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 PLENARY SESSION ï May 27 
 
 

1. Towards a Common Nuclear Safety Culture through Joint Research and 
Training Programmes 

 

G. Van Goethem 
European Commission / DG RTD, Energy (Euratom) 

 

In this paper, the following questions are addressed:  
1) What are the challenges for Euratom Research and Training in the frame of the 

European "Higher Education" and "Research" Areas ? (main stakeholders) 
2) What kind of response is offered by the Euratom RD&DD and E&T programmes 

in nuclear fission and radiation protection ? (scientific and societal impact) 
The actions of the Research policy in the EU are not conducted for the sake of acquiring 
Knowledge as a goal per se, but as a support to other EU policies, in particular, the Energy policy. 
In the area of fission and radiation protection, this Community policy implies the co-operation of all 
stakeholders (most of them participate in the Euratom programmes), that is:  
¶ research organisations (public and private, power and medical applications, etc) 
¶ systems suppliers (e.g. nuclear vendors, engineering companies, etc)  
¶ energy providers (e.g. electric utilities, heat and/or hydrogen vendors, etc) 
¶ nuclear regulatory bodies and associated technical safety organisations (TSO) 
¶ education and training (E&T) institutions, and, in particular, universities 
¶ civil society and the international institutional framework (IAEA and OECD/NEA). 

The emphasis in the paper is on the improvements all along the history of nuclear fission power 
(Generations I, II and III) as well as on the visionary innovation proposed by the "Generation IV 
International Forum" (GIF). International research (in particular, Euratom), in this area is guided by 
the four "GIF Technology Goals for industry and society", namely:  
¶ sustainability: e.g. enhanced fuel utilisation and optimal waste management 
¶ economics: e.g. minimisation of costs of MWe installed and MWh generated 
¶ safety and reliability: e.g. robust safety architecture, no need for off-site measures 
¶ proliferation resistance and physical protection: e.g. absence of separated Pu.  

Euratom research and training is presented in the broader context of the new EU policy, in 
particular, the challenge of "Climate Change and Clean Energy" with a view on the future "low-
carbon society". The European Council of March 2007 launched the Energy Policy for Europe 
(EPE) and the subsequent European Strategic Energy Technology Plan (SET Plan). As a result, 
a "Nuclear Fission Initiative" was proposed, along with five other European Industrial Initiatives 
(EII), by the European Council of February 2008. Conclusions are being drawn regarding the 
impact of Euratom RD&DD on science, industry and society (e.g. expectations from the research 
community, from the investors and from the public at large and policy makers in the EU). 
 

2. Overview of IRSN R&D Activities on Severe Accidents 
 

B. Chaumont, J.P. Van Dorsselaere, F. Pichereau, E. Raimond, T. Albiol 
Institut de Radioprotection et de Sûreté Nucléaire BP 17 Fontenay-aux-Roses Cedex 
 

IRSN activities on severe accidents include safety assessment for existing and future 
nuclear power plants and experimental reactors, level 2 Probabilistic Safety Assessment 
(PSA), development of simulation codes and R&D activities on most of the physical 
phenomena that may occur during a severe accident.  
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The general objectives concerning these activities are reminded, and the links between 
safety assessment, studies including level 2 PSA and source term prediction, and 
research programmes are commented. 

The main IRSN R&D programmes are then illustrated concerning: 
- Fission products aspects mainly analyzed through the International Source Term 

Programme (ISTP) managed by IRSN. In this frame IRSN performs experiments on 
Iodine and Ruthenium chemistry (EPICUR and CHIP programmes) and associated 
modelling; 

- Core melting and reflooding of damaged cores, including experimental aspects 
(MOZART, BECARRE and PEARL programmes) and modelling ones; 

- Molten-Core-Concrete-Interaction (MCCI), where experiments concern both prototypic 
and simulant materials and are performed in the frame of national and international 
collaborations;  

- Thermo-mechanical behaviour of the reactor coolant system and the vessel; 
- Dynamic phenomena that may endanger the containment: hydrogen distribution and 

combustion, direct containment heating and steam explosion. 

Some perspectives are also given concerning the study of the consequences of 
heterogeneous boron dilution and pressurised thermal shocks.  

Integration of the knowledge derived from those R&D programmes into severe accident 
codes, validation of these codes, and benchmarking activities are other essential aspects 
of the IRSN activities. The main codes developed at IRSN include the ASTEC integral 
code (jointly developed with GRS, Germany), which is the central element of the SARNET 
and SARNET2 networks of excellence in the Framework Programmes of the European 
Commission, and detailed codes such as M3CD for fuel coolant interaction, TONUS for 
hydrogen risk assessment and TOPASE for convective transfers in bubbling pools (in 
particular during MCCI). 

One essential application of the severe accident codes at IRSN is the systematic analysis 
of the different possible scenarios in the frame of the development of level 2 PSAs. The 
status of this development at IRSN is given, including an overview of the specific methods 
which have been developed.  
 

3. IAEA Support to the Sustainability of Nuclear Research Institutions through 
Networking And Coalitions 

 
I.R. Videnovic, I.N. Goldman, E.E. Bradley, D. Ridikas,  
P. Adelfang and O.E. Acuña 
International Atomic Energy Agency, Vienna, Austria,  
i.videnovic@iaea.org 

The research reactor community has had a long and successful history of both productive 
and safe operations, with important contributions to scientific and technical research, 
production of isotopes for medical and industrial purposes, and important support to 
nuclear power programmes. However, most of the research reactors operating in the 
European region are now over 30 years old, although many of them have been refurbished 
to meet today's technological standards and safety requirements. Many research reactors 
are underutilized and faced with critical issues regarding their sustainability and important 
decisions concerning their future operation. These include challenges associated with the 
ageing of staff, reactor components, materials and spent fuel. Another significant challenge 
is securing adequate financial support - through public subsidies or income generation - to 
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offset operational costs and the level of political and/or public support. Additional attention 
should be focused on the serious erosion at the level of government support, management 
commitment and available resources for the infrastructure necessary for effective research 
reactor operations. Such challenges are also occurring in the context of increased 
concerns over global non-proliferation and nuclear material safety and security, as a result 
of which research reactor operators are increasingly compelled to substantially improve 
their physical security arrangements and to convert their reactors to low enriched uranium 
(LEU) fuel. In addition, some of the products of research reactors, such as medical 
radioisotopes, are increasingly subject to transport security restrictions, delays and added 
costs, making it even more difficult for research reactors to develop potential revenue 
sources. These factors create a complex environment for research reactors and one in 
which underutilized and therefore usually poorly funded facilities invoke different concerns.  

In this context, greatly enhanced international and regional cooperation may be the best 
prospect not only to assure the survival of the most capable reactors but also as a means 
of providing high quality research reactor capabilities to individual countries that do not 
need or cannot afford to maintain and operate a research reactor on their own. The role of 
the IAEA in this field is thus to provide key support for fledgling coalitions by serving as an 
honest broker and a forum for enhancing regional cooperation and promoting the formation 
of partnerships and coalitions. The Agency is best placed to coordinate the formulation of 
specific ideas for enhanced regional and international cooperation between research 
reactors and users in order to improve sustainability. The Department of Technical 
Cooperation, the Department of Nuclear Energy and the Department of Nuclear Sciences 
and Applications of the IAEA are working together in European regional project entitled 
ñEnhancing the Sustainability of Research Reactors and Their Safe Operation Through 
Regional Cooperation, Networking and Coalitionsò (RER/4/032) to improve business 
planning, expand awareness of potential customers and increase contacts between 
prospective customers and research reactor service providers, and to increase 
effectiveness of nuclear research and education through sustainable networking. 
 

4. The French Programme for Radioactive Waste Management - Act of 28 
June 2006 

 
Richard Poisson 
ANDRA, France 

 

In 2005, new developments on radioactive-waste management in France were marked 
mostly by the preparation of the 2006 milestone specified in the act of 30 December 1991. 
A new Act was passed to the French Parliament on 15 June 2006. The Planning Act on 
the sustainable management of radioactive materials and wastes has been drawn from the 
results of the 15 years of research performed by ANDRA and the CEA on ñpartitioning and 
transmutation of long-lived radionuclidesò, ñdeep geological disposalò and ñconditioning 
and long term interim storageò.  

The Planning Act covers all radioactive waste, including: 
Á high-level and long-lived waste; 
Á radioactive sources used in industrial radiography and medicine; 
Á waste resulting from nuclear activities for national-defence purposes; 
Á residues from uranium mines; 
Á Diffuse waste, such as old lightning conductors. 

It relies on three essential principles: 
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¶ the quantity and toxicity of waste must be reduced, especially by processing or 
conditioning spent fuel and radioactive waste; 

¶ radioactive waste pending either processing or disposal must be stored in dedicated 
facilities; 

¶ after storage, any ultimate radioactive waste that may not be disposed of in surface 
or shallow facilities for nuclear-safety reasons shall be disposed of in a deep 
geological repository. 

The disposal of any foreign waste in France remains prohibited and the conditions 
regulating their processing was reinforced. 

The programme set out in the Act includes various requirements concerning storage, disposal and 
transmutation. Storage is already an industrial reality, and all relevant investigations and studies are to 
be pursued in order not only to create new facilities or to modify existing ones, but also to fulfil specific 
needs, notably in terms of capacity and timescale. Investigations and studies on deep geological 
disposal are also pursued with a view to selecting a suitable site and to design a reversible disposal 
facility within a deep geological formation according to a schedule that would allow for the 
corresponding authorisation application to be reviewed in 2015 and a facility to be commissioned in 
2025. Research on advanced partitioning and transmutation would also continue in the framework of 
the Generation-IV Programme and was scheduled in order for a prototype facility to become 
operational by 2020.  Furthermore, the Planning Act prescribes specific deadlines for the submission 
of disposal solutions for sealed sources, the storage and disposal of tritium and the management of 
waste containing naturally-occurring radioactive elements. 

The role and the independence of the CNE are reaffirmed, and its scope extended to 
social sciences. 

 The Local Information Commission (Commission locale dôinformation ï CLI) is entrusted 
with an expanded mission and allocated with secure funds. It is chaired by one of its 
members, an elected representative who is appointed by joint decision of the presidents of 
general councils of the Départements where the perimeter of the laboratory is located 

No decision to implement any final repository shall be taken until the ASN has reviewed 
and authorised the project, a public debate and inquiry have been organised, and 
consultations have been held with the various communities involved. 

Funding for research and development are now covered by two taxes. Lastly, waste producers 
were called upon to anticipate special funds for the future dismantling of their facilities and for the 
management of their radioactive waste through secured assets, as follows: 

¶ industrialists assess the relevant charges, constitute provisions and allocate assets 
with the corresponding security and liquidity level; 

¶ assets are controlled and locked by public authorities in order to finance the charges, 
and nobody would be allowed to use them for any other purpose. 

Present status of the French projects, including low and intermediate short-lived waste 
disposal will be presented. 
 
 

5. Overview of CANDU Owners Group R&D Program 
 
  Peter ERNST 

CANDU Owners Group, Canada 
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The CANDU Owners Group (COG) is a not-for-profit corporation voluntarily funded by its 
Members. COGôs mission is to provide programs for cooperation, mutual assistance and 
exchange of information for the successful support, development, operation, maintenance 
and economics of CANDU technology.  This paper presents an overview of COGôs 
Research and Development Program which addresses current and emerging operating 
issues in support of CANDU reactors.  The R&D Participants include the four Canadian 
CANDU operators, SNN-SA (Romania), and Atomic Energy of Canada Limited.  The R&D 
Program is managed under five areas: Chemistry, Materials and Components; Fuel 
Channels; Safety & Licensing; Health, Safety and Environment and Industry Standard 
Toolset. The program budget in 2008/09 was 40.6 M$ (Can), covering ~400 projects 
producing ~450 deliverables, including 200 reports.  The planning and management 
process for these projects is described along with the issues addressed by each of the 
program areas.  Some program examples and highlights are given. 
 
 

6. Nuclear Knowledge ï Demand or Pride? 
 

S.C.Valeca, M. Valeca  
University of Pitesti, Romania,  
serban.valeca@senat.ro 

 

Nowadays, the increasing energy demand and the decreasing ñclassicalò resources is a 
reality. In this context, sustainable development and economical growth is mandatory for 
each country. Nuclear energy becomes more and more attractive in order to solve those 
problems. 

During last years, nuclear knowledge management became an interesting topic in 
dedicated debates, due to the uniqueness of Nuclear Industry.  

With five decades of operational experience in commercial power production, the nuclear 
power industry is mature and represents the first high technology enterprise of the 
twentieth century. There is a constant expectation that fission reactor technologies of 
today will ñsoonò be super ceded by more advanced designs, new concepts like 
Generation IV, fusion reactors etc. Nuclear industry is highly regulated and politicized and 
strong anti-nuclear lobbies led to stagnation.  

The presentation underlines the key activity areas of the nuclear knowledge:  
- providing guidance for policy formulation and implementation of nuclear knowledge 

management;  
- strengthening the contribution of nuclear knowledge in solving development problems;  
- facilitating knowledge creation and utilization; implementing effective knowledge 

management systems;  
- preserving and maintaining nuclear knowledge;  
- securing sustainable human resources for the nuclear sector; and enhancing nuclear 

education and training. 

Knowledge management in nuclear life cycle should cover all stages involved: Design & 
Engineering, Procurement, Manufacturing, Construction & Commissioning, Operation and 
Maintenance, Refurbishment and Decommissioning 

In this context, Romania must change the Nuclear Educational System in order to face the 
requirements raised by Bologna Process and nuclear development. Possible solutions to 
attain this goal are illustrated in this presentation. 
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1. Challenges for Hot Laboratories in Europe in the Context of Nuclear 
Renaissance. 

 
J.Y. Blanc, G. Cognet 
CEA - France 
jean-yves.blanc@cea.fr 

 
This paper aims at explaining what are the current challenges facing hot laboratories for 
the 3 main objectives for nuclear fission in the future: operation of the current fleet 
including life extension, development of the 3rd generation and research for generation-4, 
and how an increase in European cooperation is one of the ways to be on schedule. 
In the first part, after reminding the main objectives regarding nuclear fission in Europe for 
future, we will present what are the expectations from hot laboratories in the next decades 
and what are the constraints. 
In a second part, we will describe briefly the main CEA hot laboratories, located on three 
research centres and devoted to irradiated fuel examinations, pressure vessel and 
cladding materials examinations, (U,Pu)O2 fuel R&D, fuel cycle and reprocessing R&D and 
waste controls. Programs and constraints of these labs will be also detailed. 
Then, a third part will focus on a few examples of European partnerships and their results 
in terms of benefits both for research and for cooperation between hot laboratories : 

- ACTINET, a European Commission FP6-project and its follow-up for the actinide 
research, 

- HOTLAB, a former FP6-project, which is going on with yearly successful 
conferences, and may be a frame for a proposal of a working package inside the 
SNE-TP initiative, where the future needs of R&D inside hot laboratories will be 
revisited.  

- VERDON, a new facility under construction at Cadarache nuclear centre, designed 
for studying fission product's release from freshly re-irradiated fuel pellets under 
severe accident scenario. The first tests will be performed inside the International 
Source Term Programme, but the construction of the facility has also offered an 
opportunity for a bilateral collaboration between French and Romanian hot 
laboratories. 

Finally, we will try to deduce some fruitful tracks to enhance cooperation such as 
exchange of information of available manufacturers for special equipments, exchanges on 
safety requirements and best practices, forum to share parts of scientific equipments, and 
exchanges of staff. 
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2. Main Orientations of the JRC Nuclear Fission Programme 
 
Didier Haas 
Joint Research Centre, European Commission 
 
The European Union has taken the lead in responding to climate change, announcing far-
reaching initiatives from promoting energy efficient light bulbs and cars to new building 
codes, carbon trading schemes, the development of low carbon technologies and greater 
competition in energy markets.  

Nuclear energy remains central to the energy debate in Europe. One third of EU electricity 
is produced via nuclear fission, and eight new reactors are under construction. 
Traditionally non-nuclear countries are manifesting an interest in building nuclear power 
plants while the clock is ticking down on Belgium, Germany and the UK's decision to 
renew or close existing nuclear infrastructures.  

Sustainability in nuclear energy production is ensured in the medium term due to the large 
and diverse uranium resources available in politically stable countries around the world. 
The quantities available with high probability ensure more than hundred year of nuclear 
energy production. This extrapolation depends however on the forecast for the future 
nuclear energy production. The use of fast neutron breeder reactors would lead to a much 
more efficient utilisation of the uranium, extending the sustainable energy production to 
several thousands of years. The presentation will outline the fast reactors of the new 
generation currently being developed within the "Generation IV" initiative. 

Broad conclusions of the presentation will be that:  
Á There is a growing nuclear renaissance in Europe for good reason; 
Á Nuclear energy is a green and sustainable option for Europe and indeed the world's 

energy needs; 
Á Nuclear energy is a competitive energy that makes economic sense; 
Á Nuclear fission reactors have a safety and environmental track record that is second to 

none, yet public misperceptions persist and must be tackled; 
Á Waste management solutions exist while new developments hold great promise;  
Á The evolution and promise of nuclear technologies must also be examined against the 

costs and risks in a balanced approach; 
Á Research on fast neutron reactors is being strengthened in Europe, under the umbrella 

of the Generation IV International Forum. European coordination is entrusted to the 
Joint Research Centre.  

