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PREFACE 
SAFIR, Safety of Nuclear Power Plants – Finnish National Research Programme, 2003– 
2006, is the newest link in the chain of Finnish national research programmes in nuclear 
area. Organisation of public nuclear energy research as national research programmes was 
started in 1989 by the Ministry of Trade and Industry (KTM). Since then national 
programmes have been carried out in the fields of operational aspects of safety (YKÄ 
1990–1994, RETU 1995–1998), structural safety (RATU 1990–1994, RATU2 1995–
1998), and in FINNUS 1999–2002 that combined the operational aspects and structural 
safety. Simultaneously the research was carried out in nuclear waste management 
programmes (JYT 1989–1993, JYT2 1994–1996, JYT2001 1997–2001, KYT 2002–2005). 

In parallel with the public programmes research has been carried out in the Finnish Fusion 
Research Programme (FFUSION and FFUSION2) 1994–2002, programmes on Advanced 
Light Water Reactor concepts (ALWR) 1998–2003 and a project on component life 
management 1999–2003, partly funded by the National Technology Agency (Tekes). 
Currently fusion research continues in the FUSION (2003–2006) and nuclear waste 
management research in the KYT2010 (2006–2010) programme. 

KTM decided to continue the national research efforts on fission reactor safety in a single 
research programme after completion of FINNUS. The national advisory committee on 
nuclear energy, commissioned by KTM, gave the mandate of planning the new programme 
to the FINNUS steering group that nominated the SAFIR planning group to make the 
proposal for the content and organisation of the new research programme [1].  

The research is supervised by the steering group that has been nominated by KTM. The 
steering group of SAFIR consists of representatives from Radiation and Nuclear Safety 
Authority (STUK), Ministry of Trade and Industry (KTM), Technical Research Centre of 
Finland (VTT), Teollisuuden Voima Oy (TVO), Fortum, National Technology Agency of 
Finland (Tekes), Helsinki University of Technology and Lappeenranta University of 
Technology. VTT Processes acts as the coordination unit of SAFIR.  

The projects for the SAFIR programme for the year 2006 were selected on the basis of an 
open call for proposals. The main funding sources of the programme in 2006 were the 
State Nuclear Waste Management Fund (VYR) with 2.74 M€ and Technical Research 
Centre of Finland (VTT) with 1.88 M€. The total volume of the programme in 2006 was 
5.65 M€ and 40 person years. The programme consisted of 22 research projects. The 
volume of the projects varied from some person months up to several person years, and the 
planned total duration from one to four years. 

In 2006 there were seven research areas: 1: Reactor fuel and core, 2: Reactor circuit and 
structural safety, 3: Containment and process safety functions, divided into 3A: Thermal 
hydraulics and 3B: Containment, 4: Automation, control room and information technology, 
5: Organisations and safety management, and 6: Risk-informed safety management.  

This report summarises the results reached during the fourth year of the SAFIR programme 
and gives statistical overview of the entire four year programme. The report has been 
prepared by the programme leader in cooperation with project coordinator, the project 
leaders and staff. 
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1 INTRODUCTION 
Public nuclear safety research programme provides the necessary conditions for retaining 
the knowledge that is needed to ensure the continued safe and economic use of nuclear 
power, development of new know-how, fostering of young professionals and participation 
in international cooperation.  

SAFIR 2003–2006 is the present Finnish public research programme in nuclear power 
plant safety. The programme is administrated by the steering group that has been 
nominated by the Ministry of Trade and Industry (KTM). The steering group of SAFIR 
consists of representatives from Radiation and Nuclear Safety Authority (STUK), Ministry 
of Trade and Industry (KTM), Technical Research Centre of Finland (VTT), Teollisuuden 
Voima Oy (TVO), Fortum, National Technology Agency of Finland (Tekes), Helsinki 
University of Technology and Lappeenranta University of Technology. VTT Processes 
acts as the coordination unit of SAFIR.  

The total volume of the programme in 2006 was 5.65 M€ and 40 person years. The main 
funding sources of the programme in 2006 were the State Nuclear Waste Management 
Fund (VYR) with 2.74 M€ and Technical Research Centre of Finland (VTT) with 1.88 
M€. The research performed in the 22 projects was supervised by seven reference groups. 
The programme was managed by the coordination unit VTT Processes, the programme 
director, the project coordinator and the project managers of the individual research 
projects. The main partners involved in the SAFIR programme in 2006 have been indicated 
in Figure 1.1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. Main partners of the SAFIR programme in 2006. 
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SAFIR has been a dynamic research programme allowing inclusion of new projects or 
extension of the existing projects during the research year. Besides the research done 
within SAFIR and education of experts via this research, SAFIR is an important national 
forum of information exchange for all parties involved. 

The framework plan for SAFIR [1] has been made for the period 2003–2006, but it is 
based on safety challenges identified for a longer time span as well. The construction of the 
new power plant unit increases the need for experts in the field in Finland. At the same 
time, the retirement of the existing experts is continuing. These factors together call for 
more education and training, in which the research activities play a key role. The safety 
challenges set by the existing plants and the new plant unit, as well as the ensuing research 
needs do, however, converge to a great extent. 

The framework plan [1] defines the important research needs related to the safety 
challenges, such as the ageing of the existing plants, technical reforms in the various areas 
of technology and organisational changes. The research into these needs is the 
programme’s main techno-scientific task. In addition, the programme has to ensure the 
maintenance of know-how in those areas where no significant changes will occur but in 
which dynamic research activities are the absolute precondition for safe use of nuclear 
power.  

In the framework plan for SAFIR [1] twelve major future safety challenges were identified. 
These were placed into the six research areas of SAFIR that are: 1: Reactor fuel and core, 
2: Reactor circuit and structural safety, 3: Containment and process safety functions, 4: 
Automation, control room and information technology, 5: Organisations and safety 
management, and 6: Risk-informed safety management. Figure 1.2 indicates also the 
recognised fact that many of the safety challenges have in fact an overlap over the various 
research areas. 

Grouping of challenges

1 2

3

6
5

4

1. New fuel designs
and enhanced use

9. Plant lifetime management

2. Ensurance of integrity of
an ageing reactor circuit

3. Ensurance of containment
integrity and leak-tightness
5. Uncertainties associated
with process safety functions

8. Operational development
with modern technology

6. Automation modernizations
7. Control room modernizations

12. Risk-informed safety
and operational management

11. Risk analysis
of external effects

10. Development of organisational
culture and safety management

4. New types of
nuclear power plants

Figure 1.2. Division of the twelve major future safety challenges into the six research 
areas of  SAFIR [1]. 
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There were 22 research projects and the administration project going on during the year 
2006 in the programme [2]. The titles of the projects and their division into the research 
areas have been illustrated in Table 1.1. The extent of the projects varied from a few man 
months into several man years. Most of the projects have been planned to continue 
throughout the entire four-year span of the SAFIR programme. Two of the projects were 
under the ‘umbrella’ of SAFIR without VYR-funding. TIFANY and MULTIPHYSICS 
projects were funded by Tekes and utilities. Main goals and results of each research project 
have been presented in chapter 2. Chapter 3 contains the financial and statistical 
information of the programme and chapter 4 gives an overview of the administration and 
information activities within the programme. More detailed statistical information on the 
research conducted and results obtained is given in the Appendix 1–6. 

Table 1.1. The research projects of SAFIR in 2006. 
Group Project name Acronym Funding 

k€ 
plan 

Funding 
k€ 
realised 

Volume, 
person 
months 
plan 

Volume, 
person 
months 
realised 

1.       

 Enhanced methods for 
reactor analysis  

EMERALD 583 599 46,7 49 

 High Burnup Updates in 
Fuel Behaviour Modelling 

KORU 293 295,4 25,5 27,8 

2.       

 Integrity and life time of 
reactor circuits 

INTELI 1149 1212,3 73,4 67,2 

 LWR oxide model for 
improved understanding 
of activity build-up and 
corrosion phenomena 

LWROXI 92 41,2 8,2 8,2 

 Concrete Technological 
Studies Related to the 
Construction, Inspection 
and Reparation of the 
Nuclear Power Plant 
Structures 

CONTECH 126,5 118,4 9,2 9,2 

3a.       

 Coupled Termohydraulics 
and Structural Mechanics 

MULTIPHY
SICS 

98 98 11 11 

 Development of APROS 
Containment Model 

TIFANY 116,8 116,8 10,5 10,5 

 Thermal hydraulic 
analysis of nuclear 
reactors 

THEA 259 284,6 21 22,1 

 Archiving experiment data KOETAR 40 42 4 4,6 
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 Condensation pool 
experiments 

POOLEX 292 316,9 22 24,2 

 Participation in 
development of European 
calculation environment 

ECE 50 95 7 7 

3b.       

 Wall response to soft 
impact 

WARSI 170,5 170,7 10,5 10,5 

 Impact tests IMPACT 220 399,7 16 17,8 

 Cavity phenomena and 
hydrogen burn 

CAPHORN 320,3 293,8 21 23,9 

 Behaviour of fission 
products in air-
atmosphere 

FIKA 315 319,2 27,5 37,8 

4.       

 Interaction approach to 
development of control 
rooms 

IDEC 217 224,2 17,5 17,5 

 Software qualification – 
error types and error 
management in software 
life-cycle 

QETES 74,9 74,9 4,5 4,5 

5.       

 Organisational culture and 
management of change 

CULMA 184 181,4 15 15 

 Disseminating tacit 
knowledge in 
organizations 

TIMANTTI 52 46,1 7 7 

6.       

 Potential of fire spread POTFIS 208 214,2 13 13 

 Principles and practices of 
risk-informed safety 
management 

PPRISMA 224,9 232,7 15,8 17,9 

 Assessment smart device 
software 

ASDES 80 81,2 6 6 

       
0. SAFIR Administration and 

information 
SAHA 194,7 194,7 19 8,9 

       
 Total  5360,6 5652,4 402,3 420,6 
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2 MAIN GOALS AND RESULTS 

2.1 REACTOR CORE AND FUEL 

The area covers reactor physics, reactor dynamics and fuel behaviour analysis. The 
research is done solely with the help of calculational tools, partly with sophisticated tools 
developed at VTT and partly using tools developed elsewhere. The area has living contact 
to the experimental work via international connections, such as the OECD Halden Reactor 
Project. In 2006 there are two projects in this area, the Enhanced methods for reactor 
analysis (EMERALD) dealing with reactor physics and dynamics and High-burnup 
upgrades in fuel behaviour modelling (KORU) dealing with the fuel research. In both 
projects, education of the new generation has an essential role. 

2.1.1 Enhanced methods for reactor analysis (EMERALD) 

The main objective is to accomplish a really unified, complete, up-to-date, easy-to-use and 
flexible entirety consisting of both programs acquired from elsewhere and programs that 
are the result of own development. The code system has to cover the whole range of 
calculations, from handling of basic nuclear data, i.e. cross section libraries, over fuel and 
core analyses in normal operating conditions to transient and accident studies using 
coherent models and methods. It should be possible to follow the whole life cycle of the 
nuclear fuel from a reactor physics point-of-view until its final disposal. The same or 
similar methods can often be used in both the static and the dynamic calculations. 
Additionally, it is of special importance in today´s situation, when the use of nuclear power 
is increased at the same time as the present generation of nuclear experts are gradually 
retiring from work, to maintain competence and train new personnel. Co-operation with the 
technical and other universities is necessary to make new students interested in this branch 
of science and thus ensure that the nuclear plants in Finland will be in the hands of 
competent people in the future, too. The tasks of the project provide excellent possibilities 
for university students to perform work for their academic degrees. 

