor with waste transmutation 
capability.Several innovative design solutions have been proposed at every system levels and some 
of them regard the core region with open-assemblies which represent the reference option. To support 
the design phase and the safety assessment of ELSY, the thermal-hydraulic code RELAP5, modified 
to treat heavy liquid metals, has been taken into account for its conservative approach.The paper 
deals with the development of the thermal-hydraulic model for RELAP5 and its improvement, focusing 
the attention at core assembly level.The model has been used to verify that the core temperatures at 
nominal power conditions stay within the safety limits both in beginning-of-cycle (BOC) and in end-of-
cycle (EOC) conditions. Moreover, in order to have a first evaluation on the system behavior in 
accidental conditions, the loss-of-flow accident (LOFA) simulation has been carried out and discussed. 



 
 

 
International conference Nuclear Energy for New Europe 2009: Book of Abstracts 87 

 
 713 

Nuclear is a Recyclable Energy 
Mustapha Chiguer, Dana Jackson, Estelle Hélaine 
AREVA, 1 place Jean Millier, 92084 Paris La Defense, France 
mustapha.chiguer@areva.com 

The use of Nuclear Technology for Energy production is expanding worldwide. This is in response to 
continuous growth of the world’s demand for energy, in particular CO2-free energy. Energy Supply 
faces the challenges of climate change, public acceptance, limited natural resources, and economic 
viability. Nuclear Energy provides a more suitable solution than other energy production options 
because in addition to providing a stable base-load and being CO2-free, Nuclear is a recyclable 
energy.Back-end policy is one of the major topics that utilities have to face when managing a new 
nuclear project. What will be done with the used fuel? is a key question, especially in terms of public 
acceptance. Countries that had previously postponed this topic now have to rethink the best solution 
for complete sustainable nuclear power. Recycling spent fuel offers real advantages when compared 
to direct disposal. Given the current volatility of enriched uranium prices, used fuel is regarded more 
and more as a complementary and valuable energy resource. Natural resources savings reinforce the 
economic interest. Final waste management (reduction in volume by 5 and of radiotoxicity by 10 of the 
final waste) and the highest standards in terms of health, safety, and environmental protection are 
favourable for back-end policy change world-wide.Recycling is a flexible solution that takes into 
account the installed power and nuclear policies of each country. A country owning only one nuclear 
plant may benefit from recycling just as well as countries with several tens of nuclear plants. Various 
multi-national programs make it possible for a country with limited installed power to take part in a 
larger world-wide nuclear program dealing with long term resources for future generation reactors as 
well as final waste disposal. 
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Analysis of Different Containment Models for IRIS Small 
Break LOCA, using GOTHIC and RELAP5 codes 