 
 

3. Thermal Fatigue Crack Growth in Mixing Tees Nuclear Piping - An 
analytical approach 

     
Vasile RADU 
Institute for Nuclear Research Pitesti 
vasile.radu@nuclear.ro  

  
The assessment of fatigue crack growth due to cyclic thermal loads arising from turbulent 
mixing presents significant challenges, principally due to the difficulty of establishing the 
actual loading spectrum. So-called sinusoidal methods represent a simplified approach in 
which the entire spectrum is replaced by a sine-wave variation of the temperature at the 
inner pipe surface. The amplitude can be conservatively estimated from the nominal 

mailto:vasile.radu@nuclear.ro
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temperature difference between the two flows which are mixing; however a critical 
frequency value must be determined numerically so as to achieve a minimum predicted 
life. The need for multiple calculations in this process has lead to the development of 
analytical solutions for thermal stresses in a pipe subject to sinusoidal thermal loading, 
described in previous work performed at JRC IE Petten, The Netherlands, during the 
authorôs stage as seconded national expert. 
 Based on these stress distributions solutions, the paper presents a methodology for 
assessment of thermal fatigue crack growth life. The critical sine wave frequency is 
calculated for both axial and hoop stress components as the value that produces the 
maximum tensile stress component at the inner surface. Using these through-wall stress 
distributions, the corresponding stress intensity factors for a long axial crack and a fully 
circumferential crack are calculated for a range of crack depths using handbook K 
solutions. By substituting these in a Paris law and integrating, a conservative estimate of 
thermal fatigue crack growth life is obtained. The application of the method is described for 
the pipe geometry and loadings conditions reported for the Civaux 1 case. Additionally, 
finite element analyses were used to check the thermal stress profiles and the stress 
intensity factors derived from the analytical model. The resulting predictions of crack 
growth life are comparable with those reported in the literature from more detailed 
analyses and are lower bound, as would be expected given the conservative assumptions 
made in the model. 
 

 

4. Nuclear Power in Korea 
 

Duk-Sang HA  
Representative of Bucharest Office KHNP (Korea Hydro & Nuclear Power Co.),  
hadsang@khnp.co.kr 

 
Koreaôs nuclear power program has been promoted by step-by-step approach; the first 
stage was 1970ôs when it depended on the foreign contractorsô technology and the second 
was 1980ôs when it accumulated lots of technology and experience by jointly implementing 
the project. Lastly in the third stage in 1990ôs, Korea successfully achieved the nuclear power 
technological self-reliance and developed  its standard nuclear power plant, so-called 
Optimized Power Reactor 1000 (OPR 1000).  
Following the development of OPR 1000, Korea has continue to upgrade the design, 
known as the Advanced Power Reactor 1400 (APR 1400) and APR+.  
Korea is one of the countries which continuously developed the nuclear power plant 
projects during the last 30 years while the other advanced countries ceased the project, 
and therefore, significant reduction of project cost and construction schedule were possible 
which benefits from the repetition of construction project. And now, its nuclear industry 
infrastructure possesses the strong competitiveness in this field. 
The electricity produced from the nuclear power is 150,958MWh in 2008, which covers 
approximately 36% of the total electricity demand in Korea, while the installed capacity of 
nuclear power is 17,716MW which is 24% of the total installed capacity. 
We are currently operating 20 units of nuclear power plants in Korea, and also are 
constructing 8 additional units (9,600MW). Koreaôs nuclear power plants have displayed 
their excellent operating performance; the average plant capacity factor was 93.4% in 
2008, which are about 15% higher than the world average of 77.8%. Moreover, the 
number of unplanned trips per unit was only 0.35 in 2008, which is the world top class 
performance.  
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Also currently we are operating four CANDU nuclear units in Korea which are the same 
reactor type and capacity as the Cernavoda Units. They have been showing the excellent 
operating performance, of which capacity in 2008 is 92.8%. 
 All the Korean nuclear power projects are led and implemented by Korea Hydro & Nuclear 
Power Company (KHNP), who is the sole state-owned nuclear power project company. 
The Korean nuclear industry is systematically established for each project implementation 
area; KHNP as the Owner and for project management and plant operation, KOPEC for 
design and engineering, KNFC for nuclear fuel manufacturing, Doosan for major 
equipment manufacturing, KPS for plant maintenance service and KAERI for research and 
development, etc. 
For the countries which are to implement the nuclear power plant project, Korea will be the 
best partner since they can enjoy the Koreaôs experience, economic efficiency and 
technology in the nuclear power projects. They will also benefit by the advantages from the 
Koreaôs latest design and proven technology as well as the easy and extensive technology 
transfer program. 
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I. NUCLEAR ENERGY 
 
 
 

I.1. Nuclear Safety and Severe Accidents 
 
 
 

I.1.1. ASTEC Code Adaptability to CANDU Type Reactors  
 

Marin Constantin, Andrei Rizoiu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  

marin.constantin@nuclear.ro 
 
ASTEC (Accident Source Term Evaluation Code) integral code is dedicated for severe 
accident (SA) analysis, mainly for PWR type reactors. A lot of models and methods are 
grouped in modules that may be used in stand alone or coupled calculations.  
In the last years, in the FP-6 NoE SARNET project framework, important efforts were focused 
on the extension of the ASTEC use to other reactors: VVER, RBMK, BWR and CANDU. 
The use of ASTEC at CANDU type reactors introduces many difficulties especially for the 
core degradation phenomena. However, the exploratory calculations performed in INR, 
proof the code may be successfully used for simulating the main severe accident 
phenomena in CANDU such as fission products transport in the primary heat system (PHT) 
and containment, termalhydraulics, FPs chemistry, fuel cladding oxidation by steam, etc.  
The following modules seem to work properly for CANDU type SA simulation: 

- SOPHAEROS ï for FPs transport, chemistry and deposition phenomena in the PHT; 
- CPA ï for thermal hydraulics of the containment and FPs transport, deposition 

phenomena; 
- IODE - for the chemistry of iodine in the containment. 

Additionally, despite CANDU PHT complexity and size, CESAR module (PHT 
termalhydraulics) is able to simulate the evolution of the pressure, temperature and mass 
flow during SA evolution.  
The previous modules were used both in stand alone and coupled calculation. In same 
case initial and boundary conditions were used in order to supply the initial inventory of the 
releasing from fuel bundles, pressure and temperature distributions in the PHT. 
Another important effort was focused on the specifications for DIVA module adaptation to 
CANDU core degradation simulation. A DIVA_C (DIVA for CANDU) structure is proposed. 
A list of the specific CANDU phenomena is presented together with the dedicated routines 
and also the list of routines recovered from DIVA original source file (appropriated for 
CANDU core degradation). Finally, the paper presents the development needs analysis- 
algorithms, methods, modules.  
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I.1.2. FIPRED Project-Experiments and Calculations 
 

D. Ohai, I. Dumitrescu, C. Doca, T. Meleg, D. Benga 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
dumitru.ohai@nuclear.ro 
 

The FIPRED (Fission Products Release from Debris Bed) Project was developed by INR 
in the framework of EC FP6 SARNET (2004-2008) and will be continued in EC FP6 
SARNET2 (2009-2013). The project objective is the evaluation of fission product release 
from debris bed resulted after reactor severe accident by natural UO2 sintered pellets self 
disintegration by oxidation. 
A large experimental program was performed covering the main parameters influencing 
granulometric distribution of powders (fragments) resulted from UO2 sintered pellets self 
disintegration by air oxidation.  
The paper presents experimental results obtained and material equation obtained by 
mathematical calculations. 
 
 

I.1.3. Thermal Transients Effect on Specific Heat of Zr-Nb2.5%Nb Alloy  
 

Maria Mihalache, Tiberiu Meleg, Viorel Ionescu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  

  maria.mihalache@nuclear.ro   
 

LOCA scenarios in CANDU reactors assumes temperature increasing of pressure 
tube, and if the internal pressure remains at a high value, then the pressure tube balloons 
and a contact with calandria tube may occur. After the contact moment, a radial heat 
transfer from cooling fluid to moderator produces through the contact area. If the 
temperature of channel walls increases, heat flux transferred by conduction in pressure 
tube  walls depends on specific heat of pressure tube alloy.  

This paper present results of studies developed for specific heat determining of Zr-
2.5%Nb, pressure tube alloy, in thermal transients. Heat capacity  was determined by 
differential scanning calorimetry using a SETARAM SETSYS EVOLUTION 24 
termobalance.  Few Zr-2.5%Nb samples was oxidized in this device, and the specific heat 
was measured on samples with different oxide layer thickness. This will permit the 
evaluation of oxidation degree on the specific heat of alloy.  

Heat capacity results of Zr-2.5%Nb and the specific heat dependency on 
temperature are presented in this paper. The oxide formed on alloy was examined and the 
influence of oxide thickness and morphology on specific heat values was considered. 

 
 

I.1.4. Non-Isothermal Oxidation Kinetics of Zircaloy-4 Fuel Cladding 
 

*T.Meleg, *D. Ohai and **M. Abrudeanu 
*Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania 
**University from Pitesti, Romania 
 
The knowledge  of the oxidation behavior of  zirconium alloys under sever accident 

condition ( exposed to steam at high temperatures ) is of critical importance. 

mailto:dumitru.ohai@nuclear.ro
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In this work, we present, the results obtained  on bare zircaloy-4 oxidation in humid 
atmosphere, for heating rates of 2÷750/min , in the 500-15000C temperature range.  

The oxidation tests on a SETARAM SETSYS24 termobalance were made, in mixed 
Ar-steam,with 18.6 ml/min steam flow rate. The non-isothermal kinetic  equation used was 

dt

da
=k(T)f(Ŭ). A conversion factor f (Ŭ) = (1-Ŭ) n  was assumed. Up to 9000C the kinetic law 

followed was parabolic, with n=-1, over this temperature, a linear law with n=0. The kinetic 

coefficient dependence of temperature, k (T) fallows an exponential law () RT

E

AeTk
-

= . The 

pre-exponential coefficient A and the heat of activation was found. 

 
 

I.1.5. Obturating Surfaces in the Junction of Two CANDU Fuel Bundles 
 
Cezar Doca, Lidia Doca 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania 
cezar.doca@nuclear.ro 

 
 At the Institute for Nuclear Research Pitesti was developed a general 
code/program/software needed to design and calculate the aria of the obturating surface in 
the junction of two CANDU fuel bundles, for rotations, degree by degree, in the [0o ï 360o] 
domain. 

The code also calculates all local (input, output, in spacersô zone, in junctions etc.), 
distributed and total pressure drops for a fuel bundles string. 

The paper presents the graphical results representing the variations of the 
obturating surfaces for 68 types of junctions, at a [0 ï 360o] rotation, degree by degree. 
 
 

I.1.6. Specific Heat and Heat Capacity Measurements on Oxidized Zy-4 
 

*T.Meleg, *D. Ohai and **M. Abrudeanu 
*Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania 
**University from Pitesti, Romania 
 

The thermo physical properties of Zy-4 cladding are important in knowledge of his 
behavior in reactor under normal and accidental conditions. The specific heat and the heat 
capacity of  air-oxidized  Zy-4 cladding material were measured using a 
SETARAMSETSYS  DSC calorimeter, in the range of  25-15000C.The dependence   CP(T) 
of the oxygen concentration level and the temperature of oxidation,  for both Ŭ and ɓ 
structure of Zr , are presented and discussed. The results  are compared with those 
obtained on unoxidised Zy-4. 
 
 

I.1.7. Human Reliability Analysis for Accident Sequences in NPP 
 
Mita Farcasiu, Mirela Nitoi, Minodora Apostol 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
mita.farcasiu@nuclear.ro 
 

mailto:cezar.doca@nuclear.ro
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The purpose of this paper is to perform a human performance analysis in accident 
conditions for the operating NPP. This analysis is realized using Human Reliability 
Analysis (HRA) methods. HRA methods have necessary tools to analyze the human 
actions, to estimate the human error probabilities and to identify the major factors which 
could have a negative influence on the mitigating of the consequences of the abnormal 
events in NPP.  

The analysed events are from Cernavoda NPP ( large LOCA, small LOCA and 
manual isolation of the break loop in the time of large LOCA).   

In order to achieve the analysis of these events were used THERP and SPAR-H 
methods. After the results analysing were established the actuated equipments, the 
negative influence factors on the human performance and the dependence levels between 
the human actions and between the human actions and diagnose.  

In addition can be emitted some recommendations which could influence positive 
the human performance on the mitigating of the consequences of the accident sequences 
in NPP.  
 
 

I.1.8. Simplified Calculation for Feedwater Heaters for Abnormal Steady State 
Regimes 

 
Melania Bîgu, Mircea Tenescu, Iulian Pavel Nita,  
RAAN - SITON, MŁgurele, Romania 
bigum@router.citon.ro  

 
 This paper offers a quick and simple verification calculation of a heat exchanger 
and especially of feed water reheaters from coal and nuclear power plants. 
 This method is based of the existence of operating data at several operating power 
of the plant. These known elements are the base of the calculation of the output 
temperatures of the fluids and the operating pressure of the regenerative heat exchangers 
at any operating regime without need to solve heat transfer logarithmic equations.  
 This paper can be used as technical support in order to verify the level of fouling or 
deviation from the normal operating of the heat transfer equipment (flows, bleed steam 
pressure, heat transferred) 
 Regenerative preheating system operating at partial loads of turbo-aggregate group 
was a constant concern of power plant operating personal.  
 Preheaters behavior could be "overviewed" if we knew in detail the heat transfer 
process which occur when power plant load is variable. 
 This was designed to offer a quick calculation tool to be implemented in 
computational program in order to avoid solving logarithmic equation systems. 
 This method could be used for any preheater from regenerative system based on 
corresponding diagrams for those heat exchangers taking in account individual 
characteristics of equipment. 
Keywords: heat transfer, preheaters, feadwater and condensate systems, CANDU 6 
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         N uc l e a r  2 0 09  -  The 2nd International Conference on Sustainable Development through Nuclear Research and Education 
 

 

 14 

 

 
 
 
 
 

I.2. Nuclear Reactors  
 
 
 

I.2.1. Time-Dependent Neutron Transport in Participating Finite Media with 
Pure-Triplet Scattering 

 
M. Sallaha) and C. A. Margeanub) 
a Theoretical Physics Research Group, Physics Department, Faculty of Science, 
Mansoura University, Mansoura, Egypt  
b Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  

 
The time-dependent one-speed neutron transport problem in a participating 

finite slab medium is studied for pure triplet scattering. Anisotropic scattering higher 
order can be used for the collision treatment in neutron transport to calculate the 
effective multiplication constant. The medium is considered to have specular-
reflecting boundaries with external incident flux at various incidences. The time-
dependent problem is transformed into a stationary-like problem and then Pomraning-
Eddington approximation is used to find the analytical solution of the neutron density 
distribution function. For binary statistical random medium (e.g. boiling water 
reactors), the ensemble-average partial neutron fluxes are obtained analytically using 
the formalism developed to treat particle transport problems in statistical mixtures 
using Markovian statistics. Numerical results for the forward and backward partial 
neutron fluxes are obtained by using two different weight functions for the comparison 
purpose. 
 
 

I.2.2. Nuclear Data Impact on the Core Neutron Design  
 

G. Glinatsis
1

, D.Gugiu 
2

, G. Grasso 
3

, C. Petrovich 
1 

 
1

ENEA, Bologna, Italy  
2 

Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
3 

Nuclear Engineering Laboratory, Univ.of Bologna , Bologna, Italy  
georgios.glinatsis@bologna.enea.it  

 
The aim of a sustainable utilization of nuclear energy led to several proposals of 
advanced, critical and/or sub-critical, reactor concepts in terms of performances, improved 
safety and environmental impact.  
From the neutron design point of view, any design constraint must be fulfilled (as far as 
possible with adequate margin) under any foreseeable operating condition pertaining 
either DBC (Design Base Conditions) or DEC (Design Extension Conditions). This requires 
a high accuracy of the criticality level evaluations as well as of the reactivity coefficients. 
As a consequence the reduction, as far as possible, of the nuclear data uncertainties 
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impact is desirable, since their importance appear evident for the core neutron design. Our 
investigation, performed on critical and sub-critical LMFR designs, using nuclear data of 
different origins (JEFF, ENDF/B, JENDL families), deals mainly with their impact on the 
reactivity parameters. MCNP/MCNPX codes were used for the neutronics, while the NJOY 
(release 99, update 259) code system (ORNL, 2000) was used to process the evaluated 
data. The impact of the different sets of nuclear data on the multiplication factor, delayed 
neutron effective fraction, reactivity burn up swing, materials reactivity worth, coolant void 
effect and on other neutron parameters (i.e. dpa, é) was investigated. Attention was paid 
to the impact of the different code options and/or to the identification of the main 
contributor to these uncertainties.  
While some code options impact on the reactivity values up to about 250-300 pcm, at 
level of single isotope substitution a wide range reactivity variations was observed: 
from about ï1100 up to +1300 pcm. A similar extended reactivity variation was 
observed for groups of isotopes substitution, including the whole fuel isotopes 
substitution case. 
Keywords: Core Design, Minor Actinides, Transmutation, Monte Carlo, Nuclear Data.  
 
 

I.2.3. Preliminary Core Characterization for an ELSY-oriented Demonstrative 
Reactor 

 
C. Artioli1, S. Bortot2 
1National Agency for the New Technologies, Energy and Environment (FIS-NUC 
ENEA); Bologna, ITALY 
2Politecnico di Milano, Dep. of Energy, Nuclear Division-CeSNEF; Milano, ITALY, 
sara.bortot@mail.polimi.it 
 

An Italian effort has been initiated for the investigation of a concept for a small-size 
Advanced Lead Fast Reactor which aims to be oriented to the European Lead-cooled 
System (ELSY)Ḑ600. 
The ELSY project is under development since September 2006, within the Sixth 
EURATOMFramework Programme and it is currently focused on the investigation of an 
innovative leadcooled fast reactor, whose aim is the production of electric energy in a 
competitive and safe design fully accomplishing Gen IV requirements (the feasibility of an 
adiabatic core is a key issue). 
A demonstration reactor is expected to prove the viability of technology for use in a future 
commercial power plant, construction and operation, with the purpose of attesting the 
general strategy to use, to the largest extent. 
The first step toward the conceptual design of an ELSY-oriented reactor has been defining 
clearly what ñoriented to ELSYò means, i.e. determining those issues of ELSY to be 
investigated/validated in this reactor, the objectives to be reached and the kind of analyses 
to perform to achieve them. 
After such a preliminary work, the final design parameters were to be established; hence, 
appropriate ranking criteria for assigning a level of (relative) importance to each issue have 
been set up. 
As a result of these first activities, four major objectives have been identified and further 
scope analyses have been carried out by taking two series of coherent core parameters 
sets into account, in reference to a maximum cladding temperature of 500°C and 600°C 
respectively. 

mailto:sara.bortot@mail.polimi.it
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Contemporaneous evaluations about ELSY Minor Actinides equilibrium concentration have 
confirmed that the 500°C-solution can be hardly pursued because it undermines the 
possibility of designing an adiabatic core. Preliminary thermal-hydraulic calculations have 
then been performed in order to verify the mutual compatibility of both objectives and 
technological constraints. 
 