Specific goals in 2006 

The main goals for 2006 contained the following items:  

Participation in the NEA-organised JEFF project is one of the best ways to maintain a 
reasonably accurate cross section library and knowledge about it. Further development and 
testing of VTT’s fast Monte Carlo-based code PSG. Studies of the possibilities to improve 
the reflector models in the nodal codes and the condensation of 3D cross section data into 
1D form. Comparisons between PSG-ARES and CASMO-SIMULATE calculations are 
made on the EPR. Keeping Studsvik Scandpower´s Core Management System 
(CASMO/SIMULATE) up-to-date for the reactor analysis work needed in Finland is still 
continuously required. Possibly available new versions of Monte Carlo codes and auxiliary 
tools for transport calculations are installed and experience in using them gathered. New 
version of the deterministic transport code MultiTrans with models and testing described in 
a Doctor’s thesis. Linux/unix versions of MultiTrans developed. The criticality safety 
calculation system is further tested and developed through participation in NEA work and 
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benchmark studies. A review is made of the propagation of cross section errors in reactor 
analysis calculations (MScTech thesis) and application of the TSUNAMI tool.  

The most important limitation of the present reactor dynamics programs is their inability to 
handle coolant flow reversal in a flow channel. To solve this problem the dynamics code 
TRAB-3D and the thermal hydraulics code SMABRE have been internally coupled 
together. The coupled PWR model is to be tested against TRAB-3D solutions. For the 
BWR model, the steady-state procedure will be further refined and the circuit model tested 
against existing TRAB models and supplemented where necessary. Re-planning and 
-programming of CFDPLIM combining the PLIM method with a robust traditional 
hydraulics solution method. The PORFLO code is to be modified and developed in order 
to make it possible to study the BFBT (BWR Full Size Fine Mesh Bundle Test) 
benchmark, where the first task is the calculation of void distributions. This will be the first 
step towards modelling transverse phenomena within a fuel bundle. Updated electronic 
input manuals of the reactor dynamics codes are to be published.  The hydraulic solving 
routines of the TRAB code are modified to be able to calculate situations with pure 
superheated steam. 

As usual, the project´s results are presented both at international conferences and as 
publications. Participation in OECD/NEA´s and AER´s (VVER) committee work and 
benchmark calculations has also continuously been included in the project, as well as 
education of nuclear reactor and fuel experts through international training courses and 
academic degree theses. With one Doctor’s thesis completed in 2005, work on two more is 
going on and, if possible, finished. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Thermal flux (“cold” shades) and fission power (“hot” shades) distributions in a 
BWR fuel assembly as calculated by PSG. Light and dark colours indicate high and low 
values, respectively. 
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Deliverables in 2006 

The list of deliverables in the project plan has contained items intended to be completed 
during the year but also such that are the result of two or several years´ work. For example in 
the case of computer programs that are developed during the whole span of the EMERALD 
project or continued in future projects, only interim versions and reports can be available on 
a year-by-year basis. 

• The project has participated in NEA’s work on the JEFF library. The methods of PSG 
have been further developed and the accuracy of the diffusion constants calculated by it 
has now also become reasonable. The code has been reported in two new conference 
papers. A Doctor’s thesis on Monte Carlo methods and PSG has almost been 
completed. Neutron flux and power distributions inside a BWR fuel bundle, calculated 
with PSG, are shown in Figure 1. 

• A report on creation of input data for HEXBU-3D, HEXTRAN and TRAB-3D 
including wide range boundary conditions and partial albedos has been published. 
Fresh EPR fuel and core analysis has been made with CASMO-4, PSG, ARES and 
SIMULATE-3. Work on nodal methods reduced due to lack of suitable personnel. 

• A new version of MultiTrans is available and the Doctor’s thesis on development and 
validation of this code is in practice completed. The linux version has been tested but 
will still need some adjustments for certain cases. Version 5.1 of the BOT3P tool has 
been installed, but the latest versions of MCNP have not yet been available at the NEA 
Data Bank. 

• The project has participated in several international benchmark studies on criticality 
safety and isotopic concentration calculations (three conference papers). A new code 
ABURN has been developed. It combines a criticality analysis based on MCNP4C with 
a depletion calculation by ORIGEN2. 

• Work on an MScTech thesis is well under way. The topic is sensitivity and uncertainty 
of cross section calculation in reactor physics analysis. The purpose is to find out how 
the inaccuracies in the measured data could be expressed mathematically and how 
these inaccuracies progress when the cross sections are further processed and used in 
the calculation of other quantities. An example of uncertainty & sensitivity analysis in 
reactor dynamics is illustrated by Figure 2. 

• A new version of the coupled code TRAB-3D-SMABRE for 3-dimensional transient 
and accident analyses is available. BWR steady-state tests have been made and 
comparisons with SIMULATE-3 and TRAB-3D show reasonably good agreement. 
Dynamics tests are still going on. 

• The theoretical background of the most recent version of the CFDPLIM solver has 
been further investigated; now some numerically difficult spatial mesh intervals of the 
problem are solved with a traditional hydraulics solution method, whereas most of the 
mesh is still solved with PLIM to achieve a great degree of accuracy. 

• The PORFLO code has been modified to make it possible to participate in the 
OECD/NEA benchmark BFBT (BWR Full Size Fine Mesh Bundle Test), where the 
first task is the calculation of the void distribution inside a fuel bundle and comparison 
with experimental data. 
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• The updating of the users’ manuals of the TRAB/TRAB-CORE/HEXTRAN/ 
HEXTRAN-SMABRE/TRAB-3D/TRAB-SMABRE codes is in progress, but not yet 
completed. 

• The hydraulic channel calculation subroutines in TRAB, which take care of the 
calculation of core channels and all BWR pressure vessel internals except the steam 
separators and steam dome, have been modified to allow superheated steam calculation 
and to be able to cope with unity void fraction, at least locally. 

• Regarding international co-operation in general, the project activities have been 
described in more than 10 papers for conferences or reports on benchmark calculations 
for NEA etc. As before, several members of the project team have participated in the 
committee work of OECD/NEA and the AER co-operation on the physics and safety of 
VVER type reactors. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Measured neutron power in a turbine trip test in Loviisa-1 and 100 calculated 
results with the HEXTRAN-SMABRE code as part of uncertainty and sensitivity analysis. 

2.1.2 High-burnup upgrades in fuel behaviour modelling (KORU) 

General objectives 

A national capability of making independent nuclear fuel performance evaluations will be 
preserved. The modelling in fuel behaviour codes in use at VTT will be upgraded to meet the 
requirements due to evolving fuel design and operational data – notably higher burnup goals 
– and from revised guidelines for applying the licensing procedures. In models for postulated 
accident conditions uncertainties will be reduced. For steady-state conditions, the well-
established codes will be partially renovated, in particular as regards descriptions of fission 
product swelling and release and detailed mechanical response. For future licensing 
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evaluations, probabilistic methods will be taken in use in fuel transient behaviour codes. 
Education and training of a new generation of experts is becoming an urgent necessity. 

Specific goals 2006 

• 1.1 Elaboration of the advanced Finite Element Method based  new modelling of 
the fuel rod mechanical behaviour 

• 1.2 Developing and delineation of  the coupled thermal hydraulics - fuel 
performance code FRAPTRAN-GENFLO 

• 1.3 Introducing a probabilistic procedure of fuel transient performance simulation 
for core-wide failure probability assessments 

• 2.1 Improving the fission gas modelling in the ENIGMA code 
• 3.1 Performing Halden IFA-650 LOCA test simulations with the FAPTRAN-

GENFLO code 
• 4.1 Participating in working groups of international organisations and  in topical 

conferences 
• 4.2 Management of the project and final reporting 
• 4.3 Education of new experts 

Deliverables 

1.1 Detailed documentation of the novel FEM based mechanical model has been issued. 
The USNRC has included the model, largely developed during the attachments of a 
VTT scientist to the Pacific Northwest Laboratory, in the official future version of the 
FRAPCON and FRAPTRAN codes. 

1.2 A version of the FRAPCON-GENFLO code has been brought about that can be 
flexibly and successfully applied to power reactor and less-standard test reactor 
environments.  

1.3 A study was completed that serves as a basis for the methods that will be taken into use 
to provide core-wide failure probability assessments. A status report on the 
demonstration case where a LOCA transient is used as an example was issued. 

2.1 A recalibrated fission gas release model for the ENIGMA code was introduced. The 
data base that was applied in the several phases of the correlation eventually consists of 
more than 100 fuel rods. The new model leads to clearly better agreement of the 
calculated gas release fractions with those measured. This was confirmed by re-
calculating the example cases of the IAEA FUMEX II benchmark exercise. 

3.1 IFA-650.4 and 650.5 LOCA test were extensively analysed and the results were used to 
support the Halden project in test planning. The methods with advanced thermal 
hydraulics and mechanical modelling were summarised - together with results from 
applications to Halden tests - in a paper prepared for the 2007 Halden Enlarged 
Programme Group Meeting. 

4.1 The IAEA Technical Working Group on Fuel Performance and Technology, the IAEA 
FUMEX II Coordinated Research Programme on fuel code performance at high 
burnups, and the OECD/CSNI Special Expert Group on Fuel Safety Margins, with its 
benchmark exercise on a Halden IFA-650 LOCA test, were participated in. The Halden 
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Project Programme Group Meeting and some topical fuel performance conferences 
were attended. 

4.2 The final reporting for the work within the SAFIR Programme was completed. 
Working plans for the fuel performance research in the new SAFIR 2010 reactor safety 
programme were prepared. 

4.3 Two project group members have been conducting their post-graduate studies. One 
licentiate thesis was completed. Another group member has been attached to the 
Halden Project in 2006. The group also had a part-time trainee. 

Figure 3. Fission gas release model in the ENIGMA Code: Improved performance with 
recalibrated model parameters. 
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2.2 REACTOR CIRCUIT AND STRUCTURAL SAFETY 

The area covers studies on the integrity and life time of the entire reactor circuit and 
studies of containment building construction, inspection, ageing and repairing. The reactor 
circuit studies are all included in one very large project, Integrity and life time of reactor 
circuits (INTELI), oxide modelling in one project (LWROXI) and the containment is 
studied in Concrete technological studies related to the construction, inspection and 
reparation of the nuclear power plant structures (CONTECH) project, which also includes 
the former separate small CONSAFE-project. In this area, the work done outside SAFIR, 
both in Finland and in several EU-projects will be reported in the reference group. 

2.2.1 Integrity and life time of reactor circuits (INTELI) 

The main objective of the INTELI-project was to develop techniques to assure the structural 
integrity of the main components of the reactor circuit of the nuclear power plant and to study the 
typical ageing mechanisms affecting the integrity of main components during the life-time of the 
reactor.  The main components included in the scope of the project were: 

• Reactor pressure vessel with nozzles and internals 
• Piping of reactor circuit 
• Other components (steam generators) 

The overall objectives of the research work related to these components were following: 

• To understand and model the ageing mechanisms of the reactor pressure vessel including safe-
end nozzles and internals.  

• To develop improved methodology for the assessment of the embrittlement of reactor pressure 
vessel. To verify the transferability of the material data based on the Master Curve to the 
structural analysis of real components. 

• To improve the reliability of non-destructive evaluation methods used to detect, characterise 
and monitor defects in different areas of RPV. 