Davide Papini1, Antonio Cammi1, Marco Ricotti1, Davor Grgić2 
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Advanced nuclear water reactors rely on containment behaviour in realization of some of their passive 
safety functions. Steam condensation on containment surfaces, where non-condensable gas effects 
are significant, can be of great importance. Several models, based mainly on diffusion layer theory 
and heat/mass transfer analogy, were developed in the recent years, to provide useful tools for 
understanding and licensing new passive containment concepts, like the AP600/1000 ones.In this 
paper IRIS reactor is taken as reference, and the relevant phenomena involved in the condensation 
within its containment are investigated with different computational tools. In particular, IRIS 
containment response to a Small Break LOCA, namely a 2” break of the DVI line, is calculated with 
GOTHIC and RELAP5 codes. The objective of the paper is to compare the capability of the two codes 
in modelling of the same postulated accident, thus to check the results obtained with RELAP5, when 
applied in a situation not covered by its validation matrix.The conditions expected for IRIS containment 
are rather dissimilar from AP1000 case, not dealing with externally cooled walls and strong thermal 
gradients. Hence, a simple semi-empirical relationship, like Uchida correlation, appeared suitable to 
the scope of the study.Two simplified models of the IRIS containment drywell were developed for 
GOTHIC and RELAP5 codes. Heat transfer to the external environment is taken into account using 
the same amount of thermal structures. The same break mass and energy terms are applied as 
boundary conditions in both codes. A sliced approach, based on the two-pipe-with-junction concept, is 
used in RELAP to better address atmosphere natural circulation flows. Several modelling options, 
concerning both heat transfer correlations, and volume and thermal structure nodalization, are used in 
GOTHIC model. The influence on containment behaviour prediction of the different models developed 
was investigated in terms of drywell temperature and pressure response, HTC and steam volume 
fraction distribution, and internal recirculating mass flowrate.The option to include or not droplets break 
flow discharge model resulted as the most influencing parameter for GOTHIC simulations. A 
reasonable agreement with RELAP results was obtained activating the GOTHIC droplet model during 
reactor vessel blowdown. Despite some drawbacks, due e.g. to a marked overestimation of internal 
natural recirculation, RELAP model based on two parallel pipes with transversal single junctions gives 
satisfactory predictions in the simulation of IRIS containment. 
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In the context of a new era for nuclear energy, marked by the nuclear energy Renaissance, the Italian 
Government -Department for Economical Development- entered a contractual agreement with ENEA 
(National Agency for the New Technologies, Energy and Environment) and CIRTEN (Consorzio 
Interuniversitario per la Ricerca TEcNologica) to finance Generation IV innovative systems R&D.The 
Lead-Cooled Fast Reactor (LFR) is one of the concepts being explored within the DOE-NE Generation 
IV nuclear reactor R&D program; LFR innovative designs require fuels, materials, systems and 
components development. An effort has been initiated under a cooperation between ENEA and 
CIRTEN for the investigation of a concept for a GEN IV LFR demonstration project (DEMO) which 
could provide significant support to the European Lead-cooled System (ELSY), by validating lead 
technology and overall system behaviour.This paper evaluates the safety issues that would 
accompany such an early LFR demonstration concerning a preliminary proposal for DEMO: in 
particular, reactor kinetic parameters, reactivity feedback coefficients and control rod reactivity worth 
have been evaluated. Concerning reactivity feedback coefficients –which will be needed to evaluate 
the autonomous load following and passive shutdown behaviour of DEMO as well-, variations of the 
following parameters have been taken into account: fuel temperature and Doppler effect, core voiding, 
coolant density reduction, fuel density reduction, structural steel density reduction, active core axial 
and radial expansion. Fuel differentiated enrichments have been perturbed and the resulting impact on 
the system effective multiplication factor has been assessed in order to determine the sensitivity of 
keff with respect to enrichment.Finally, total and differential control rod worth has been 
determined.Analyses have been carried out on a 250 MWth core with typical European mixed oxide 
fuel (MOX) in a two enrichment zones configuration made of wrapperless subassemblies, and pins in 
square-lattice arrangement. The deterministic code ERANOS-2.1 has been employed in conjunction 
with the updated nuclear data library JEFF 3.1. Diffusion and transport (bi- and tri-dimensional) 
calculations have been carried out and perturbations have been applied to the system reference 
configuration following both a direct and a perturbative approach. 
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We show how the pressure tube reactor (PTR) options available in Europe can lead to a sustainable 
energy future. Nuclear energy options must be available, freely and readily, to help meet energy 
needs, concerns over energy price and security of supply, and alleviating the uncertainties over 
potential climate change. These are at the forefront of concerns in Europe over its imported energy 
dependency, and viable manufacturing and competitive economic future. The perspective offered here 
is a model for others to consider, adopting and adapting using whatever elements fit their own 
strategies and needs. The underlying philosophy is to retain flexibility in the reactor development, 
deployment and fuel cycle, while ensuring the principle that customer, energy market, safety, non-
proliferation and sustainability needs are all addressed. Canada’s Atomic Energy of Canada Limited 
(AECL) is a world leader in nuclear reactor deployment, and has developed a unique world-class 
nuclear power reactor technology – the CANDU® reactor based on the Pressure Tube Reactor (PTR) 
concept, moderated by heavy water (D2O), also sometimes called the Pressurized Heavy Water 
reactor or PHWR. This reactor is already successfully and safely deployed in Romania, is built to cost 
and schedule, provides world class operation, and is being offered to many other nations that seek 
competitive, secure and predictable electricity supply. In addition, Canada is the world’s largest 
exporter of uranium, providing about one-third of the world supply for nuclear power reactors, and we 
describe the inherent fuel cycle flexibility of the PTR. The subject of this paper is the PTR fuel cycle 
and reactor design options, both now and in the future, which offer many technical, resource 
sustainability, and economic advantages over other reactor technologies.For Europe the PTR design 
evolution and development intent is to be consistent with improved or enhanced safety, licensing and 
operating limits, global proliferation concerns, and waste stream reduction, thus enabling sustainable 
energy futures. The limits are simply those placed by safety, economics and resource availability. With 
expectations of significant expansion in nuclear power programs worldwide and the resultant concerns 
about uranium availability and price, and the prior emphasis on simplistic fuel cycles, there is a 
growing desire to improve resource utilization by extracting more energy from each tonne of mined 
fissionable material. Attention is therefore being increasingly focused on fuel cycles that are more 
energy efficient, reduce waste streams and ensure sustainable energy futures. The developments 
usually focus on fast spectrum reactors for the distant future. There are also many compelling reasons 
to continue to utilize and optimize advanced fuel cycles in PTR (CANDU-type) thermal spectrum 
reactors, including “closable” and sustainable cycles, and high thermal efficiencies. Hence the CANDU 
development path utilizes complementary designs that are directed at specific customers and markets, 
both now for meeting present energy needs and for addressing future environmental and sustainability 
requirements. These are the PTRs that address the multiple requirements of energy security, 
competitive cost, sustainable fuel cycles, reduced waste storage and streams, and assured licensing 
in multiple jurisdictions,Experience of building each builds towards building the next. The lessons 
learned, are the keys to success: effective project management, an assured and proven “buildability”, 
and a defined and fixed cost with firm schedule adherence. This is not standardization of design as 
pronounced by some to reduce costs and uncertainty: it is learning from experience as an essential 
element of the “learning curve”. 
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Romania Going to Double its Nuclear Power 
Traian Mauna 
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Cernavoda NPP meeting the IAEA safety standards is only one CANDU type reactor from Europe. 
The Cernavoda site was selected on the right side of the Danube River near the beginning point of the 
Danube – Black Sea Canal (CDMN), on the north side of it. The Cernavoda site was designed for 5 
units CANDU type, the works on site began in 1979 and stopped in 1991 on different stage of 
erection. The work was continued after some time for unit one only who was put in operation in 1996. 
The second unit was put in commercial operation in 2007. Now the Cernavoda NPP, operating two 
units of 706 MWe each, covers around 18% from annual electric power in Romania. The thermal 
power for Cernavoda town heating needs is supplied from NPP. The natural uranium nuclear fuel 
CANDU type is manufactured by Romanian factory and the heavy water for primary cooling loop and 
moderator circuit is also produce by Romanian facility. The Romanian authorities decided last year to 
restart the work of units 3 and 4 from existing status on the new financing formula, having 51% of total 
estimated cost shared Romanian participation via Nuclearelectrica Company. The remainder 49% is 
covered by 6 international private companies. In order to built this two units a new company, SC 
Energonuclear SA was registered according to Romanian low in March this year. The unit 3 and 4 will 
be equipped with CANDU 6 reactor type concept and GE turbine type via Ansaldo Nucleare, as first 
two units but many improvements are expected taking into account the experience gained and new 
modern and safely equipments. The Romanian heavy water facilities can stored his product in order to 
assure first load for both reactors in construction. In order to supply the nuclear fuel bundle the fuel 
factory must double his manufacture until the reach the first fuel loading phase of new reactors. The 2 
x 54 m3/s cooling water flow come from Danube via CDMN and returned downstream Cernavoda 
town. Having 4 units in operation Cernavoda NPP will cover minimum 34% of total electric power 
demand of Romania beyond 2015. 
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Interaction of neutral hydrogen atoms and molecules with metallic and carbon materials is important 
for different aspects of tokamak science. For instance, production and quenching of molecular 
excitation influence energy and momentum transfer from edge plasma to the wall and other plasma 
facing components, hydrogen atoms play an important role in material migration and erosion of 
deposits, surface processes are important for retention and release of absorbed hydrogen in tokamak 
wall, etc. Recent results and activities in this field of SFA PWI projects are reviewed and plans for 
further work are discussed in this contribution. 
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A novel ceramic processing “SITE” comprising of ceramic slip-infiltration in SiC-fibre fabric and low-
temperature sintering of SiC-based matrix using transient eutectoide, has been introduced as an 
optional way for production of low-activation SiC-based ceramic-matrix composite for fusion 
application. Matrix material composition was developed on the basis of sintering studies using 
submicron and nanosized SiC powders and various low-activation precursors for transient eutectoid 
secondary phase. For the infiltration of the SiC-fibre fabrics, electrophoretic deposition technique of 
aqueous ceramic slip was employed. Promising materials were obtained after sintering in controlled 
atmospheres at temperatures up to 1400 ˚C that prevented the SiC fibers from transformation. The 
samples were characterised for the remaining porosity and phase composition. In addition, specific 
activation after irradiation of the samples was analysed and compared with starting materials, i.e. SiC 
fibers, powders and the densification aids as well as with the chemical-vapour infiltrated (CVI) 
SiCf/SiC and with Eurofer 97. The processing method appears feasible and, being simple and rapid, 
appears to offer a viable low-cost alternative to the methods presently used to produce low-activation 
SiCf/SiC composites. 
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The inertial confinement fusion process is available with two methods of direct and indirect drive.In 
direct drive method, this is based on three ideas of volume ignition, central spark and fast ignition. 
Fusion fuel pellet is directly irradiated by an ion beam or a laser beam and eventually some particles 
will be separate from the surface of fuel pellet.This process, leads to generation of a shock wave 
toward fuel pellet as a result, compression and heat is fuel pellet is increase and fusion reaction and 
also, inner implosion is occurring in fuel pellet.In indirect drive method, fusion fuel pellet is put in a 
cavity, Hohlraum. The laser beam inters to Hohlraum through some holes and it is absorbed on its wall 
and then will be reemitted. After that, this reemitted radiation on the fuel pellet in the cavity and similar 
to direct drive method and based on central hot ignition, the physical process of implosion will occur.In 
this article a comparison of the energy gain in both direct and indirect drive have been studied with the 
investigation on the effect of ignition parameters on the energy gain. 
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Fusion Expo is a travelling exhibition designed to be accessible to the general public, presenting 
various aspects of fusion as an environmentally acceptable, safe and sustainable energy technology. 
In a clear and simple way it explains the fundamentals of fusion, describes Europe’s fusion research 
facilities, introduces the ITER project, and looks ahead to the construction of a working fusion power 
plant. Since October last year operating the Fusion Expo has been the responsibility of the Slovenian 
Fusion Association [1].The paper will present past experiences, some findings, improvements and 
challenges of Fusion Expo support actions under EFDA (European Fusion Development Agreement) 
[2]. 
References: 
[1] http://www.sfa-fuzija.si  
[2] http://www.efda.org/index.htm 
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In this paper we study polytropic coefficient in a bounded magnetized plasma. This coefficient is often 
presented as a constant value in fluid models, which are most commonly used in fusion device 
calculations. It has been, however, proven [1], that is a spatially varying quantity in unmagnetized 
plasma. Therefore a new perspective has been opened to improve the fluid models and to also link 
them with the kinetic models. It has also been proven that the maximum of the profile of coefficient can 
be used as a reference point for locating the plasma sheath entrance. The profiles of can be obtained 
in two ways, either theoretically or by using particle-in-cell (PIC) simulation codes. The latter were 
recognized as a reliable and robust method for calculating the spatial profiles of polytropic coefficient. 
Thus, we made an attempt at obtaining profiles by employing PIC code BIT1 to study the effects that 
the applied magnetic field has on the profile of , as well as the connection between and the magnetic 
pre-sheath. We varied the magnetic field density and the angle at which it was applied in reference to 
the plasma boundary wall and then compared the results. We can now say that the magnetic field has 
a strong influence on the profile of polytropic coefficient . We can conclude that polytropic coefficient is 
a spatially dependant quantity also in variously magnetized plasmas and must be treated as such in 
the fluid models.  
Reference: 
[1] N. Jelić et al., Phys. Plasmas, 14 (2007), 103506 
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Generation of useful power from nuclear fusion reactions is now regarded as technicallyrealizable. 
There are basically two paths, differing in their methods of confining the fusion fuel during 
thermonuclear burn: Magnetic confinement fusion (MCF) and inertial confinement fusion (ICF). Heavy-
ion-driven inertial fusion (HIF) is a method for achieving ICF.   Investigation of Heavy Ion beam 
irradiation non-uniformity is one of key issues for Inertial Confinement Fusion (ICF) driven by powerful 
heavy ion beams. Due to a favorable energy deposition behavior of heavy ions in matter, high 
accelerator efficiency and their high repetition rate and recent research results, it is expected that the 
heavy ion beam (HIB) would be one of energy driver candidates to operate a future inertial 
confinement fusion power plant. The main difference in energy deposition between ion beams and 
lasers is that the ions penetrate and deposit their energy well inside the target.HIB ions impinge the 
pellet surface and deposit their energy in a relatively deep and wide area. Therefore the HIB irradiation 
non-uniformity should be evaluated in the volume of the deposition area in the absorber layer. The HIB 
irradiation and non-uniformity evaluations are difficult to calculate analytically.In recent years OK-
1code is used to simulate multi- beam irradiation on a spherical target in heavy ion fusion .This code is 
based on the stopping power of ions in matter. In this paper, we used from OK-1 code and we made 
some corrections in this code then we evaluated heavy Ion beam irradiation non-uniformity for the 
different ion beams in the different kinds of targets by 12-20-32-60-120 beam irradiation schemes. In 
this survey, we obtained the favorable results that are important in heavy ion fusion. 
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Plasma surface interaction is a major issue in development of ITER fusion reactor. The divertor of this 
reactor will be subjected to extreme thermal loads well exceeding 1 MW/m2. The choice of materials 
that are capable of standing such thermal loads is extremely limited. Excellent thermo-mechanical 
properties are found for Carbon Fibre Composites (CFC). A drawback of CFC is, however, chemical 
etching of carbon by hydrogen ions and atoms. Etching results in formation of hydrogenated carbon 
deposits that are in turn etched by hydrogen atoms and ions. Hydrogenated carbon is therefore 
expected to be deposited in remote parts of ITER reactor. Due to the restrictions on accumulation of 
radioactive tritium, the deposits should be removed occasionally. Since the removal is far from being 
trivial, methods for prevention of the deposition are considered. A promising method is application of 
nitrogen as a scavenger. Nitrogen is supposed to interact with hydrogenated carbon forming volatile 
compounds such as CN and NHx. The interaction probability is, however, too low, so nitrogen 
molecules should be dissociated to atoms. A source of N atoms developed recently is nitrogen plasma 
created in a microwave discharge. The source allows for the dissociation rate of up to 10%. The 
dissociation fraction depends on the microwave power as well as the gas flow through the discharge. 
The maximum N atom density of 2x1021 was obtained at the nitrogen pressure of 3 mbar and the 
power of 300W. 
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A promising method for removal of hydrogenated carbon deposits formed in remote parts of fusion 
reactors with carbon divertors is treatment with neutral oxygen atoms. The atoms are chemically 
reactive and interact with the deposits even at room temperature forming volatile molecules that are 
readily desorbed and pumped away. The most straight-forward method for creation oxygen atoms is 
application of weakly ionized cold oxygen plasma. Such plasma cannot be formed within the fusion 
reactors due to a strong magnetic filed. An alternative method is creation of oxygen atoms in a remote 
source where the magnetic field is negligible. Such a source has been developed within Euratom – 
MHEST programme. The source is oxygen plasma created within an inductively coupled 
radiofrequency discharge. The discharge chamber is a 2 m long and 0.2 m wide Pyrex glass tube 
connected to an RF generator with the nominal power of 8 kW. Commercially available oxygen is 
leaked into the tube on one side, while on the other side the chamber is pumped with a combination of 
a roots pump with the pumping speed of 150 l/s and a two-stage rotary pump with the pumping speed 
of 22 l/s. Rather homogeneous plasma is created within the glass tube. The oxygen molecules 
passing through the tube get dissociated by electron impact. The density of oxygen atoms at the 
exhaust of the tube is about 1E22 m-3. The source supplies oxygen atoms at the rate of about 1E24/s. 
The atoms are delivered to an experimental chamber where they are applied for removal of the 
hydrogenated carbon deposits. 
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The paper presents current progress in the efforts to improve the basic building blocks of models 
describing the interaction of vibrationally excited hydrogen molecules with 'hot' and 'cold' metallic 
surfaces, relevant for tokamak fusion research. The developed Monte Carlo (MC) algorithm is aimed 
to parallel the experiment presently conducted at the Department for low and medium energy physics 
at JSI, and is thus adjusted to the particular geometry of the operating device – the test hydrogen 
source cell.     In the attempt to validate the results of the MC code for the hydrogen dynamics within 
the test source cell, a new comparator model based on the elementary kinetics has been advanced. 
Though restricted to low pressures, at which particle-wall interactions dominate, the kinetic model, 
applied toequilibrium conditions, has shown to corroborate the underlying physical assumption of the 
MC approach: that the flux of particles leaving the interaction chamber is exemplary of the content of 
the source cell in steady operation under thermal equilibrium. Namely, the kinetic predictions of the 
equilibrium gas composition are in remarkable agreement with the results for the outgoing particle flux 
according to MC simulations.Presently, a non-equilibrium kinetic model, describing the transition 
regime to equilibrium is put forward. By solving the coupled system of time-dependent continuity 
equations, the  time evolution of the species densities from the beginning of inflow to saturation is 
obtained. Saturation densities are found to reproduce most notably the equilibrium time-independent 
values. Furthermore, the temporal evolution of densities allows to estimate the  time constants for the 
steady state to be established in dependence of the inflow of hydrogen molecules in ground vibrational 
state H2(v=0), (i.e. operating gas pressure), and for each particle species, created through surface 
interaction (H2(v�0) , H), in particular. The characteristic times are found to be of the order of 200 ms, 
varying for the different species within several ms to about 30 ms. 
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Silicon carbide (SiC) is considered as a promising material for high temperature structural applications 
due to its intrinsic properties. To provide improved strength and toughness, continuous fiber reinforced 
SiC composites (SiCf/SiC) are being developed. SiCf/SiC composites are being considered as a 
candidate material for the first wall of future fusion reactors. To elevate the energy conversion 
efficiency of the reactor the transverse thermal conductivity of the material (below 15 W/m K) has to be 
improved. In our work SiCf/SiC composites were prepared via electrophoretic infiltration of SiC-fibre 
fabric with aqueous suspension of SiC powder. In order to increase the thermal conductivity of the 
composites, carbon nanotubes were electrophoretically deposited on SiC-fibres prior to infiltration with 
SiC powder or were incorporated in a SiC matrix. Furthermore, green parts were infiltrated with 
Al(H2PO4)3 solution to enable low-temperature sintering (up to 1400 °C) in inert atmosphere using 
transient eutectoid. Microstructure and thermal conductivity of the samples were analyzed and 
compared to SiCf/SiC composites prepared by chemical-vapour infiltration (CVI) and polymer 
impregnation and pyrolisis (PIP) process. 
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Interaction of hydrogen atoms with ASDEX graphite was studied. The source of hydrogen atoms was 
weakly ionized highly dissociated oxygen plasma created in a microwave discharge at a power of 1 
kW. The gas flow was 16 l/h and pressure was 90 Pa. During plasma treatment the sample was 
heated to 900 K. OES (Optical Emission Spectroscopy) measurements were continuously recorded 
during plasma treatment. It was found that during treatment a new peak CH appeared. This peak is 
due to interaction of hydrogen atoms from plasma with carbon atoms from graphite surface. The effect 
of sample’s temperature was studied as well. In this case the sample was additionally heated with 
focused solar radiation. It was found that during solar heating the intensity of CH peak decreased. 
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A one-dimensional fluid model for the analysis of the potential formation in front of a negatively biased 
or floating electron emitting electrode (collector) immersed in a two-electron temperature plasma, that 
has been developed and presented recently [1-3], is modified. The high temperature electron 
population is replaced by a mono-energetic electron beam. Some preliminary results of the model are 
reported. These results indicate that the range of parameters where the solutions of the model exist, is 
very narrow. 
References: 
1) T. Gyergyek, M. Čerček, Contrib. Plasma Phys., 45, (2005), 89  
2) T. Gyergyek, M. Čerček, Eur. Phys. J. D., 42, (2007), 441  
3) T. Gyergyek, B. Jurčič-Zlobec, M. Čerček, J. Kovačič, Plasma Sources Sci. Technol., 18, (2009), 
035001 
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The use of impinging jets for divertor cooling in the conceptual fusion power plant is attracting much 
attention due to its very high heat removal capability and moderate pumping power requirement. An 
advanced divertor design, developed at the Forschungszentrum Karlsruhe (FZK) [1], cooled by an 
array of high-pressure helium jets is considered. The design goal is to withstand a surface heat flux of 
at least 10 MW/m2 at an acceptable pumping power. To reduce the thermal stresses the plasma-
facing side of the divertor is build up of numerous small cooling fingers.In this study the influence of jet 
array on the heat transfer and flow characteristics of one cooling finger is investigated numerically. 
The main objective is to find an optimal size and configuration of nozzle diameters in the jet array in 
which the heat removal would be the highest possible at an acceptable pressure drop through the 
cooling finger. To gain confidence in numerical predictions, the results for the reference finger design 
were verified against high heat flux experiments [2]. The jet array was then modified at two different 
mass flow rates characteristic for DEMO reactor operating conditions. The most critical design 
parameter of interest was the maximum thimble temperature, which is limited by the melting 
temperature of the brazing material in the brazed tile-thimble joint. An optimal jet arrangement leading 
to the improved divertor efficiency is proposed. 
[1] P. Norajitra, et al., He-cooled divertor development for DEMO, Fusion Engineering Design 82 
(2007) 2740–2744. 
[2] R. Giniytulin, et al., Manufacturing and testing the He-cooled target module mock-ups for DEMO 
fusion reactor divertor, Status report, EFREMOV Institute STC Sintez St. Peterburg, 2006. 
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Nuclear fusion can be a strong alternative energy source for humankind in the future due to not only 
being environmentally friendly but also having unlimited fuel reserves. Nevertheless, it still needs a 
long time period to be commercialized. On the other hand, combination of fusion and fission reactions 
in a single hybrid reactor offers much more benefits compared to a pure fusion reactor. Such a hybrid 
reactor can be an effective intermediate solution for commercialization of pure fusion reactors. There 
have been a number of major fusion reactor design studies especially during the last 35 years. One of 
them is ARIES-ST fusion reactor, a 1000 MWel fusion reactor power plant [1-5]. Its design is based on 
the spherical tokamak concept [1-5]. Furthermore, it has an advantage of having compact power core 
[1-5]. In ARIES-ST fusion reactor, the coolant of LiPb is considered to be used as both an energy 
carrier and tritium breeder [1-5]. The current study investigates the main neutronic parameters of the 
ARIES-ST fusion reactor utilizing the molten salts with fissile isotopes; Flibe + 1% Weapon Grade 
(WG) PuF4, Flibe + 0.5% WG PuF4, Flibe + 1% Spent Fuel Grade (SFG) PuF4 and Flibe + 0.5% SFG 
PuF4. The neutronic calculations were carried out with the help of Scale 4.3. Numerical results 
showed that the best neutronic performance in the reactor was attained with the coolant Flibe + 1% 
WG PuF4 and a significant improvement in both tritium breeding and energy multiplication of the 
reactor was obtained in comparison to the pure ARIES-ST fusion reactor. 
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The principles of Inertial Confinement Fusion (ICF) or laser fusion are the implosion of fuel pellets and 
the inertial confinement of fusion plasma produced by implosion. When deuterium and a tritium atoms 
collide with each other at high velocity, they fuse by nuclear attractive force and an unstable nucleus is 
produced. Then this decays to a helium and a neutron with the release of excess energy. By heating a 
deuterium–tritium (DT) mixture to extremely high temperature, we can expect sufficiently frequent 
events of such a nuclear fusion reaction. The probability of fusion collision becomes high with 
increasing of density.Hydrodynamic stability is a key issue for achieving to ICF. The stability of an ICF 
implosion is one of the primary factors determining the target gain and whether the target will 
successfully ignite. The physical parameters of peak fuel compression, hot spot formation, symmetry 
of the core and ultimately neutron yield are all affected by hydrodynamic instabilities. There are three 
types of hydrodynamic Instabilities: 
1) Rayleigh – Taylor Instability 
2) Richtmyer – Meshkov Instability 
3) Kelvin – Helmholtz Instability 
These instabilities are triggered by non-uniformity in irradiation laser intensity or by the imperfection of 
target. The Richtmyer-Meshkov instability (RMI) occurs when an interface between fluids of differing 
density is impulsively accelerated, e.g. by the passage of a shock wave. The development of the 
instability begins with small amplitude perturbations which initially grow linearly with time.This is 
followed by a nonlinear regime with bubbles appearing in the case of a light fluid penetrating a heavy 
fluid, and with spikes appearing in the case of a heavy fluid penetrating a light fluid. A chaotic regime 
eventually is reached and the two fluids mix. RM instability is a special case of RT instability when the 
interface is impulsively accelerated by a shock wave, for example. For this reason it can also be called 
shock-induced RT instability. Ever since then, experimental, theoretical, and computational research 
has been conducted to better understand this instability. In here, we have done the analytical and 
numerical investigation on RMI for achieving to better understanding of this hydrodynamic unstability. 