 

I.2.4. Radiation Damage and Activation Evaluations for the ELSY Reactor  
 

D. Gugiu 
1

, G. Glinatsis 
2

, G. Grasso 
3

, C. Petrovich 
2

, C. Artioli 
2 

 
1 

Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
2 

ENEA, via Martiri di Monte Sole 4, IT - 40129 Bologna, Italy  
3 

Nuclear Engineering Laboratory, Univ.of Bologna, Italy  
daniela.gugiu@nuclear.ro  

 

As well as the fuel, the structural materials of the nuclear reactors undergo changes of 
their mechanical and physical properties under a hard neutron spectrum irradiation, 
changes that are related to various factors: the intensity and the energy of the radiation, 
the irradiation time, the temperature, the type of the material, etc. These changes could 
affect the correct operation of the entire plant; as a result, it is necessary to evaluate the 
radiation damage of the reactor components during the design stage of the nuclear plant. 
A special attention should be paid to the long-lived components which cannot be replaced 
during the reactor life.  

The standard damage parameter for the nuclear materials is DPA (displacements per 
atom) which incorporates information about the response of the material, as well as the 
value of the neutron fluence at which the material is exposed and it is computed using the 
so-called NRT standard model. The DPA evaluations require the availability of the 
displacement kerma cross-sections which are the product between reaction cross-section 
and the damage energy.  

One of the present work aims is to evaluate the accumulated DPA values for some 
components of the ELSY (European Lead Cooled System) reactor. The selection of the 
components starts from the assumption that some of them are under a hard neutron 
spectrum irradiation and/or could not be replaced during the whole reactor life; we are 
referring to the inner vessel, reactor tank, steam generators and the Decay Heat Removal 
(DHR) Dip Coolers.  

All the DPA value computations are performed using the Monte Carlo code MCNP5, for 
the actual, detailed three-dimensional geometry of the ELSY reactor and the JEFF 3.1 
neutron cross section libraries. A sensitivity analysis of the DPA values with respect to the 
impact of various displacements cross sections evaluations is also performed.  

The second aim of the present work consists in the estimation of the lead coolant 
activation as well as the neutron activation of some structural materials of the reactor 
including the DHR systems, steam generators, etc. The computations are performed 
starting from the evaluations of the neutron fluxes in the respective components 
(using the MCNP5 code) which are subsequently used in FISPACT -2005 (an 
inventory code included in the European Activation System EASY ). The evaluations 
are performed at various irradiation and cooling time steps; the inventories carried out 
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could be used in further analyses regarding the radioprotection, waste 
characterization and disposal, etc. 

Keywords: Core Design, Monte Carlo, Nuclear Data., Activation Analysis.  
 
 
 

I.2.5. Standardization of Nuclear Power Reactors - From Theory to Practice 
 

Madalina Tronea,  
Faculty of Physics, University of Bucharest 

 

The paper gives an overview of the development of the standardization concept and of the 
regulatory frameworks for its implementation, analyzing the benefits and possible 
drawbacks of this approach. The current initiatives in this area are reviewed with the 
objective of drawing a conclusion on the long-term perspectives for standardization of 
nuclear power plants in Europe, together with the conditions that would have to be met in 
order to allow for this concept to be put in practice and contribute to the viability of nuclear 
power as a component of sustainable development strategies. 

Standardization of the design of nuclear power reactors is a concept which has been 
pursued by the nuclear industry since the 70ôs, with the aim of reducing the uncertainties 
associated with the regulatory review and licensing processes and with a potential for 
additional benefits, such as improved safety, reliability and availability of the nuclear power 
plants. Today, given the global trends for securing the energy supply and reducing the 
carbon emissions, a number of countries have prospects for developing their nuclear 
power programs and the nuclear industry may face a new era. Standardization is brought 
again into discussion, together with a related concept, that of harmonization of the nuclear 
safety requirements.  

The concept of standardization has been linked with and depends on the certification of a 
standard design by the regulatory authority, a procedure currently followed by new 
reactors to be built in the United States of America. While design certification is not yet an 
option for the new nuclear power plants in Europe due to the differences between the 
national regulatory requirements of the Member States, the utilities have established their 
own generic requirements and are using them as basis for bid specifications for new 
reactor units. In Europe, the initiative of harmonization of nuclear safety requirements 
undertaken by the nuclear safety authorities of countries operating nuclear reactors has 
been focused on the existing plants and has not touched upon the licensing processes and 
the regulatory review procedures.   

The main difficulties for achieving harmonization and eventually standardization of nuclear 
safety requirements have their basis in the historical development of the regulatory 
frameworks, many of which include prescriptive requirements dependent on the 
technology of choice for the nuclear reactors deployed in the respective countries, as well 
as in the use of different quantitative criteria and objectives against which the safety of a 
nuclear power plant is assessed.  

There is still a need for a comprehensive exchange of information on utility, regulatory, and 
designer views on safety objectives and design approaches for future plants in different 
countries, highlighting areas of commonality and divergence. Therefore, any international 
initiative on standardization should seek the understanding of the differences between the 
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current national regulatory expectations and practices and their relevance for safety, as a 
precondition for the achievement of a common approach to the licensing of new nuclear 
reactors. 
 
 
 
 
 

I.2.6. Dynamic Performance Evaluation of a Proposed ACR-1000 SDS1 
Design 

 
Iosif Prodea1, Cristina Alice MŁrgeanu1, Andrei Rizoiu1,  
Ilie Prisecaru2, Nicolae DŁnilŁ2 
1 Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
2University Politehnica of Bucharest, Romania 
iosif.prodea@nuclear.ro 

 
 The ACR-1000 design has intensively been promoted during the last years. This 
latest AECL Generation III+ nuclear power reactor uses Low Enriched Uranium (LEU) 
dioxide as fuel with a target burnup of 20 MWd/kgU in a more compact elementary cell (24 
cm lattice pitch) along with additional innovations which improve both safety and 
economics. We used the latest AECL proposed geometry for the central pin element (i.e. a 
solid Zirconium rod inside of a thin Hafnium shell) in order to reduce the Coolant Void 
Reactivity (CVR) during postulated accidents. Earlier studies performed by authors revealed 
through independent calculations the Hafnium shell thickness and its suitability to achieve a 
desired CVR target. Another paper, presented one year ago at Nuclear 2008 Conference, 
emphasized a Shut-Of Rod (SOR) design neutronic properties along with a preliminary Shut 
Down System no.1 (SDS1) static reactivity assessment in a simplified ACR-1000 DIREN-
MG core model. The present paper analyses the dynamic effects during SDS1 intervention 
to terminate a LOCA event. The key parameters pursued in our analysis are the flux 
amplitude, the bundle and channel power pulse evolutions. The paper conclusions reveal 
the SDS1 dynamic performances based on the previous ACR-1000 SOR design.  
 
 
 

I.2.7. Thorium Fuel Studies for CANDU Reactors 
 

Andrei Rizoiu, Cristina MŁrgeanu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
andrei.rizoiu@nuclear.ro 

 

Applying the once-through Thorium (OTT) cycle in existing and advanced CANDU reactors 
might be seen as an evolutive concept for the sustainable development both from the 
economic and waste management points of view.  

Using the Canadian proposed scheme - loading mixed ThO2-SEU CANFLEX bundles in 
both CANDU 6 and Advanced CANDU reactors - simulated at lattice cell and fuel depletion 
level led to promising conclusions on higher burnup, lesser actinide inventory and 
proliferation resistance. 
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The calculations were performed using the lattice code WIMS (together with the 
corresponding nuclear data library based on ENDF/B-VII) and the depletion code 
ORIGEN-S included in the ORNL-SCALE code package for spent fuel safety analyses. 

Keywords: Thorium, CANDU, SEU, WIMS, ORIGEN 
 
 

I.2.8. Analysis Criteria to Decrease Costs and Schedule for a Nuclear Facility 
Decommissioning 

 
Theodor Oprescu, Catalina Petran 
RAAN - SITON 

 

Once the decommissioning plan has been stated and approved, even at the level of a 
concept one may assess the decommissioning costs and duration, with a certain 
approximation. In order to improve the performances regarding the duration and costs of 
decommissioning, based on the experience and literature, we consider that analyses on all 
the tasks which are basically describing the decommissioning operations (decontamination, 
preparatory works, disassembling, dismantling and protection measures) are necessary. 

To optimize such activities one should consider some criteria that state the work 
procedure, the method and equipment employed for each of such an activity: 

1. Radioactive characterization of the decommissioning target. 

Function of this criterium, one may state: 

- type of disassembling (manual, remote and  shielded or by remote control machines); 

- type of proper ventilation (tent with HEPA filter, local ventilation or area ventilation); 

- how the wastes are  removed and the transfer route to the treatment plant; 

- type and procedure of local monitoring and of the workers (dosimetric 
instruments, records, etc); 

- assessment of  the protection measures for operators (protection equipment, 
dosimetric instruments, records). 

2. The availability of the equipment and current outfitting of the facility. 

(cranes, handling equipment, local transportation  devices, proper power supply, 
availability of required utilities: compressed air, ventilation, water supply, sewage, etc) 

3. The selection of the most appropriate method of dismantling/demolishing function of: 

- existing equipment and  likely to be purchased; 

- minimizing the secondary wastes, specially liquid and gaseous effluents; 

- maximum efficiency; 

- work-time shortening for each operation to be developed; 

- possibility to continuously discharge the radioactive wastes considering the 
following steps: waste treatment and disposal. 

4. Investment costs  

( for purchased equipment and instruments, the number of work-hours assessed for each 
operation, modifications of the applied constructive structure, fire  and industrial protection 
measures required, electric power demand and services, cost of transport and cost of 
personnel training on how  to use the new methods and equipment). 
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5. Optimization of the work schedule for allowing the development of several activities 
in parallel without excessive increase of personnel.  

Also, the optimization of the work schedule would allow an optimum organization of getting 
the authorizations for each operation, for personnel training ( own and contracted) for 
special operations, the organization of simulations for the special operations and the 
purchasing of  equipment required for those activities for which the unit has not available 
the specialized equipment, disassembling procedures and proper personnel training. 

6. Organization of the unit personnel. 

Function of the organizational chart of the company responsible with decommissioning 
process, one may consider to use its own personnel to a smaller of greater extent.  
Besides, it is possible to establish the required labour  for certain activities in the schedule 
by contracting, in due time, the construction works for which the unit has not available the 
personnel, equipment or properly trained personnel. 

Following to the detailed analysis based on the above mentioned criteria and on the 
approved decommissioning plan, it is possible to optimize the construction schedule, to 
rationally schedule the preparatory works, disassembling , demolishing, site rehabilitation, 
and the purchase of required equipment and instruments, all of them leading to a decrease 
of costs and duration of the nuclear facility decommissioning process. 

 
 

I.2.9. Evaluation of the Thorium Fuel Content in PHWRS 
 

Ruxandra Cristina Toma1), Nineta Balaĸ2),  
Cristina Alice MŁrgeanu3) 

1), 2) òPolitehnicaò University of Bucharest, Faculty of Power Engineering, Romania, 
3) Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
rux_toma@yahoo.com 

 

Due to its continuous development, the nuclear energy industry is in the search of the ideal 
fuel cycle: high burn-up and no minor actinides in spent fuel.  

In order to reduce the irradiated fuel inventory there were developed new technologies 
implementing new fuel types, including thorium fuel cycle. 

This paper studies the isotopic inventory of a thorium fuel in actual CANDUs and 
future ACRs using the WIMSD-5B.12 code. For both reactors, will be discussed the 
minor actinides and fission products inventory.  Moreover the results obtained in the 
case of thorium fuel will be compared to the results obtained by using a standard fuel.  

 
 

I.2.10. Ŭ-Determination in the Eī (1+Ŭ) Epithermal Neutron Spectrum at 
TRIGA 14MW Reactor 

 
D. BŁrbos, C. PŁunoiu, P. Busuioc 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
dumitru.barbos@nuclear.ro 
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In a reactor, the flux density of the epithermal neutrons per unit energy interval is 
considered to be inversely proportional to the neutron energy. In fact this assumption is 
valid only when the following conditions are satisfied: 
1) The medium in which fast neutrons are slowed down is homogenous and infinite; 
2) The slowing down power is energy independent; 
3) The fast neutron sources are homogenously distributed; 
4) There is no absorption during moderating process; 
In practice, however, these conditions are not met in a nuclear reactor. Thus, deviations 
from 1/E law can occur in the irradiation channels and errors may be induced in the 
resonance integrals defined as: 
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where:    Ecd=effective cut-off energy=0.55eV 
 ů(E)=activation cross-section for (n,ɔ) reaction 
In a real situation, epithermal neutron spectra deviate more or less from 1/E law, and can 
be approximated by: 
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where Ŭ, which is independent of energy, may be positive or negative, depending on the 
reactor configuration (moderator material, geometry of irradiation site etc.) 
The resonance integral should be written as: 
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Some methods described in the literature for the determination of in the Eï(1+Ŭ) 
epithermal neutron spectrum are critically reviewed with respect to their accuracy. The 
multi-resonance detector method with Cd-covered irradiations, as used by Schumann 
and Albert, is generalized by subtracting the epithermal 1/v-tail and by introducing the 
effective resonance energy, as defined by Ryves. For experimental Ŭ determination the 
two-detector method has been applied to determine Ŭ parameter in the irradiations 
channels at TRIGA 14MW reactor (SCN Pitesti). The modified two-detector method by 
using Cd ratio measurements eliminate the introducing of systematic errors due to the 
inaccuracy of absolute nuclear data. This characterization of the epithermal neutron 
spectrum is used in the k0-method of NAA, implemented at the SCN Pitesti. Neutron 
spectrum parameters as determined in the inner irradiation channel XC-1, are: Ŭ 
=0.0343±0.002 and f=22.5±0.5. For an outer irradiation channel, Beryllium J-6, we also 
have found the following neutron spectrum parameters Ŭ=-0.04046±0.003 and f 
=17.73±0.3; for Beryllium J-7 channel Ŭ = -0.02187±0.0025 and f = 15.33±0.5 and for 
outer irradiation channel K-11 the neutron spectrum parameters are Ŭ =0.0162±0.002 
and f=48.63±0.5 respectively. 

Keywords: Thermal neutron cross-section; Resonance integral, Neutron activation 
analysis, Epithermal neutron spectrum, Ŭ coefficient.  
 
 

I.2.11. Fuel Bundle Geometry and Composition Influence on Coolant 
Void Reactivity Reduction in ACR and CANDU Reactors 

 
Iosif Prodea1, Cristina Alice MŁrgeanu1, Andrei Rizoiu1,  
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Ilie Prisecaru2, Nicolae DŁnilŁ2 
1 Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania 
2University Politehnica of Bucharest, Romania 
iosif.prodea@nuclear.ro 

 
It is very well known that the CANDU® reactor has positive Coolant Void Reactivity 
(CVR), i.e. when coolant is lost, the reactivity increases along with the reactor power. 
This is most important criticisms about CANDU. To override this drawback, the CANDU 
trademark owner-AECL proposed some modalities to reduce the CVR to zero and quite 
to a slightly negative value. Most of them are based on placing of an absorbing material 
in the central bundle element and also, on the reducing the moderator amount in the 
elementary lattice both by reducing lattice pitch and increasing the gap space between 
the calandria and the pressure tube. The above methods have together and 
successfully been applied to the Advanced CANDU Reactor (ACRÊ) project. The 
paper's objective is to analyze elementary lattice cell effects in applying of the above 
mentioned methods in order to reduce CVR. Three basic fuel designs in their 
corresponding geometries were chosen to be compared: the ACR-1000, the RU-43 
(developed in INR Pitesti and based on the using of Recycled Uranium) and the 
standard CANDU fuel, with Natural Uranium (NU). A special attention is given to the 
current AECL central pin innovative design based on the using of a thin Hafnium shell 
surrounding the central element. This innovation was also applied to the other two fuel 
designs. The bundle geometry influence on void effect was evaluated. This was simply 
performed using a unique 235U enrichment throughout the fuel rings for each of the 
three bundle designs, instead of their standard compositions. ACR-1000 fuel design 
showed peculiar behavior and strong effects at composition changing while, for the 
other two fuels, effects were much less. The WIMS calculations proved the Hafnium 
absorber suitability (in the latest "shell design") to achieve the negative CVR target with 
great accuracy for the ACR-1000 fuel bundle design. 
 
 

I.2.12. Implementation of National and International Requirements in a 
Nuclear Safety and Control System for Human Error Decrease 

 
ķerban Constantin Valeca, Marin CiocŁnescu, Marin Preda 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
serban.valeca@nuclear.ro 

 
Considering the continuous evolution of Nuclear Safety Requirements standards and 
norms as well as technological ageing of some of the TRIGA 14MW systems since 2007 
Institute for Nuclear Research Pitesti started an ambitious program that aim to modernize 
different reactor systems: main cooling circuit, TRIGA SSR 14MW console and safety 
system, ventilation system, purification circuit, dosimetric system, Loop A irradiation 
device. The modernization projects for process apply the national and international 
regulations and recommendations concerning: 
- physical and functional separation between safety and control components, 
- reducing the probability of human error occurrence, 
- ensuring the continuous monitoring. 