• To develop reliable methods for the assessment of bimetallic welds of nozzles and their 
loading conditions.  

• To develop methods for the measurement and prediction of material properties of reactor 
internals during service.  

• To apply risk-informed methods to the life-time management of piping.   
•   Methods for analysing fluid–structure interactions were developed. The POOLEX experiments 

performed at Lappeenranta University were analysed as test cases. 
• To develop and take in use new, more realistic material models basing on more accurate 

material data and improved understanding of phenomena affecting the material.  
• To increase the theoretical understanding and to develop practical  methods for optimisation of  

water chemistry of nuclear power plant piping.  

2.2.1.1 Ageing of pressure vessel (INSEL) 

Pressure vessel 

Embrittlement is one of the main safety concerns in older pressure vessels of relatively 
high impurity contents. The understanding of embrittlement mechanisms on micro-scale 
and their response to mechanical properties is the requirement of reliable modelling of 
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ageing. Especially re-embrittlement after annealing requires better understanding and this 
problematic is specific only to couple of countries, which operate annealed reactors.  

Embrittlement mechanisms and modelling of ageing (2.0 m-m) 

Trend curves: Identification of embrittlement mechanisms by analyses of mechanical data.  

1) Participation in the IGRDM meeting (if arranged), 2) Joint analyses and comparison of 
available data sets (WWER 440 database, model alloys data, FRAME data, and data from 
literature) with emphases on common features, differences and their explanations.  

Mechanisms: Identification of embrittlement mechanisms by microstructural analyses. 

Collection and analyses of available micro-mechanistic data on WWER-440 weld 
materials (Atom Probe, SANS, PA, TEM etc.) found in literature. Relation between micro-
structural changes and embrittlement shifts.  

Applicability of small specimen test results (1.0 m-m) 

Work focuses 2006 on standardisation and codification related activities. Theoretical 
development of fracture modelling is performed in the PERFECT project. The emphasis is 
put on ASTM, ESIS and IAEA activities. In ESIS, the European fracture toughness test 
procedure is “modernized”. In IAEA a new CRP on specific issues related to the Master 
Curve has been started. Specific issues will be the loading rate effect and transition curve 
shape. 

The specimen measuring capacity for J-R-curve testing will be continued, through a 
systematic test matrix covering steel, stainless, copper and aluminium. 

Transferability of test results for structural analysis (3.5 m-m) 

Low constraint tests are conducted with different specimen geometries and the T-Q fit is 
implemented in the Master Curve. The local approach type material models are applied to 
problems involving stable as well as unstable crack initiation and propagation and 
toughness prediction in cases including realistic crack geometries.  

In 2006 the test programme will focus on semi-elliptical surface crack specimens under 
tension loading (semi-elliptical center cracked tension specimen). The experiments will be 
conducted and assessed using finite element analysis. The produced data will be added to 
existing results to develop and verify the Master Curve constraint correction, including 
both linear-elastic and elastic-plastic fracture mechanics derivations. 

Ultrasonic assessment of flaws in pressure vessels (0.1 m-m) 

The ultrasonic assessment methods are developed for more reliable characterisation of 
flaws in pressure vessels. The results of experimental measurements performed in 2005 
will be reported in the European NDT-Conference in Berlin, September 2006.  In 2006 the 
techniques and tools for ultrasonic inspection of bimetallic welds will be developed based 
on Phased Array-technology. The work is related to the PINC-project, where VTT will 
participate in the RRT of bimetallic welds.  



 

 
18

The applicability of TOFD-ultrasonic technique for characterisation of welds in thick-
walled components  (1.1 m-m) 

The economical possibilities of using TOFD-ultrasonic technique for creating compre-
hendsive data base for lifetime monitoring of welds will be assessed. The costs of 
necessary inspections will be evaluated. The content of data to be collected in the data base 
will be determined and the possibilities to use the data in searching of similarities in the 
comparison between different welds will be assessed. The overall target is to design the 
lifetime monitoring system. 

Nozzles 

Environmentally assisted cracking (EAC) is one of the main ageing phenomena in LWRs. 
Intergranular cracking in sensitised stainless steels in oxidising environment is mainly 
dictated by dissolution of the chromium depleted, and thus less corrosion resistant grain 
boundaries. Intergranular cracking occurs also in materials, where the grain boundaries are 
not chromium depleted, as well as in less oxidising environments. The mechanism of this 
type of cracking is not fully known, but local hardening /softening and recovery processes 
are probably decisive. These affect also Irradiation Assisted Stress Corrosion Cracking 
(IASCC).  

EAC mechanisms (1.7 m-m) 

Slow Dynamic Straining can contribute to EAC through oxide films behaviour but also 
through crack tip material softening. Measurements using very slow strain rates, ė<10-7 1/s 
are continued during 2006 and a final report is issued. Measurements are performed at 
room temperature as well at LWR relevant temperatures.  

International co-operation (2.1 m-m) 

EAC mechanisms evaluation work in international research programmes is followed and 
the latest information is transferred to Finland, e.g. through participation to the work of 
International Co-operative Group on Environmentally Assisted Cracking (ICGEAC), to be 
arranged in USA and in the Fontrevaud 6-conference in France ( contribution of materials 
investigations to improve the safety and performance of LWRs). Also young scientists will 
be incorporated to the material specific networks by attending these meetings. Detailed 
travel reports from the meetings are issued. 

Internals 

FEG-STEM characterization of irradiated internals materials (2.9 m-m, VTT, VYR, OECD 
Halden) 

FEG-STEM will be used for characterizing the irradiated microstructure of three different 
materials of broken test-bars.  The work is a continuation of work begun in 2005 on 29 dpa 
304L stainless steel fractured in constant load tests at VTT, but for 2006 will be expanded 
to include a 20 dpa 304L SS and a 12 dpa SS which were broken in in-pile tests in the 
Halden reactor. A portion of that work will serve as a joint in-kind contribution with 
Halden for membership in the EPRI/CIR II extension program, which in turn will bring the 
latest results of leading international Irradiation Assisted Stress Corrosion Cracking 
(IASCC) research programs to Finland. The remaining portion of the research will serve as 
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VTT's direct in-kind contribution to the OECD Halden program.  The results of the work 
will also directly complement the work being carried out for INPERF (Internals Sub-
Project of Perfect). 

Dosimetry 

Development of neutron dosimetry 1.0 m-m) 

Accurate neutron fluence estimates are important for the evaluation of RPV material 
embrittlement. 

A new dosimetry cross section library IRDF-2002 was released in early 2005 by the IAEA. 
Location-specific condensed 47-group cross sections (including a new dpa evaluation) 
have been constructed for the kernel-based PREVIEW program, which is used for fluence 
evaluations in the Loviisa reactors. PREVIEW has been modified in 2003-2005 to accept 
case-specific dosimetry cross sections separate from the main kernel library. In the 
construction of these cross sections different group cross section conversion programs have 
been tested and compared. The PREVIEW program has also been modified to accept 
several new fuel enrichment codes used in Loviisa. The adjustment library has been 
separated from the source code in order to facilitate its updating. Most of these 
improvements have been applied and tested in 2005 in order to improve the fluence 
estimates for the Loviisa reactors and also to form a basis for more consistent and well-
founded uncertainty estimates. The most important remaining task is to improve the 
adjustment library based on the new IRDF-2002 cross sections and especially to include 
data from two ex-vessel measurements carried out in both Loviisa units. The PREVIEW 
program will also be fine-tuned for production runs on all platforms (at present it works 
properly only on Unix systems). 

International co-operation in the field of reactor dosimetry is important for maintaining and 
improving the know-how and service capabilities. VTT Processes participates in the 
Programme Committee of the European Working Group on Reactor Dosimetry (EWGRD 
PC) and in the Working Group on Reactor Dosimetry for VVER Reactors (WGRD-
VVER). At least one meeting of each working group is expected to take place in 2006. One 
important task is the preparation work for the 13th International Symposium on Reactor 
Dosimetry to be held in the Netherlands in 2008. Participation is also planned in the RADE 
Workshop “Use of RPV Dosimetry Benchmark Results for Determining Radiation 
Embrittlement Damage” 1 to 8 April 2006 in Bansko, Bulgaria (invitation for two 
presentations has been sent). 

2.2.1.2 Reactor circuit piping (INPUT)  

Computer Simulation of Ultrasonic Testing (VYR, VTT) (4.0 m-m) 

The phased array technique is a new advanced ultrasonic method that is already currently 
applied in some in-service inspection cases in the Finnish nuclear plants. Also the 
qualifications of these inspection systems have been started. CIVA simulation program 
includes many tools and features to model and simulate phased array ultrasonic transducers 
and inspections applying them. The goal is to study the ways that could be applied in the 
inspection planning and qualification phases to design and verify different phased array 
inspection cases by using simulations. In cases where there is available data the simulation 
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results will be compared to real measurements to assess the applicability and accuracy of 
the simulations. 

As a part of the task the CIVA licence is retained in force as well as is beard in mind the 
further training of the potential operators. 

RI-ISI, Risk informed in service Inspection (VYR, VTT) (7.5 m-m) 

The completion of the project research tasks will be performed in 2006. In general, this 
includes: 

• compilation, verification and presentation of the project analyses and their results 
• evaluation of the project results against objectives set in the beginning of the project 
• project deliverables, e.g. reports, articles 

The development and verification of the risk matrix approach based RI-ISI analysis 
concept for NPP piping systems will be completed. This includes also the verification and 
presentation of the analysis concept. 

The RI-ISI analysis concept completion work will include: 

• analysis concept completion; by checking that the scope, reliability and accuracy of the 
concept meets the corresponding aims and requirements 

• analysis concept testing; by performing some analysis examples 
• analysis concept reliability; identification and at least reasonable quantification of 

procedure and data treatment uncertainties 

The RI-ISI analysis concept verification and presentation will include: 

• verification of the concept for a semi-quantitative risk matrix approach for NPP piping 
systems RI-ISI analyses: 

o verification against other suitable/comparable RI-ISI analyses 
o conclusions about e.g. the applicability and the generality of the developed 

approach 
o verification problems: model uncertainties, uncertainties related to and 

scarcity of available input data, lack of comparable RI-ISI analyses, etc. 
• presentation of the concept for risk matrix approach for NPP piping systems RI-ISI 

analyses : 
o detailed documentation of project analyses and their results 
o documentation includes general and more detailed flow charts clarifying and 

defining the concept steps and structure, descriptions of analysed cases and 
identification of possible future research needs 

The research creates a better basis for implementing RI-ISI in Finland. 

The aim is also to continue and widen the participation in the international networks 
related to RI-ISI, such as ENIQ TGR, OECD/NEA/CSNI RI-ISI Workshop, OPDE project, 
Ageing Incorporated into PSA (APSA) Workshop and recently started Benchmark on RI-
ISI Methodologies (RISMET) Project. An article will be prepared for a suitable research 
journal. Possibly a paper and a presentation will be prepared for a suitable RI-ISI related 
conference. 
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In the following is a list of project deliverables, both for the previous project years and for 
2006: 

• project reports; 2004, 2005, 2006 (=final report)  
• conference articles; 2003, 2006? 
• research journal articles; 2006 
• reports from the international joint research projects: 

o Ageing Incorporated into PSA: SOAR 2006, Case studies 2006-7 
o RI-ISI Benchmark: final report 2007 at latest (VTT contribution completed 

by the end of 2006) 

Vibration (VYR VTT) (3,0 m-m) 

With the aid of the mathematical model, different types of incentives are used to produce 
response on the piping system. Varying the magnitude, place and the frequency of the 
incentive, the unsoundness of the response is assessed. Other "what if" -studies are also 
performed. 