 
 

 
International conference Nuclear Energy for New Europe 2009: Book of Abstracts 101 

 
 816 

Sensitivity and Uncertainty Analysis of the HCLL Breeder 
Blanket Experiment in the Frame of the EU Fusion 

Technology Programme 
Ivan Kodeli1, Paola Batistoni2, Ulrich Fischer3, W. Pohorecki4, A. Trkov1 
Institut "Jožef Stefan", Jamova 39, 1001 Ljubljana, Slovenia1 

ENEA C.R. Frascati, Via E. Fermi 45 - I00044 Frascati, Italy2 

Forschungszentrum Karlsruhe, Postfach 3640, D-76021 Karlsruhe, Germany3 

AGH - University of Science and Technology, 30-059 Cracow, Poland4 

ivo.kodeli@ijs.si 

Energy production in the ITER reactor is based on the fusion reaction of deuterium and tritium atoms 
(D-T reaction). Tritium is a radioactive isotope of hydrogen with a relatively short half-life; therefore it is 
not available in nature and must be produced locally. High-energy neutrons produced in the D-T 
reaction can be utilised for tritium production in special breeding-blanket modules in the ITER reactor, 
but it must be demonstrated that sufficient amounts of tritium can be produced in the blankets to 
account for the burn-up for energy production, as well as the losses in the management of the tritium 
inventory.In order to assess the uncertainty on tritium production rate (TPR) due to the uncertainty in 
the relevant nuclear data and to validate new nuclear cross-section evaluations and computational 
methods, the mock-up of the EU Test Blanket Module (TBM) based on the Helium Cooled Lithium 
Lead (HCLL) concept was irradiated at Frascatti, Italy. In this paper the final design of the benchmark 
and the analysis using the deterministic transport, sensitivity and uncertainty code system will be 
presented. The analysis includes the calculation of the tritium production rate (TPR) in LiPb layers and 
the neutron reaction rates, which were measured in the experimental set-up. The SUSD3D cross-
section sensitivity and uncertainty code package together with the 2D/3D deterministic transport codes 
DORT/TORT is used for the analysis of the experiment. Based on the sensitivity analyses the most 
important nuclear reactions and energy ranges in the particular reaction rate measurements are 
identified, as well as the corresponding uncertainties. 
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In this work we investigate how fluid plasma parameters are related to the kinetic plasma properties 
for plasmas with warm ion sources and finite Debye lengths. This is an important issue in applying 
fluid codes to experimental, laboratory, technological and fusion plasmas. Namely, fluid codes for 
scrape of layer (SOL) region in fusion devices are applicable only up to the plasma-sheath boundary 
(also called plasma edge or sheath entrance) and cannot be extended to the material boundaries 
themselves, because the sheath region is far from thermodynamic equilibrium and hence near the wall 
plasma can be correctly described only in terms of some kinetic model. Since, accordingly, the 
boundary conditions for plasma modelled in the fluid description should be defined at the plasma-
sheath boundary (rather than at the physical surfaces), this boundary needs to be appropriately 
identified. However, identifying such a boundary and calculating the hydrodynamic parameters there is 
a demanding task which up to now has been solved only approximately and for a limited number of 
plasma discharges (i.e., only for some particular particle and energy production and loss balance 
scenarios). In this paper we present PIC simulation results leading to a better description and 
understanding of the plasma-sheath boundary. We discuss their range of applicability of the results 
and compare them with the corresponding ones obtained in the asymptotic two-scale limit. Excellent 
agreements between our PIC results and results obtained in the theoretical asymptotic two-scale 
model are found up to the plasma sheath boundary, where two-scale model, anyway, breaks. 
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The construction of the inner wall is one of the main challenges in the development of the reactor-size 
fusion reactors. The Iter inner wall will be made of beryllium, with tungsten and Carbon Fiber 
Composites used at the divertor. The behavior of such material combination under reactor-grade 
plasma is under intense studies, including the extensive ITER-like Wall Project on JET. Several 
experiments with identical or equivalent material mixtures take place in fusion research laboratories in 
order to predict and optimize the wall properties. For the fusion community working in Experimental 
Plasma-Wall Interaction (PWI) studies, two safety problems occur: handling the tritium-exposed 
activated materials and beryllium containing materials. Due to complexity in handling the tritium-
contaminated objects, the evaluation of the fuel retention processes in wall materials rely mostly on 
deuterium quantification after deuterium plasma exposure experiments in existing tokamaks. At the 
tandetron ion accelerator laboratory of Jožef Stefan Institute, two distinct detection techniques are 
available to quantify deuterium in the samples. Elastic Recoil Detection Spectroscopy (ERDA) is 
employing the recoil of light nuclei by the heavy fast ion in the forward detection. Stopping foil in front 
of the silicon particle detector is blocking primary heavy ion. ERDA provides good depth and isotope 
resolution, detecting all hydrogen isotopes simultaneously. The method is affected by the surface 
topography due to the detection of the recoils in the front direction at a small scattering angle of 30º. 
ERDA with focused beam enables mapping of hydrogen isotopes. After development within SFA 
fusion project, it has been recently applied for external customer from mobile/aerospace industry. 
Alternative method for deuterium detection is Nuclear Reaction Analysis with 3He beam and nuclear 
reaction D(3He,p)4He. Method is less topography-sensitive and very powerful in selective deuterium 
detection. Significant modifications at the injector side, as well as at the measuring station were made 
to configure the micro-NRA method for research at the field of PWI. 
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Etching of pure electrolytic graphite with air plasma was studied experimentally. Plasma was created 
by microwave generator at a power of 1 kW. The gas flow was 20 l/h and pressure was 270 Pa. 
During plasma treatment the sample was heated to about 880 K. Oxygen atom density was measured 
with a nickel catalytic probe and was 8.1x1021 m-3. Samples were exposed to plasma for different 
times. The loss of mass due to oxidation was about 3x10-4 g/s or 200 nm/s, and was independent 
from the treatment time. Knowing the O-atom density in plasma and the etching rate allowed for 
calculation of the oxidation probability. At these experimental conditions it was about 5x10-3. 
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Defining and finding the plasma-sheath boundary (also called ``plasma edge'',``sheath edge'' or 
``sheath entrance'') is an problem of ubiquitous relevance and importance in plasma physics, and 
particularly so in the context of laboratory, space and fusion plasmas. In a most general approach this 
problem starts from Poisson equation under the condition that (i) the electron density distrubution is a 
known function of local potential (ii) the ion source velocity distribution is known (iii) with additional 
assumption that the potential profile is monothonic. The basic unknowns of the problem to be found 
are the spatial potential profile and the final ion velocity distribution. Once this solution is found, the 
moments of the velocity distribution, i.e, density, particle fluxes energy, and thermal fluxes are 
calculated based on velocity distribution as calculated in any location of the system like e.g., scrape of 
layer (SOL) in Tokamak devices. From physical point of view the problem was defined by Bissell and 
Johnson as a task to find the ion potential profile and ion velocity distribution in a plane parallel 
discharge with a Maxwellian ion source. The B&J model is a generalization of well known Tonks-
Langmuir (T&L) discharge characterized by so called ``cold'' ion source. Unlike T&L model which can 
be readily solved analyticaly, attempts on solving B&J model with so called ``warm'' ion source were 
done only numericaly. However, the applicability of numerical solutions up to date remained limited 
only in a narrow range of a crucial independent parameter of the B&J integral equation, which is 
mathematicaly the width of a Gaussian distribution and physicaly represents the ion temperature. The 
B&J model was solved only for moderately ``warm'' ion sources in their work and afterwards, e.g., in 
work of Scheuer and Emmert. Namely the modified Bessel function in the kernel of the central integral 
equation of the problem (Fredholm-type) was substituted by a approximations which stronly limit the 
range of validity of the solution. In this paper we present an exact numerical solution of the B&J model 
which is valid without any restriction regarding the ion temperature, i.e., applicable to both general and 
fusion plasmas with high ion temperatures. 
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The fusion community’s needs are being driven by concerns over material damage in structural 
materials that are planned to be used in future facilities. While it would appear to only need to 
characterizations for neutron energies less then about 20 MeV, they are planning to use material 
testing facilities that produce energies up to about 60 MeV. New dosimetry cross sections will be 
required to support spectrum determinations at these high energies [1]. The 55Mn(n,γ) dosimetry 
reaction is adopted as standard in neutron activation analyses. The IRDF2002 evaluation did not 
always perform well. In particular, it is not possible to validate 55Mn(n,γ) cross section by the 
Tungsten integral experiment that was carried out at FNG facility at Frascati, Italy. If 55Mn is to be 
used as a monitor reaction for epithermal neutrons, the evaluations in the resonance range definitely 
need to be improved [2]. This need was partly met by the new ORNL evaluation of the 55Mn in the 
resonance region, including also the 55Mn(n,γ) dosimetry reaction. The evaluations of 55Mn(n,γ) 
channel above the resonance region is the object of the present work.The methodology is based on 
the nuclear reaction model code EMPIRE. EMPIRE incorporates a set of nuclear reaction models to 
describe all relevant reaction mechanisms. An up-to-date library of input model parameters makes 
available default input values for all parameters. The code is applicable to a wide range of target 
nuclei and incident neutron energies from about 1 KeV to 150 MeV. The code covers the complete 
evaluation cycle up to the preparation of files for transport calculations. [3]. The results are compared 
against a selection of differential experiments from EXFOR database and validated on integral 
experiments from SINBAD [4]. The calculations use the MCNP5 benchmark models with the new 
55Mn(n,γ) evaluation. 
[1] P.J. Griffin: "Dosimetry User’s Perspective on Covariance Needs", Nuclear data Sheets, 109, 2733 
(2008). 
[2] I. Kodeli, A. Trkov: "Validation of the IRDF-2002 Dosimetry Library", Nucl.Instr.and Met., 577,664 
(2007). 
[3] M. Herman, A. Trkov et al.: "EMPIRE Ultimate Expansion: Resonances and Covariances", Proc. 
International Conference on Nuclear data for Science and Technology, Nice, France, April 22-27 
2007, pp 207. 
[4] I. Kodeli, E. Sartori, B. Kirk, "SINBAD Shielding Benchmark Experiments - Status and Planned", 
Proc. of the American Nuclear Society’s 14th Biennial Topical Meeting of the Radiation Protection and 
Shielding Division, Carlsbad, New Mexico, USA, ANS Order No. 700319 on CD, pp 87. 
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Jet impingement technique is characterized by a high heat removal capability and therefore it has 
been proposed as a cooling method for a new helium cooled divertor, a high-heat flux component of 
the future fusion reactor called DEMO. Since power plant efficiency depends on the divertor´s heat 
removal capability it has to consider some demands; i.e. high heat transfer and low pressure drop. 
The objective of this study is to investigate the effect of the nozzle inlet geometry on heat removal 
capability and pressure drop. Two different nozzle geometry parameters were tested; chamfer angle _ 
and chamfer depth Lch. The numerical results are validated against the experiment [1]. Numerical 
model used for geometry study was preliminary validated on free jet impingement experiment [2]. The 
numerical study was performed with the CFD code ANSYS-CFX-11 [3], using RANS approach and 
eddy-viscosity type SST turbulence model. Since numerical results are highly affected by the 
turbulence model the effect of the Kato-Launder turbulent production limiter [4] was analyzed.  
[1] L. A. Brignoni and S. V. Garimella. Effects of nozzle-inlet chamfering on pressure drop 
and heat transfer in confined air jet impingement. Int. J. of Heat and Mass Transfer, 43, 
2000. 
[2] J. W. Baughn and S. Shimizu. Heat transfer measurements from a surface with uniform 
heat flux and an impinging jet. J. Heat Transfer, 111:1096–1098, 1989. 
[3] ANSYS. CFX-11 Documentation, 2007. 
[4] M. Kato and B. E. Launder. The modeling of turbulent flow around stationary and vibrating 
square cylinders. 1993. 
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Monte Carlo transport calculations are an essential part to be performed in parallel to the experiments, 
connected with the diagnostics in fusion reactors. In case of the Joint European Torus – JET – 
tokamak, transport calculations with the widely used code MCNP have been performed for a long 
time, their intensity has, however, dropped in the recent years. The existing MCNP models of JET, still 
originating from the years 1996 to 2001, needed an upgrade in order to comply with the present needs 
of specific calculations. The work is focused on the upgrade of the MCNP model of the JET torus and 
on the identification of the extent of the resulting changes in the neutron flux due to the recent 
changes of the torus. A much larger modification is planned in 2010, namely the exchange of the first 
wall material from carbon to beryllium. The impact of the modification on the neutron flux and detector 
response is also investigated. 
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The objective of the work was to determine deuterium retention in ITER grade beryllium as a function 
of temperature, deuterium pressure and exposure time. Deuterium was used as a tracer gas instead 
of radioactive tritium, as it can be easily distinguished from the omni-present protium, using an 
enhanced level of mass spectrometry. The reported data on hydrogen–beryllium solubility and 
diffusivity are very scattered and almost useless for prediction of results for a particular case. In the 
first step, we had to determine the amount of hydrogen already dissolved in untreated samples. In a 
560 h observation at 400 °C in vacuum we reconstructed the initial concentration to be 
1.3x1018H/cm3 and the recombination rate coefficient of the surface that controls the reaction was 
6x10-27 molecules H2 cm4/s. In the next step, we exposed the samples to deuterium, which 
interacted with the sample. The reaction type was reconstructed as an isotope exchange with the 
remained hydrogen manifested as a high content of HD. The amount of deuterium retained in a 48 h 
exposure at 0.05 mbar was at the order of 1x1016D/cm2. The mass spectrometry allowed us following 
the exchange interaction with hydrogen formerly present in the bulk since H2, HD and D2 species can 
be easily resolved. The main problem of such experiments as this one is quantifying adsorption and 
consequent desorption of deuterium from all other surfaces of the vacuum system. We employed 
different methods to eliminate or diminish this background contribution. 