                                                 
®
 CANDU is a registered trademark of Atomic Energy of Canada Limited 
Ê

 ACR, ACR-1000 and Advanced CANDU Reactor are registered trademark of AECL 

mailto:serban.valeca@nuclear.ro
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Reactor Protection System (RPS) is designed for safe shutdown of the reactor. The RPS 
is responsible for the initiating signal that triggers the Scram protective action in case of 
anticipated operational occurrences, incident conditions or design basis accidents. 
RPS can scram automatically, or it can be tripped by the operators. Scram occurs when 
the safety parameters reach a limit set point called Safety System Setting (SSS). 
RPS is fully hardwired and is classified as Safety Category 1. 
The Control & Monitoring System (CMS) is totally independent from: 

¶ Reactor Protection System (RPS), 

¶ Safety Parameters Display System. 
Is a computer-based system, Safety Class Category 2. 
Final Actuation Logic: 

¶ performs the final voting of the RPS and actuates directly to the Control Rods 
electromagnets, 

¶ performs 1oo2 voting logic (two V&PL redundancies), 

¶ maintain the separation between redundancies until the signal is voted,  

¶ also performs the partial SCRAM commanded from console for any of the control 
rods independently, 

¶ provides status output signals in order to indicate the status on console and on 
CMS screens. 

By modernization program completion we expect to: 

¶ enhance the nuclear safety by physical separation between control and safety 
systems 

¶ decrease the possibility of human error occurrence 

¶ ease the maintenance activities by using the systems auto diagnosis through 
dedicated software 

¶ improve the operation system 

¶ enhance the possibility to increase reactor power from 14 to 21MW 

¶ expand the reactor lifetime with 20 years 

¶ increase the efficiency in decision taking by reactor operators having the 
opportunity to acknowledge the acquired data in real time. 

 
 

I.2.13. CFD Thermal-Hydraulic Analysis of a Candu Fuel Channel  
 

Catana Alexandru1, Ilie Prisecaru2, Daniel Dupleac2, Nicolae Danila2   
1 Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania 
2 University Politehnica Bucharest, Romania 

 
This paper presents the numerical investigation of a CANDU fuel channel using CFD 
(Computational fluid dynamics) methodology approach. Limited computer power available 
at Bucharest University POLITEHNICA enforced us to analyze only segments of fuel 
channel namely the significant ones: fuel bundle junctions with adjacent segments, fuel 
bundle spacer planes with adjacent segments, regular segments of fuel bundles. The 
computer code used is FLUENT. Fuel bundles contained in pressure tubes forms a 
complex flow domain. The flow is characterized by high turbulence and in some parts of 
fuel channel also by multi-phase flow. The flow in the fuel channel has been simulated by 
solving the equations for conservation of mass and momentum. For turbulence modeling 
the standard k-Ů model is employed although other turbulence models can be used. In this 
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paper we do not consider heat generation and heat transfer capabilities of CFD methods. 
Since we consider only some relatively short segments of a CANDU  fuel channel we can 
assume, for this starting stage, that heat transfer is not  very important for these short 
segments of fuel channel. The boundary conditions for CFD analysis are provided by 
system and sub-channel analysis. In this paper the discussion is focused on some flow 
parameters behavior at the bundle junction, spacerôs plane configuration, etc. In this paper 
we present results for Standard CANDU 6 Fuel Bundles as a basis for CFD thermal-
hydraulic analysis of SCN proposed SEU43 and other new nuclear fuels. 

Keywords: CANDU-6 FUEL CHANNEL, CFD, SUB-CHANNEL, ADVANCED FUEL, FLUENT 
 
 

I.2.14. Thermo-Hydraulic Analysis of LEU Modified Cintichem Target 
Irradiated in TRIGA Reactor 

 
Catana Alexandru,  Constantin Toma   
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania 

  

 Actions conceived during last years at international level for conversion of 
Molybdenum fabrication process from HEU to LEU targets utilization created opportunities 
for our Institute to get access to information and participating to international dialog under 
IAEA auspices facilitating concrete steps for developing fission Molybdenum technology. 
Institute for Nuclear Research bringing together a number of conditions like suitable 
irradiation possibilities,  direct communication between reactor and hot cell facility, 
handling capacity of high radioactive sources,  and simultaneously the existence of an 
expanding internal market, decided to undertake the necessary steps in order to produce 
fission molybdenum. 

  Over the course of last years of efforts in this direction we developed the steps for 
fission Molybdenum technology development based on modified Cintichem process in 
accordance with the Argonne National Laboratory proved methodology. 

 Progress made by Institute for Nuclear Research in Pitesti - Romania to heat 
transfer computations of annular target using is presented. An advanced thermal-hydraulic 
analysis was performed to estimate the heat removal capability for an enriched uranium 
(LEU) foil annular target irradiated in TRIGA reactor core. As a result, the present analysis 
provides an upper limit estimate of the LEU-foil and external target surface temperatures 
during irradiation in TRIGA 14 MW reactor. 
 
 

I.2.15. Increase of Safety in the Alarm and Signal System for Defects at 
the Electric Power Supply of the TRIGA-INR Pitesti Reactor  

 
M. Media, M. Preda and M. StŁnescu, I. Marieta* 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
* S.C. Mico Electro S.R.L., Sector 5, Bucuresti,  
marius.media@nuclear.ro 

 

The system warning and signalization of the defects which appear in system by electricity 
supply aims recording, acoustic and visual signalization of the defects by interruption in 
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operation or exit from the normal parameters of the power station by 6 kV and 0.4 kV from 
the Reactor Section. 

 This project aims increase nuclear security of the Triga Reactor through the 
modernization panel Warning and Signalization defects appeared in the circuit by electric 
power supply of the Triga Reactor, to remove the moral and physical wear of current 
equipment wich are since 1970. 

Increase nuclear safety is related by the electric system safety consisting in signalization 
immediate of defects appeared in the circuit by electric power supply of the Triga Reactor, 
by modern means of signaling in the electric workshop and in the rector command room, 
for a quick decision and intervention in installation is will make immediately. 

 This modernization is based on an integrated project using information technology 
for monitoring the operation of electrical system and a system of data acquisition and 
processing by operating and exploitation. 

 The warning and signalization system defects which appear in system of electricity 
supply is composed mainly from the panel signalization Reactor which contains an 
interface and transducers for signals which are the acoustic signalizations and / or visual, 
source of power uninterrupted and touch screen  placed in a protective metal housing in 
the electric workshop from the Triga Reactor building. 

 Data Acquisition System for long time storage of the informations is achieved from a 
personal computer and also contributes to increase nuclear safety, having the following 
functions: 

- The connection to Programmable Automatic  for automatic data storage and events 
registration for a long time; 

- Reading and printing of reports; 

- connection by switching to intranet network of  the Institute for Nuclear Research  to view 
reports, alarms, etc, at any time from other computers on the network. 

The paper is based on theme design prepared by Reactor Section from the Institute for 
Nuclear Research Pitesti with quality assurance in accordance with the rules on the 
specific requirements for quality management, applied to the design of nuclear 
installations. 

 Data acquisition system of the plant consists of a programmable automatic structure 
witch contains the number of digital inputs necessary for supervision of the two power 
stations. 

 The signalization system was realized and built through contract with a specialized 
company, on the basis of specifications developed by the Reactor Department. 
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I.3. Nuclear Technologies and Materials  
 
 
 

I.3.1. The Effect of Some Absorber-Materials Atomic Numbers on Buildup 
Factors 

 
F. A. Ikraiam, M. K. Alfakhar and S. S. Mohamed 
Physics Department, Faculty of Science,  
University of Omar Al-Mukhtar, El-Beida, Libya 
fikraiam@hotmail.com 

 
The Buildup Factors for gamma rays in four materials, Aluminum, Steel, Copper 

and Lead have been measured using scintillation detector )Tl(NaI5.15.1 ¡¡³¡¡  with two 

radioactive point isotropic sources 137Cs and 60Co. 

Many factors affecting the buildup factor values and experimental measurements 
have been studied, including the effect of the atomic number of the absorber material. It 
has been found that the buildup factors for low atomic number materials have higher 
values than those for high atomic number materials.  
 
 
 

I.3.2. Magnetic Compression Method Applied in Winterberg Thermonuclear 
Reactor 

 
F. Scarlat, A. Scarisoreanu, E. Badita, E. Mitru 
National Institute for Laser, Plasma and Radiation Physics,  
Bucharest - Magurele 

 
On May 23, 1996 crossing the petawatt threshold for a laser power (P = 1015 W) with 
extremely high intensity (I0 = 1021 W/cm2), high energy (W = 1.25 kJ) and ultra-short 
pulses (Ű < 1 ps) lead to updating Winterbergôs idea related to thermonuclear reactor 
(1971). The magnetic compression method consists in the possibility to produce very 
strong magnetic fields by a laser beam. This is based on the nonlinear effects within the 
interaction of a laser beam (1015 W, 0.8 ɛm, 10-2 cm2) with plasma free electrons (n = 
5.1022 cm-3). The laser average electric field (Eave å 4 x 10

11 V/m) produces an electron drift 
motion of plasma electrons (vd å 7.10

6 m/s), an excited electron drift current (Id = 5.1010 A), 
a strong magnetic field (B å 107T) and a pressure of the order p å 3.1019 Pa in the 
surrounding target for plasma compression. If pulse energy W =109J is obtained per 
thermonuclear target and the repetitive frequency for injection in reactor is f = 1 Hz, the 
total average power output would be Pave = 1GW. Besides the system parameters, this 
work also presents the conditions for the ignition of a target. 
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I.3.3. Influence of the Coolant pH on Zircaloy-4 Claddings Oxidation and 
Hydriding in Operation Conditions at High Burn-Up 

 
Ioana Pirvan, Lucian Velciu, Maria Mihalache, Gheorghe Oncioiu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania 
ioana.pirvan@nuclear.ro 

 
A nuclear power reactor is a very complex system, with many parameters influencing the 
zirconium alloys oxidation and hydrogen absorption kinetics. The zirconium based alloys 
Zircaloy-2 and Zircaloy-4 are used as structural materials for reactor fuel components in 
light water or heavy water cooled nuclear reactors. 

Current trends towards extended burn-up, increased outlet temperatures and plant life 
extension in nuclear power facilities require the solution of a large number of problems 
related to the reliability of the materials used, especially in key components such as fuel 
cladding. Failure of the cladding tubes leads to the release of radioactive fission products 
into the cooling water. Contamination of the cooling water is a most undesirable situation, 
so it is necessary that the fuel rods remain leak free through the life of the fuel. The pH-
value is one of the important parameters for the oxidation behavior of Zirconium alloys 
inside a reactor. Lithium hydroxide is added to the primary system of PWR or PHWR, to 
control the pH-value. A low pH-value results in more corrosion products (crud) in the 
primary water and a pH-value higher than 12 accelerates the general corrosion rate 
dramatically. The oxide layer can then fall off and must be rebuilt. To optimize corrosion 
production a constant pH-value of 10.2-10.4 measured at 25oC, respectively 7.2-7.5 at 
operation temperature of nuclear reactor (PHWR) of about 300oC, is currently 
recommended. To study the influence of coolant pH on Zircaloy-4 fuel claddings oxidation 
and hydriding, in operation condition with high burn-up fuel, the corrosion experiments in 
LiOH solutions with several concentrations, at high temperature and pressure (310oC and 
10MPa) will be performed, on initial non-oxidized and different oxidized samples. 
Experimental results allow us to establish a correlation between pH value and initial 
oxidation condition of Zircaloy-4 claddings surface in subsequent oxidation and hydriding 
kinetics at high temperature. 

Keywords: fuel rods, high burn-up, Zircaloy-4 alloy, high temperature and pressure, 
oxidation, hydriding. 
 
 
 

I.3.4. Amines Duality Used as Regulating Substances of NPP Secondary 
Circuit Water Chemistry  

 
Maria RŁdulescu, Laurentiu Popa, Simona Mogosan 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
maria.radulescu@nuclear.ro 
 
In Nuclear Power Plants, the secondary circuit is executed mainly from iron alloys. 

Their corrosion may be minimized both by right choice of materials and by narrow 
chemical control of aqueous environment which is in contact with metallic materials. 
Consequently, the researches in this field were centered upon the understanding of 
reasons and mechanisms of corrosion processes. One of main reason in their correlation 

mailto:maria.radulescu@nuclear.ro
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was constituted by the finding of those amines that, simultaneously with their action of pH 
regulating, should an inhibitor effect on the corrosion behavior of iron alloys.  

The alloy studied in this paper was the carbon steel SA106 grub. To cover the 

carbon steel samples with films, were executed some autoclavizings at (260 ° 5)0C and 

(5.5 ° 0.5)MPa in the three types of aqueous environments having a similar final pH of 9.7, 
prepared from demineralized water and the following three several amines, such as: 

¶ morpholine and cyclohexylamine (AVT) ï the classic treatment used in NPP 
secondary circuit; 

¶ morpholine and triethanolamine (TEA) and respectively 

¶ morpholine and triethylamine (TREA). 

On the basis of gravimetric evaluations of filmed samples, the following kinetic 
characteristics were determined: the whole corrosion rate, quantity of whole formed 
corrosion products, releasing rate of corrosion products and respectively the releasing rate 
of  iron ions in solution. Presenting graphically these characteristics function of time, the 
kinetic curves and equations were obtained. Simultaneously, to characterize the superficial 
films formed after autoclavizations were used: the Electrochemical Impedance 
Spectroscopy (EIS), SEM and metallographie. 

On the basis of above-mentioned results, it may conclude that triethanolamine and 
triethylamine, acting both as pH regulating substances and corrosion inhibitors of carbon 
steels, may successfully substitute cyclohexilamine - that is more toxically - in the chemical 
treatment of secondary circuit aqueous environment. 
 
 
 

I.3.5. A Software Tool for Evaluation of Hydrogen Absorbed in Pressure Tube    
 

Maria Mihalache, Mariea Deaconu, Viorel Ionescu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  

  maria.mihalache@nuclear.ro 
 

Predicting the concentration of hydrogen isotopes into the body and in the rolled 
joint regions of operating pressure tubes as a function of reactor hot hours is very 
important in many fitness-for-service assessments and end of life estimates.  The rolled 
joint regions are high stress zones with the potential for delayed hydride cracking. 

Predictive models for assessing the long-term deuterium ingress into the body in 
rolled joint of the pressure tubes and has been implemented in a software tool, ROHID, 
developed in INR-Pitesti. 

ROHID is a PC-based Windows application providing a user-friendly interface to the 
pressure tube deuterium ingress models that predicts the equivalent hydrogen ingress for 
Zr-2.5Nb pressure tubes. It uses color-coded reactor core maps to display the predicted 
deuterium concentration as a function of time for selected axial locations. Plots of 
deuterium versus axial location and versus time for individual pressure tubes are also 
available. 

Also the software tool provides a signal for exceeding the hydrogen terminal solid 
solubility  for hydride dissolving and and precipitation as a function of time and axial 
location. 
 
 

mailto:aria.mihalache@nuclear.ro
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I.3.6. Proposal of Laser Proton Accelerator for Nuclear Waste Transmutation 
 

F. Scarlat, A. Scarisoreanu,  
National Institute for Laser, Plasma and Radiation Physics - INFLPR,  
Bucharest - Magurele 

 
Recently developed chirped pulse amplification (CPA) laser technology capable of pulses 
generation in the range 20 fs to 1 ps in the petawatt (PW) ï exawatt (EW) range have 
found different applications, one of this being the new mechanism of proton acceleration. 
In this paper, the characteristics of new laser proton accelerator (800 ï 1000 MeV, 50 -300 
mA)   needed for Transmutation of Nuclear Waste (ATW) and Energy Production (ADEP) 
in frame of collection of programs AcceleratorïDriven Transmutation Technology (ADTT) 
is discussed. 
 
 

I.3.7. A Novel Material for Target of Irradiation for Iridium g- Source 
 

Paula Carlan*, I. Chicinas**, Alice Dinu, T. Meleg* , Maria Mihalache* 
*Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
**Technical University, Cluj Napoca, Romania  
paula.cirlan@nuclear.ro 
 

Intermetallic compounds from Al-Ir system were synthesized by solid state method - 
mechanical alloying and their properties were investigated using XRD, SEM, and DSC 
techniques. The powder will be used to make new targets of irradiation. The AlIr 
intermetallic compound was mainly formed in the first 4 hours of the milling process. After 
8 hours of milling the mean crystallite size is 8 nm. The formation enthalpy of the selected 
intermetallic compounds from Al-Ir system was determined by Differential Scanning 

Calorimetry. DHfAlIr=103, 08 kJ/mol; DHf3AlIr=93, 15 kj/mol are in accord with other 
published experimental values and as magnitude with semi-empiric model of Midema. To 
establish the thermodynamic possibility of synthesis and stability of intermetallic 
compounds Ir-Al, from the obtained calorimetric measurements data was calculated and 

plotted the Gibbs function, DGf
0. The Gibs function has negative values on all range of 

temperature and for both investigated compounds 

Keywords: g sources; mechanical alloying and milling; calorrimetry; X-ray diffraction;  
electron microscopy 
 
 

I.3.8. Mitigation of Seismic Action on Engineering Structure by Inovative 
SERB-SITON Solution  
 
V. Serban, A. Panait,  M. Androne, G. A. Ciocan 
Subsidiary of Technology and Engineering for Nuclear Projects 
Bucharest-Magurele, Romania 

 
The paper presents the advantage of the SERB-SITON solution   for increasing the 
earthquake resistance of engineering structures compared with other solutions for seismic 
protection of buildings which are now employed. 

mailto:paula.cirlan@nuclear.ro
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SERB devices (telescopic and isolation) used in an innovative solution to control, limit and 
damp the seismic building movement, have a capsulated structure and are capable to 
overtake large compression and tension loads with controlled  deflection and large 
damping. The construction or strengthening of buildings so to withstand seismic actions, 
can involve various techniques. Such techniques depend both on the type of the building 
and the characteristics of the seismic movement. The great difference in the building 
behavior during an earthquake results from the fact that a building (along with its 
foundation ground) make-up an oscillating system which represents a built-up of kinetic 
and potential energy of repeated seismic movement oscillations. The oscillating system 
may or not overtake and built-up the seismic energy from each soil oscillation, function of 
the location of the important eigen vibration periods of the building within the spectral 
component of the seismic action. The main problem that needs to be solved by the seismic 
design of buildings consists in the transfer of a minimum quantity of seismic energy from 
the ground to the building and in so for that the transferred energy should not build-up in 
the building-ground oscillating system. The paper presents the classical, modern and 
innovative solution for mitigation of seismic actions.  