Fluid-Structure Interaction Analyses (VYR, NKS, VTT) (4.5 m-m) 

In year 2005, the fluid-structure interaction analyses of the pool are being performed. In 
addition, two-phase homogeneous model for steam and water is being developed and 
tested against the steam experiments. In year 2006, the main goal in numerical modeling 
work is combining the fluid-structure interaction analysis with the two-phase simulation. 
New experiments with steam are modeled and the calculated pressure loads and strains are 
compared to the measured values. The main challenges that are worked on are: (i) accuracy 
of the two-phase model, (ii) robustness of the two-phase model, (iii) robustness of the 
moving and deforming mesh in the CFD calculation. The Method Of Images is used for 
obtaining alternative estimates for the pressure loads. Also, planning is started on the 
simulations of the proposed integral test facility with the dry-well and condensation pool. 

Fatigue (VYR, NKS, VTT)  ( 7.0 m-m) 

Numerical modelling of fatigue  

Numerical models describing fatigue behaviour of austenitic stainless piping steels under 
constant strain amplitude loading have been compiled. Applicability for numerical 
modelling of low cycle fatigue is being assessed. 

Plans for year 2006: 

− Testing of applicability of nonlinear material models and work hardening models to 
fatigue assessment continues. 

− Applicability for alternating strain loading will be tested. 
− The stress strain data measured in experiments for the titanium stabilised steel will be 

fitted in the selected work hardening models.  
− A final report summarising this activity will be prepared.  
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Corrosion fatigue - effect of LWR(light water reactor) conditions  

A few strain controlled low cycle fatigue tests have been performed in 2004 for 316NG 
stainless steel (OL3 piping material) and in 2005 for titanium stabilised stainless steel 
(Lo1-2 piping steel) in air and in simulated coolant environments. The studied steels 
exhibit clearly different fatigue behaviour and the results indicate better fatigue properties 
for the titanium stabilised stainless steel, which had been service aged for 100 000 hours in 
Sosnovyi Bor. The first data points for environmental effects are generally in line with the 
Fen models based on Japanese and US data on related steels (different variants of 304 and 
316), but more data is needed for general assessment. However, the most striking 
observation is that variable amplitude seems to have a pronounced detrimental effect on 
fatigue life of 316NG steel in EPR environment. 

Plans for year 2006: 

− Two or one critical autoclave test series will be selected after completion and analysis 
of the 2005 results. Main emphasis will be given for confirmation of the variable 
amplitude effect in environment or for comparison of the two materials.  

− Alternatively, to enable timely contribution to international debate on applicability of 
fatigue curves for stainless steels, determination of proper fatigue curves in air for 
both these materials may be prioritised.  

− The priority setting of tasks will be based on discussion in the ad-hoc expert group.  
− For year 2005 planned improvement of autoclave test set-up to allow higher 

frequencies turned out to require more investment than hoped and was withdrawn. A 
proper plan and proposal for eventual upgrades of both hardware and software will 
be developed within 2006.  

− New findings and tentative conclusions on the Safir programme results will be 
summarised and subjected to international critic. A conference presentation in PVP 
2006 environmental fatigue session is a recommended forum for this purpose.  

− Mechanism and model development (for long perspective) will be continued in order 
to explain environmental and variable amplitude effects to stainless steels.  

Goals for 2006: 

− Verification of synergistic effect: environment + variable amplitude (316NG in 
EPR).  

− Prepare autoclave system for real transient simulation on short notice when needed.  
− Closure and final reporting of the activities within this project.  
− In long term: development of mechanism based models.  

Corrosion - water chemistry interaction (5.0 p-m) 

Modelling the properties of oxides growing on fuel cladding materials 

The methodology for the differentiation of fuel cladding materials as per their corrosion 
resistance has been developed at VTT. It is based on a combination of in-situ electro-
chemical impedance spectroscopy and ex-situ microstructural characterisation of the oxide 
and the base material. This methodology involves experimental determination of the 
properties of the oxide film growing during the pretransition period as well as using this 
information as input data in an oxide growth model. In 2005 first measurements were 
performed with Zircaloy-4 and Zr-1%Nb in PWR environment at 310oC. The main goal in 
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2006 is to continue the investigation of the role of alloy composition (especially the effect 
of Nb as alloying additive) and water chemistry (especially high LiOH concentrations and 
the effects of KOH) on the initial corrosion performance of a range of fuel cladding 
materials (Zircaloy-4, Zr-1%Nb, and possibly also M5). Another goal is to upgrade the 
Mixed-Conduction Model for the corrosion of zirconium alloys in order to take into 
account the effects of alloy composition and water chemistry in a more quantitative way. 
This upgrade will be accomplished by putting forward and verifying several hypotheses on 
the correlation between base material microstructure, oxide microstructure and cladding 
corrosion performance.  

2.2.1.3 Other Components  (INCOM) 

The objectives are to understand and predict ageing and degradation mechanisms of the 
other main components like steam generators, pressuriser, pumps and valves in Finnish 
nuclear power plants. The main focus is steam generators in the existing VVER units but 
also in the new EPR unit OL3. OL3 project requires understanding of degradation 
mechanisms in modern steam generators (SG's), and pressurisers because field experiences 
are still very limited. Especially, SG's are difficult and expensive to be replaced or 
repaired. All material manufacturing and ageing data available is thus worth of gathering in 
this project. The common factor for all these components is that ageing and life time 
management requires diversified but comprehensive knowledge of materials ageing, water 
chemistry, NDE techniques and structural analysis methods. 

Steam generators in VVER’s (1.5 p-m) 

The subproject aims at accomplished approach of SG's lifetime management and 
degradation mechanisms. The relevant issues to be handled in reducing SCC risk in tubes 
are reduction of corrosion products in the whole secondary circuit and impurity 
accumulation in SG’s and avoidance of oxidising environment during transients as well as 
during steady state operation. Additionally, defect detection by NDE, cleaning issues, 
defect monitoring and classification for structural analysis are needed.  

3.1.1. Literature study on SCC initiation in stainless steel SG tubing after water chemistry 
transients. The effectivity of remedial actions taken in some VVER to reduce the risk of 
SCC in SG tubes after experienced water chemistry transient. Literature review tends to 
collects experiences from other VVER user countries e.g., from Hungary. 

3.1.2. Continuation of the seminars on SG’s topical issues like i.e., on iron deposition, 
secondary water chemistry quality, degradation mechanisms of SG’s tubing and NDE 
inspections, organised by VTT together with plant personnel, has been considered useful. 
The goal is to clarify interdependence of various phenomena related to SG’s. 

Lead induced SCC in steam generators with Inconel tubing. (2.0 p-m) 

A literature review concerning remedies, counteractions, new NDE techniques, water 
chemistry modifications, failure incidents and analysed failure mechanisms caused by lead 
accumulation. Hindsights for life time management in OL3 SG’s. 



 

 
24

2.2.1.4 Prediction of Irradiation Damage Effects in Reactor Components (INPERF) 

RPV-Internals: Physics Modelling (2 m-m) 

WP II-3 & II-6 RVP-Internals: Long term evolution of irradiation induced damage (VTT, 
EU) 

This WP is aimed at providing simulation tools to reproduce the long term evolution of the 
irradiation-induced hardening defect and segregation in RPV and stainless steels. These 
tools already exist, they will be only upgraded or parameterised to allow for more physical 
descriptions of the phenomena.  

Model validation using FEGSTEM analysis of irradiation induced defects and segregation. 

RPV: Mechanics Modelling (10 m-m) 

WP III-1 Models of micro-crack nucleation (VTT, EU) 

The WP will (i) establish micro crack nucleation criteria for relevant un-irradiated and 
irradiated steels; 

(ii) propose distributions of micro cracks as a function of relevant parameters.  

The nucleation criteria will be used in the models of brittle fracture behaviour considered 
in WPIII- 2 and WPIII- 3 

Re-assess microstructural data in the open literature for relevant ferritic steels. Model local 
stresses and strains in materials containing precipitates and develop criteria for precipitate 
fracture. 

WP III-2 “Models of brittle fracture behavior” (VTT, EU) 

The WP will develop improved criteria for crack propagation by transgranular cleavage 
and brittle intergranular fracture and recommend which of the various fracture models 
considered are to be developed further within the Sub-Project. 

Compile existing micromechanical models for brittle fracture. Examine effect of strain, 
stress, strain rate sensitivity and surface energy on brittle fracture propagation. 

WP III-3 “Implementation and application of fracture models” (VTT, EU) 

The WP will extend current models of fracture behavior and provide the methodology for 
their use in WPIII- 5 to predict the fracture behavior of irradiated RPV. 

Compile data for predicting the fracture toughness of irradiated materials from parameters 
related to the composition and neutron fluence and develop a theoretical correlation 
between irradiation-induced changes in yield strength and T0.  

Compile data sets to determine temperature dependence of cleavage fracture toughness.  

Based on WPIII-1 and 2, develop a theoretical description of the Master Curve temperature 
dependence. 
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WP III-4 “Characterization of irradiated RPV steels” (VTT, EU) 

The WP will collect existing data on irradiated RPV steel so as to provide a comprehensive 
characterization of the flow and fracture toughness properties of irradiated RPV steels in 
support of the modeling work carried out under WPIII- 3 and WPIII- 5. It will carry out the 
required complementary tests. 

Acquire and test relevant RPV steels in the unirradiated and irradiated conditions.  

WP III-5 “Fracture behavior modeling of irradiated RPV components” (VTT, EU)  

The WP will use the fracture toughness models and data from other parts of the Sub-
Project in order to 

(i) optimize the use of current surveillance specimen test results for RPV integrity 
assessment; (ii) 

predict the fracture behavior of irradiated RPV components via a specially developed case 
study. 

Theoretical underpinning of the correlation between the irradiation induced change in yield 
strength and the shift in the fracture toughness transition temperature. 

Specification of case study for application of RPV component fracture behaviour 
methodology. 

Integrity of the internals  (VTT, EU)  (7.0 m-m) 

The effects of irradiation on the internals and their mechanical properties and corrosion is 
modelled and verified. 

WPIV-3 “Behaviour of irradiated material”  (VTT, EU) 

Perform limited additional tensile tests (complementary to the Physics of Internals part) to 
analyse and quantify material models that describe the deformation behaviour of irradiated 
stainless steel at a macroscopic scale. 

Assessment of the mechanical deformation behaviour of irradiated materials as a function 
of dose, temperature and strain rate. 

The WPIW-3 shall produce a basic FEM model, describing the stress-strain-strain rate 
distributions in cracked bodies on a macroscopic scale. 

WPIV-4 "Crack Propagation" (VTT, EU) 

Measuring crack growth rates on irradiated stainless steel under simulated PWR in an 
experimental set-up, which can be handled by the electrochemistry/stress analysis 
software. 

Perform limited tests on irradiated specimens in a number of environments (simulated 
PWR and BWR) and conditions (loading rate, temperature) to analyse (fracture surface and 
behaviour) and quantify (models) corrosion-deformation interaction at a crack tip. 
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WP IV-4 will merge local (electro)chemical and mechanical conditions at the crack tip 
together with a material dependent crack tip process model to obtain crack growth. In this 
WPIW-4, simulation tools shall be developed to describe the growth at multi-scale level: 
on the microscopic scale, modelling of the modification of the mechanical state at the 
crack tip (determined in WPIII-3) due to the presence of corrosion induced vacancies 
and/or hydrogen. 