 
 825 

Influence of Hydrocarbons on Vibrational Excitation of 
Hydrogen Molecules 

Iztok Čadež1, Sabina Markelj1, Aleksandar Milosavljević2 

Institut "Jožef Stefan"1 

F2, Jamova 39, 1001 Ljubljana, Slovenia1 

Institute of Physics, Pregrevica 118, 11080 Belgrade, Serbia2 

iztok.cadez@ijs.si 

The influence of some light hydrocarbons on vibrational distribution of hydrogen molecules has been 
studied and results of recent experiments are presented here. Data on atomic and molecular collisions 
are important for modelling of the fusion edge plasma. Both, vibrationally excited hydrogen molecules 
(mainly D2 isotopologue) and light hydrocarbons are present in the edge plasma in tokamak divertors. 
Reactions with neutrals are even more important for a large tokamak as ITER than for the present day 
tokamaks. Vibrationally excited hydrogen molecules are produced in our experiment by recombination 
of atomic hydrogen on the water-cooled wall of a special source. The atomic hydrogen is produced in 
this source by thermal dissociation of molecules flowing over a hot tungsten filament. Gas containing 
vibrationally hot molecules and also some non-recombined neutral atoms is flowing out from the 
source to the high vacuum detection region. Vibrational distribution in this gas beam is determined by 
means of a special spectrometer recently developed in our laboratory at JSI. The experimental 
method for vibrational spectroscopy is based on the properties of dissociative electron attachment 
(DEA) in hydrogen. Vibrational distribution of molecules is deduced from the variation of the yield of 
low energy H- (D-) ions with energy of an electron beam.The influence of hydrocarbons on vibrational 
distribution of H2 and D2 is observed by introducing mixtures of hydrogen and hydrocarbons to the 
source instead of using pure hydrogen. Studies are performed with methane (CH4), ethene (C2H4) and 
ethane (C2H6) and experimental conditions are varied by varying mixture composition and its flow rate 
and also by changing geometry parameters of the source. Important influence of hydrogen vibrational 
relaxation by volume collisions was observed in a preliminary study with methane. 
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Paper presents design concept of Slovenian LILW repository and potential site Vrbina in Krško 
municipality.Slovenian Agency for radwaste management (ARAO) has mandate to find a site and build 
the repository for Low and Intermediate Level radioactive Waste (LILW). We started with new, so 
called combined procedure, which beside expert judgment also includes public involvement and in 
2004 Slovenian Minister of Environment gave the incentive and in Official Gazette we published 
Programme of preparing of Detailed plan of national importance. With this program we started with 
siting process for Slovenian LILW repository.The potential site Vrbina – Krško is at the time of Abstract 
preparation (April 2009) still potential, we expect that site will be approved in the first half of year 2009. 
It lies on Krško field, about 350 m east from Krško Nuclear power plant. On location Quaternary gravel 
layer is to be found in thickness of 10 m and under this layer Miocene silt occurs in which disposal 
units will be placed. We find groundwater on the depth of 4 m bellow surface.In preliminary concept 
design we deal with three different concepts – surface, near surface and underground. Feasibility 
study compared all three possibilities and proposed near surface concept with silo type disposal unit, 
excavated from surface, to the depth of 60 m below surface. All technological buildings will be built-up 
on dam, which will protect buildings against Probable maximum flood. Also all other buildings will be 
protected against flooding but with different return periods.When disposal unit – silo will be filled, it’ll 
be sealed with concrete and clay layer and after that excavation will be filled up with gravel. Control or 
monitoring period will follow and after that the site will be released in so called unrestricted use. 
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The current solution for the disablement of radioactive materials at the end of the fuel cycle is to store 
them at surface facilities from which they will be subsequently moved to a deep repository. However, 
only a small number of such repositories are in operation or under construction globally at present, 
although they are planned in most of those countries with a civil nuclear programme. A deep 
repository can be situated in several types of geological conditions including clay formations, salt 
sediments, argillites and tuffitic and granitic rocks. The character of the host rock is the key factor 
determining the design and exact requirements of several components of such a facility. The future 
potential retrieval of canisters containing nuclear waste from the repository is a further influential 
factor. The reason for removing containers lies in the potential development of presently unavailable 
“perfect” technology for waste reprocessing. Naturally, the decision as to whether retrievability is 
technically feasible must be made before finalising the design and construction process of the 
repository. If the decision is made to retrieve, a design which will include all the relevant safety 
conditions for the potential retrieval of canisters must be determined. The lay-out of the repository, the 
materials to be used and the design of the various structures of the facility (e.g. access tunnels, 
disposal shafts, buffer and backfill) are not the only issues to be addressed. The long-term stability of 
the system as a whole, i.e. of all the components, is crucial. Depending on the disposal concept 
chosen, the thermal load generated by the waste in the disposal container, saturation by water from 
the surrounding environment and the loading of the host rock massif will constitute the main processes 
which will affect the behaviour, safety and future functioning of the repository from the civil engineering 
point of view. The long-term stability of the lining of disposal galleries is a basic precondition for the 
safe removal of spent nuclear waste from deep underground repositories. The stability problems of 
tunnel linings exposed to long-term thermal load have not yet been properly addressed and form the 
subject of the European TIMODAZ project (Thermal Impact on the Damaged Zone around a 
Radioactive Waste Disposal in Clay Host Rocks). This paper describes the design, construction and 
currently available results of a 1:1 scale “in-situ” disposal tunnel model which has been built at the 
Josef Underground Educational Facility in the Czech Republic. 
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In the past years the Slovenian PA/SA team has performed many generic PA/SA studies for the future 
Slovenian LILW repository, most recently a Special Safety Analysis (SSA) for the Krško site. The 
modelling approach taken was to split the problem into three parts: near-field (detailed model of the 
repository), far-field (i.e., geosphere) and biosphere. In the SSA the code used to perform near-field 
calculations was Hydrus2D.Recently the team has begun a cooperation with CEA/Saclay and, as a 
part of this cooperation, begin investigations into using the Alliances numerical platform for near-field 
calculations in order to compare the overall approach and calculated resultsThe article presents the 
comparison between these two codes for a silo-type repository that was considered in the SSA. We 
will present the physical layout and characteristics of the repository and develop and implement a 
hydraulic and transport model of the repository in Alliances. Some analysis of sensitivity to mesh 
fineness and to simulation timestep have been preformed and will also be presented. The compared 
quantity will be the output flux of radionuclides on the boundary of the model. We will compare the 
results and comment on differences/similarities. 
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One of the possible policies for spent nuclear fuel (SNF) management is direct disposal. Currently, in 
Slovenia this option is seriously considered for pressurized water reactor (PWR) NPP Krško 
decommissioning and waste disposal program. In cooperation with the Agency for Radwaste 
Management (ARAO), we considered Swedish concept of deep repository in hard rock. In the 
reference repository design for PWR SNF up to 4 spent fuel assemblies (SFA) are encapsulated in 
copper canisters which are then emplaced in vertical boreholes deep underground. According to the 
study of heat propagation in and around the repository [1], the heat output of each canister should not 
exceed the maximum allowed limit which depends on the specific thermal conditions of each site and 
characteristics of canister itself. For the purpose of this study a fixed maximum allowed decay heat per 
canister was adopted. Even with this simplification, the combinatorial problem of emplacing more than 
1500 SFA in groups of 4 SFA is still hard and there is no hope of finding an optimal solution. We 
developed an efficient heuristic approach [2] to optimize the solution. The applied heuristics are mostly 
based on deterministic methods, later we included some use of random numbers. We analyzed the 
efficiency of different heuristics on certain datasets. Also, some insight on operation of the algorithms 
has been provided.We demonstrated the use of our heuristic approach to optimize the filling of SFA in 
copper canisters for final deep SNF repository, according to maximal allowed thermal power per 
canister, and limit of 4 spent fuel assemblies per canister. Within the framework of the study [3], we 
calculated the minimum required number of canisters as a function of time after the NPP shutdown, 
and determined the optimal deposition time for final disposal for NPP Krško SNF. Also, uncertainty 
analysis has been performed for this case. The idea behind the optimization method is universal and 
thus can be implemented for any SNF, canister, and repository design, or even other applications 
outside nuclear engineering. The problem is open and subject to further improvement. 
[1] L. Ageskog, and P. Jansson, Heat propagation in and around the deep repository, TR-99-02, VBB 
Anläggning AB, Swedish Nuclear Fuel and Waste Management Co, January 1999 
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The preparation of the new revision of the Decommissioning and Spent Fuel (SF) and Low and 
Intermediate level Waste (LILW) Disposal Program for the NPP Krško started in September 2008 after 
the acceptance of the Term of Reference for the work by Intergovernmental Committee responsible for 
implementation of the Agreement between the governments of Slovenia and Croatia on the status and 
other legal issues related to investment, exploitation, and decommissioning of the Nuclear power plant 
Krško. The responsible organizations, APO and ARAO together with NEK started with elaboration of 
all new technical and financial data and relevant inputs for the new revision. In the last 5 years, since 
the previous Program revision, besides new developments in the area of LILW disposal, various 
conditions influencing nominal costs of dismantling and decommissioning as well as expenses related 
to the management of LILW and SF have significantly changed. Also, there were major changes in 
economical environment, strongly influencing selection of parameters to be used in discounting 
modeling. Both types of changes will affect estimates of annuities – the amounts to be paid each year 
by the owners of Krško NPP to the two decommissioning funds established in Croatia and Slovenia. 
Therefore preliminary analysis of impacts of boundary conditions and financial parameters on annuity 
was prepared to help in forming financially efficacious decommissioning scenarios involving 
management of LILW and SF. In this phase of the project (while still waiting for the supporting studies) 
the aim of such analysis is to test: (1) the influence of new assumptions regarding the LILW 
management including compensations to the local communities; (2) the sensitivity of the financial 
model to fiscal parameters variations within the range of presently reasonable values; and (3) the 
impacts of potential NPP Krško life extension and extended periods for annuity payments. The study 
compares costs estimates of potential new scenarios to the reference scenario costs from the 1st DP 
revision, which was adopted in both countries in 2004.The results of the study indicate sharp increase 
of the calculated annuity for comparable reference scenarios, due to: reduced discounted factor, 
increase of LILW disposal expenses, and higher amounts for compensations to local communities 
taken from the new Slovenian regulation. Several realistic possibilities for reduction of the calculated 
annuities are evaluated and proposed to the competent bodies. 
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In Romania, the nuclear activities started in 1957 by putting in operation of the VVR-S research 
reactor and it continuously developed by the second research reactor , TRIGA type and especially by 
building of Nuclear Power Plant from Cernavoda. According the national strategy the institutional 
radioactive waste are separately treated and managed than radioactive waste produced by Cernavoda 
NPP . Present paper presents the current status and activities in the field of safety management of 
radioactive waste in Romania. The up-grading of national repository devoted to institutional radioactive 
waste, the status of safety assessments for sitting a near surface repository devoted to LILW 
produced by Cernavoda NPP, and the highlights of research program for geological disposal of spent 
fuel are detailed discussed. The main aspects concerning the specificity of radioactive waste produced 
by CANDU type reactor and the construction of a repository in loess soil as well as the geological 
potential of Romania are presented.All aspects are analyzed in correlation with the objectives of 
national strategy, the building of near surface repository till 2015 and geological repository till 2055, 
irrespective. 
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The answer on question of how radioactive waste has to be disposed and how long it has to be 
isolated from the biosphere, is a complex one. Proposals for new radioactive waste management 
facilities usually provide extensive background information explaining why the facility is needed, what 
the alternatives are, and why the proposal is considered appropriate. The proposals should explain 
also the process of decommissioning and describe what the site will look when this has been 
completed. The siting process requires a multidisciplinary approach that integrates managerial and 
technical activities such as engineering studies, communication with stakeholders and computer 
modeling. The next step is aimed at ensuring that the facility can be built and waste received, treated, 
conditioned and disposed of without undue risk to human health and the environment. In these 
circumstances, decision makers will need the information to be as complete as possible.Safety 
assessment is an important component in evaluating the acceptability of a radioactive waste 
management facility to provide the necessary confidence that all relevant requirements and criteria are 
met. Confidence that the disposal system will meet safety requirements involves a range of 
considerations. For example, analogue studies (anthropogenic sources of radionuclides in the 
environment) could be particularly useful for increasing the decision makers’ and the public’s 
confidence in the assessment. For safety assessments, it is necessary to have available sufficient 
quantities of input data and computational tools enabling correct description of the given repository 
design project and of real media. The extent of necessary input data should correspond with chosen 
computational tools (computer codes); besides, relevant data should maximally correspond with real 
conditions in the system. A final step in the safety assessments is comparison of assessment results 
with protection goals. These goals are, most frequently, expressed as dose limits or risk to which an 
individual or population as a whole are likely to be exposed. In addition, results can also be compared 
against results from other assessments to help build confidence, although care should be taken to 
ensure the compatibility of the comparison.In the paper significance of some computational methods, 
which allows us to probabilistically simulate the release, transport, the fate of mass (e. g. 
radionuclides) within complex engineered and/or natural environmental systems, will be presented and 
evaluated. 
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The leaching rate of 137Cs from spent mix bead (anion and cation) exchange resins in a cement-
bentonite matrix has been studied. Transport phenomena involved in the leaching of a radioactive 
material from a cement-bentonite matrix are investigated using three methods based on theoretical 
equations. These are: the diffusion equation for a plane source an equation for diffusion coupled to a 
first-order equation and an empirical method employing a polynomial equation. Radioactive waste is 
waste material containing radioactive chemical elements which does not have a practical purpose. It is 
often the product of a nuclear process, such as nuclear fission. Waste can also be generated from the 
processing of fuel for nuclear reactors or nuclear weapons. The main objective in managing and 
disposing of radioactive (or other) waste is to protect people and the environment. This means 
isolating or diluting the waste so that the rate or concentration of any radionuclides returned to the 
biosphere is harmless. Storage as the placement of waste in a nuclear facility where isolation, 
environmental protection and human control are provided with the intent that the waste will be 
retrieved at a later time. Disposal as the emplacement of waste in an approved, specified facility (e.g. 
near surface or geological repository) without the intention of retrieval Typically processing involves 
reducing the volume of the waste (e.g. by incineration or compaction); solidifying non-solid wastes to 
make them physically stable, and packaging the waste to isolate it from the environment. Ion 
exchange resins may be used most successfully for the removal of radioactive and stable ions from 
dilute solutions. Ion exchange resins are polymers with cross-linking (connections between long 
carbon chains in a polymer). The resin has active groups in the form of electrically charged sites. At 
these sites ions of opposite charge are attacted but may be replaced by other ions depending on their 
relative concentrations and affinities for the sites. Spent mix bead exchange resins containing 60Co 
and 137Cs, represent a major portion of the solid radioactive waste in nuclear technology. 
[1,2,3,4,5]The results presented in this paper are from a 30-year mortar and concrete testing project 
that will influence the design choices for radioactive waste packaging for a future Serbian radioactive 
waste disposal center. 
Keywords : bentonite, cement , radioactive waste, composite, disposal, diffusion 
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Moving-boundary problems are often called Stefan problems, with reference to the early work of J. 
Stefan, around 1890, when he was interested in the melting of the polar ice cap. In this frame we can 
include a large number of important physical processes involving heat conduction and materials 
undergoing a change of phase. One of these is a heat transfer problem involving a phase change due 
to solidification or melting which is important in many industrial applications such as the drilling of high 
ice-content soil, the storage of thermal energy, the safety studies of nuclear reactors and fire 
studies.Moving boundaries are also associated with time-dependent problems and the position of the 
boundary has to be determined as a function of time and space, but depends also on basis variables 
of the problems.Various numerical methods are known to solve Stefan problems, e.g. front-tracking, 
front-fixing, and fixed-domain methods. The finite-difference methods and finite-element techniques 
have been used extensively for numerical solution of moving boundary problems.Recent research on 
the numerical method has focused on the idea of using a meshless methodology for the numerical 
solution of partial differential equations (PDEs). One of the common characteristics of all mesh-free 
methods is their ability to construct functional approximation or interpolation entirely from the 
information at a set of scattered nodes, among which there is no relationship. During the past decade, 
increasing attention has been given to the development of meshless methods using radial basis 
functions (e.g. multiquadric -MQ) for the numerical solution of PDEs.The usual method of solving 
PDEs with RBFs is similar to standard mesh based methods by constructing a uniform grid that is 
consecutively refined, yielding progressively to more ill-conditioned systems of equations. To 
overcome the problems of ill-conditioned matrices many efforts have been made to find a new 
computational method that is capable of circumventing the ill-conditioning problems using linear 
solvers. In the literature the following methods are reported: pre-conditioning the coefficient matrix, the 
greedy algorithm, etc.Level set methods have become an attractive design tool for tracking, modelling 
and simulating the motion of free boundaries in fluid mechanics, combustion, computer animation and 
image processing. The goal is to include MQ RBFs into level set methods to construct a more efficient 
approach and stabilize the solution process with the adaptive greedy algorithm. 
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Experience with the Modernization of Equipment Used at 
Radioactive Waste Repositories in Czech Republic and 

Bulgaria 
Miroslav Kučerka1, Stanislav Kočvara2, Pavel Prašek2, Andrea Vaculinova2 

The Radioactive Waste Repository Authority (RAWRA), Dlážděná 6, 110 00 Prague 1, Czech 
Republic1 

VF, a.s., Nám. Míru 50, 679 21 Černá Hora, Czech Republic2 
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In the presentation the overview of several modernization and new investment projects realized in 
radioactive waste repository Richard Czech Republic and Novi Han Bulgaria will be given. 
Amongst other: 
• Design and construction of hot cells for works with high activities up to 2 000 TBq. 
• Supply of solid waste segmented gamma scanner used for characterization of low and/or 
intermediate level  
waste to be stored in the repository or aimed to be free released. 
• Supply of radiation monitoring systems used to monitor working environment and releases  
• Supply of various health physics equipment. 
• Supply of technology for decontamination and liquid waste processing. 
• Technology for testing of containers for radioactive waste (tip A, B(U), B(M)). 
The above mentioned projects were realized from 2004 to 2009. 