Keywords: SERB-SITON telescopic & isolation device, control, limit & damping, transfer energy. 
 
 

I.3.9. Fuel Channel Failure Investigation, 1983-2009 
 
A.C. Wallace 
Kinectrics Inc., Toronto, Ontario Canada 
 
In August 1983, a Zircaloy-2 pressure tube ruptured in fuel channel G16 of Unit 2 in the 
Pickering Nuclear Generating Station, east of Toronto. The findings of the ensuing failure 
investigation greatly raised the level of awareness of vulnerabilities of the CANDU fuel 
channel design and led to a massive mobilization of resources for material surveillance 
testing, fundamental R&D and the development of fuel channel inspection, maintenance 
and assessment methodologies. Over the next decade, the industry gradually overcame 
the immediate issues through the retubing of all four Pickering Units and developed life 
cycle management approaches that culminated with the issue of the Pressure Tube 
Fitness for Service Guidelines in 1991 and 1996.   

While work continues to this day, the sense of urgency and funding levels have gradually 
declined over the years. The industry has been restructured and many people involved in 
the work have retired. Many more will retire in the next few years. The ñresearchò funding 
that remains is much more pragmatic in nature, is routinely challenged to demonstrate 
value and largely directed towards regulatory concerns. The result is an industry with 
much less flexibility to respond to emergent events.  The recent response to the 
development of a leak in a Calandria Tube in Pickering B Unit 7 is a case in point. While 
the consequences of the failure were less severe, the investigation has turned out to be 
equally complex and has highlighted the loss of expertise and knowledge in the area, 
particularly related to the original manufacture and installation of the components.  

A summary of the challenges facing the investigation is provided, particularly in regard to 
resources. In the current economic environment, there is renewed interest in operating 
units well beyond their original design lives and deferring decisions on refurbishment. A 
brief look forward is provided on the issues that need to be addressed to ensure ongoing 
fuel channel integrity out to end of life. It seems doubtful that all the identified work will be 
completed in the desired timeframe.  
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I.3.10. Corrosion of the CANDU Steam Generator Tubesheet Due to 
Aqueous Environment pH 

 
Dumitra Lucan, Manuela Fulger, Velciu Lucian  
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania 

 dumitra.lucan@nuclear.ro 
 

The second side environment is known to be affected significantly by several factors 
dependent on the balance of plant conditions (condenser leaks, condensate polishing, and 
coolant system materials) and operational conditions, particularly through their thermal-
hydraulic effects. The presence of tube-tubesheet crevices and restricted flow areas within 
sludge or surface deposits provide for local concentration sites for various impurities, 
including acidic. The generalized corrosion can appear and affects 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 this work consists in the assessment of corrosion behavior of the 
tubesheet material (carbon steel SA508 cl.2) at normal secondary circuit parameters 
(temperature-2600C, pressure-5.1MPa). The testing environment was the demineralised 
water without impurities, at different pH values regulated with morpholine and 
cyclohexylamine (all volatile treatment ï AVT). 
The results are presented like micrographies, potentiodynamic curves 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. 
Keywords: steam generator materials, corrosion kinetics, pH environment, corrosion products. 
 

I.3.11. Investigation of the Properties of Even-Even W Isotopes Using 
Interacting Boson Model 

 
Mohammed K. Alfakhar and Fawzi A. Ikraiam* 
Physics Department, Faculty of Science,  
University of Omar Al-Mukhtar, El-Beida, Libya 
fikraiam@hotmail.com 

 

The Interacting Boson Approximation (IBA) model of Arima and Iachello has been 
used to study the nuclear structures of W-186 isotope in frame-work of Interacting Boson 
Model (IBM). The NPBOS computer program has been used for this investigation. The 
five parameters in the Interacting Boson Model Hamiltonian for W-186 isotope have been 
determined. Based on these values, it is found that these parameters are in a good 
agreement with the experimental energy spectrum. 
 
 

I.3.12. Carbon Steel Corrosion Prevention during Chemical Cleaning of 
Steam Generator Secondary Side Components  

 
M. Fulger, D. Lucan, L.Velciu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania 
manuela.fulger@nuclear.ro 
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During operation of a nuclear power plant, many contaminants as solid particles or 
dissolved species are formed in the secondary circuit, go into steam generator and deposit 
as scales on heat transfer tubing, support plate or as sludge on tube sheet. By 
accumulation of these impurities, heat transfer is reduced and the integrity of the steam 
generator tubing is influenced. 

Chemical cleaning is a qualified, efficient measure to improve steam generator 
corrosion performance. The corrosion mechanism can be counteracted by the chemical 
cleaning of the deposits on the tube sheet and the scales on the heat transfer tubing. The 
major component of the scales is magnetite, which can be dissolved using an organic 
chelating agent (EDTA) in combination with a complexing agent such as citric acid, in 
reducing environment. 

Because steam generator is a conglomerate of alloys, for an efficiency cleaning is 
necessary to choose an optimum chemical cleaning solution at same time with prevention 
of carbon steel components corrosion during this process.    

The paper presents laboratory tests initiated to confirm the ability of this process to 
clean the SG components.  

The experiments followed two paths: 

- first, carbon steel samples have been autoclavized in steam generator 
secondary circuit solutions to simulate the deposits constituted during 
operation of this equipment.  

- second, autoclavized samples have been cleaned at 850C with a solution 
composed of etylenediaminotetraacetic acid (EDTA), citric acid and 
hydrazine. 

Before chemical cleaning the oxide films were characterized by surface analysis 
techniques including optical microscopy, scanning electron microscopy (SEM) and 
electrochemical impedance spectrodcopy (EIS) . 

Applied to dissolve corrosion products formed in a steam generator, solvents based 
on chelating agents are aggressive toward carbon steels and corrosion inhibitors are 
therefore added to protect them. For this purpose, experiments were conducted on two 
organic corrosion inhibitors (etilendyamine and triethanolamine) added in the chemical 
cleaning solution. To assess eficiency of inhibitors added in chemical cleaning solutions, 
have been performed surface analysis methods and electrochemical measurements 
(potentiodynamic analysis, free corrosion potential measurement)  

The results showed a good agreement between corrosion behaviour of samples 
estimated by weight losses and by electrochemical methods. 

 
 

I.3.13. The Morpfology of SCC Cracks in the Case of Incoloy 800 Tested 
in Caustic Environment  

 

A. Dinu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
alice.dinu@nuclear.ro 

 

With the aim to establish the initiation and propagation mode of SCC cracks in case of 
Incoloy 800 tested in caustic environment we performed some tests in 10%NaOH at 2600C 
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for 57 days. The C-ring method was used to stress the samples. In order to create some 
stress concentrations, on the outer side of C-rings, were made some mechanical pre-

cracks with a depth of 100mm or 250mm. The applied stress is 610MPa in the both cases 

and the local deformation is 5% in the case of 100mm, respectively 9.4% in the case of 

250mm mechanical pre-crack depth. It was observed that for 5% local deformation, the 
SCC cracks are initiated at grain boundary, but the propagation become transgranular 
after maximum two grains. In the case of 9.4% local deformation, one may observe that 
the initiation of SCC cracks is transgranular. 

Keywords: Incoloy-800 alloy, caustic environment, stresses corrosion cracking 
 
 
 

I.3.14. Considerations Referring to the 304L SS Corrosion Behavior in 
CAN-DEREM Decontamination Solution  

 
M. Dragomir, M. RŁdulescu, M. Tunaru, L. Velciu, Gh. Oncioiu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania 

 maria.dragomir@nuclear.ro  
 

The decreasing of the radioactive field from the transport systems of cooling agent 
to minimize the doses received by operators during reactor operation, routine maintenance 
and before closing of a nuclear plant, is achieved by chemical decontamination. To obtain 
an efficient decontamination of the metallic components is necessary the partial or total 
removing of the superficial films that implies some corrosion processes at the respective 
surfaces. Hence, results the necessity of the surfaces examination before and after the 
execution of decontamination cycles.  

The aim of this paper is devoted to the study of corrosion behavior of 304L SS in 
CAN-DEREM decontamination solutions. 

 The paper presents the results achieved after application of CAN-DEREM 
decontamination procedure to the oxidized 304L steel. The oxidation have been performed 
in autoclaves in similar conditions of CANDU primary circuit; afterwards, the autoclavized 
samples were decontaminated in a laboratory loop under dynamic conditions.  

 The corrosion kinetics of 304L SS in the specific aqueous environment of primary 
circuit was established using the gravimetric method. 

 The examination of the superficial films formed on the samples after autoclavization 
and decontamination have been performed using the metallographic microscopy, ESCA 
and electrochemical impedance spectroscopy (EIS) techniques.  

Keywords: CAN-DEREM decontamination, main characteristics of superficial films, 304L SS. 
 
 
 

I.3.15. The Study of  Growth of Some Biofilm on Carbon Steel Surfaces 
 

Mariana TUNARU 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  

 mariana.tunaru@nuclear.ro  
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 In this paper are emphasized the steps of growth of some biofilms on  carbon steel 
SA106gr.B. metallic surfaces. These  biofilms   are produced by bacteria that are usually 
present in Danubian  water: iron oxidizing bacteria and sulphate-reducing bacteria . 
 The understanding of grown of the biofilms and of the way in which their containing 
microorganisms  are involved in the initiation  or acceleration of metallic surfaces corrosion 
constitutes one  first step in  finding  some methods for diminishing or preventing the  
microbiologically induced corrosion.  
 The tests consisted of a long time immersion (100 days) of some carbon steel 
samples in inoculated media, and then the biofilms  were  studied by SEM technique.  
Also, the following aspects were monitored at the end of experiments: the macroscopic 
and microscopic aspect of the surfaces of metallic samples ( metallographies made on a 
Neophot microscop); the gravimetric assessment of the change in weight of the coupons  
compared to their initial weight. 
 
 
 

I.3.16. Electrochemical Studies of UO2 Nuclear Fuel in Sulfat Solution 
 

A. Havris 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
alexandra.havris@nuclear.ro 

 
Uranium dioxide (UO2) in the form of ceramic pellets encased by Zircaloy clading is 

the standard fuel for water ïcooled nuclear reactors that are presently used throughout  
much of the world for electric power generation. Natural uranium (0,7% 235U) can be 
burned in the heavy ïwater-moderated CANDU reactor . 

The major reason for interest in the redox chemistry of UO2 is the very large change 
in its  aqueous solubility with changes in redox potential. In the fully reduced form , UO2 is 
extremely insoluble , but  under oxidizing conditions the solubility of uranium (as  U6 ) is 
four to 10 orders of magnitude higher.Thus stable geological deposits of uranium oxide 
inevitably have a composition close to UO2 and their mobilization by transport of dissolved 
uranium in groundwaters requires oxidizing conditions. The relese of radionuclides from 
used fuel in a geological disposal vault will also under oxidizing conditions. The stability of 
UO2 is controlled primarily by the redox conditions at UO2 surface and  the chemical 
species present in the groundwater to wihch it may be exposed. Electrochemical studies of 
the nuclear fuels are predicated on their ability to conduct significant electrical current.  
The electrochemical proprieties of UO2+X (as well as UO2-used fuel) should thus exihibit 
some parallels of p-type semiconductors. 

In our experiments, the electrode material used was stoechiometric UO2 natural . 
The chemical composition and mechanical proprities of pellets of UO2 are in according 
with the specifications of CANDU fuel. 

There were executed some accelerated corrosion tests to study the susceptibility of 
UO2 at corrosion using the Princeton Research Model 273 Electrochemical  System .   The 
electrochemical determinations were performed by potentiodynamic method  in solutions 
of 0,2mol/L Na2SO4  and  Na2SO4 0,5mol/L at  pH=3 - 9,3. 
The corrosion susceptibility of UO2 as a function sulfat  concentration was determined by 
analysis of the electrochemical curves and determination of the electrochemical specific 
parameters. 

Corrosion Rate  for UO2 exposed in sulfat solutions =65 E-3 mpy ( at pH = 6 ) - 340 
E-6 mpy (pH = 3) In sulfat  solutions   a Tafel slope of 76 mV /decade (is observed). 
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I.3.17. The Determination of the Flat- Band Potential of UO2 Nuclear Fuel 
in Contact with Alcaline Solutions from the Mott-Schotky Plots 

 
A. Havris 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
alexandra.havris@nuclear.ro 

 

Electrochemical studies of the nuclear fuels are predicated on their ability to 
conduct significant electrical current.  The electrochemical proprieties of UO2+X (as well as 
UO2-used fuel) should thus exhibit some parallels of p-type semiconductors.   

Flat band potential is measurement at a semiconductor /solution interphase. If 
effects of surface states are negligible, potential drop associated with the space charge in 
semiconductor, vanishes as charge on the semiconductor becomes zero. The potential of 
semiconductor corresponding to this condition is flat potential, which play the same role as 
the potential of zero charge for metals. 
The flat band potential ( Efb ) can be determined by measuring the capacitance (C) of the 
space charge region. The simplest method is to measure the open ïcircuit potential 
(photopotential)of electrochemical cell under radiation of varying intensity.  For a system 
under equilibrium, the photopotential is the change in the Fermi level due to the promotion 
of electrons to the conduction band, and reaches a maximum at the flat band potential. 

The flat band potential ( Efb ), were determined from the Mott-Schotky plot (  1/C2  
vs. E ) on a UO2 electrode (pellets of UO2 ) . In our experiments, the electrode material 
used was stoechiometric UO2 natural using the Princeton Research Model PARSTAT 
2273  Electrochemical  System. The chemical composition and mechanical proprieties of 
pellets of UO2 are in according with the specifications of CANDU fuel. The flat band 
potential ( Efb ),  determined from the Mott-Schotky plot (  1/C2  vs. E ) on a UO2 
electrode(pellets of UO2 ) . 

When the capacitance of a semiconductor (UO2 electrode) junction is measured at 
a single frequency, it is observed that 1/C2  is proportional to the voltage. An extrapolation 
of the data using LINE FIT analysis will provide  the x-intercept of flat band potential, Efb . 
The flat band potential ( Efb ) for UO2 exposed in :  

¶ Na2SO4     2M:   Efb=-0,1489 V (vs.SCE) (frequency:50KHz ,time: 0,0025 sec,correlation:0,9934) 

¶ NaHCO3    0,5M: Efb=-1,270 V (vs.SCE) (frequency:50KHz ,time: 0,003 sec,correlation:0,9668) 

¶ Na 2HPO4  0,5M: Efb=-1,947 V (vs.SCE) (frequency:50KHz ,time: 0,005sec,correlation:0,9900) 
The results are very reproductible. 

 
 

I.3.18. Effect of Organic Acids Traces on the Carbon Steel Corrosion 
Behavior 

 
D. Stefanescu, M. Radulescu S. Mogosan 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
doina.stefanescu@nuclear.ro 
 

There are many different ways in which organic matter may get in water-steam 
cycles. One important pathway is constituted by the organic matter from the system by 
chemical make-up water under standard operation conditions (without inverse osmosis). 

mailto:oina.stefanescu@nuclear.ro
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The high molecular weight organic matter - especially the polysaccharides - is broken 
(among other things) into organic acids, particularly acetic and formic acid. 

Total organic carbon (TOC) is a generic nonspecific measure for the carbon present 
in organic matter that can either penetrate or already exist in the water-steam circuit from 
one NPP. 

Its sources can be:  

¶ natural organic matter resulting from prepared water, especially in the case when 
the latter results from the surface water; 

¶ organic compounds deliberately introduced in the operation process of nuclear 
units or lubricants; 

¶ other organic fluids which are part of the operating process of nuclear units. 

This paper presents an overview of the investigations undertaken referring to the 
behaviour of SA106 gr.B mild steel in secondary circuit environment contaminated with 
formic and acetic acid traces. 

The samples filmed in static autoclaves were been investigated by three kinds of 
methods: metallographic microscopy, SEM and impedance spectroscopy (EIS). The latter 
determinations were carried out at room temperature in a solution of (boric acid and 
sodium borate). The electrochemical characteristics of films have been determined using 
the electrochemical system Princeton Model 2273 coupled with a PC equipped with the 
soft CORR352.In addition, electrochemical impedance spectroscopy (EIS) measurements 
were carried out to investigate the corrosion behavior of SA106gr.B carbon steel in 
secondary circuit medium contaminated with formic and acetic acid traces. 

To emphasize aspect, thickness, uniformity and morphology of superficial films after 
autoclavising, a NEOPHOT metallographic microscope (equipped with a video camera and 
a MetaSam program), was used. Moreover, the micrographies of samples aspects after a 
superficial polishing made for the removing of the films formed after autoclavization in the 
specific operation conditions of the secondary circuit, contaminated with formic and acetic 
acid, were examined. 

For SEM investigations, an Electron Scan Microscope TESCAN VEGA LMU was 
used. SEM analyses were carried out to investigate the morphology of superficial films 
formed on the samples after their autoclavizing in secondary circuit environment 
uncontamined and respectively contaminated with formic and acetic acid traces. 

Therefore, the very small contamination (under 5ppm) of aqueous environment of a 
Nuclear Power Station secondary circuit affect in certain extent the corrosion behavior of 
SA106 gr.B carbon steel. 

Keywords: total organic carbon (TOC), organic acids, corrosion behavior.  
 