WPIV-5 "Crack Initiation" (VTT, EU) 

Perform limited tests on irradiated specimens in a number of environments (simulated 
BWR or PWR) and conditions (loading rate, temperature) to analyse (procedure and 
sample preparation to be developed) and quantify (models) the film's behaviour on 
deformed material.  

Experimental determination of film process parameters (e.g. vacancy and interstitial 
diffusion coefficients, metal-film and film-solution interfacial kinetics and local 
deformation mechanics). 

Co-ordination, administration and training co-ordination (4.5 m-m) 

Co-ordination of subprojects 1-4.: 

• progress reporting 
• co-ordination of co-operation with STUK and utilities  
• allocation of man-power and financial resources 
• co-ordination of international co-operation. 
• co-ordination of education of new experts 
• final reporting of INTELI-project 

Deliverables in 2006 

The embrittlement mechanisms of reactor pressure vessel were identified by analyses of 
mechanical data and by microstructural analyses. 

To ascertain transferability of fracture mechanics test results, low constraint tests were 
conducted and assessed using finite element analysis. The produced data was added to 
existing results to develop and verify the Master Curve constraint correction, including 
both linear-elastic and elastic-plastic fracture mechanics derivations.  

EAC mechanisms evaluation work in international research programmes was followed and 
the latest information transferred to Finland through participation to the work of 
International Co-operative Group on Environmentally Assisted Cracking (ICGEAC).  

In the area of dosimetry, the adjustment library of the PREVIEW code was improved to 
include data from two ex-vessel measurements carried out in both Loviisa units.  

A pilot study was carried out to develop and test a semi-quantitative approach for risk-
informed in-service inspection (RI-ISI) of piping. From the piping system chosen from TVO 
primary circuit elements/segments were selected. For these the calculation analyses using 
probabilistic and risk based analysis procedures developed in the project were used. 



 

 
27

Ultrasonic modelling was applied to assess the coverage of critical areas by different 
transducers in ultrasonic testing and to evaluate the signal that will be measured from a 
reflector lying in unfavourable orientation at the weld root area.  

Two-way coupled Fluid-Structure Interaction (FSI) calculations were carried out by 
coupling Computational Fluid Dynamics (CFD) and structural analysis codes with ES-FSI 
and MpCCI middleware. Two-phase modelling of water and steam was investigated with 
homogeneous two-phase model and with direct contact condensation model implemented 
in the Volume Of Fluid (VOF) model. Determination of loads on pressure suppression pool 
walls from the potential theory of fluid flow was investigated by using the Method Of 
Images (MOI) and other methods. The calculations were compared to the POOLEX tests 
conducted at Lappeenranta University of Technology, where air and steam are injected into 
a water pool. 

VTT developed an experimental facility based on advanced bellows loading technology to 
test the fatigue behaviour of stainless steels in PWR applications. The efficiency and 
reliability of this test facility was confirmed in the tests carried out.  

Strain controlled constant amplitude and variable amplitude fatigue tests were performed 
in low oxygen PWR waters for 316NG and titanium stabilised stainless steel in 320C and 
293C respectively. The constant amplitude results were in full compliance with the US and 
Japanese data, but variable amplitude tests opened new questions to be approached in 
future research.  

Oxidation of different Zr-based fuel cladding materials has been studied using a novel thin-
layer electrochemical impedance spectroscopic (TLEIS) method in simulated PWR 
conditions with two different Li concentrations. The results indicate that the selected 
experimental approach is capable of detecting differences in oxidation processes in 
different environments.  
 

Figure 4. Application of advanced modeling 
and simulation program codes to compute 
ultrasonic field of transducers and the 
field/reflector interaction to predict indications 
and their amplitudes in the practical inspection 
applications. 
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Figure 5. Bellows Fatigue unit developed by 
VTT  
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2.2.2 LWR oxide model for improved understanding of activity build-up 
and corrosion phenomena (LWROXI) 

This project has been performed in co-operation with ALARA Engineering (Sweden), that 
has a long experience in activity incorporation investigations in BWR type water 
chemistries in Sweden and Finland. The goals of the proposed project were to develop a 
predictive model for activity build-up in nuclear power plants and to increase the 
understanding and develop a phenomenological model of the surface film build-up and 
break-down. The latter is presumed also to control the initiation of stress corrosion 
cracking. 
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The model is assumed to be based on first principles, i.e. fundamental physico-chemical 
mechanisms, instead of engineering fitting of observations, which can seldom be used for 
predictions. In order to ensure adequate modelling, uncertain or non-determined 
fundamental parameters have been set or adjusted within the range of reasonable values by 
evaluating well-defined or well-controlled in-plant observations or laboratory experiments. 

To achieve these goals, a new generation of the of the VTT model for surface films has 
been developed and will be used in the existing ALARA-ANT radiolysis/activity 
incorporation model in order to produce a model approach that is more deterministic, has 
an increased predictive ability and is smarter and/or more adaptive, i.e. able to take into 
account the effect of a variety of environments on the oxide films in a fully quantitative 
way. 

Specific goals in 2006 

• Experimental investigation of the interaction of the LWR oxides with coolant-
originating species. The objective of this task was to experimentally produce high 
temperature data that can be used to estimate surface complexation constants for 
adsorption reactions of different cations. The cation adsorption to oxide surfaces is 
the key reaction in activity incorporation. 

• Further development and quantification of the Mixed-Conduction Model of the 
oxide film emphasising surface complexation and reprecipitation. The objective 
was to further develop the Mixed-Conduction Model to be able to predict 
quantitatively the incorporation of minor species from the coolant into both the 
outer deposited layer and the inner compact layer of the film. The information 
obtained in the LWROXI project during 2004 on the compact film and that 
obtained in the item above are combined in order to cover all the possible paths for 
transport and incorporation of minor species in the oxide. 

• Critical analysis and evaluation of LWR data and benchmarking by comparison of 
plant data with model predictions. Critical selection and evaluation of plant data on 
water chemistry and activity build-up must be used in integrating the modelling 
approach to real process conditions. Experience has shown that a careful selection 
and/or processing of data to be used for benchmarking of models are of great 
importance. Such an evaluation is crucial in order the model to be compared to 
statistically viable and representative sets of data coming from plants running under 
a variety of pertinent water chemistries. The evaluation of well selected and 
processed plant data may sometimes be a more accurate way to determine model 
constants than laboratory testing.  

Deliverables 

• Research report: Further development and quantification of the Mixed-Conduction 
Model of the oxide film emphasising surface complexation and reprecipitation 
(VTT report VTT-R-10369-06). 

• Report: on LWROXI - Development of oxide model for activity buildup in LWRs - 
Plant data analysis (ALARA report 06-0041R). 

• Scientific paper: Estimation of the parameters of oxide film growth on nickel-based alloys 
in high temperature water electrolytes (submitted to Electrochimica Acta). 
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Figure 7. A schematic of the different stages and places of incorporation of Zn cations 
from the coolant. The formation of new Zn-rich phases is also shown. 

2.2.3 Concrete technological studies related to the construction, 
inspection and reparation of the nuclear power plant structures 
(CONTECH) 

The objective is the knowledge of the structural and durability behaviour of both 
prestressed and nonprestressed concrete structures. The results will be applied on the 
design of structures, development of inspection and reparation methods, controlling of 
ageing behaviour and getting prepared for and controlling of accidents. 

Specific goals in 2006 

1. Corrosion monitoring and evaluation of the need to repair. The applicability of 
corrosion monitoring methods in different cases was evaluated, the criteria for the 
need of reparation was determined and directions for the guidelines of reparation 
were given. 
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2. Internal curing agents. Instructions for use of internal curing agents in Finnish 
construction were given.  

3. Very rapid-hardening mortars and concretes. The shrinkage and heat generation of 
very rapid hardening mortars was determined. 

4. Continuous RH-measurements of some existing structures. The operation of cast-in 
RH-sensors in 7 bridges built 4 – 10 years ago for continuous RH-measurements 
was verified and the humidity of the bridges was measured. 

5. Preparing a test programme for long term durability field tests. The test programme 
was prepared. 

6. The effect of using formliners in concrete moulds on the chloride penetration. 
Laboratory tests are still under progress because of the slow chloride penetration 
rate. The research will continue till chloride penetration has progressed enough to 
get results. 

7. Concrete technological consulting. The parties participating the project were given 
small scale consulting in concrete technological matters. 

Deliverables in 2006 

1. Corrosion monitoring and evaluation of the need to repair. 

• P. Pitkänen & E. Punakallio, Korroosion ainetta rikkomattomat tutkimus-
menetelmät. Espoo: VTT. Research Report Nro VTT-S-11654-06. 42 p- (In 
Finnish). 

2. Internal curing agents. 

• L. Salparanta & A. Kronlöf, Betonimassan sisäiset jälkihoitoaineet. Espoo: 
VTT. Research Report Nro VTT-S-09596-06. 23 p. (In Finnish). 

3. Very rapid-hardening mortars and concretes. 

• P. Pitkänen & E. Punakallio, Erittäin nopeasti kovettuvan juotoslaastin 
kokeet. Espoo: VTT. Research Report VTT-S-10395-06. 3.11.2006. 7 p. 
(In Finnish). 

4. Continuous RH-measurements of some existing structures. 

• P. Räisänen & A. Kronlöf, Kahden sillan kansilaattojen RH-
seurantamittaukset. Espoo: VTT. Research report Nro VTT-S-09254-06. 
4.10.2006. 25 p + app. 2p. (In Finnish). 

5. Preparing a test programme for long term durability field tests. 

• Betonin säilyvyyden pitkäaikaisseuranta (DURAFIELD) - Tutkimus-
suunnitelma - Osa 1. Espoo: VTT. 23.1.2007. 22 p. (In Finnish). 
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• Betonin säilyvyyden pitkäaikaisseuranta (DURAFIELD) - Tutkimus-
suunnitelma - Osa 2. Espoo: VTT. 23.1.2007. 15 p. (In Finnish). 

Subproject CONSAFE 

The first objective was participation in OECD NEA Task Group meeting on Concrete 
Aging. 

The second objective was to lay the basis for a Safety Management System which includes 
regular inspections, prediction of condition, guarding of safety limits, securing the 
continuous use, prediction of repair actions and management of risks for concrete 
structures in nuclear power plants. 

Specific goals in 2006 

1. Participation in the OECD NEA Task Group on Concrete Ageing. 

2. Description and Implementation Plan for the Safety Management System of 
Concrete Structures in Nuclear Power Plants. 

Deliverables in 2006 

• Memorandum on the annual meeting of the OECD/NEA/IAGE CONCRETE WG in 
Cadarache on 31st March 2006. (Erkki Vesikari, in Finnish). 

• Vesikari, E. 2006. Service life management system of concrete structures in nuclear 
power plants. Will be published in VTT Series. 41 p.    
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Figure 8. Scheme for the Service Life Management System.  
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2.3 CONTAINMENT AND PROCESS SAFETY FUNCTIONS 

The area covers simulation of nuclear power plant processes, calculational and thermal 
hydraulics using both CFD-tools and APROS-code, experimental thermal hydraulics at 
Lappeenranta University of Technology (LUT) and severe accidents studies, where both 
experimental and calculational work is included. Altogether 10 projects have been included 
into this area. Due to practical reasons the area has been divided under two reference groups, 
the Thermal hydraulic group dealing with thermal hydraulic calculation methods and 
experiments and Containment group dealing with severe accident projects. In this field, 
training of new personnel as well as information on international research programmes has a 
vital role, too. 