 
 911 

Waste Acceptance Criteria for Disposal 
Dejan Škanata1, Nadja Železnik2 

ENCONET d.o.o., Miramarska 20, 10000 Zagreb, Croatia1 

Agencija RS za radioaktivne odpadke, Parmova 53, 1000 Ljubljana, Slovenia2 
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Waste acceptance criteria (WAC) for disposal are a set of qualitative and quantitative requirements 
imposed by an authority or repository operator that defines properties of disposal packages that shall 
be fulfilled in order to meet safety of the repository. These criteria cover a very wide range of different 
radioactive waste properties, from radiological chemical and physical up to mechanical, thermal and 
biological. Some of them applied to the waste form, some to the metal containers in which the waste 
form is placed, and some to the resulting package designed for disposal.The national radioactive 
waste management agency in Slovenia (ARAO) is under course of site confirmation and designing the 
short-lived radioactive waste disposal facility. Therefore, development of WAC for disposal started 
recently. The project scope includes review and analysis a number of references focusing in particular 
on those waste properties and limitations for related parameters that may affect safety of the 
repository.The paper summarizes an extensive research that has been funded by the ARAO and 
reported in Preliminary Waste Acceptance Criteria for Disposal, Enconet, 2008. The basis for setting 
up the preliminary WAC for disposal was the list of waste properties stipulated by Regulation JV7. For 
each of them qualitative and quantitative requirements are proposed. The proposals are derived from 
the practice implemented in some European storage facilities and repositories and, on the basis of 
waste characterization and established WAC for storage in Krško NPP and Brinje facilities.Since the 
radioactive waste disposal project in Slovenia is in an early stage the related uncertainties are pretty 
high. This is way WAC for disposal could only be anticipated at the moment. In particular it applies to 
the quantitative limitations for some parameters. Because of that their limit values were selected using 
a conservative approach. Optimization of these values is proposed to be carried out in a later stage. 
However, the preliminary WAC given envisages additional predisposal treatment for some types of 
waste packages stored in Krško NPP and Brinje facilities. 
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Tritium-facing equipment and structural components of nuclear reactors, such as beryllium neutron 
moderator and reflector assemblies, are saturated with tritium. When replaced, these components can 
be handled both as middle-level and high-level waste. The cost of high-level waste disposal is rather 
high. In order to reduce activity of the waste and convert it to the low-level grade, it sometimes would 
suffice to carry out thermal detritiation of structural materials. This would require trapping (compacting) 
the tritium being released. Hydride-forming metals constitute the most compact tritium sorbent. 
Following tritium adsorption by hydride-forming metals, the latter are expected to be disposed of in 
tight casks. At that, metal hydrides should possess high chemical stability and not produce 
considerable amounts of helium-3, being a product of the radioactive decay of tritium. The paper 
presents the results of investigations with titanium being used as the hydride-forming metal. Data on 
kinetics of helium release from titanium ditritide are given. Active helium release to the gas phase is 
shown to begin when helium concentration in the solid phase gets as high as to correspond to the 
atomic ratio He sol.ph./Ti ≈ 0.3. Such helium concentration in solid-phase titanium ditritide is achieved 
in 3 to 3.5 years. It is shown that when titanium adsorbs tritium, the total saturation should not be 
higher that the atomic ratio T/Ti = 0.3. In order to provide more uniform tritium distribution over titanium 
before disposal, it is suggested to additionally saturate the sorbent with protium, thus bringing the total 
saturation of titanium hydride to the atomic ratio Σ (H+T)/Ti = 1.8-1.9. It is shown that there will be 
almost no helium-3 release to the gas phase for a long time (at least, 100 years). This precludes the 
risks of casks containing titanium hydride-tritide becoming leady under helium pressure. Optimal 
tritium-protium-titanium ratios to enable compact and safe disposal have been determined. 
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NPP Krško has participated in state's emergency preparedness headquarters exercise NEK2008. The 
exercise was realized by the decision of the Republic of Slovenia Government in October 2008. The 
main objective of the exercise was to check the integrated emergency response in case of severe 
accident at NPP Krško and adequacy of emergency plans on all levels. Internally, also some facility 
emergency response elements were practical examined using the NPP Krško full scope simulator.The 
main objective of this paper will describe elements of the scenario of exercise, the flow of the events 
during exercise and evaluation results of the emergency preparedness exercise »NEK 2008«. The 
paper also gives improvement plan based on exercise evaluation results. 
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Monitoring of the global radioactive contamination due to atmospheric nuclear bomb tests (1951-1980) 
and the Chernobyl accident (1986) has been carried out in Slovenia since the early sixties. The 
primary purpose of the monitoring program is to provide a basis for calculating the exposure of the 
population due to radioactive contaminants. Secondarily, due to the very long measuring period, it is 
possible to observe and understand trends of radionuclide concentrations in different media. Above 
all, two long-lived fission radionuclides, 137Cs and 90Sr, have been followed in the atmosphere, water, 
soil and in drinking water as well as in foodstuffs and feeding stuffs. In addition to that, river water 
contamination with 131I due to medical use was also monitored. In all samples, other natural gamma 
emitters are also measured, as well as 3H in drinking water and precipitation. Slovenia has two 
technical support organisations, which have been performing the monitoring practically from its start. 
The measurement program was roughly equally divided between them, each organisation always 
measuring same samples, with few samples duplicated for checking purposes. With the changes in 
legislation and the way public procurements are awarded, this mode of operation had to be changed. 
As a consequence, the continuity of measurements is broken since 2005. The monitoring program is 
still divided into 2 roughly equivalent parts, with organisations switching between those parts 
practically every year. Both organisations are accredited for performing monitoring by the Slovenian 
nuclear Safety Administration. The Slovenian legislation has set the accreditation according to 
ISO/IEC 17025 standard, used by testing and calibration laboratories, as one of the conditions for this. 
If we take this into account, the change of monitoring operator should not present a problem and all 
results should be consistent. Nevertheless, we have noticed some irregularities in long term trends. It 
has been shown in the evaluation process that several factors may contribute to these 
inconsistencies. The primary reason is the change of sampling location, which can lead to change of 
results due to different characteristics of the media at the chosen sampling location. At times, 
monitoring was conducted near nuclear objects, which is obviously a poor choice for environmental 
survey which should be generalized for the whole population. These inconsistencies and irregularities 
can lead to different exposure estimates on yearly bases, artificially boosting or diminishing the 
calculated influence of the radioactive contamination on the population. 
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A report was prepared to investigate the environmental consequences of different electrical power 
producing energy technologies for Slovenia. Electrical power production from four potential nuclear 
reactor designs, imported coal-fired power generation, combined-cycle gas-fired generation, and 
renewable power generation sources are considered. The four nuclear designs evaluated are the 1) 
Westinghouse AP1000 with a nominal electrical output of 1000 MWe, 2) Mitsubishi Heavy Industries 
EU-APWR with a nominal 1700 MWe output, 3) Areva EPR with a 1600 MWe power output, and 4) 
the ATMEA-1 with an assumed nominal power output in the range between 1000 and 1150 MWe. The 
imported coal power plant and combined-cycle natural gas power options assumed an output of 1100 
MWe for both technologies, respectively. The nuclear, imported coal, and natural gas options are 
assumed to have a 90% availability (Baseload Capacity Factor). Renewable options considered are 1) 
hydroelectric generation, 2) solar photovoltaic generation, 3) wind generation, 4) biomass 
cogeneration, and 5) geothermal electric generation. The combined renewable options are assumed 
to have 34% Baseload Capacity Factor. Additionally, a No-action option (electricity import) was 
evaluated.Data utilized in this study were collected from available sources, analyzed and interpreted 
according to best practices for completion of environmental impact studies and environmental impact 
assessments. The report is intended to be a preliminary energy technology impact study to be used as 
a resource document for a future energy alternatives analysis as part of an environmental impact 
assessment for new electrical power generation for all of Slovenia.The electrical energy generation 
technologies were evaluated for environmental impacts to 1) climate, 2) air quality, 3) surface water 
and groundwater, 4) noise, 5) land and agriculture, 6) the landscape, 7) nature and natural areas, 8) 
waste management, 9) human and environmental health, 10) impacts from ionizing radiation, 11) 
impacts to inhabitants and their environment, 12) cumulation or cumulative impacts with other 
projects, 13) impacts to cultural heritage, and 14) impacts to protected areas and zones. In the article 
the report's main findings are presented where comparison tables and selection criteria are given. 
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Uranium is a natural radioactive element, widely dispersed throughout the earth's crust. Its behaviour 
in soils is controlled by actions and interactions between physico-chemical and biological processes in 
soil that determine the bioavailability of uranium and its decay products. In many cases, the natural 
abundance has been re-distributed due to anthropogenic activities, resulting in radioactive 
contamination of water, soil and vegetation. In the vicinity of uranium mining areas, in particular, the 
radionuclides may be discharged to the environment with the tailings during the milling process. At the 
former uranium mine Žirovski vrh, Slovenia, U-mining and milling tailings are deposited at Boršt and 
Jazbec sites. Plants grown in soils contaminated with U tailings may represent radiological concern 
due to uranium transfer into the food chain. The uptake of radionuclides by plants is a common 
phenomenon observed by some metal-accumulating plants that grow on soils contaminated with 
uranium tailings or uranium mine runoff waters. The understanding of transport of uranium and its 
decay products through a soil-plant system is thus important for better radiological assessment of 
human exposure to radioactive elements through ingestion. Furthermore, the study of radionuclides 
accumulation in plants is very important in determining their environmental behaviour, especially when 
considering food chain transfers or phytoremediation potential. Uranium is usually accumulated in the 
roots and translocated to the shoots in limited amounts. Uranium plant accumulators are usually plants 
from Brassicaceae and Poaceae family. A Common reed, a tall perennial grass, which grows in a 
wetland habitats accumulates metals in the above-ground parts and may be used for 
phytoremediation of uranium-contaminated soils, because of high biomass production and high metal-
accumulation potential. Preliminary results of radionuclides uptake measured for such plants growing 
on a contaminated area are presented. A Common reed (Phragmites australis (Cav.) Trin. ex Steud.), 
that was grown in a marsh containing runoff water from the Boršt tailings accumulated 28 Bq/kg and 
8.6 Bq/kg of 238U in leaves and stems, respectively. In the contribution, specific activities of other 
nuclides from 238U decay chain are also shown and discussed. 
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Due to the industrialization and constant increasing of the transportation of the hazardous materials, 
the related risk management gains importance. Every year about 150 radioactive materials (consumer 
goods excluded) are transported within, into and out of Slovenia by all modes of transport. The 
transport involves many types of nuclear and non-nuclear radioactive materials and radiation sources 
for applications in research, medicine, industry, hydrology, geology, education and nuclear power 
production, with quantities (activities) ranging from minor to very large.This contribution is about the 
work undertaken with the purpose to establish a national radioactive material transport management 
system review and analysis. It presents the principal findings and conclusions of a comprehensive 
analysis and evaluation of the potential incidental events and irregularities involving radioactive 
material shipments in the period from 1997 to 2007 in Slovenia. The review will provide information 
about the implementation (compliance) and application (performance) of the existing national and 
international regulatory controls and safety requirements to ensure a satisfactory level of protection 
and safety in transport of radioactive material in Slovenia. Safety measures of hazardous materials, 
i.e. radioactive materials have recently emerged as critical due to the potential immediate physical or 
chemical impacts of the incident on the public safety, environment or infrastructure.Regulations for 
road, rail, maritime transport, and air transport have recently been revised based on the UN model 
regulations, and greater harmony has been achieved. Inspection data shows that there are still 
problems with compliance with these regulations. Therefore relevant literature and studies of risks in 
dangerous goods transport will be obtained and reviewed. Data and information on compliance with 
regulatory measures and safety-risk control measures will also be reviewed. A case study approach 
will be used as a part of the investigation into risks at the nodes within the transport chain. A system 
approach of looking at risks along the whole transport chain (safety elements according to ADR/RID 
and accidents dependence on them) may be the most efficient, particularly for the future decisions 
around allocating resources to evaluate and improve safety. The main contribution of this presentation 
is therefore about survey and its results on evaluation of the safety measures applicable to the 
radioactive dangerous goods transportation in Slovenia. Basic aims and goals of this research are 
therefore: Support the international review and revision of the transport regulations and supporting 
safety guides to ensure safety in transport practice according to the ADR treaty. To ensure uniformity 
and consistency in the interpretation of the EU requirements (i.e. comprehensive safety standards, 
provisions, good practices and operational procedures) at all levels of transport Promote and 
strengthen the system safety in transport in line with the latest scientific and technological 
developments and taking account of current and projected radioactive material transport practices and 
procedures. Further development of emergency preparedness and response and to prevent illicit 
trafficking of radioactive material. Last but not least, to develop harmonized systems in order to 
promote transparency in the provision of information and communication between public and the 
media in order to improve the public perception of transport safety. 
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A half of a million dwellings (houses, block of flats and other buildings) are standing in Slovenia, as 
following the information obtained by Statistical Office of the Republic of Slovenia in 2004. 58% 
dwellings were constructed using clay bricks, 16% concrete bricks, 16% were all-in concrete, 8% were 
all-in stone and 2% were wooden buildings. More than 55% of dwellings were built in rural area. The 
two thirds of the dwellings in Slovenia are older than 30 years. The direct exposure to ionising 
radiation due to building materials and raw materials can represent a radiation protection problem and 
potentially radiological health risk. The important radiological consequences of the natural radioactivity 
in building materials are two-fold: the irradiation of the human body by gamma-rays and the irradiation 
of the lung tissues by radon and its progeny.In the present research study, which was financially 
supported by the Slovenian Nuclear Safety Administration, the mass activity concentration of the 
radionuclides in samples of commonly used building materials, raw materials or additives from natural 
igneous origin as used in high-level constructions in Slovenia were measured using gamma 
spectrometry. Natural environmental radioactivity arises mainly from primordial radionuclides, such as 
40K and the radionuclides from 232Th and 238U series, which occurs at trace levels in all ground 
formations. For the materials considered in the study, the activity concentration index, as defined in 
the publication RP 112 of the European Commission, was calculated. The building materials and raw 
materials analysed are mainly type A1, but some items should be considered in categories A2 or B1. 
Those materials are mostly related to the igneous origin materials (counter-tops) and bricks made up 
of coal fly ash. The average calculated absorbed dose rate inside of a dwelling was 80,8 nGy/h, 
ranging from 1,34 nGy/h in the sand to 300 nGy/h in the coal-fly-ashed brick. The average effective 
dose rate indoors calculated on annual basis for individuals, derived by the absorbed dose rate in air, 
was 0,4 mSv, taking into account the indoor occupancy time 7000 hours/year and the conversion 
factor 0,7 Sv/Gy. The effective doses, exceeding the annual dose criterion of 0.3 mSv, according to 
the regulations of the EC publication RP 112 should be taken into account in terms of radiation 
protection and radiation controls should be recommended. 
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Immediately after the discovery of radioactivity radioactive materials become widely used in different 
types of research and application. Nowadays in research laboratories radioactive materials are used in 
laboratories performing radiobiological or radiochemical research, research of materials as well as in 
calibration laboratories. Some typical physical methods, related to radioactivity of material under a 
study, also use radioactive materials. As for example, calibration of gamma spectrometers is 
preformed by using typical calibration sources e.g. Am-241, Cs-137, Co-60. A use of radioisotopes in 
a typical chemical laboratory is less known resulting in a lack of awareness required in order to apply 
all protection measures. In the last few years the Slovenian Nuclear Safety Administration conducted 
an extensive campaign in order to improve the inventory of radioactive sources and establish 
regulatory control in chemical laboratories and chemical instruments used elsewhere.Researchers in 
chemical research laboratories very often use uranium or thorium compounds in a form of unsealed 
sources as chemicals. In the past uranium acetate was widely used for the preparation samples to be 
investigated with an electron microscope. Other well known radioactive isotope present in chemical 
laboratories is Ni-63 in gas chromatography. In addition, in liquid scintillation techniques applied in 
chemical laboratories radioisotopes H-3, C-14, P-32, S-35 and Cr-51 are used commonly. It is less 
known that in most of the liquid scintillation counters radioisotopes are installed for quenching control, 
as for example: Ra-226, Cs-137, Ba-133 or Eu -152. It is also less known that in ion mobility 
spectrometry (IMS) techniques radioisotopes are usually built in the IMS instrument. This chemical 
analysis is widely used nowadays. The IMS instruments are dedicated to detect chemical warfare 
agents, explosives or narcotics. The detectors are known under commercial names e.g. M90, MGD1, 
ChemPro100 and Vapour Tracer. Their normal use does not pose any particular attention but a 
service of such instruments requires special procedures taking into account also radiation protection 
measures. Although instruments mentioned are made user friendly a proper warning sign for radiation 
is labelled rarely. This can easily results in overlooking the presence of radiation source.The 
characteristics of apparatus using the chemical methods and containing radioisotopes are given in an 
overview which focuses on the characteristics of radioisotopes, their radiation and safety handling 
such instruments. Radiation safety requirements are discussed taking also into account the role of 
such detectors in contemporary security procedures. 
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Po-210 is one of the most radiotoxic radionuclides, which is evident from the predicted effective dose 
of the unit of intake. This value is about 10 to 10000 times higher than for most of other radionuclides. 
Radiotoxicity of Po-210 is connected with the fact that it emits alpha particles with relatively high 
energy of about 5.3 MeV and that it is accumulated in the soft tissues, such as muscles, livers and 
others. Elevated levels of Po-210 in fish and squids can therefore, depending on consumption, yield in 
high ingestion doses for humans.Analysis of the fish and squid consumption in Slovenia was 
performed on the basis of Eurostat and FAO (Food and Agriculture Organization) data. This data was 
used as basis for purchase of 9 fish species and 2 squid samples in Ljubljana shops. Fish and squid 
samples were cleaned, freeze dried and homogenized. To the each sample, radioactive tracer Po-209 
was added in order to determine radiochemical recovery of the separation procedure. Each sample 
was digested with HNO3, HCl and H2O2. Po-210 was then separated from other radionuclides by its 
spontaneous deposition onto a Cu disc in diluted HCl. Po-210 specific activity was measured with 
alpha spectrometry system equipped with PIPS (Passivated implanted planar silicon) detectors. 
Activity concentrations of Po-210 in fish were in the range from 0.045 to 35.1 Bq/kg fresh weight and 
in squid from 0.89 to 6.1 Bq/kg fresh weight. Assessed yearly effective ingestion dose is 34 µSv/year 
due to fish consumption and 5.0 µSv/year due to squid consumption. 
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In this study the ash method has been applied for environmental sample treatment in order to 
decrease of the detection limit in gamma-ray spectrometry for low level radioactivity measurements. 
Detection limit in gamma ray spectrometry is the smallest expectation value of the net counting rate 
that can be detected on given probabilities.The environmental test samples have been changed into 
ash using a suitable oven. The heating were made under controlled temperature to avoid the escape 
of some radionuclides such as radiocaesium. The ash samples were measured by high resolution 
gamma-ray spectrometry system. 
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Four milk samples were collected from farms in the vicinity of former uranium mine Žirovski vrh and 
one from reference location. In the milk samples, 238U, 234U, 226Ra, 210Pb and 210Po were determined. 
Samples were evaporated to dryness. For the analysis of uranium and 226Ra, samples were ashed at 
650 °C. Then 232U and 133Ba tracers were added in order to determine chemical recovery. After that, 
samples were digested with HNO3, HCl and H2O2, evaporated to dryness and dissolved in diluted 
HNO3. H2SO4 and Pb were added in order to precipitate Ra from the solution. After centrifugation, 
solution was decanted and stored for subsequent uranium separation. The precipitate was dissolved 
with NaOH and EDTA. After the dissolution, Ba ions, pH indicator, acetic acid, Na2SO4 and BaSO4 
were added in order to microprecipitate Ra as Ba(Ra)SO4. Counting source was prepared by filtrating 
Ra microprecipitate through a 0.1 µm filter. Uranium was separated from other radionuclides on 
UTEVA separation column and microprecipitated with NdF3. Counting source was prepared by 
filtrating through a 0.1 µm filter. For the analysis of 210Pb and 210Po, 209Po and Pb tracers were added 
to the dried samples to determine chemical recovery. Then the samples were digested with HNO3, HCl 
and H2O2. Residue remaining after the digestion was filtered away and the solution was evaporated to 
dryness and dissolved in 2 M HCl. 210Pb and 210Po were separated on Sr separation resins. The 
counting source for 210Pb was prepared by precipitating Pb with addition of H2SO4. 210Po was 
spontaneously deposited on a Cu disc. Uranium, 226Ra and 210Po were measured by alpha 
spectrometric system equipped with PIPS (passivated implanted planar silicon) detectors and 210Pb by 
a gas flow proportional counter. Activity concentrations varied from 0.0011 – 0.021 Bq/kg fresh weight 
for 238U, 0.0025 – 0.012 Bq/kg fresh weight for 234U, 0.011 – 0.013 Bq/kg fresh weight for 226Ra, 0.044 
– 0.060 Bq/kg fresh weight for 210Pb and 0.031 – 0.065 Bq/kg fresh weight for 210Po. In conclusion, 
analytical problems encountered in radiochemical determinations are discussed and effective 
ingestion doses for different population groups assessed. 
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A number of studies by the Radiation Public Health Project assert that levels of radioactive 90Sr are 
rising in the environment and that these increased levels are responsible for increases in cancer, 
particularly cancers in children, and infant mortality. 90Sr is a uranium and plutonium fission by–
product in nuclear reactors and nuclear accident. Following the release of 90Sr in environment and the 
food chain 1، therefore measurement of 90Sr in environment sample would be important. In this paper 
radiochemical for measurement of 90Sr were based on separation of   90Y (decay product of 90Sr) with 
tributhlphosphate (TBP) and followed by the preconcentration by precipitation with ammonium oxlate 
and source preparation for irradiation by low level liquid scintillation spectrometer respectively. The 
lower minimum detectable activity (MAD) for 1000 min counting time was 0.60 Bq/Kg for 53.9% 
confidence level.  
Keyword: 90Sr, TBP, ammonium oxlate, liquid scintillation 
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Electrolysis Byproduct D2O Provides a Third Way to 
Mitigate CO2 