 

I.3.19. Primary Coolant Monitoring System for TRIGA Reactor 
 

George Matei, Mircea Crucean, Ion Oprea  
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  

 george.matei@nuclear.ro 
 

In this paper is presented a digital  system for the detection of failed nuclear fuel 
within a TRIGA nuclear reactor. The system belongs to the group of auxiliary safety 
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systems of a nuclear power plant. Based on the information obtained from this system ï 
Primary Coolant Monitoring System (PCM System) - the operator may initiate the 
localization and replacing procedures of the defective fuel rod or, in case of a major fault, 
even the shutdown of the reactor.  
 The PCM System is completely integrated system based on DigiBASE that 
acquires spectra, track activity levels in user-defined region of interest, carry out  
advanced spectral analysis, which including fast peak search, nuclide identification, and 
instant peak activity calculation, and automatically perform calibration checks. 
 All these activities are carry out by a application software running on local PC.  

The PCM System is an on-line system that continuously monitors the water from 
primary circuit coolant for the presence the radioisotopes 133Xe, 135 Xe, 88Kr, 131I and gross 
gamma rate. Based on the evolution in time of the radioactivity of these isotopes it is 
possible to determine the amplitude of the failure: pinhole, fault with the intrusion of heavy 
water into element (crack) or major fault, produced with the burst of the fuel rod. 

The four isotopes were chosen because their  half times, T1/2, are much larger  than 
their transit time through the pinhole or crack and : 

-131I represents the greatest danger for population in case of a nuclear accident. It 
appears when a crack has occurred; 

-133Xe, 135Xe, 88Kr (noble gases) do not fall out on joint of connectors and do not 
have chemical interaction with the other materials of the Primary Heat Transport System.  
Thus, the noble gases succeed to arrive in front of the detector (NaI). These gases appear 
in case of an incipient failure (pinhole); 

- For a major failure the mass activities ratio for 133Xe and 88Kr (133Xe/ 88Kr) is 
essential. When the value increases past 10 a fuel failure has occurred.  
 
 
 

I.3.20 Studies About Level of Ageing Related to Isolation of Cables Used in 
Cernavoda NPP 
 
 
Ion PÎRVU, Alexandru PULPA 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
ion.pirvu@nuclear.ro 

 

The use of equipments and cables has shown that after a period of operation in 
normal operations conditions, some modifications of physical, mechanical and electrical 
properties appear, and they are caused by the materials ageing. 

The degradation caused by the ageing of electrical components, electronics  or 
cables depends on the duration of the variation and on the intensity of stress. The present 
study is related to the behaviour in these conditions of electrical cables used in 
Instrumentation and Control (I&C) system and for the associate cables. 

The paper treats the cables ageing problems, and specifies some methods for 
observation and some evaluations techniques of ñhealth conditionò, of life time for signal 
and supply electrical cables, in the operating conditions specific to CANDU nuclear power 
plants. 

The cable characteristics to work in conditions of thermal exposure and radiation 
conditions are related to the materials capacity to keep their electrical and dielectrical 
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properties. The stress factors, the ageing mechanisms as the methods used for delay and 
mitigation of ageing are mentioned. 

The paper presents the tests performed on Cross -Linked Poly Ethylene (XLPE) 
and Ethylene Propylene Rubber (EPR) isolation using sequential exposures to thermal 
stress and radiation. The influence of ageing level on elongation at break (EAB) is also 
presented. 

The chosen cables are used in construction of Failed Fuel Location System (SLCD) 
and Radiation Monitoring of Heat Transport System (MRSTC) equipments, which are 
delivered by SCN Pitesti for CNE Cernavoda Reactor 2.  

These cables are very important in case of accident, because they should be 
capable to transmit the correct signals in/ from control room, to work in hard environment, 
even for a long period of time. 

By comparing the isolating and elasto-plastic properties of isolation before and after 
ageing some conclusion for the improvement of operating parameters, preventive and 
predictive maintenance conditions and for improvement of future performances of the 
equipments can be made. 
 
 
 

I.3.21. Corrosion Susceptibility of Some Titanium Alloys in Presence of 
Some Anions Resulted from Radiolitic Dissociation of Chloride 
Solutions  

 
L. Popa, M. RŁdulescu, L. Velciu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
claur_popa@yahoo.co.uk 

 

The use of titanium as a material for the construction of nuclear waste containers is 
being considered in many countries since it is an obvious candidate for use in hot saline 
environments. 

The study of the influence of gamma radiation on the corrosion process is important 
because the presence of radiation can influence the corrosion mechanism. Thus, by 
gamma radiation action is produced the radiolitic dissociation of solutions containing 
chloride ions, resulting some anions such as: hypochlorite, chlorate, perchlorate, which are 
able to accelerate or inhibate the corrosion processes. 

Keywords: nuclear waste, titanium alloys, radiolitic dissociation, anions, corrosion  
 
 
 

I.3.22. The Contamination of the Low Enriched Uranium Fuel with 
Oxygen During the Manufacturing Process 

 
Leliana Dumitrache, Mariea Deaconu, Ion FurtunŁ, Dan DoanŞŁ 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
leliana.dumitrache@nuclear.ro 

 
The manufacturing of TRIGA fuel rods with low enriched uranium (Ò 20% 235U) 

follows in principle the some route as for high-enriched uranium 93%235U). The 
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contamination with chemical elements during the fabrication process deteriorates the fuel 
properties and its quality required by the run in the reactor. 

From the standpoint of the phase relations, the most important impurity is the 
oxygen. The oxygen concentration influences the kinetics of the zirconium hydriding 
process. 

If during the hydriding process contamination with oxygen occurs a decrease of the 
hydriding rate will take place. 

This paper presents the aspects of the TRIGA fuel contamination with oxygen 
during manufacturing process and ways to reduce it. The permanent control of the oxygen 
concentration in the working zone avoids the accidental contamination. 
 
 
 

I.3.23. The Influence of Heating Rate on the Pressure Tube Microstructure  
 

Lucian Velciu, Laurentiu Popa, Viorel Ionescu, ķtefan Dragomir  
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
lucian.velciu@nuclear.ro 
 
The aim of this paper is the study of the influence heating rate of the microstructure 

morphology developed in pressure tube (Zr-2, 5%Nb alloy) at temperatures in the thermal 
transient conditions similar to LOCA (Loss of Coolant Agent) accident.  

The samples were tested using some thermal transient scenarios with different 

speed of heating. The thermal transients are performed at temperatures between 300 C̄ 

and 900 C̄ with the following heating rates: 5 C̄/s, 10 C̄/s and 20 C̄/s. 

The average grain size and micro hardness determinations have been performed 
on cross and longitudinal sections of blank and tested samples. The analysis of 
microphotographs and of data is presented as tables and diagrams. 

Some results of these experiments can be used in the study of degradation of the 
mechanical and micro-structural properties of material pressure tube in CANDU reactor. 

Keywords: heating rate, pressure tube, microstructure, grain size, microhardness.  
 
 
 

I.3.24. Applied Research in the Profilometric Control of Inside Surfaces 
State of the Heat Exchenger Tubes 

 
Tiberiu Gyongyosi* and Valeriu Nicolae Panaitescu** 
* Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
**ñPolitehnicaò University-Bucharest, Romania 
tiberiu.gyongyosi@nuclear.ro 

 
Another choice from using the ultrasonic control methods should be the 
profilometric method based on the replica preservation were contain the 
negative replica of flaw.  

mailto:lucian.velciu@nuclear.ro
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The paper contains a functional and constructive description of experimental 
devices. The results obtained and some conclusions are showed at the end of 
paper. 
 
 
 
 

I.3.25. Microstructural Changes in Oxidised Zr-Nb2.5%Nb Alloy in 
Thermal Transients  

 
Maria Mihalache, Tiberiu Meleg, Viorel Ionescu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  

  maria.mihalache@nuclear.ro 
 

The experimental simulation of LOCA scenarios from CANDU reactors assumes 
temperature increasing and decreasing of pressure tube alloy. If the accident is produced after 
few hot years, the pressure tube may have a zirconium oxide layer on internal surface. This 
paper presents the morphological transformation produced in alloy and also in oxide layer by 
thermal transients. The studies were developed on Zr-2.5Nb alloy oxidized at different oxide 
thickness, which experienced different thermal increasing and decreasing rates.  

The oxidation of samples was carry out using a SETARAM SETSYS EVOLUTION 
24 termobalance, the furnace of this device allowing the work under inert, oxidizing, and 
mixed environment , and the weight gain was automatic measured in thermo gravimetric 
analysis (TGA) module. The humidity level control and regulation was ensured by the 
Wetsys controlled humidity generator. 

The samples oxidised were introduce in a furnace in that are expose at heatin and 
cooling with different rates. After that the oxidized Zr-2.5%Nb samples was examined by 
metallographic and by electron scanning microscopy. 
 
 
 
 

I.3.26. Characterization of Elastic Properties of Zr-2.5%Nb Pressure Tube 
by Measurements of Ultrasonic Velocity 

 
V. Ionescu, M. Mihalache, L. Velciu 

Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
viorel.ionescu@nuclear.ro 

 
The cold-worked Zr-2.5%Nb alloy is used as material for the pressure tubes of 

CANDU nuclear reactors. During the service life in reactor, diffusion of hydrogen and/or 
deuterium in the pressure tubes wall will occur. Below a certain temperature, a stable 
hydride of zirconium will form, as a brittle phase which could lead to catastrophic failure. 

In the present paper, the influence of hydrogen on the acousto-elastic properties of 
Zr-2.5%Nb alloy will be investigated using non-destructive method based on 
measurements of ultrasonic velocity.  In order to obtain the most usual elastic coefficients 
on a given direction (axial, circumferential and radial) of the tub, both longitudinal VL and 
transversal VT phase velocities have been experimentally determined.  
Keywords:  Hydride of Zirconium, Elastic Coefficients, Ultrasonic Velocity 
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I.3.27. Studies on Behaviour of Titanium Hydride Metal-Powder for 
Tritium Storage 

 
Mariea Deaconu, Tiberiu Meleg, L. Dumitrache, N. Bidica*, N. Sofilca* 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
*INC-DTCI ï ICSI, Rm. Valcea, Romania 
mariea.deaconu@nuclear.ro 

 
Storage hydrogen in a safe, efficient and cheap way remains an unsolved problem 

for the proposed hydrogen society. Solid state storage of hydrogen as a metal hydride is 
explored intensively and is currently considered as a promising method in future may 
reach high storage capacities.   

The titanium powder has been  selected as a suitable material for  tritium 
immobilization using hydrogen gas. The main advantages of using titanium powder are its 
low He-3 absorption rate (He-3 results from tritium decay), high absorption ratio (up to 2 
TTi at.fr.), and a low risk of self ignition in presence of air. The influences of the different 
variables, such as activation temperature, time and pressure, on the hydriding properties 
of titanium powder were investigated. Also it will be presented determination of the 
quantities of hydrogen retained in the hydride form using  the  SETSYS Evolution TGA 
balance. 

This paper describes the experimental data which supplies the information for the 
activation, loading and desorption process of the titanium powder for performing in-situ 
and real-time measurement of the tritium content The results  were used to evaluate 
storage vessel design loading limits. 
 
 

I.3.28. Adapting the TRIGA Pitesti Q-Space Focusing Crystal Neutron 
Diffractometer for Stress Determinations 

 
I. Ionita, V. Florescu  
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
ionionita@lycos.com  

  
During the last decade new principles for the design of high-resolution 

configurations for crystal neutron diffractometry have been developed leading to the 
concept of Q-space high-resolution configuration which proved to be an alternative to the 
existing conventional configuration. 
 The characteristics of such a focusing configuration are the use of open beam 
geometry (absence of the Soller collimators), use of the bent crystals in asymmetric 
reflexion as monochromators and the rotation of the sample during the diffraction pattern 
raise, to fulfill the focusing conditions. High-resolution is obtained with no collimators by 
controlling the curvature and reflectivity of bent monochromators. At the sample position 
the beam width is rather wide offering the possibility to use wide plate-like samples with a 
significant raise of intensity; still high-resolution can be obtained by rotating the sample to 
get the focusing condition (to compensate the sample width contribution to the line-width) 
for each value of the scattering angle.  

mailto:mariea.deaconu@nuclear.ro
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 This paper aims to clarify in which conditions such a Q-space focusing 
configuration, particularly that existing at INR Pitesti, can be used for stress 
determinations. Taking account of the characteristics of such measurements, it is quite 
obvious that the sample cannot be put in focusing position appearing a limitation of the 
dimension of the sample region for which stress determinations are made, if we want still 
to have a reasonable good resolution. This can be done by using corresponding 
diaphragms in front of the sample holder but, if is desired an optimal use of the available 
neutron beam, a real-space focusing at sample position is required. 
  This paper has at the beginning a theoretical treatment of the optimal 
conditions to be achieved for stress determinations in the case of the Q-space focusing 
configurations The TRIGA Pitesti instrument description is given then including the 
corresponding control system. 
Keywords: (Neutron diffractometer, stress determinations, Q-space focussing) 
 
 

I.3.29. Integrated Electronic Device for Processing Impulses from 
Neutron Detectors 

 
Mihai Stoica, Ion Pîrvu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
mihai.stoica@nuclear.ro 

 
 The developing of nuclear energetics is a key factor in decreasing energy 
dependence of the Romania from import of raw materials (oil, natural gas). An important 
point in achieving this goal is to use experience in the design and use of the equipment 
produced with the participation of SCN specialists for CNE Cernavoda, Units 1 and 2. The 
design and the implementation of electronic interface modules of computer processing and 
detectors of radiation or nuclear particles, contribute both to modernize and increase the 
performance of equipments. 
 The integrated electronic processing impulses from neutron detectors DEPIN-01 is 
an electronic module with cylindrical shape, which can be coupled with a special connector 
(type HN) directly to a BF3 proportional counter (neutron detector). The Failed Fuel 
Location System (FFLS alias SLCD), is an equipment that operates at each of CNE 
Cernavoda reactor, using 12 copies of such devices to form the 12 ansamble detection 
necessary to explore the 380 channels.  
 In a CANDU reactor the purpose of FFLS is to find in what channel of particular 
loop, a fuel failure is located and to find in that cahnnel what particular  bundle pair is 
failed. To do so, D2O samples from each reactor channel are sequentially  monitored to 
detect a comparatively high level of delayed neutron activity.  
 Due to the restrictive shape and dimensions of the electronic module has been 
used technology SMT (Surface Mount Technology) design and realization of printed circuit 
cards and electronic components fitted with SMD (Surface Mounted Devices).  
 This product is realized in SMD technology both to gain a degree of miniaturization 
as high, and to resist wear morality, given that production of SMD component becomes 
predominant compared to those with classic cap.  
 The casing is made of an alloy based on aluminum, corrosion resistant, and 
mechanical processing is performed according to the documentation of execution, where 
he had the possibility of easy decontamination.  
 The neutron detector module DEPIN-01 contains a high voltage converter to deliver 
the necessary voltage detector for neutron polarization, a precision wide-band charge 
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sensitive pre-amplifier followed by an high gain amplifier, wave-shaping and discriminator 
circuits to transform the charge pulses from the detector in digital pulses. 
 Achieving this product represents a beginning for SCN in the design and 
implementation of nuclear electronic modules using SMD components. This allows 
opening a new horizon in terms of modernization and miniaturization of equipment used in 
the nuclear field. 
 
 

I.3.30. Behaviour at Thermal Ageing of the Power Cable Components 
Through Penetrations 

 
D. Puiu, T. Gyongyosi, E. Dinu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  

 
The materials for electric insulations and external jackets of the power cables are 
formulated organic compounds. The environmental service conditions will induce chemical 
and/or physical processes at the molecular level of the material; these processes are the 
ageing mechanisms. The power cables passing through penetration leads to growth of the 
thermal ageing mechanisms rate, resulting in non-reversible degradation of mechanical 
and electric properties of the organic compound and implicit of the functional properties of 
the cable. 
The paper presents the results of the laboratory tests when the real environmental service 
conditions for penetration are simulated comparison with the result of the thermal 
computation of the power cables heating and of the temperature influence evaluation of 
temperature increase of the power cable components on the cable lifetime. 
For this particular case we estimated, for a power cable with PVC insulation, lifetime 
decrease is about seven years referring to lifetime (30 years) for location in air. 
 
 
 

I.3.31. CANDU Fuel Sheath Behavior in Power Ramp Conditions 
 

S. Ionescu, O. UŞŁ, M. P©rvan 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
silviu.ionescu@nuclear.ro 

 
The purpose of this work is to determine by post-irradiation examination, the behavior of 
CANDU indigene fuel, irradiated in TRIGA14 reactor MW(th), into a multiple / various 
power ramp test. 
After testing, the fuel rods have been examined in the hot cells using post-irradiation 
examination (PIE) techniques such as: visual inspection and photography, eddy current 
testing, profilometry, gamma scanning, fission gas release and analysis, metallography, 
ceramography, burn-up determination by mass spectrometry, mechanical testing. This 
paper describes the PIE results from one out of the six fuel rods. 
The PIE results concerning the integrity, dimensional changes, oxidation, hydriding and 
mechanical properties of the sheath, the fission-products activity distribution in the fuel 
column, the pressure, volume and composition of the fission gas, the burn-up, the isotopic 
composition and structural changes of the fuel are used to confirm the security, reliability, 
fuel performance, and also for Romanian CANDU fuel development. 
Keywords: CANDU fuel, examination, post-irradiation, ring, sheath. 
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I.3.32. SEM and Optical Methods for In-Situ Investigation of Zircaloy-4 
Cladding Tube 

 
Alexandru-Ionut Nitu, Mioara Tacica 

Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
ionutnitu9@yahoo.com, mioara.tacica@nuclear.ro 

 

Zirconium is a commercially available metal with excellent corrosion resistance, good 
mechanical properties, very low thermal neutron cross section, and can be manufactured 
using standard fabrication techniques. The unique properties of zirconium made ideal 
cladding material for the CANDU fuel rods. 

The paper presents some results of experimental in-situ testing of zircaloy-4 cladding tube.  
The both SEM and optical microscopy were used to put in evidence the features of tested 
samples. Specific software allows determining the successive stages of fracture process 
and also surface characteristics after in-situ tensile test.  