2.3A  THERMAL HYDRAULICS 

Thermal hydraulic group covers the following projects: The integration of thermal-
hydraulics (CFD) and structural analysis (FEA) computer codes in liquid and solid 
mechanics (MULTIPHYSICS), Development of APROS containment model (TIFANY), 
Thermal Hydraulic Analysis of Nuclear Reactors (THEA), Archiving experiment data 
(KOETAR), Condensation pool experiments (POOLEX) and Participation in development 
of European calculation environment (ECE).  

2.3.1 The integration of thermal-hydraulics (cfd) and structural analyses 
(fea) computer codes in liquid and solid mechanics 
(MULTIPHYSICS) 

The main objective of the project is to improve modeling capabilities for Fluid-Structure-
Interaction (FSI) systems. The FSI problems are very common in industry, and there is a 
growing need to develop simulation tools for these problems. An important application in 
nuclear industry is the structural integrity of nuclear reactor core internals in Design Basis 
Accident (DBA). The specific case studied in the project is Large Break Loss of Coolant 
Accident (LBLOCA) and especially the pressure transient, which is caused by the 
guillotine pipe break. Tools used for the analysis are Computational Fluid Dynamics 
(CFD) and Finite Element stress and strain Analysis (FEA) codes. An original aim of the 
project was to study the possibility to develop one numerical model for system geometry 
with suitable meshing for all physical analysis, including both CFD and FEA modeling. 
However, quite soon it was noticed that the common meshing would decrease the quality 
of both analyses too much. The goal was updated to couple the separate CFD and FEA 
calculations through internal or external interpolation code. The FEA codes used in this 
work are NASTRAN and ABAQUS. The codes FLUENT and STAR-CD were used in the 
CFD side. The coupling was made using the internal coupling model ES-FSI of the STAR-
CD and external interpolation code MpCCI. Boundary conditions in the pipe break were 
calculated using system codes. 

Specific goals in 2006 

The MULTIPHYSICS project was finished as planned in December 2006. The most of the 
objectives of the project were achieved. The main tasks during year 2006 were 1) Full (two 
way) coupling of CFD and FEA codes, 2) One way coupling of system codes and CFD and 
3) Mechanical and thermal-hydraulic boundary conditions. 
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The objective of the first main task was to further develop the FSI calculation method so that 
the tool for real analyses is achieved. The main task was divided in two sub-tasks, which 
were 1.1) Linking of the FLUENT and ABAQUS codes and 1.2) Linking of the STAR-CD 
and ABAQUS codes. In both cases MpCCI was used to link CFD and FEA codes. 

The second main task included just one subtask, which was Estimation of the thermal-
hydraulic phenomena in the pipe break point and inside the reactor after the LBLOCA. 
APROS and TMOC codes were used to analyse thermal-hydraulic phenomena inside the 
reactor after the pipe break. 

The third main task included two subtasks, which were 3.1) Pipe break mechanics and 3.2) 
Timing of the biggest stresses of the reactor core barrel. In the subtask 3.1 the target was to 
make short study of the realistic pipe breaking phenomena. The subtask 3.2 included studies 
of the timing of the biggest stresses of the reactor core barrel after the pipe break. 

Deliverables in 2006 

Joint CFD-FEM Calculations of Pressure Transient in LBLOCA Using APROS, TMOC, 
FLUENT, STAR-CD and ABAQUS. 

 

 

Figure 9. Modelled reactor geometry. 
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Figure 10. Absolute static pressure (Pa) in the downcomer at different instants of time for 
the rigid wall CFD and ES-FSI calculations with the TMOC boundary condition. 
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Figure11. Von Mises stress (Pa) distribution on the outer surface of the core barrel at 
different instants of time calculated with the APROS boundary condition (top). 
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2.3.2 Development of APROS containment model (TIFANY) 

Objectives 

The main objective of the TIFANY project was to ensure that accuracy of APROS calcula-
tion, mainly in the containment part, is sufficient. Therefore the APROS containment 
model was validated against experimental results from thee different facilities. Validation 
work was also done in the thermal hydraulic model used for example to model the primary 
circuit of a nuclear power plant. The project also included some modeling improvements 
both in the containment part and in the thermal hydraulic model. 

Specific Goals in 2006 

1 Validation of the containment model 

This subtask aimED at validating the APROS containment model against well instru-
mented experiments presented below.  

1.1 Validation of the containment model against ISP-42 phase F 

In this task the APROS containment model was validated against phase F of the ISP-42 
experiment. ISP-42 experiment is carried out in PANDA-facility, which describes the 
European Simplified Boiling Water Reactor. The facility consists of six different vessels, 
two drywells (89.0 m3 each), two wetwells (115.9 m3 each) with suppression pools, reactor 
pressure vessel and one tank for gravity driven cooling system. 

The phase F describes severe accident conditions. In this phase steam and helium and 
steam were released from the pressure vessel into the other drywell. Lumped parameter 
codes tend to have problems with the stratification phenomena. In the experiment the 
helium stratifies in the top part of drywells while the steam flows mostly along the bottom 
part of the drywells. How much helium flows into the wetwells, has a large impact on the 
results. This stratification could not be modelled with APROS and the results were not 
entirely at satisfactory level. 

1.2 Validation of the containment model against ISP-47 Mistra experiment 

In this task the APROS containment model is validated against Mistra experiment, which 
is part of ISP-47. The facility consists of one 100 m3 vessel with three temperature 
regulated condensers close to the pressure vessel wall. In the Mistra experiment two 
pressure steady states areachieved, one in steam-air atmosphere and another in steam-air-
helium atmosphere. The aim was study the efficiency of condensation and to validate the 
models used in this condensation calculation.  

The pressure behaviour during the experiment could be modelled with APROS very well, 
as can be seen from Figure 12. The distribution of condensation in different condensers 
and in the vessel wall could not be modelled that well and there are some differences to 
experimental results. However, the results are in general very good. 
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Figure 12. Total pressure in ISP-47 Mistra experiment and in APROS with different 
nodalizations. 

1.3 Validation of the containment model against Pacos Px1.2 experiment 

The Pacos Px1.2 experiment is a spray experiment conducted in Battelle Model 
Containment. The facility consists of one 650 m3 vessel, divided in nine compartments. 
One of the compartment is equipped spray nozzles and one with steam injection. The aim 
was to validate the spray model of APROS containment model.  

2 Development of APROS containment model and thermal hydraulic model 

2.1 Addition of pump component 

In this task a basic pump component was added into the containment model of APROS. 
Using this pump also fans may be modelled. This new feature allows modelling for 
example ventilation systems in the containment and adjustment of gas flows into desired 
values. 

2.2 Model changes in validation process 

This subtask included changes in the source code that were needed for the validation runs. 
The changes were mainly related to output parameters, but also small modelling changes 
were made. 

2.3 Interaction between phases 

The Counter Current Flow Limitation (CCFL) correlations in APROS thermal hydraulic 
model are not entirely valid in BWR and western PWR cores. This subtask included 
improving and validating the correlations to BWR conditions. For this purpose FRIGG 
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experiments were calculated with APROS and parameters of correlations are tuned to 
correspond the experimental results.  

Deliverables 

Following reports are delivered in this project: 

Poikolainen, .J. Validation of APROS 5.06 containment model against International 
Standard Problem No. 42 phase F. Research report VTT-R-10905-06, 24+2 p., VTT, 24 
November 2006. 

Silde, A. Simulation of Steam Condensation Experiment (ISP-47) on Mistra Facility with 
the Containment Model of APROS 5.07. Research report VTT-R-11722-06, 47p., 22 
January 2007. 

Hänninen, M. Validation of APROS Interface Friction Correlations. Research report VTT-
R-11783-06, 26 p., 8 January 2007. 

Harti, M. & Ahtinen, E. Validation of APROS containment Model against PACOS Px1.2 
Experiment. Fortum Nuclear Services, Report TERMO-542 Draft, 9 February 2007. 

Improvements are also reported in the existing APROS documentation if necessary. 

2.3.3 Thermal Hydraulic Analysis of Nuclear Reactors (THEA) 

Objectives 

The objectives of the project were to develop calculation tools and increase understanding 
of thermal hydraulic phenomena. These capabilities are essential for safety related analyses 
of nuclear power plants and for supporting safety authorities in licensing related tasks. 
Good understanding and up to date and reliable calculation tools are important in analysing 
both the primary and secondary systems and the containment of the nuclear power plant. 
The project aimed also at educating new experts capable of understanding the thermal 
hydraulic phenomena, of using simulation tools and of programming thermal hydraulic 
models. 

Specific Goals in 2006 

The goals of the project were to improve APROS code, to apply Fluent CFD code in 
calculation of steam condensation and participate in testing of NEPTUNE thermal-hydraulic 
tool. 

The specific coals in APROS validation were to recalculate the OECD/PKL benchmark 
(test E3.1) with a revised model to simulate better water over spilling in the steam 
generator U-tubes. This is essential for predicting boron dilution in mid-loop operation due 
to condensation in the steam generator. The second task was to create an APROS model of 
ROSA test facility and to calculate one experiment in OECD/ROSA research program. 

In CFD containment analysis the goal was to continue condensation model testing by 
calculating the MISTRA test in which helium was injected into the test vessel. 
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Deliverables in 2006 

A calculation benchmark was organised in OECD/PKL research program, which studies 
boron dilution due to reflux condensation in steam generator. In the benchmark the test 
PKL III E3.1 boron dilution during a loss of residual heat removal system at mid-loop 
operation was recalculated with APROS. Steam generator U-tubes were divided in four 
parallel groups in the model to better account different flow conditions and non-
condensable gas concentration in the tubes (Figure ). During the reflux boiling 
condensation mode the accumulation of condensed water and non-condensable gas in the 
U-tubes affects water spilling over the tubes and thus start up of natural circulation. 
Simulation results were satisfactory during the heat up stage, but the intermittent overflow 
in shortest U-tubes was not properly simulated. Therefore the calculated primary pressure 
rose higher than in the experiment.  

Timing and amount of the overspill depends highly on the distribution of the water and the 
nitrogen within the primary side components. Counter current flow of steam and water in 
the U-tubes of the active steam generator holds liquid in the U-tubes and forms stratified 
condition. Two CCFL-correlations available in APROS with different values of the C 
parameter were tested, but interfacial friction in the calculations seemed to be too high in 
all cases. As a result of an excessive accumulation of water in the U-tubes, heat transfer 
was smaller than in the experiment and pressure stabilised at too high level. Due to the 
inaccurate simulation of over spilling of unborated condensate, the slug of unborated water 
was not properly simulated. Similar problems were found in the calculations with other 
codes too. The reasons for discrepancies in the calculations will still be further studied in 
the OECD/PKL project. 
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Figure 13. Nodalization of PKL steam generator primary and secondary sides in APROS 
model. 
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An APROS model for the ROSA test facility was created. ROSA is a large 1/48 scale 
model of a Japanese power plant, but is in principle similar to other plants with vertical 
steam generator and allows therefore studies, relevant for OL3. The APROS model is 
shown in Figure xx. The first test in the OECD/ROSA research project, test 6.1, was 
calculated with APROS. The test simulates break up of the penetration nozzle of the 
control rod drive mechanism forming a small 1.9% leak in the upper plenum. The 
calculated main parameters were in good agreement with measurements.  
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Figure 14. APROS model of ROSA test facility. 