William Schenewerk 
ARCO Explor. & Product. Technology;, NASLOV NEZNAN, pošta se je vrnila, Plano, TX 75075, USA 
wschenewerk@msn.com 

Rapid atomic power deployment may be possible without using FBRs or making undue demands on 
uranium resource. Byproduct D2O from water electrolysis is used in CANDU and RBMK piles. 
ICAPP02-1192, ICAPP03-3029, ICAPP05-5178, ICAPP07-7303, and Atlante 2008-P3_21 results are 
potentially circumvented. ICAPP02-1192 used spent LWR plutonium for breeder first cores. Atlante 
2008-P3_21 sent U235 directly to breeders. ICAPP03-3029 used seawater uranium in LWRs. Using 
byproduct D2O and thorium-U233 in CANDU and RBMK piles may circumvent need for either FBRs or 
seawater uranium.Atmospheric CO2 is presently increasing 2.25%/year in proportion to 2.25%/year 
exponential fossil fuel consumption increase. Roughly 1/3 anthropologic CO2 is removed by various 
CO2 sinks. CO2 removal is modeled as being proportional to 45-year-earlier CO2 amount above 280 
ppmV-C. This is: Exp(-0.0225/year * 45 years) = 0.36. This is the fraction CO2 subtracted from 
anthropologic emissions, apparently by seawater absorption after a 45-year time-delay. Water 
electrolysis produces roughly 0.1 kg-D20/kWe-y. Material balance assumes each electrolysis stage 
increases D2O bottoms concentration times 3. Except for first two electrolysis stages, all water from 
hydrogen consumption is returned to electrolysis. The unique characteristic of this process is the 
ability to economically burn all deuterium-enriched H2 in vehicles. Condensate from vehicles returns to 
appropriate electrolysis stage.Atomic power expansion is: D2O CANDU/RBMK fleet = 350 GWe * 
EXP(0.05 * (year - 2000)), giving 52000 GWe by 2100. Deploying 1000 GWe hydro, 1000 GWe LWR, 
and 52000 GWe CANDU/RBMK/FBR power by year-2100 results in CO2 doubling year-2060. World 
primary energy is 4.78 EJt * EXP(0.0225 * (year - 2000)). Transportation switches to hydrogen and 
paint-stripping hydrazine. Beginning year-2100, excess CO2 declines at 2.25%/year.Light water 
reactor (LWR) fleet grows to 2000 GWe nameplate and hydroelectric power grows to effectively 1000 
GWe (~2000 GWe nameplate). 1000 GWe LWR fleet consume 12 Mt-HM (Heavy Metal) by 2100. 
CANDU and RBMK first cores require 12 Mt-HM. Optimum Thorium-U233 cycle depends on uranium 
resource base and rate of parallel FBR deployment. 5.0 Mt HM backup should be set aside for FBR 
first cores in case the D2O plan does not work. Present resource estimate is 35 Mt-HM from IAEA 
Uranium 2005.Byproduct D2O from electrolysis permits CO2 mitigation by 2100. CO2 maximum is 
635 ppmV-C around year 2080. Roughly 1.1 PW-y atomic electricity is required to reach 2100. A 
100% D2O fleet Th-U233 cycle needs enough conversion to multiply a 35 Mt uranium resource times 
4. CO2 will presumably decline back to 350 ppmV-C by roughly year-2200 if the 45-year-delay sink 
remains effective. If the 45-year-delay CO2 sink fails, due to perhaps ground saturation or ocean 
acidity increase, situation becomes worse than grim. There is now a third method for mitigating CO2 
that uses byproduct D2O. 
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Faculty of Engineering and Technology, Science & Research Campus, Islamic Azad University2 

P.O. Box: 14515-775, Poonak-Hesarak, Tehran, Iran2 

mkarami_3@yahoo.com 

The purpose of this experiment is to study some of the properties and behavior of the HPGe detector 
after liquid nitrogen charging to cryostat, under same condition. The significance of cooling effect is 
investigated in peak position and peak shape of desired gamma line as well as in net area and count 
rate. 
Keywords: Gamma-ray Spectrometry, HPGe detector, liquid nitrogen cryostat 
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Current Status of Functions, Responsibilities and Training 
of Radiation Protection Officers in Slovenia 

Matjaž Koželj, Igor Jenčič 
Institut "Jožef Stefan" 
ICJT, Jamova 39, 1001 Ljubljana, Slovenia 
matjaz.kozelj@ijs.si 

In the current, harmonised Slovenian legislation the definition and functions of Radiation Protection 
Expert (RPE) are based essentially on the definition of Qualified Expert in the Euratom BSS. The 
definition and functions of Radiation Protection Officer (RPO) are also included, but they were adopted 
from the International (IAEA) BSS with the addition of responsibilities for fulfilling some formal 
requirements regarding the implementation of radiation protection and communication of licensee with 
the regulatory body. This approach enabled us to fulfil the requirements of Euratom BSS and also to 
keep continuity with earlier system.For the particular practice the program of training for RPOs is 
closely related to the training of Radiation Workers. It is extended just to cover legislation in more 
details and to familiarise the participants with practical aspects of licensing process. Consequently, the 
implementation of this training was not demanding and has been running from the date of 
implementation of current Regulation. The situation is different in the field of training for nuclear 
installations, where operation of the radiation protection unit is required with the staff consisting of 
specially trained RPOs. Due to the complexity of work and other requirements, the training of these 
RPOs is not simply the “extended” regular training for Radiation Workers in nuclear installations. The 
latter one is well developed and successfully implemented in the more or less present form for more 
than two decades now. Since the demand for the training of RPOs was limited (small number of 
installations, almost no migration of workers), the required training for the (limited) new staff members 
was acquired abroad in the past. Considering the formal requirements for RPOs in nuclear 
installations, verifying and certifying this form of training has proved to be extensive and demanding 
task.Comparison with other countries reveals that the RPO position is not generally introduced in EU. 
But even in the countries that have RPOs, the roles and duties are not the same as in our legislation. 
This applies also to the position of RPE and creates problems regarding mutual recognition of training, 
education and competences of RPEs and RPOs. Five years have passed since the introduction of 
current Regulation for training of RPOs and Radiation Workers and it is possible to draw and present 
some conclusions regarding the requirements, implementation and effectives of training. Also, it is our 
aim to formulate some suggestions for the improvements in the possible future amendment to the 
Regulation. 
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A stakeholder needs assessment, carried out under the EU-EURAC and EU-ENEN II projects, clearly 
showed that, at the European level, there is a significant and constant demand for post-graduates with 
skills in radiochemistry, radioecology, radiation dosimetry and environmental modelling and a smaller, 
but still important, demand for radiobiologists and bio-modellers. Most of this demand is from 
government organisations. If only the nuclear industry is considered, then the largest demand is for 
radiochemists and radiation protection dosimetrists.  
Given this spectrum of need and existing capacity in the areas of radiobiology (including the European 
Masters in Radiobiology hosted by the Grey Laboratory in the UK) it was concluded that the needs 
identified would be most efficiently met by three new courses:  
• European MSc Radiation Protection 
• European MSc Analytical Radiochemistry 
• European MSc Radioecology 
All three master programmes would be developed using the framework provided by the Bologna 
Convention and then would be taught within a network of collaborating universities. Plans have been 
developed for the above degrees. These plans envisage each degree comprising three modules that 
are common to all the degrees (3 x 10 ECTS credits), three specialist modules (3 x 10 ECTS credits) 
and a research project (1 x 30 ECTS credits). The courses should be aimed, not only to fill the 
identified European postgraduate education gap in radiological sciences, but also to provide a modular 
structure that is easily accessed by stakeholders for CPD training. It is anticipated that the European 
Masters will meet the academic training requirements of qualified experts”, as defined by the 
European Commission and the IAEA. At the Norwegian University of Life Sciences (UMB) a pilot MSc 
in Radioecology has successfully been initiated in collaboration with UK and France 
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A Better Nuclear Industry Through Online Learning 
Pamela Aigner, David Helling, David Kwiatkowski 
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In this age of technology, online learning should be a vital tool in the training portfolio of the nuclear 
industry. However, for the most part, our industry continues to favour face-to-face classroom methods, 
ignoring or misusing the many benefits that technology delivered education can provide. Although 
relatively new to the nuclear industry, online learning is the preferred training method at many 
universities and corporations, and is shaping the way the next generation of works learn. With this in 
mind, it is now imperative that the nuclear industry embrace the benefits of online learning. 
Westinghouse Training and Operational Services, since 2001, has experienced exceptional results by 
using online learning techniques to train utility maintenance and engineering staffs. Central to our 
success is the use of a progressive student-centered learning approach that establishes a learning 
partnership between the student, his or her management, and our instructors. In this presentation, we 
will discuss how and why online learning was implemented and the performance improvement that we 
have seen in the U.S. plants using these methods.Geography need not be a barrier with online 
learning. Students with diverse backgrounds from world-wide locations can simultaneously participate 
in these programs. The benefits of having multiple organizations participating in training programs 
include efficient use of instructor resources, cross-industry knowledge sharing, travel cost reduction, 
and development of life-long communities of practice. Most importantly, online learning can deliver 
learning outcomes that are superior to traditional classroom training methods.We believe that the 
learning approach that we will outline during this oral presentation develops a partnership with utility 
and corporate leadership and training organizations that will lead to the improvement in student 
metacognitive skills required to bring learning and knowledge transfer to the level needed to meet 
today’s resource challenges. This is a learning approach that can significantly contribute to safe and 
vital nuclear energy for the New Europe and for the world. 
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Drivers and Challenges to Nuclear Energy Industry Expansion: 
Lessons from India 
J Nandakumar 
Global Data-DMV Business and Market Research, E-Park, Kondapur, Hyderabad - 500081, Andhra Pradesh 
India 
nanduj123@gmail.com 
India is a fine example of a developing country with nuclear energy industry expansion plans. The country 
has currently seventeen operating nuclear reactors, five nuclear reactors under construction and many more 
in planned and proposed stage. The growing demand for electricity, economic targets of the country, poverty 
alleviation plans, and above all India’s strategic ambitions in the global arena will play as the key drivers to 
nuclear industry expansion. While the industry expansion plans can potentially offset the electricity shortage 
the country has been facing over the past many years, this process of expansion will also face enormous 
challenges from both domestic as well as external factors. The paper analyses both drivers and challenges 
to the nuclear energy industry in the country, potential opportunities to the global industry players, and 
examines the key lessons that has wider applicability among other developing nations across the world, 
which are either planning nuclear industry expansion or will develop nuclear industry anew in the years to 
come. The paper addresses some of the major concerns and challenges that are faced by any country 
planning nuclear sector expansion. It also argues that domestic challenges often become more serious to 
any country’s nuclear expansion plans, than external threats 
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Michael Modro, Maurine Mellinger, Mamdouh El-Shanawany 
International Atomic Energy Agency, Wagrammerstr. 5, P.O.Box 100, A-1400 Vienna, Austria 
m.mellinger@iaea.org 