Scanning Electron Microscopy analysis emphasized the ductile behaviour of the Zircaloy-4 
alloy during deformation process, which is important feature to accommodate stress-strain 
fields in the reactor operation. 

Optical microscopy revealed a microstructure features for Zircaloy-4 cladding sheath and 
specific software allows obtaining measurements of main characteristics. Measurements 
of grain-size and hydrides orientation are performed on the surface samples after specific 
metallographic preparation. 

The in-situ investigations, based on the SEM and optical microscopy, will provide a better 
understanding of Zircaloy-4 fuel sheath behaviour at microscopic level, and also will 
support models development to account damaging mechanisms of cladding during normal 
operating conditions in reactor.   

The experimental investigations were performed in the Scanning Electron Microscopy 
laboratory and Optical microscopy laboratory, Institute for Nuclear Research. 

mailto:ionutnitu9@yahoo.com
mailto:mioara.tacica@nuclear.ro


         N uc l e a r  2 0 09  -  The 2nd International Conference on Sustainable Development through Nuclear Research and Education 
 

 

 45 

 

 
 
 
 
 

II. ENVIRONMENTAL PROTECTION  
 
 
 

II.1. Radioactive Waste Management 
 
 
 

II.1.1. ALLIANCES: Simulation Platform for Nuclear Waste Storage and Disposal  
 

E. Deville, Ph. Montarnal, L. Loth, C. Chavant 
Commissariat ¨ lôEnergie Atomique, DEN/DANS/DM2S/SFME/LSET, Saclay, France. 

 
The safety assessment of nuclear waste disposals needs to predict coupled thermo-hydro-
mechanical and chemical (T-H-M-C) processes, involving phenomena such as heat 
generation and transport (due to radioactive decay of nuclear waste), infiltration of 
groundwater (hydrological processes), swelling pressure of buffer material due to 
saturation (mechanical processes) and chemical evolution of buffer material and porewater 
(chemical processes). It appeared as necessary to develop and assess numerical tools 
that model these physical mechanisms. 

Therefore, the French Atomic Energy Commission (CEA), and the French Agency for 
Radioactive Waste Management (ANDRA) have been jointly developing since 2001 the 
software platform ALLIANCES. The French Electric company (EDF) joined the project in 
2003. The aim of the project is to obtain a numerical platform enabling the simulation of all 
phenomena governing storage and disposal safety.  

Alliances goal is not to develop a new scientific tool but to accumulate within the same 
simulation environment the already acquired knowledge and to gradually integrate new 
ones. Therefore, it is based on the following characteristics: (i) Seamless integration of 
legacy codes as software components; (ii) Allow efficient coupling of different numerical 
codes; (iii) Improve results quality evaluation by using various codes for the same 
application (iv) Integration of specific tools for uncertainties analysis (iv) Sharing open 
source components for pre and post processing.  

The current version of Alliances contains the following modules: Hydraulics and reactive 
transport  in unsaturated and saturated media (involving convection/diffusion/dispersion 
transport,  sorption via retardation coefficient and radioactive decay); Multi-phase  flow;  
Mechanical thermo hydraulic; Thermo-Aeraulics;  Chemistry/Transport coupling in 
saturated media with feedback of porosity changes; alteration of waste package coupled 
with the environment; Sensitivity analysis tools. 

The next releases will include more physical phenomena like reactive transport in 
unsaturated flow and multicomponent multiphase flow, incorporation of responses 
surfaces in sensitivity analysis tools, integration of parallel numerical codes for flow and 
transport.   
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Since the distribution of the first release of Alliances (December 2003), the Platform was 
used by ANDRA for his safety simulation program and by CEA for reactive transport 
simulations (migration of uranium in a soil, diffusion of different reactive species on 
laboratory samples, glass/iron/clay interaction). 
 
 

II.1.2. Unsaturated flow Simulations with Alliances Platform. From Validation 
to Application 

 
A. Genty 
Commissariat ¨ lôEnergie Atomique, DEN/DANS/DM2S/SFME/LSET, Saclay, France. 

 
Within the scope of radioactive waste disposal performance calculations, unsaturated flow 
computation in geological porous media is an important task. Indeed, at the early stage of 
the repository life, unsaturated process control the arrival time of water to the waste 
contact and then radionuclides release. Later, as long as the disposal system remains not 
fully saturated for the case of deep disposal of high level radioactive waste and for all 
disposal life for the case of subsurface disposal of low and intermediate radioactive waste, 
radionuclide transport occurs inside an unsaturated media. 

In order to conduct performance calculations in the French context, in collaboration with 
the French agency for radioactive waste management (ANDRA) and the French electricity 
provider (EDF), CEA developed the computational platform Alliances. Alliances platform 
allows dealing with a large set of phenomenological processes like flow in saturated and 
unsaturated porous media, two phase flow, non reactive and reactive transport of 
radionuclides, by integrating associated numerical codes inside a common computational 
environment. 

In the particular case of unsaturated flow computation, Alliances integrates three numerical 
codes solving the Richardôs equation (the Cast3m code (developed by CEA), the Trace 
code (developed by the Strasbourg University, France) and the commercial Porflow code 
(developed by Acri)) allowing fast and easy code results inter-comparison on a given 
problem. 

In this paper we presented some unsaturated flow computations performed in the 
framework of the Alliances validation on analytical solutions and on one laboratory 
experiment. A three-dimensional calculation application to the disposal plug shaft 
saturation after closure will complete the demonstration of the ability of Alliances to deal 
with unsaturated flow problems of concern for radioactive waste disposal performance 
calculations. 
 
 

II.1.3. Reactive Transport Models and Simulation with ALLIANCES 
 

N. Leterrier; E. Deville; L. Trotignon; B. Bary; E. Stora 
Commissariat ¨ lôEnergie Atomique, DEN/DANS/DM2S/SFME/LSET, Saclay, France. 

 
Many chemical processes influence the evolution of nuclear waste storage. As a 

result, simulations based only upon transport and hydraulic processes fail to describe 
adequately some industrial scenarios. We need to take into account complex chemical 
models (mass action laws, kineticsé) which are highly non-linear. In order to simulate the 
coupling of these chemical reactions with transport, we use a classical Sequential Iterative 
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Approach (SIA), with a fixed point algorithm, within the mainframe of the Alliances 
platform. This approach allows us to use the various transport and chemical modules 
available in Alliances, via an operator-splitting method based upon the structure of the 
chemical system. 

We present five different applications of reactive transport simulations in the context 
of nuclear waste storage: 

1. A 2D simulation of the lixiviation by rain water of an underground polluted zone 
high in uranium oxide.  

2. The degradation of the steel envelope of a package in contact with clay. Corrosion 
of the steel creates corrosion products and the altered package becomes a porous 
medium. We follow the degradation front through kinetic reactions and the 
coupling with transport.  

3. The degradation of a cement-based material by the injection of an aqueous 
solution of zinc and sulphate ions. In addition to the reactive transport coupling, we 
take into account in this case the hydraulic retroaction of the porosity variation on 
the Darcy velocity.  

4. The decalcification of a concrete beam in an underground storage structure. In this 
case, in addition to the reactive transport simulation, we take into account the 
interaction between chemical degradation and the mechanical forces (cracksé), 
and the retroactive influence on the structure changes on transport. 

5. The degradation of an argillite material under a temperature gradient. In this case 
the reactive transport simulation is entirely directed by the temperature changes 
and their effect on chemistry, coupled with internal diffusion.  

 
 
 

II.1.4. Uncertainty Analysis in the Pre-operational Monitoring Design of the 
Saligny Site  

   
Daniela Diaconu, Crina Bucur, Alina Constantin, Alexandru Toma 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
daniela.diaconu@nuclear.ro 

 
In safety assessment of a radioactive waste disposal, uncertainty analysis is seen as more 
relevant than the individual annual dose function predicted by complex computer codes. 
Uncertainty analysis reflects the level of the knowledge and understanding of the site, as 
well as of the processes occurring along the disposal time. It reflects also the ability to 
model the complexity of the repository systems, from waste and the engineered barriers 
through geosphere and biosphere to humans, and to predict their long term behavior.  

A schematic approach of the uncertainty analysis for the new LIL waste repository started 
in 2007 with an exhaustive review of uncertainty sources. It was followed by a detailed 
sensitivity analysis. Site parameters such as infiltration rate, dispersivity, density, hydraulic 
conductivity of the aquifer, have been found to be the most sensitive on the estimation of 
the contaminant concentration in the underground water.  The irrigation rate is instead the 
most sensitive parameter for annual individual dose. 
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 Parametric uncertainty performed using RESRAD for a normal evolution (reference) 
scenario illustrated the sensitivity of the models to these parameters through large range 
of the dose value but without to exceed the dose constrain limit of 0.3 mSv/year. 

The uncertainty of conceptual models for the unsaturated zone of the Saligny site was also 
investigated. Lateral flow at the interface between the more permeable loess and less 
permeable red clay, as well as the contribution of fossilized clayey loess layers in 
contaminant transport have been also addressed and the paper presents the results 
achieved. 

The answers of different computer codes (FEHM, HYDRUS2D) to similar conceptual 
models of the unsaturated zone of the Saligny site have been compared in order to 
increase the confidence in the computational predictions. 
Based on these results, a pre-operational monitoring plan aiming particularly the 
uncertainty decrease has been proposed. The paper presents the parameters measured, 
the locations and frequency of monitoring as well as the expected outcomes.  
 
 
 

II.1.5. Study of Aqueous Process Using Hydrochloric Acid for Radioactive 
Waste Including Uranium 

 
Yusuke Ohashi, Masato Murata  
Ningyo-toge Environmental Engineering Center, Japan Atomic Energy Agency 

 
Solid and liquid radioactive waste derived from various research activities, such as 
development of uranium refining and conversion have been stored at the Japan Atomic 
Energy Agency Ningyo-toge Environmental Engineering Center. The solid uranium waste 
(not including metal waste) total 1500ton. NaF waste, used as an absorbent of UF6 
contains about 20-30wt% uranium. CaF2 waste, which was generated from the disposal of 
waste water (including fluoride), contains up to 20wt% uranium and comprises the major 
portion of stored solid waste. Most of these are in the interim storages. Hence it is 
necessary to recover uranium to decrease the volume of waste and dispose waste as near 
surface disposal waste because of the rational cost-estimation. Therefore many studies for 
development of waste treatment technique have been carried out. In this study we 
estimated the applicability of an aqueous process using hydrochloric acid for waste 
treatment, and the possibility of rationalization. 

Dissolution experiments were carried out by charging CaF2 waste into 1N HCl at room 
temperature under the atmosphere. AlCl3 6H2O were also charged into the solution as a 
masking agent of fluoride at the ratio of Al/F(mole ratio)=0.644. The dissolution rate of 
waste was 99.78 % and that of uranium was 99.92%. NaF waste was also dissolved in 1N 
HCl with a masking agent at the same conditions and the dissolution rates of waste and 
uranium were 100%. 

Dissolved uranium was recovered selectively from the HCl solution as UO4 using H2O2. 
The recovery rates of uranium from CaF2 solution and NaF solution were 98.2% and 
99.7% respectively. A small amount of uranium remaining in the solution was removed 
below 10×10-9g/l using chelate resin. Fluoride ions in the solution were immobilized by 
Ca(OH)2.  
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It was confirmed that uranium was recovered selectively from CaF2 and NaF wastes at the 
recovery rate of 98-99.7 %. Hence it is expected that these wastes can be disposed of 
cost-effectively. 
 
 

II.1.6. Laboratory for Characterization of Spent Nuclear Fuel and High/Medium 
Level Radioactive Waste. Experimental Results and Performances. 

 
Marin Mincu, Gabriela Androne, Cosmina LazŁr, Ion Man, LaurenŞiu Dinu 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  

 marin.mincu@nuclear.ro 
 
The development of the nuclear energy and progress of nuclear research activities have 
lead to the generation of radioactive waste of different types and activity levels. The 
necessity of processing, conditioning and storage of high and medium active radioactive 
waste has lead to the elaboration of national strategies for the management of radioactive 
waste and laws and regulations concerning the terms of their disposal. 

During the phases of separation, treatment, conditioning and storage of radioactive 
waste, destructive and nondestructive methods for their characterization are needed. To 
satisfy this necessity in the frame of National Program of Research and Development was 
created the ñLaboratory for characterization of spent nuclear fuel and high/medium level 
radioactive waste- LABORADò. The purpose of the project was to accredit the analysis 
methods available in the laboratory and also to develop new methods for radioactive waste 
characterization. A special attention was paid for high level radioactive waste and spent 
nuclear fuel characterization that require special facility for handling. These facilities (e.g. 
hot cells, remote handlers, transport container) are already available in our institute.  

Experimental results and performances obtained during validation of the methods 
will be presented in this paper. The laboratory (LABORAD) was notified as testing 
laboratory for waste characterization by the National Commission for Nuclear Activities 
Control (CNCAN) and is under accreditation by the Romanian Accreditation Association 
(RENAR). 

A special attention was paid to alpha spectrometry for which were elaborated and 
tested technics of chemichal separation and samples preparation that lead to very good 
results. 

The laboratory will continue to develop testing method based on eddy current and 
inductively coupled plasma mass spectrometry. 
 
 

II.1.7. The High Temperature Behavior of Some Nuclear Waste Forms 
 

Karin Popa 
ñAl.I. Cuzaò University, Department of Chemistry, Iasi, Romania 

 

The safe disposal of radioactive elements is a major concern of nuclear industry, 
the main issue being the potential risk associated with the radiotoxic inventory of long-lived 
elements such as plutonium and minor actinides (MA) of high level waste (HLW). The 
misuse of such materials must be prevented to reduce risks proliferation, as well as the 
environmental impact resulting from release of these elements into the geosphere. For 
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future fuel cycles, the recycling of plutonium as well as the minor actinides in GEN-IV 
reactors is aimed at reducing this potential long-term hazard and at decreasing the overall 
transuranium elements inventory. However, for plutonium and minor actinides that cannot 
be re-used in reactors, immobilization with HLW is under consideration. 

For the HLW immobilization glasses, ceramics and glass-ceramics materials are 
considered as nuclear waste forms. The thermal stability and the thermal expansion of 
such materials are of special concern from the long-term disposal point of view. 

This is why we extensively studied the thermal stability of the synthetic ceramic 
phosphates PuPO4, CaTh(PO4)2, and CaNp(PO4)2 of monazite structure together with of 
some other lanthanoides phosphates. From the high-temperature XTD data the thermal 
expansion coefficients of CaTh(PO4)2 and PuPO4 were calculated. Heat treatment under 
inert atmosphere caused the decomposition of PuPO4 and CaTh(PO4)2 into the 
corresponding oxides above 1473 K. The heat capacity of PuPO4 is to be measured during 
this year. Also a full set of thermodynamic data for cheralite CaTh(PO4)2 was derived. 

We also studied the high temperature behavior of the synthetic mesoporous ETS-
10 titanosilicate loaded with uranium and some surrogates (Cs and Sr) of medium long-
lived fission products. The larger external surface area dominated by silanol groups has a 
beneficial role in uranium sorption due to the chemical interaction between [UO2]

2+ cations 
and [SiO4] tetrahedra. The immobilization of radioactive species into a host titanosilicate 
matrix can be achieved by calcinations at 1073 K, when ETS-10 melts and is transformed 
into a glass-ceramic material. The retention procedure followed by immobilization can be 
applied mainly to the highly radioactive fission products, such as medium-lived isotopes of 
Cs and Sr, which are found in significant quantities together with U in liquid nuclear waste. 
 
 

II.1.8. Estimation of the Transfer Times of Radionuclides in Geological 
Layers of Saligny Site  

 
Daniela Dogaru1,Ortenzia Niculae2, Mihai Terente3,  
Gheorghita Jinescu4, Octavian Duliu5,  
1National Commission for Nuclear Activities Control, 14Libertatii, 5 Bucharest, Romania 
2National Agency for Radioactive Waste, 1 Campului , 15400 Mioveni, Arges, Romania 
3Institute of Speleology ñEmil Racovitaò, 13Calea 13 Septembrie, 5 Bucharest, Romania 
4òPolitehnicaò University of Bucharest, 313 Splaiul Independentei , Bucharest, Romania 
5University of Bucharest, 36-46 Mihail Kogalniceanu, Bucharest , Romania 

 

The radionuclide transfer time represents a complementary safety indicator, used to 
construct arguments in order to evaluate the performance of the disposal system [1]. 
Saligny site structure consists of the sequence of the following geological units: silty loess, 
clayey loess, Quaternary red clay, Pre-Quaternary clay, Barremian limestone, Vallanginian 
clay, Jurassic limestone, Paleozoic sediments and the crystalline foundation of the green 
slates. The units significant for behavior of disposal system on long-term are the silty loess 
(Horizon A), the clayey loess (Horizon B), the Quaternary red clay (Horizon C), the Pre-
Quaternary clay (Horizon D) and the Barremian limestone[2].  

The paper describes the assessment of radionuclide transfer times in the geological 
layers of Saligny site, selected for the Near Surface Final Repository which will 
accommodate short-lived low and intermediate level waste generated by the operation and 
decommissioning of the four units equipped with CANDU-6 Canadian type reactor at 
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Cernavoda NPP. The evaluation was performed using the AMBER computer code, version 
5.0. Also, a comparison using HYDRUS computer code was done. The input values are 
taken from [2] and from literature [3,4]. Mainly, the following radio-nuclides were 
considered in the evaluation: 137Cs, 14C, 99Tc and 129I. 
 