Condensation of steam on wall was simulated with CFD code Fluent which was modified 
with a condensation model. The atmosphere in the MISTRA test contained air and steam in 
the first and additionally helium in the second case. The calculated steam and helium 
fractions are shown in Figure xx. The condensation rate compared to experimental values 
show rather good agreement. The end pressure in both cases was calculated with good 
accuracy. The work is part of European SARnet co-operation. 
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Figure 15. Volume fraction of steam and helium calculated with the fine grid. 

2.3.4 Archiving experiment data (KOETAR)  

The objective of the KOETAR project was to save, check, and archive data and documents 
of the thermal-hydraulic experiments performed with different facilities at Lappeenranta 
University of Technology. Data and documents were on several media from CD disks to 
printed papers. Some of the data and documents were even on media that are not 
compatible anymore with the hardware and software in use today. 

The work was done in 2006 following the priority classification updated in SAFIR 
research program in 2003. The checked data and documents were archived in the STRESA 
database maintained by the Nuclear Safety Research Unit at Lappeenranta University of 
Technology and in CD and DVD disks. 

Specific goals in 2006 

Specific goals in 2006 were to save, check, and archive data and documents of the thermal-
hydraulic experiments performed at Lappeenranta University of Technology in STRESA 
database and in CD and DVD disks following the plan written and approved in the 
previous FINNUS research program. 

Usability of the data was checked first. Then the volt data was converted to engineering 
units and all the measured channels were checked. The data that was only on printed 
papers was scanned. The checked or scanned data and the documents related to the 
experiment were archived. 
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Figure 16. The arrangement of the STRESA database. 

Deliverables in 2006 

The checked or scanned data and the documents were archived in the STRESA database 
maintained by the Nuclear Safety Research Unit at Lappeenranta University of Technology 
and in CD and DVD disks. 

2.3.5 Condensation pool experiments (POOLEX) 

The objective of the project is to increase the understanding of different phenomena taking 
place in a suppression pool during steam discharge by carrying out experiments with a 
condensation pool test rig at Lappeenranta University of Technology. These phenomena 
could be connected to bubble dynamics issues (bubble growth, upward acceleration, 
detachment, break-up), pool swell, direct contact condensation and pressure oscillations. 
To achieve this understanding the associated phenomena have to be measured with 
sophisticated, high frequency instrumentation and data acquisition system and/or captured 
on film with a high-speed camera. For example, to estimate the loads on the pool structures 
by condensation pressure oscillations the frequency and amplitude of the oscillations must 
be known. Furthermore, strains on the pool wall at exactly defined locations have to be 
measured for the verification of structural analysis. The final result of the project will be a 
database, which can be used for testing and developing computing methods used for 
nuclear safety analysis. The project also gives an opportunity to strengthen cooperation 
between researchers from the thermal hydraulic and structural analysis branches of the 
programme. 

Specific goals in 2006 

Specific goals in 2006 included two different experiment series with the upgraded 
condensation pool test rig and the planning and construction of a new test facility including 
both the dry well and wet well compartments of the containment and withstanding 
prototypical system pressures. The effect of non-condensable gas among steam on pressure 
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loads was studied in an experiment series, where a known mass fraction of air was 
discharged with steam into the condensation pool. Pressure pulses inside the blowdown 
pipe as well as on the pool bottom were measured with high frequency sensors. Strains on 
the bottom rounding of test rig were measured, too. Different aspects of chugging 
phenomenon were studied with the help of high frequency measurements and data 
acquisition in the other experiment series carried out in 2006. Improved instrumentation 
near the blowdown pipe outlet and close to the water surface were used. Experimental data 
for modelling the connections of fluid dynamics and structural analysis was produced. A 
new test facility including a model of the dry well compartment was designed and 
constructed. This new facility will further increase the applicability of the experiment 
results as the focus of research moves towards integral experiments and the pressure 
feedback effects can also be taken into account. 
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Figure 17. Effect of air among steam on pressure pulses at the pool bottom (Air is 
introduced at 15 s). 
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Maximum pressure pulses in the blowdown pipe as a 
function of air mass fraction among steam flow
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Figure 18. Maximum pressure pulses inside the blowdown pipe as a function of air mass 
fraction. 
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Figure 19. New two-compartment PPOOLEX test facility. 

Deliverables in 2006 

• Three combined effects experiments were carried out in spring 2006 to investigate the 
effect of non-condensable gas among steam discharged into a large water pool. Each 
experiment had several individual blows of steam and steam/air mixture. The steam 
mass flux ranged from 5.5 to 13.1 kg/m2s and the air mass fraction of the total flow 
from 0.6 to 8.9%. Pool water bulk temperature varied from 40 °C to 70 °C. The DN200 
blowdown pipe was submerged by 2 m. Visual material from steam bubble formation 
at the blowdown pipe outlet both with and without non-condensable gas was produced 
with the digital high-speed video camera. 

• The nature of the condensation phenomenon changes drastically, when air is mixed 
with steam. Air, even in quantities less than 1%, reduces the condensation rate 
considerably. High pressure pulses registered inside the blowdown pipe due to water 
hammer propagation during chugging almost disappear when the combined discharge 
period of steam and air starts. With non-condensable gas fractions above 3% the 
damping of pressure oscillations inside the blowdown pipe is practically complete. The 
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experiments demonstrated the strong diminishing effect that even small quantities of 
non-condensable gas can have on dynamic unsteady loadings experienced by 
submerged pool structures. 

• A new two-compartment test facility withstanding prototypical BWR containment 
pressures was designed and constructed. Main component of the facility is a ~31 m3 
cylindrical vessel, 7.45 m high and 2.4 m in diameter. It can be operated up to 190 °C 
and 0.4 MPa overpressure or down to 0.05 MPa underpressure. The vessel sections 
modeling dry well and wet well are volumetrically scaled according to the 
corresponding volumes at the plant. An intermediate floor separates the upper drywell 
compartment from the lower wet well compartment. The number, diameter and 
location of the blowdown pipes can be varied from one experiment series to another. A 
possibility for experiments at atmospheric pressure remains since the vessel head of the 
new facility can be removed. 

• Measurement results of the experiments in 2006 can be found from the experiment 
database maintained by the research group. 

• Information related to the progress of the OECD/SETH Programme was distributed. 

2.3.6 Participation in Development of European Calculation 
Environment (ECE))  

The goal of the ECE project is to take part in the development and validation process of the 
new Common European Standard Software Platform for modeling, recording, and 
recovering computer data for the simulations of next-generation nuclear reactors. A key 
activity of the project is also to maintain good relations and increase contact intensity to 
the European nuclear research community. The participation ensures the access to use the 
new platform and new simulation tools. The project gives a possibility to increase 
educational competence and to acquire readiness to use new two-phase flow simulation 
tools. 

Concrete objectives of ECE are to select, evaluate and convert suitable steam blowdown 
experiment data from the condensation pool test series of the SAFIR/POOLEX project and 
to use these selected experiment results for development and validation of new simulation 
tools. 

The experiment results must be investigated thoroughly to ensure the suitability, quality 
and accuracy of the results for validation purposes. The data will then be converted and 
new conversion tools developed. The new simulation tools will be installed to the 
SALOME platform for and tested for the validation purposes of the CFD modeling. The 
SALOME is an open source platform for numerical simulation integration and supported 
by Linux operating system 

Specific goals in 2006 

Specific goals in 2006 in “Calculations with new simulations” subproject included the 
installation and testing of new simulation tools in the SALOME environment at LUT. 
Selected POOLEX test is used for validation of condensation models of NEPTUNE. 
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NEPTUNE is installed in a Linux system, and is fully functional. Validation case 
documents and theory manual of NEPTUNE have been received. An initial version of the 
calculation grid has been developed and tested in NEPTUNE. A number of initial 
water/steam-simulations have been calculated using experimental data. 2D-axisymmetric 
and full 3D grids have been used. Simulation in 3D geometry has started. Air as 3rd phase 
has caused problems in simulation. Simulations with STB-31 values indicate very rapid 
condensation if Hughes-Duffey model has been used and air effects have not been taken 
into account. Researcher visit of two months in CEA Grenoble started in November 2006. 

In “Delivery of experiment data” subproject the experiment results from the SAFIR/ 
POOLEX project have been converted and delivered. The data processing of the POOLEX 
test for NURESIM validation (STB-31) has been performed and a test report has been 
written. In POOLEX test STB-31 the thickness of gas layer in the pipe exit has been 
checked using temperature data and a report has been written. 

 
Figure 20. Simulation results of POOLEX test. Steam velocity is an order of magnitude 
higher than in the experiment. 

Deliverables in 2006 

NEPTUNE condensation models have been validated using 2D and 3D grid for POOLEX 
test STB-31. Results have been reported to NURESIM project. 

Amount of air present in the steam/water interface close to the blowdown pipe outlet in test 
STB-31 has been studied and reported. 
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2.3B CONTAINMENT 

The Containment group includes the following projects: Wall response to soft impact 
(WARSI), Impact Tests (IMPACT), Cavity phenomena and hydrogen burn (CAPHORN) 
and Behaviour of fission products in air-atmosphere (FIKA). 

2.3.7 Wall response to soft impact (WARSI) 

Objectives 

The main aim of the project is to develop and take in use methods for predicting response 
of reinforced concrete structures subjected to impacts of deformable projectiles that may 
contain combustible liquid, such as jet fuel. Also release and spreading of liquid from 
fragmented missiles will be dealt with. This project also assists the IMPACT project in 
planning the tests besides assessing and analysing the test results.  

Specific Goals in 2006 

The work will be prioritised and planned in detail together with the Technical Advisory 
Group.  

1 Pre-calculations for tests 

Pre-calculations needed in planning the tests were continued and the work was carried out 
in co-operation with the experts of IRSN. Especially, tests for determining the penetration 
depth of deformable soft missiles needed to be carefully planned.   

2 Post-calculations for tests 

First, the post-calculations for the tests carried out in the end of 2005 were be finalised. 
This information was needed in planning the tests for 2006.  

So far, the test missiles in the IMPACT project were constructed using easily available thin 
walled steel pipes stiffened with For the sake of comparison, tests with thin walled 
aluminium missiles were needed in order to assess the effect of material properties on the 
impact behaviour of the projectiles. Numerical methods were applied in planning the tests 
with aluminium model missiles and in assessing the impact test results. 

Numerical simulation work was focused on some selected wall tests and several sensitivity 
studies were carried out. 

Jet fuel release and spreading 

The task supported the planning of the IMPACT test arrangement in order to quantify how 
liquid is released and spread from ruptured projectiles. For example, the liquid release 
velocity in the vicinity of impact location, wet pool area on floor, spread of liquid spray 
far-away from the impact location, and droplet size are possible measured variables. Other 
measurement arrangements were also considered. 

Primary objective of Task 3 is to analyse and report the main results of the IMPACT tests 
relating to liquid release and dispersal. If some resources remain, analytical and/or 
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numerical methods will be applied in assessing the liquid spreading, and the calculation 
results will be compared against the IMPACT test data.   

Deliverables 

The results of this work, methods and calculation tools can be applied in predicting 
structural behaviour of impact loaded structures and in assessment of pressure loads caused 
by deformable missiles filled with fluid. Also the know-how and calculation methods 
developed during the project can be applied in assessing the fuel spreading and combustion 
phenomena under impact conditions. 