Safety assessment is the foundation for successful nuclear power plant design, licensing and operation. As 
Member States plan new or expand existing nuclear power programmes, the IAEA developed a Safety 
Assessment Education and Training (SAET) programme to support independent and sustainable safety 
assessment capacity. Safety assessments require multidisciplinary skills and long term commitment to 
assure robust capability for the safety of nuclear installations. Therefore, the corner stone of the SAET is a 
“curriculum” that outlines the knowledge needed for understanding the basis for, and the safety requirements 
associated with, the design and operation of nuclear facilities. The curriculum identifies specialized 
knowledge necessary for performance of safety analyses, which will demonstrate compliance with those 
requirements. The SAET curriculum is based on international best practices and expertise. It sets high 
educational standards and its elements are compatible with academic course requirements. The SAET 
curriculum addresses education and training needs for a range of personnel, from those with little or no 
experience in safety assessment to those seeking to gain specialized expertise in certain areas of safety 
assessments. The curriculum shall be used for evaluation of educational needs of organizations involved in 
nuclear safety, and for planning and development of educational programmes on safety assessment at these 
organizations, in support of sustainable safety assessment capabilities and safety knowledge management. 
The second important function of the curriculum is to serve as the standard and basis, as well as the 
guidance for development of training materials and courses. 
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EURATOM Research Activities in a Certain Time Period 
Nuša Majhenc, Helena Janžekovič 
Uprava Republike Slovenije za jedrsko varnost, Železna cesta 16, p.p. 5759, 1001 Ljubljana, Slovenia 
nusa.majhenc@gov.si 

Scientific research has always had a special place in the European Union (EU). In the Treaty on the 
European Communities (TEC) a scientific research has its own title under the heading Community policies 
research and development (RTD). Namely, the articles 163-171 form a legal basis for special programmes 
called Framework Programmes (FP) for research and development. In addition, implementing European 
nuclear research and training programmes is a legal and political obligation resulting from the European 
Atomic Energy Community Treaty (EURATOM), adopted in 1957 as the one of the two “Treaties of Rome”. 
The importance of nuclear research in the EU can clearly be recognized in the fact that promotion of 
research is well defined in the beginning of EURATOM text, explicitly in Title II, Chapter 1, articles 4-11. The 
final evidence on importance of RTD in the EU is the fact that RTD represents third single largest heading in 
the overall EU budget, being smaller only to the agriculture and structural actions, amounting to 4.6 bn EUR 
in 2009.In view of a foreseen renaissance of nuclear technologies the article gives an overview of the basic 
features of the EURATOM Framework Programmes for Nuclear Research and Training Activities through the 
years from its conception in 1984 (1st FP) until today. The article focuses on the development of activities 
within FPs related to nuclear technologies as well as on changes of accentuated thematic areas of FPs and 
extension of funding. A role of Slovenian research institutions related to nuclear technologies within FPs of 
the EU is analysed. The analysis will also take into account the available data related to FP7, which is now 
taking place. 
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Recruiting nuclear energy professionals is a challenge to replace senior staff close to retirement and to solve 
the additional demand of personnel for recent modernization and new NPP projects. The Finnish public 
nuclear safety program Safir2010 aims to keep an adequate and wide enough basic expertise for the needs 
of the near-term NPP projects. Safir2010 addresses education and training issues, but consists of medium 
term tasks, practical applications and its researchers are usually experts. To provide a longer perspective 
and an emphasis on basic science and researcher training a national research programme GEN4FIN was 
established. Its theme is advanced nuclear fission energy concepts. Its objectives include also learning and 
validating of new methods and calculation tools applied to GEN4, providing new views by GEN4 projects into 
safety of present NPP concepts, and utilization of cross-cutting issues with, for instance, conceptual fusion 
power plant studies.A brief overview of the GEN4FIN research objectives and topics is given. The main 
subject areas include i.a. materials and reactor dynamics of supercritical water reactors. The GEN4FIN 
partners have experience on high power light water reactor technology (HPLWR). Research topics on high 
temperature reactor concepts have started. The Finnish simulation environment platform APROS is being 
extended to several GEN4 concepts, thorium cycle is reassessed and several projects on high temperature 
materials and fast reactor concepts are under way. The domestic resources and know-how in GEN4 studies 
are limited and, therefore, networking to international research programs must be exploited. GEN4FIN teams 
already participate in several EC projects. Our domestic nuclear research platform is linked to GEN4 studies 
and similarly to the SNE-TP in Europe. A detail worth mentioning is the ENEN-III co-ordination action which 
has a goal to create E&T requirements for GEN4 engineers. The counterpart of this task is the fusion energy 
goal oriented training (GOT) by Euratom-EFDA. 
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Q Techna d.o.o., Knezov štradon 92, 1000 Ljubljana, Slovenia2 

andrej.androjna@numip.si 

Apart from generation exchange taking place in the nuclear industry, numerous planned new constructions 
dictate to each entity participating in this area to maintain and improve personnel knowledge and skills on the 
long run.To ensure capable personnel is not a paramount objective only for the regulatory bodies, institutes, 
research facilities and nuclear power plants. The same also holds true for the industry that provides products 
and services in support of maintenance and operation of existing plants, as well as for the whole supply 
chain for the new builds. The paper explains a specific situation in Slovenia with only one nuclear power 
plant, and a new unit planned for the future. Further presented, is a case on the leading Slovenian nuclear 
service provider NUMIP Ltd. and its daughter company Q Techna Ltd. They have been systematically 
developing an education and training program in support of their services to nuclear power generation. Apart 
from domestic education and training programs, opportunities are seized in cooperation with foreign 
companies and institutions to gain and maintain knowledge and skills. Experience from jobs at foreign 
nuclear power plants complements that. For service providers such as NUMIP and Q Techna, it is of crucial 
importance to assure a balanced mix of well trained and educated personnel. Apart from engineers and 
some postgraduates, there is a tremendous need for capable technicians and highly skilled workers of 
different trades. Consequently, apart from education and training of their own and supplemental personnel, 
both companies have recognized the need and started to provide training and certification to other 
companies and individuals in the market. On the one hand, NUMIP has started its welding school, whereas 
Q Techna has launched its non-destructive training and qualification center.In the not so distant future, both 
companies plan to provide support to both, maintenance of the existing plants and new constructions, thus 
their personnel have to be ready for that. 



 
 

 
International conference Nuclear Energy for New Europe 2009: Book of Abstracts 134 

 
 1108 

Training Activities in Support of Nuclear Power Plant Krško 
Regular Outage 

Igor Fifnja, Franc Pribožič 
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During recent years Nuclear Power Plant Krško is running on 18-month fuel cycles. The time between 
outages must be effectively used to prepare the complete scope of modifications, projects and maintenance 
activities that are planned to be implemented during the outage. During the last years, the intensity of outage 
activities was increasing, resulting in higher number of contracted companies and workers involved. The 
Training Department, an internal organizational unit of NPP Krško, also plays an important role in the period 
of pre-outage preparations. The main activities in training area can be divided in following categories:-
 pre-outage training of NPP Krško employees from Operations, Maintenance and other departments,-
 training of workers of contractors and other external organizations for performance of outage activities 
(general and specialty courses),- preparation of simulator modifications to be implemented during the 
outage. The intensity of pre-outage training, organized for workers of contracted companies and other 
external organizations was in increase during the last years. The analysis shows, that there is a high number 
of organizations and workers, which are returning to perform outage activities for several consecutive 
outages. On the other hand, there are always new organizations and workers, which are coming to NPP 
Krško for the first time. The other reason for intensity of training programs is the requirement that workers 
have to refresh knowledge and attend designated courses in the pre-defined renewal intervals. Overall, prior 
to the outage in 2009, 1950 external workers have attended various general courses, organized and 
delivered by Training department. During the previous two outages, the total numbers of trainees were 1580 
in 2007 and 1426 in 2006. The main courses that belong to this program are:- General employee training 
(Plant access training),- Radiation protection training,- Work leaders training.  During the preparation 
period prior to the last three outages, the new programs were introduced, which have the objective to provide 
the environment for preparation of specialists for the specific maintenance activities in the plant (e.g. valve, 
pump, compressor maintenance, etc.). The conclusion is that Training department with organization and 
delivery of various courses supports the effective and quality performance of outage activities to great 
extend. There are plans also to introduce some improvements in various training courses in the future. The 
overall objective of Training department is to continue to provide the support needed by other department, 
involved in the conduct of outage activities. 
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The paper will present experience from performing nuclear technology courses at Nuclear Training Centre 
Ljubljana. There are two types of important courses, which we conduct for NPP Krško staff and other 
organizations, dealing with nuclear technology. The first course is called NPP Technology (the abbreviation 
in Slovenian language is TJE) and is intended for future control room operators. This course is the first, 
theoretical part of the initial training of licensed operators (later stages – NPP systems and simulator training 
– take place at the NPP). Approximately 5 months are devoted to different topics, such as nuclear and 
reactor physics, thermal-hydraulics and heat transfer, radiation protection, electrical engineering, materials 
and nuclear safety. The second course, Basic of Nuclear Technology (in Slovenian OTJE) is suitable for 
other NPP technical personnel, for technical support organizations, regulatory body, etc. This course 
consists of two parts: theory (4 weeks) and NPP Systems (4 weeks). The paper will describe the content of 
courses in more detail, and the results, feedback and other experience from conducting these courses, which 
helps us to constantly improve the quality of courses. 
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Czech Republic belongs among countries in Europe with important share of nuclear power for electricity 
production (more than 30 %) and with sufficient nuclear power plant operating experience (over 100 reactor-
years). Czech Republic has also been one of the biggest electricity exporters in Europe during the last years 
and its industry has experience in production of majority of components for WWERs (more that 20 RPVs 
produced).The National Energy Policy of the Czech Republic, which was approved in 2002 by the 
government, has included nuclear power as important part of future energy mix (coal, nuclear, renewable 
sources). Preparatory activities for new NPPs have been blocked during the last three years due to the 
political situation, which is going to change in the near future. It is expected that the new NPP will be in 
operation not earlier than in 2020.All important players of the Czech nuclear sector utility: CEZ, vendors – 
SKODA JS, Vitkovice HM, Nuclear Research Institute in Rez, technical universities in Prague, Pilsen, Brno, 
Ostrava, Liberec, and regulatory body – SUJB have done active steps for preparation of expected future 
newbuilds. The paper will describe activities in education of young generation – particularly establishment of 
the CENEN (Czech Nuclear Education Network Association), revitalisation of nuclear education at Czech 
technical universities and activities of other important nuclear players e.g. Czech Nuclear Society, Czech 
Physical Society, Academy of Sciences of the Czech Republic, and Nuclear Research Institute in Rez plc. 
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In spite of the fact that, since 1989, there are no nuclear power plants in operation in Italy, still along these 
years, ENEA (Ente per le Nuove tecnologie, l’Energia e l’Ambiente), quite often in cooperation with a network 
of six University, has promoted R&D projects, mainly in the frame of the European initiatives, in the area of 
safety (for existing and advanced/innovative reactors), development of innovative systems (both critical and 
subcritical), waste management (conditioning, disposal, partitioning and transmutation) and radioprotection. 
At the same time, the industrial players have worked out to keep competitive their competencies, working 
abroad and participating to European and international networks. In addition, public bodies have continued 
their work of monitoring safety and security in all the non energetic (medical, industrial,...) nuclear 
applications going around. To feed all these national needs, university courses have been providing about 
100 graduates (nuclear engineers, radioprotection experts,...) per year. Being now in the verge of a new 
nuclear season, further highly skilled workforce will be required. The paper will present the workforce 
planning thought to cope with the needs of the starting nuclear energy program and the initiatives to be put in 
place to answer the need of, at least, doubling the number of graduates per year. 
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An important part of the Slovenian Fusion Association [1] is the Public Information (PI) group, whose main 
tasks are to disseminate the knowledge on fusion as a future energy source and to inform the general public 
on the ongoing and future fusion research activities in the European fusion programme. The activities include 
running the permanent Fusion Expo at the Nuclear Training Centre [2] at the Jožef Stefan Institute [3], 
running the travelling exhibition “Fusion Expo” [4], translation of brochures, posters and other information 
material published by EFDA [5], performing public lectures on fusion, on the ITER project and other fusion 
related topics, etc. The paper will present current status of the PI activities in Slovenia and future challenges. 
REFERENCES 
[1] http://www.sfa-fuzija.si/ (April 2009) 
[2] http://www.icjt.org/an/index.htm (April 2009) 
[3] http://www.ijs.si (April 2009) 
[4] http://www.fusion-expo.si (April 2009) 
[5] http://www.efda.org/index.htm (April 2009) 
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The Nuclear Training Centre Milan Čopič at the Jožef Stefan Institute in Ljubljana began monitoring media 
reports on nuclear energy in July 2007. With the assistance of a professional clipping company most of the 
media reports are now being intercepted and then individually classified into four major groups: main subject 
(economy, energy future, safety and environment, radioactive waste), type of media (journal, internet, TV, 
radio), attitude (positive, neutral, negative) and importance of the article. After the classification a statistical 
analysis of more than four thousand articles can be made. On average, about 7 articles on nuclear energy 
per day can be taken into consideration; however, the number may strongly vary from day to day, depending 
on the daily political influence. The findings show that there are slightly more positive reports than negative, 
while most of them are neutral. Today, the main media report nuclear issues in a professional manner 
without negative attitude, which was to a large extent not the case in the last two decades. Furthermore, the 
connection between the type of media and reporting subject seems to be statistically significant. Some types 
of media more often report of specific themes than others. This paper presents some statistically significant 
findings in daily reports on nuclear energy. 
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Public Opinion about Nuclear Energy – Year 2009 Poll 
Radko Istenič, Igor Jenčič 
Institut "Jožef Stefan" 
ICJT, Jamova 39, 1001 Ljubljana, Slovenia 
radko.istenic@ijs.si 