 
 

II.1.9. Theoretical and Scaling Factor Methods to Calculate the Radioactivity 
in Operational Waste Streams from Unit 1 of Cernavoda NPP  

 
Petre Ilie, Liana Didita, Gabriel Ghita 

Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
petre.ilie@nuclear.com 
 

The main goal of this paper is to present a methodology for calculating the 
radioactivity in the moderator and heat transport systems of Cernavoda NPP Unit 1, 
with the intention of improve the radionuclides inventories in the operational waste 
streams, and to aid the licensing process of new near surface repository.  In the 
present paper we describe our methodology for estimating tritium production rates in 
the heavy-water moderator and heat transport systems using the capacity factors 
from 1997 to 2007 years. The mathematical model and computer code were tested 
using the results published in Wolsong NPP Units 2-4 Final Safety Analysis Report. 
Several papers were dedicated to the C-14 production in the different process system 
by different reaction mechanisms in the reference design of CANDU 6 reactors. The 
methodology used in this paper is similar to those studies of the production 
mechanism of C-14, but it is based on conservative estimates of the production 
mechanisms. The methodology is similar to that developed by Wook Sohn, et al. for 
Wolsong NPP, and C-14 inventory is estimated from production and emission rates. 
The C-14 total production rate calculated for Unit 1 of Cernavoda NPP is 2.66E+13 
Bq/year, and C. R. Boss et al. reported a total production rate of 1.85E+13 Bq/year 
calculated with WIMS-AECL computer code, and 2.02E+13 Bq/year evaluated with 
MCNP4B ï DORT computer codes for the reference design of CANDU 6 reactors. 
The radioactivity of the difficult-to-measure nuclides are predicted by scaling method 
using measured concentration in reference CANDU 6 reactor Gentilly-2. In the 
moderator system for radionuclides resulted from corrosion of the stainless steel of 
the calandria sell, the scaling equation is based on the measured specific activity of 
Mn-56, all other activities are based on scaling of this measurement. For 
radionuclides produced the corrosion of the zircaloy of the calandria tubes, and 
reactivity mechanism guide tubes, the scaling equation is based on the measured 
specific activity of Zr-95, which is absent from the calandria shell. In the heat 
transport system for radionuclides produced by the corrosion of pressure tubes and 
fuel cladding the scaling equation is based on the measured specific activity of Zr -95. 
The radionuclides produced by corrosion of carbon steel surfaces were estimated 
using theoretical method. The measured activity of Co-60 was used for scaling 
activities of the actinides. The equation used to scale fission products (parents and 
daughters) is based on equilibrium solution of the time dependent equation governing 
the number of atoms of the fission products (parents and daughters). The difficult-to-
measure radionuclides of primary interest in this study were those with long half -lives 
which have a significant role for post-closure safety assessment.   
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II.1.10. Reproducibility Tests for the Scaling Factors Associated to the 
Radioactive Waste Generated in the Hot Cells of INR Pitesti 

 
L.C. Dinu, R.F. Nita, O. Ichim, D. Anghel, G.C. Lazar, G.E. Androne, A. Benga 
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  

 laurentiu.dinu@nuclear.ro 

When characterizing the radioactive waste, knowledge of the radionuclides inventory and 
of their activities is essential. Some (ñeasy-to-measureò) radionuclides can be measured 
relatively easy, by gamma spectrometry, whereas measuring the activities of the so-called 
ñdifficult-to-measureò radionuclides implies much more elaborated radiochemical 
preparation and measurement steps (by alpha/beta spectrometry). For a given waste 
stream, the activities of the ñeasy-to-measureò and ñdifficult-to-measureò radionuclides are 
correlated by the ñscaling factorsò. 

Following the determination of these scaling factors, only ñeasyò measurements (by 
gamma spectrometry) have to be performed in order to characterize the radioactive waste, 
the activities of the ñdifficult-to-measureò radionuclides being found indirectly. 

This work presents the determination of scaling factors for a waste stream associated to 
the radioactive waste generated in the hot cells of INR Pitesti. In order to study the 
reproducibility of these scaling factors and to find the optimal choice for the reference 
gamma nuclides, two similar sets of measurements were performed at different moments 
in 2008 and 2009. 
Keywords: radioactive waste, waste stream, scaling factor, hot cell. 
 
 

II.1.11. Curent Status of Siting a New Near Surface Repository in Romania 
 

G. Ionita, V. Andrei , O. Niculae, A. Petrescu, A. Sorescu  
National Agency for Radioactive Waste (ANDRAD) 

 
The siting process for a near surface repository dedicated for the radioactive waste 
resulted from the Cernavoda NPP operation and decommissioning started early in 90ôs.  
Each site selection stage included the collection of data from specific field and laboratory 
works as well as the appropriate safety performance evaluation. In order to assess/confirm 
the performance of the natural barrier of the Saligny site, the radionuclide concentration in 
the disposal system compartments has been evaluated, as complementary safety indicator 
of repository.  

The siting process was made in accordance with national and international regulations and 
standards and using a conceptual design similar to those used at LôAube (France), 
ElCabril (Spain) or Mohovce (Slovak Republik). 

ANDRAD, the Romanian waste management organization that has continued the siting 
process in the last three years applied and obtained a partial siting license from CNCAN in 
2008. In 2009, ANDRAD has to prepare  the strategy to complete the siting process with 
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the aims to obtain the final siting license from CNCAN and other legal approvals including 
stakeholders involvement in the decision process for siting the near surface repository at 
Saligny. Public acceptance issues, in particular acceptance of ANDRAD works in site by 
the local communities and their representatives are of paramount importance for 
ANDRAD. 

The siting of a new radioactive waste repository is a complex process involving 
multidisciplinary activities and expert teams. ANDRAD needs to develop the appropriate 
documentations for the safety case of such type of facility. The paper presents the results 
of the recent performance assessments on the natural barrier of the disposal system and 
current stage of the repository siting approval. 
 
 

II.1.12. Public Perception on Nuclear Energy and Radioactive Waste - The 
Second Romanian Opinion Poll - 

 
Stela Diaconu, Ilinca Covreag 
National Agency for Radioactive Waste ï ANDRAD, Mioveni, Arges, Romania 

 
 As an organization in charge with the management of radioactive waste, ANDRAD 
should develop a communication programme for an efficient information of the public on 
the radioactive waste issues in order to get the public acceptance for siting, construction 
and operation of new repositories. The programme includes the assessment of the public 
perception of the radioactive waste aiming to identify also the concerns related to such 
activities. One of the tools considered for this evaluation is represented by opinion polls.   

 This paper shows the results of the second Romanian opinion poll regarding the 
public attitude towards nuclear energy and radioactive waste and a comparison with both 
the results of the first opinion poll performed in Romania in 2006 and the Eurobarometer 
2008. 

 The survey was financed by ANDRAD and carried out by the Social Research 
Office (BCS) during 20-30 September 2008, at two levels: national and local (meaning the 
population living in Cernavoda and Saligny), on reprezentative samples  for the referenced 
population. 

 The questionnaire consisted in 22 questions aiming to assess: the level of 
information about radioactive waste, the actual knowledge about radioactive waste 
management, the support and the opinion on nuclear energy, the public attitude regarding 
radioactive waste disposal, the trust in information sources and the public involvement in 
the decision-making process.  

 Some of the main conclusions of the study:  

ü In Romania, 67,7% of the citizens support the energy produced by nuclear power 
stations.   

ü The comparison between Ro and UE shows, in general, that Romanians are less 
informed than the EU citizens.  

ü The comparison with the local level results shows a better knowledge level 
regarding nuclear energy and radioactive waste at those who live next to CNE-
Cernavoda. Still, the people consider that the radioactive waste repositories are a 
serious threat for environment and population living nearby; they associate the 
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repository rather with negative than positive effects and their main fear related to 
such repository is the possibility of an accident.  

ü Supposing the experts would identify a suitable location for a radioactive waste 
nearby their community, the respondents said that they would agree without 
hesitation with the building of this facility in low percentage which could increase 
conditioned by proving the safety of the disposal facility and the benefits for the 
community. 

ü Nuclear energy has a good image, being considered as a good energy alternative.  

The opinion poll will be periodically repeated and the results will be used for optimisation of 
the communication programme. 
 
 

II.1.13. Qualification Testing Facilities For Type A, B And C Packages to 
be Used for Transport and Storage of Radioactive Materials 

 
Gheorghe Vieru, Viorica Nistor, Alexandru Vasile  
Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
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The Safety and Security of the dangerous goods class 7 - Radioactive Materials during 
transport in all different modes - by road, by rail, by sea, by inland rivers or by air - have to 
be ensured at a high level. The packed radioactive materials (RAM) and packages must 
comply to all transport condition, routine or in accident conditions possibly to occur during 
transportation operations. Safety in the transport of radioactive material is dependent on 
packaging appropriate for the contents being shipped rather than on operational and/or 
administrative actions required for the package. The quality of these packages ï type A, B  
or C  has to be proved by performing qualification tests in accordance with the ROMANIAN 
technical conditions provided by CNCAN Order no. 357/22.12.2005- ñNorms for a Safe 
Transport of Radioactive Materialò, the IAEA Vienna Recommendation stipulated by the 
safety standard TS-R-1- Regulation for the Safe Transport of Radioactive Material, 2005 
Edition, and to the other applicable international recommendations, such as: UN-EC 
(United Nations-Economic Commission for Europe- ADR- 2007, recommendation of the 
WNTI London, recommendation of IATA, ICAO, IFALPA and ISO. 

Within the Institute for Nuclear Research (INR) Pitesti has been design and developed a 
new Romanian Testing Facilities Stand which will allow carrying out of the qualifications 
tests for packages to be used for transport and storage of radioactive materials in 
Romania and not only. The type A, B and C packages should be tested at the new INR 
testing facilities. 

The paper will describe the component elements of the designed testing facilities, and the 
qualification testing to be performed for the type A, B and C packages to be subjected to 
the qualification testing. 

In addition, the qualification tests for a package (designed and manufactured in INR 
Pitesti) used for transport and storage of spent fuel elements of a TRIGA nuclear reactor 
will be described and analyzed. 

Quality assurance and quality controls measures taken in order to meet technical 
specification provided by the design are also presented and commented. 

mailto:gheorghe.vieru@nuclear.ro
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Finally, the paper concludes that the new Romanian Testing Facilities for RAM packages 
will comply with the national safe standards as well as with the IAEA applicable 
recommendation provided by the TS-R-1 Safety Standard. Also, it is stated that the 
package subjected to the qualification corresponds to the technical specification provided 
by the design. 
 
 

II.1.14. Treatment and Conditioning of Hystorical Radioactive Waste 
 

Gheorghe Dogaru, Felicia Dragolici, Laura Ionascu, Gheorghe Rotarescu 
National Institute of Reserch&Development  
for Physics and Nuclear Engineering ï Horia Hulubei, Magurele, Ilfov, Romania 
dogaru@nipne.ro 

 

About 5000 packages with radioactive waste were produced and transferred to the storage 
facility after decommissioning of Fort building. Fort building belonged to the Defense of 
Capital City System and it served as storage facility for radioactive waste produced by 
operation of WWR-S research reactor belonging to the Institute of Physics and Nuclear 
Engineering -(NIPNE), from radioisotopes production as well as from import.  Spent sealed 
radioactive sources, empty containers, wooden radioactive waste, low specific activity 
radioactive waste, contaminated waste as well as radioactive waste from operation of 
WWR-S research reactor have been packaged. 

After the commissioned of the repository, a large amount of packages have been 
transferred and disposed off. A large amount of packages might not be transferred, due to 
they exceeded the limits of the activity per package established by regulatory authority. In 
2000 in the storage facilities of institute there were still about 800 packages containing 
cement conditioned radioactive waste in an advanced state of degradation declared by 
authorities as ñhistorical wasteò. At the end of 2008 the whole amount of historical waste 
has been treated and disposed or stored.  

The paper describes the management of historical radioactive waste from the storage 
facility of Radioactive Waste Treatment Plant.    
 

 

II.1.15 Cesium and Cobalt Diffusion Coefficients in Saligny Geologic Formations 
 

C. Bucur1, M. Olteanu1, M. Pavelescu2 
1. Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
2. Academy of Scientists ï Bucharest, Romania 
crina.bucur@nuclear.ro 
 

Saligny Site, situated near the Cernavoda Nuclear Power Plant in Romania, has been 
chosen as a repository site for disposal of Low and Intermediate Level Radioactive Waste 
(L/ILW) generated during Cernavoda NPP operation and decommissioning. Its proximity to 
Cernavoda NPP, dry climate conditions, low water infiltration rates, and favorable 
geochemical properties exhibited by subsurface geologic horizons, are characteristics that 
make Saligny site suitable for L/IL radioactive waste disposal in Romania.  

Geochemical characteristics of the host site for L/ILW disposal and of repository liner 
material are essential information in providing key model parameters needed to determine 
the mechanisms and rates for the potential release and transport of radionuclides in the 
environment. A series of laboratory experiments in support of the site conceptual model 

mailto:dogaru@nipne.ro
mailto:crina.bucur@nuclear.ro
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were run to estimate the radionuclides distribution and diffusion coefficients. 

This paper performs an evaluation of diffusion coefficients for two potential contaminants 
(Cs-137 and Co-60) that can be released from repository, because of the 
dissolution/leaching processes.  

The diffusion coefficients in soil were estimated using an experimental setup made up of 
two stainless steel cups one filled with a soil in equilibrium with a tracer solution mix and 
the other with a soil sample saturated only with Saligny simulated water. 

Very low diffusion coefficients were obtained for both radionuclides in all geological media studied.  

This suggests that in the porous media characteristic to Saligny site, the dominant 
transport mechanism is advection  

Good linear correlations between diffusion coefficients and permeability of the rock 
(correlation coefficient 0.94) and between diffusion coefficients and porosity (correlation 
coefficient 0.96) were observed. 
 
 

II.1.16. I-129 Migration Studies in the Unsaturated Soils of Saligny Site 
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Institute for Nuclear Research, Mioveni-115400, Pitesti, Romania  
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Radionuclide transport estimation is a complex problem that includes geological, 
mineralogical, hydrological and physico-chemical considerations, their migration through 
the hydrogeological medium being an important criterion to establish the site location for a 
near-surface repository. Due to its radiochemical characteristics, I-129, contained in the 
radioactive wastes generated from operation of Cernavoda NPP Unit 1, requires a special 
attention as concerns its disposal. 

The laboratory experiments were conducted to determine the migration parameters of I-
129 in the geological formations of Saligny site, where the low and intermediate 
radioactive waste will be disposed. 

The experiments were carried out in inactive, by ñin batchò technique, using rock core 
sampled from different depths through the drillings performed in Saligny (F30 and F31): 
silty loess, clayey loess, kaolinitic clay, compact red clay. 

As contacting solution, potassium iodine solution with known concentration and factor has 
been used. 

The determination the iodine concentration was made by dosing the iodine with sodium 
thiosulphate. 

The distribution coefficients (0.1-2 ml/g), retardation factors (1-10), migration rate (0.5-430 
cm/year magnitude) and migration time (0.02-2 years) of iodine have been determined. 

The iodine migration in unsaturated soils depends on interchangeable aluminium and 
silicon concentration from soil. Aluminium and silicon are found in minerals, preponderant 
components of the clay. High values of the distribution coefficients and retardation factor 
are found where the concentration of minerals is higher. Certainly, the permeability and 
porosity contribute to iodine absorption degree that is higher where these parameters have 
lower values. 

mailto:carmen.arsene@nuclear.ro
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The phisico-chemical parameters of soil that generally influence the absorption degree of 
the ions that pass the geological medium, could concur within this process. But, it could 
not be achieve a percentage estimation of every part contributes to reducing or increasing 
of the distribution coefficient value. 

Because the I-129 migration studies have been performed by ñin batchò technique, the 
extreme case was therefore simulated. It could be admitted the experimental values are 
the maximum possible, they could represent the superior limit of the domain within which 
the transport parameters might take values. 

 
II.1.17. Effect of Non-Uniformity Distribution of I-129 Inventory on 

Source Term 
 

Mirela OLTEANU, Crina BUCUR  
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The source term, defined as the radionuclide release rate at the bottom of disposal 

facility, represent a defensive prediction of the radionuclide release rate from disposal 
facility, with the intention to sustain the security performance imposed for the low and 
intermediate level of radioactive waste repository. Commonly, the source term assessment 
is performed for a uniform distribution of radionuclide activity in disposal facility. This 
approach is not found in current practice, because there are always regions with values of 
the radionuclide concentration that are higher or smaller than the average values. The 
variable distribution of radionuclide activity in disposal facility is a feature of these 
radionuclides, which are present in small quantities, like as I-129 and Tc-99. These 
radionuclides are present only in few conditioned radioactive waste package. In this case, 
if it is considered a uniform distribution of radionuclide activity on the entire disposal 
facility, the peak of radionuclide release rate is smaller then the true values of this 
parameter.  

In this context, it was evaluated the impact of heterogeneous distribution of I-129 
activity in the disposal facility on the I-129 concentration in the main aquifer, localized 
beneath the disposal area. It were evaluated three situations: (1) uniform distribution of I-
129 inventory, (2) 90% from I-129 inventory localized at the top of the disposal facility and 
(3) 90% from I-129 inventory localized at the bottom of the facility. Because this 
assessment is more qualitative then quantitative, it was considered only the unidirectional 
transport of I-129 through the disposal and unsaturated zone, the dilution and dispersion 
processes in the main aquiver not being included in this study.  

Iodine-129 has a great mobility on the construction materials of disposal facility and 
on the geological materials of unsaturated zone (the specialty literature gives a distribution 
coefficient value of ~ 1cm3/g). Iodine-129 appears very quickly at the interface between 
disposal unit and unsaturated zone and the effects of the radioactive disintegrations 
process are insignificant, because I-129 is a long-lived radionuclide (t1/2=1.57x107 years). 
For a heterogeneous distribution of I-129 inventory in the disposal facility (90% from total 
inventory is positioned at the bottom of facility), the results show a maximum value of 
concentration, double than the maximum values of I-129 concentration obtained for a 
uniform distribution of I-129 inventory; these values of concentration are estimated at the 
interface between the disposal facility and the unsaturated zone. For the observation point 
localized at the bottom of unsaturated zone, it was observed a homogenization of 
concentration curves for the studied cases. This behavior can be explained through a 












