Public information is one of the important activities of the Nuclear Training Centre at the Jožef Stefan 
Institute. The Information Centre with permanent exhibition and a program of lectures for youngsters was 
established within the Nuclear Training Centre in 1993. Its primary goal is to inform the visitors about nuclear 
power and nuclear technology in general and about Krško Nuclear Power Plant.The visit consists of a live 
lecture about nuclear technology followed by the demonstration of radioactivity and a guided tour of 
exhibition. The main target group of information activity are schoolchildren with their teachers. Most of them 
are from the 8th and 9th grade of elementary school, age 14 to 15. Every year some 8000 youngsters visit 
the Information Centre.Since 1993 we monitor the opinion trends by polling about 1000 youngsters every 
year. The youngsters are polled before they listen to the lecture or visit the exhibition. In that way we are 
trying to obtain their opinion based on the knowledge from everyday life. In the paper we will present and 
comment the results. The trends that we monitor since 1993 are more indicative than the absolute numbers. 
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Identifying How Legislation And Regulation Impact Upon The 
Conditions For New Nuclear Build In The European Union 

Raphael Heffron 
Judge Business School & Electricity Policy Research Group 
University of Cambridge, , Cambridge, CB2 1AG, United Kingdom 
rjh211@cam.ac.uk 

This research explores one aspect of energy policy - the provision of nuclear power. Major changes have 
occurred over the last three decades in policy, institutional and industrial development that have completely 
redesigned the relationship between government, the electricity and nuclear sectors. The central focus of this 
research aims to assess how legislation and regulation impact upon new conditions for new build 
nuclear.The research assesses the conditions for new nuclear build in European Union (EU) from an EU 
perspective, however with an assessment one individual country, in this instance, Romania. The results 
attest that due to various historical, political, competition, legislative and electricity market structural 
conditions Romania has emerged with a secure and stable framework for building new nuclear projects. 
Upon this analysis being complete, the effect of legislation and regulation can be determined. The results 
demonstrate that nuclear energy can legally be distinguished from other energy sources and the 
consequences thereof, and that energy has surprising comparisons with other industries.This paper begins 
with an assessment of current energy policy before stating and analysing the actors involved. Then there is 
an examination of the effects on the nuclear sector from energy, environmental and competition legislation 
and regulation in the EU. The focus of the paper then switches to Romania where an overview of the political 
and economic climate is completed. This in-depth country focus permits the legislative and regulatory effect 
on the conditions for nuclear new build to be explored, contrasted and analysed. 
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Licensing Process for the New Nuclear Power Plant in Slovenia 
and the Role of the SNSA 

Siniša Cimeša, Polona Tavčar, Igor Osojnik, Marija Kališnik, Andrej Stritar 
Uprava Republike Slovenije za jedrsko varnost, Železna cesta 16, p.p. 5759, 1001 Ljubljana, Slovenia 
sinisa.cimesa@gov.si 

New nuclear power plant is seriously being considered in Slovenia. The Slovenian Nuclear Safety 
Administration (SNSA) is aware of the complexity of such a project, and of the fact that at the moment SNSA 
hasn’t got sufficient resources for licensing and overseeing the design, construction and operation of the 
possible new plant. Likewise, the question arises whether the capacity of the technical support organizations, 
that support SNSA in supervising the existing nuclear power plant Krško, is sufficient. That is why SNSA 
established a special project team with the task to prepare the SNSA for the possible start of the new nuclear 
build. In the beginning of 2009 this project team prepared the analysis of the licensing process, which would, 
based on the overview of the processes of spatial planning, construction and nuclear safety regulation, 
establish the basis for resource demands needed for SNSA’s and other stakeholders involvement and 
decision making in this process. The purpose of the review of the whole process, from spatial planning to the 
issuance of the operating licence, is to identify phases which will require most effort. This will enable better 
resource allocation and thus grater effectiveness of the SNSA. The result of the analysis are also several 
potential scenarios of the licensing and construction processes, which show as potential target dates for start 
of trial operation of the new plant between 2018 and 2029. 
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Research Studies on Environmental Radioactivity in Slovenia – 
the Role of the SNSA 

Milko Križman, Barbara Vokal Nemec 
Uprava Republike Slovenije za jedrsko varnost, Železna cesta 16, p.p. 5759, 1001 Ljubljana, Slovenia 
milko.krizman@gov.si 

Regular monitoring programmes of environmental radioactivity, required by the law – currently running for 
decades - cover a set of basic measurements and are intended for continuous control of artificial and natural 
radioactivity in the environment. In parallel with these monitoring programmes, numerous research projects 
have been conducted on environmental radioactivity, mostly by the research groups of the Jožef Stefan 
Institute and financed by the Ministry of Science and Technology and to lesser extent also by the Ministry of 
Health. But this research projects did not cover all areas and aspects as would be needed to obtain the 
entire information on environmental radioactivity in the country. SNSA was aware of these deficiencies and 
so started systematically to fill the data gaps or eliminate white spots on the national maps. At the beginning, 
the SNSA published in its annual reports the summaries of recent research works on environmental 
radioactivity in Slovenia. In the last fifteen years at least 29 research studies were designed and financed by 
the SNSA, and elaborated by technical support organisations.The aim of this paper is to present an overview 
of this research works dealing with radioactivity of the environment, taking into account the natural 
environment, living environment and industrial environment.One third of these research themes have been 
dealt with water radioactivity (nine studies), including river, lake and sea waters and sediments. One fifth of 
studies considered air radioactivity, together with radon (six studies). High interest was dedicated also to the 
global contamination of soil and to the radioactivity of materials, such as NORM, building materials, materials 
within a coal burning cycle (seven studies). Another bigger group of research studies comprised radioactivity 
of foodstuffs and plants (radioactivity in the forest ecosystem, radionuclide 14C off-site the NPP), altogether 
five studies. Gamma and neutron radiation were also considered, both related to the NPP (two studies).Five 
national maps have resulted till now, three on contamination with 137Cs and 90Sr in soil, and two on radon, 
namely radon outdoors and radon in soil. Several national overviews were elaborated, such as identification 
of NORMs, radioactivity of lake waters and sediments, river waters and sediments and radioactivity of the 
Slovenian spa waters.SNSA will continue with a support of further research activity and has already prepared 
the research programme for the next years. 
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(M)KSID - New Communication Tool during an Emergency 
Marjan Tkavc, Andrej Stritar 
Uprava Republike Slovenije za jedrsko varnost, Železna cesta 16, p.p. 5759, 1001 Ljubljana, Slovenia 
marjan.tkavc@gov.si 

The Slovenian Nuclear Safety Administration (SNSA) has developed a new tool for communication during an 
emergency. The tool, which is called KSID, replaced classic paper documents for internal communication 
between expert groups at the SNSA, since there have been a lot of paperwork and time delays with the older 
system.The KSID is a web application (PHP, MySQL) that runs in an ordinary browser and thus requires no 
special software and practically no training. Basically, it is a platform for exchanging messages and 
attachments in a form of a single table with each message in a single row and the newest on the top.The 
benefit of the KSID is that the communication is:• immediate - published message is seen at once,• direct - 
the message is seen by all members,• secure - it runs on an independent network,• full - messages and 
attachments (different types of files),• recorded - messaging during an event is archived.Since the KSID 
users' feedback at the SNSA was very positive, the KSID was upgraded to external version called MKSID 
(Medresorni komunikacijski sistem med izrednim dogodkom) to connect major national stakeholders in a 
case of a nuclear emergency (The SNSA, The Krsko NPP, Civil Protection and The Government 
Communication Office). The MKSID was successfully introduced in 2008 and validated during the national 
exercise in October 2008. Since the benefits of MKSID are recognized by other stakeholders, broadening of 
the network of users is on-going. 
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Use of Nuclear Safety Performance Indicators in EU Members 
States 

Tea Bilić-Zabric1, Maciej Kulig2 

INKO svetovanje, d.o.o., Kolezijska 5a, 1000 Ljubljana, Slovenia1 

Institute of Atomic Energy, 05-400 Otwock-Świerk, Poland2 

inko@siol.net 

Safety performance indicators (SPIs) are being used by the nuclear industry to monitor operational safety 
performance. Benefits in using these types of indicators to assess the level of safety and direct corrective 
actions before real safety concerns occur are recognised both by operators and regulators. Consequently 
both are trying to select indicators to be monitored and used in their work.Although many organisations 
adopted safety performance indicators developed by international organisations (IAEA, OECD/NEA, and 
WANO), a variety of other SPIs are established and used by specific NPPs or regulatory organisations. The 
development of SPIs, for either the operator use or the regulatory purpose is a complex process, and the 
country specific methods vary significantly. Specific objectives of the article include:-Overview and 
comparison of SPIs used by operators and regulators in the EU Member States-Safety benefits of using the 
SPIs and their relations to practices and specifics in countries evaluated-Finding out a common set of SPIs 
used in EU Member States.The SPIs to be described include all those used and considered by operators or 
regulators for monitoring technical parameters and for monitoring safety culture of the operating NPPs, as 
well as the SPIs that are being proposed by international organisations. Distinction will be made regarding 
the practices of operators and regulators. Article covers Member States that operate nuclear power plants. 
Readily available sources like public domain reports and publications of international organisations (IAEA, 
OECD/NEA, WANO), papers presented at international conferences on the subject, working material from 
meetings of various working groups, etc were used as information sources. 
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Slovenian Co-operation in the Regulatory Aspect in the OECD 
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Nuša Majhenc, Andreja Peršič 
Uprava Republike Slovenije za jedrsko varnost, Železna cesta 16, p.p. 5759, 1001 Ljubljana, Slovenia 
nusa.majhenc@gov.si 

In the sphere of international co-operation, Organisation for Economic Co-operation and Development 
Nuclear Energy Agency (OECD/NEA) certainly takes special place, due to its circumstantial character. 
OECD/NEA has three basic fields of action: economic, scientific and regulatory. These fields are dealt with 
by seven main technical committees and working groups. The main technical committee dealing with the 
regulatory activities is Committee on Nuclear Regulatory Activities (CNRA), where the Slovenian Nuclear 
Safety Administration (SNSA) has its representative nominated by the Government. On certain topics, CNRA 
works together with the Committee on the Safety of Nuclear Installations (CSNI) responsible for questions 
regarding the technical aspects of the design, construction, and operation of nuclear installations. In the 
framework of OECD/NEA the CNRA also collaborates with the Committee on Radiation Protection and 
Public Health (CRPPH) and the Radioactive Waste Management Committee (RWMC) on issues of common 
regulatory concern, where the SNSA also delegates its representatives. Full membership of the Slovenia in 
the OECD/NEA is closely linked to the accession into the OECD organisation itself, since the NEA is only 
one of 47 parts of this vast organisation. Benefit of the NEA membership, as seen by the regulator, is in its 
unique international forum for addressing specific technical and regulatory issues that have not been 
answered in other relevant circles like the IAEA and the EU.Slovenia has gained the official observer status 
in the OECD in 2001 and since than the SNSA is a national contact point coordinating the accession into the 
NEA. As such, the SNSA is managing the work of nominated representatives in all the NEA technical 
committees and working groups, not only the ones where the SNSA has its nominated representatives. The 
SNSA started participating in the work of the NEA well before gaining the official observer status and has 
developed well-harmonized and concerted system of managing and incorporating the knowledge gained in 
the framework of the NEA into the national regulatory framework. The paper will explain in detail Slovenian 
experiences and benefits from the membership in OECD/NEA. 
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Transits of Nuclear Materials and Certain High-activity Sources 
through Slovenia in last Decade 

Polona Tavčar, Janez Češarek, Igor Osojnik, Maks Pečnik 
Uprava Republike Slovenije za jedrsko varnost, Železna cesta 16, p.p. 5759, 1001 Ljubljana, Slovenia 
polona.tavcar@gov.si 

Fresh nuclear fuel is shipped regularly to Slovenia for operation of the nuclear power plant. Other shipments 
of (fissile) nuclear materials are seldom and take place at random intervals. An important event was the 
return of Slovenian spent fuel from TRIGA research reactor in 1999. In order to contribute to the nuclear non-
proliferation Slovenia, like many other countries, does not impede transits of nuclear material. The Slovenian 
Nuclear Safety Administration (SNSA) is beside the Ministry of the Interior the principal competent authority 
for licensing of such transits. For the transit it is necessary to obtain the license for carrying out radiation 
practice and the license for the transit, or the consent according to the EU Shipment directive. Considering 
the opinion of the SNSA, the cask certificate that is subject to multilateral approval is revalidated by the 
Minister of the Environment and Spatial Planning. Based on the carrier’s application the Ministry of the 
Interior in co-operation with other state organisations, prepares the “design basis threat” for shipments of 
nuclear material. The physical protection plan is prepared and later approved by the Minister of the Interior. 
In the last decade, all together six such transits through Slovenia occurred. There were transits of irradiated 
fuel from Italy and Romania in 1999, from Austria in 2006 and from Romania and Hungary in 2008. There 
was also a transit of non-irradiated fuel from Italy in 2008. All shipments left Slovenia through the Port of 
Koper and continued their journey by ship either to USA or to Russia. All transits were performed by road. 
The only exception was the shipment of spent fuel from Hungary to Russia last autumn. It was performed by 
train from Hungarian-Slovenian border to Port of Koper. Last few shipments of nuclear material were 
transported inside Slovenian territory by experienced and professional Slovenian carriers. Shipments were 
physically protected by the special police unit and accompanied by Slovenian radiation protection experts. A 
few shipments of high-activity sources also transited Slovenia in last years. In accordance with new 
regulation, the license for transit is envisaged if they are so called “sources with important activity” (i.e. 
exceeding IAEA levels for Category II). Last shipment of such sources was a transit from Hungary through 
Slovenia to Egypt.All Slovenian stakeholders have gained valuable experience and some lessons-learnt are 
shared in this article. 
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Key provisions of the EU Nuclear Safety Directive 
Ana Stanič 
E&A Law, 42 Brook Street, London W1K 5DB, United Kingdom 
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On 25 June 2009 the EU adopted the Nuclear Safety Directive, making the EU the first major regional 
nuclear actor to give binding legal force to the provisions of the 1994 Convention on Nuclear Safety and the 
Fundamental Safety Principles adopted by the International Atomic Energy Agency. Although EUROATOM 
and EU Member states already observe these provisions and in most areas far exceed them, the fact that 
these obligations have to be transposed into national law and give rise to obligations at EU level is a 
significant evelopment not the least because there will is now an enforcement mechanism for ensuring that 
neighbouring countries comply with nuclear safety standards. Moreover, the Directive is seen by Foratom, 
the trade association for the European industry as the first step towards the harmonisation of safety 
standards across EU’s nuclear facilities.The EU has the largest number of nuclear power plants in the world. 
A number of EU Member States are planning to build new and/or extend the life of existing nuclear power 
plants to meet the growing electricity demand, improve security of supply and tackle climate change. In order 
to ensure a common approach to guaranteeing the highest level of nuclear safety the EU Commission tabled 
a revised Directive on Nuclear Safety on 26 November 2008 to establishing binding EU rules with regard to 
the safety of nuclear installations.This paper will examine the key provisions of the Directive. First, the 
requirement imposed on Member States to set up and continuouslyimprove national nuclear safety 
frameworks. Second, the enhanced role given to national regulatory authorities. In particular, EU Member 
States are required to encourage a high level of transparency of regulatory actions and to guarantee regular 
independent safety assessments. Third, the confirmation of the license holders prime responsibility for 
nuclear safety. Fourth, the ability of EuropeanCommission to impose legal penalties should a state fail to 
maintain standards as set out in the Directive. 
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