 

 

 

 

 

 

 

Figure 21. Missile after test and the calculated deformation by ABAQUS/Explicit FE-code. 
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Figure 22.  Reaction force in the 3D and axisymmetric analyses and in viscoplastic Riera 
calculations with two different parameter sets. 

Tools, models and methods have been developed for determining impact force-time 
functions for different types of missiles. Nonlinear reinforced concrete wall analysis tools 
were developed. Numerical results were verified against experimental data. 
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Fuel dispersion in impact 

Fuel release and dispersal from impacting projectiles was studied. Drop size, liquid front 
velocity and extent of dispersal were predicted based on impact tests. Simulation of fuel 
dispersal was carried out with Fire Dynamic Simulator (FDS) code 

 

 

 

 

 

 

 

Figure 23. Extract from the simulation of fuel dispersal with Fire Dynamic Simulator 
(FDS) code. 

 

2.3.8 Impact tests and testing facility (IMPACT) 

The main aim of the project is to develop and take in use methods for testing response of 
reinforced concrete structures to impacts of deformable projectiles that may contain 
combustible liquid, such as jet fuel. Also spreading pattern and drop size of liquid spray 
release from fragmented missiles will be measured. 

Specific goals in 2006: 

The test apparatus was modified at the beginning of year 2006. The missile is moving on 
the rails at the top of the acceleration tube. This method allows other shapes than rounded 
cross section. In June the tests have been done against concrete walls. The fixing of the 
piston catcher and the back frame has designed in a new way by bolting the frames through 
the floor and using extra steel plates under the floor. 

A new data acquisition system was designed and built up. This system allows data 
acquisition on 16 channels at a rate of 100 000 samples per second. Other high speed 
camera has been bought and used to photograph tests. Now it is possible to have high 
speed video at the rate of 1000 frames/second on both side of the wall. Infra red camera of 
VTT has been used in some test. Five deflection sensors have been used in each concrete 
wall test and acceleration has been measured by mass-shaft accelerometer at the back of the 
missile in order to have the deceleration of the missile during impact. 
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The supporting system for the concrete walls was made and installed. The wall itself is 
supported to the rock wall using 4 pipes (Figure 24b). The new force plate was installed 
and calibrated (Figure 24a).  

At the end of year 2006 about 60 tests have been done in SAFIR project. In the year 2006 
12 tests have been done using force plate and 8 tests using concrete wall as a target. Two 
concrete walls have been prepared and will be shot at the beginning of year 2007. Also 
material tests and static tests for the missile have been performed in 2006. 

 

 

a) New force plate in front of the impact wall 

 

b) Supporting pipes at the back of the wall 

Figrue 24. Impact wall and force plate. 

Deliverables in 2006 

At the beginning of the year 2006 the facility was developed to measure force-time 
function using new force plate, which was supported tightly to the rock using 4 back pipes. 
Also the impact forces can be measured by strain gauges installed on the back pipes behind 
the wall. The tests have been done using original steel pipe or aluminium pipe as a missile. 
The target has been concrete wall with rebars on front and back surface of the wall. The 
deflection of the wall has been measured using deflection transducer on the front and back 
surfaces and also the strains with strain gages glued on rebars inside the wall. In Figure xx 
is performed still figures of high speed video (1000 frames/second) of aluminium missile 
during collision onto the wall. The velocity of the missile was 110 m/s and mass 50 kg 
with the weight at back. The photo of the missile and concrete wall after the test is shown 
in Figure 25. 
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Figure 25. High speed camera photos of steel pipe missile while collision onto the wall. 
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Figure 26. Steel pipe missile and concrete wall after collision. 

During the test the collision of missile is photographed by two high speed video cameras 
and the speed is measured by high speed laser sensors. In Figure xx is shown the speed 
measurements of laser sensors in the test above. The actual speed of the missile can be 
calculated using these results. 
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Figure 27. Laser sensor measurements for calculating the speed of the missile. 

2.3.9 CAvity Phenomena and HydrOgen buRNs (CAPHORN) 

The key goal of the CAPHORN-project is to investigate physical phenomena that occur in 
the reactor cavities, i.e. core-concrete interaction and debris coolability. The second target 
issue is enhanced maintenance of competence in the area of analytical assessment of 
hydrogen combustions. Thirdly, the plant models of OL1 and OL2 as well as LO1 and 
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LO2 for new MELCOR release 1.8.6 will be updated and e.g. two selected accident 
scenarios will be analysed and reported. The work will partly serve also the education of 
new experts for plant analysis. And last, the follow-up and participation of major 
international research projects in the area of severe accidents will be carried out as part of 
the project. 

Specific goals in 2006 

The detailed design and construction of a test facility for measuring the interaction of 
metallic melt and sacrificial concrete will be carried out in 2006. The overall design of the 
test facility was performed in the SANCY project as a diploma thesis. Appropriate pre- and 
post test calculations will be performed. The test facility is to comprise a separate furnace 
for melt generation and a test section with concrete crucible into which melt is poured. The 
test vessel is constructed of concrete that resembles that used in OL3. Another goal is to 
further develop analytical methods for particle bed dryout heat fluxes. The models will be 
assessed against the STYX test data. This work will also be part of the EU network 
SARNET collaboration. The main purpose of the task is to provide an analytical tool 
applicable e.g. for debris beds for Olkiluoto BWR plants. The third goal is to acquire and 
implement TONUS code developed by CEA/France for hydrogen distribution and 
combustion studies. The work will comprise a hands-on user training at CEA/Saclay. The 
code performance and “tuning” for plant applications will be performed by calculation of 
selected experiments. And last the international collaboration will comprise CSARP by USNRC 
and follow-on project of MCCI of OECD. 

Deliverables 

The HECLA test facility was constructed at VTT for molten metal-concrete interaction 
studies. The facility comprises an induction furnace capable of heating up a maximum 
50 kg of stainless steel up to 1900 oC and a test section housing the concrete crucible and 
with capacity of maintaining inert gas (N2) atmosphere. The first HECLA -1 test was 
successfully performed with 20 kg of stainless steel melted to 1600 oC and poured into 
siliceous concrete crucible (Figures 28, 29 and 30). The test facility operated well and 
safely. Only marginal concrete erosion was observed in the first test. Further tests will be 
performed in the current COMESTA project with higher melt temperature and mass and 
varying concrete type. 

The WABE code developed at IKE Stuttgart was obtained and implemented at VTT. 
WABE is a code capable of modelling particle bed coolability in 2D geometry. A total of 5 
different STYX tests – both homogeneous bed and stratified bed tests – have been 
calculated with WABE. The results look promising in twerms of applicability of the code 
to Finnish BWR applications. The work contributes also to EU SARNET project. 

The French TONUS 3D code for estimation of hydrogen behaviour has been acquired from 
CEA. One research scientist has participated in code user training at Saclay and during her 
stay two previous flame acceleration tests were calculated with the code. The calculated 
FLAME tests were performed in the 1980’ies in Sandia National Laboratories. The 
calculated results agree reasonable well with the measured flame speeds and pressures. 
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Figure 28. Hot stainless steel melt in the 
HECLA-1 crucible (siliceous concrete). Melt 
thermocouples penetrating the pool from the 
top. 

Figure 29. Frozen HECLA-1 melt pool after the 
test. Probably chromiumoxide rich material 
near the interface with concrete (ring). Uneven 
surface caused by gas bubbles. 

 
Figure 30. Stainless steel ingot of HECLA-1 cut vertically. Visible holes in the ingot are frozen 
gas/steam bubbles. 
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2.3.10   Behaviour of fission products in air-atmosphere (FIKA) 

The objectives 

In this project the ruthenium behaviour in an air ingress accident, especially during plant 
maintenance operations, was experimentally studied. The objective was to investigate the 
effect of steam partial pressure, temperature, flow rate and aerosol seed particles on 
ruthenium transport and speciation in the primary circuit. In this project also the catalytic 
effect of RuO2 on RuO4 and/or RuO3OH decomposition, which has been claimed to have 
taken place in previous studies, was assessed. 

Results from the ruthenium transport and speciation experiments were discussed in the 
frame of SARNET and NKS networks. ENEA and IRSN will participate in the 
interpretation of VTT’s ruthenium experiments. The results are linked with ruthenium 
release experiments carried out by EDF, CEA, AECL and KFKI AEKI as well as studies 
of ruthenium behaviour in the containment, which are conducted by IRSN and Chalmers 
Technical University. 

Phebus FP is a large scale facility, where phenomena taking place in a severe nuclear 
accident have been experimentally studied in realistic conditions. In this project the work 
done at the Phebus FP program was followed up. The objective in year 2006 was to review 
aerosol transport section of the Phebus FPT-2 final report. Especially significant was to 
interpret the role of revaporisation on the transport of volatile fission products as in FPT-2 
experiment it was, for the first time, directly measured. VTT also participated in an 
international experts group on the potential future uses of the Phebus facility in nuclear 
safety research. 

International Source Term Programme (ISTP) is a cooperative research programme on 
severe accidents based on separate-effect experiments. The results from these experiments 
allow improving models used for source term evaluation studies. The objective in this 
project was to participate in the design of the facilities and the experiments. 

In Artist experimental program fission product retention in the structures of a steam 
generator is studied in tube rupture scenarios. The project provides a unique database to 
support safety assessments and analytical models. The objective of the study is to carry out 
aerosol measurements in ARTIST integral experiments, conduct aerosol deposition and 
resuspension experiments and model particle resuspension form surfaces. 

Specific goals in 2006 

1. Ruthenium behaviour 

In this subproject ruthenium transport and speciation in primary circuit conditions is 
experimentally investigated. Experiments on the effect of steam partial pressure and gas 
temperature were started in 2005. More experiments, especially with high steam volume 
fraction, are conducted in order to form a data base for transport model validation 
purposes. Experiments with radioactive tracer provide completely new information on 
ruthenium transport kinetics and deposition.  
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In most experiments the transport of gaseous ruthenium has been inhibited by the presence 
of stainless steel surfaces. The reason, why this did not happen in all experiments, was not 
clear. It was suspected that deposited RuO2 particles on the steel surface may catalyse 
decomposition of gaseous RuO4 at low temperature. In order to verify this, a method to 
produce RuO4 gas is developed. Gaseous RuO4 will be fed into the system in order to 
verify, whether it will be partly decomposed to RuO2 in the experimental facility. Further 
experiments on possible catalytic reactions are conducted using metallic and oxidised steel 
sample plates with and without RuO2 particle deposition on the surface. 

2. Phebus FP 

In this subprogram the work done at the Phebus FP is followed up. 

In year 2006 two Phebus follow up meetings are participated. Fission product deposition, 
resuspension and revaporisation in the primary circuit of the test facility are analysed. 
Fission product transport section of Phebus FPT-2 final report is reviewed. Also meetings of 
an international experts group to study potential future uses of the Phebus facility in 
nuclear safety research are participated. 

3. International Source Term Program (ISTP) 

In this subprogram ISTP follow up meetings are participated. VTT contributes in the 
planning of CHIP facility and experiments. Sampling systems, fast low-loss quench systems 
and flow control systems for high and low temperature zone of the CHIP facility are 
designed and their construction and testing is started. 

4. ARTIST resuspension experiments 

In this subprogram experiments on aerosol deposition and resuspension in internal tube 
flow are conducted. In the experiments resuspension of particles are measured online using 
a previously developed technique based on light transmission. Facility for experiments will 
be re-equipped in order to reach high flow rates required for particle resuspension. 

Planning and interpretation of ARTIST experiments are participated. VTT provides aerosol 
measurement instrumentation and expertise to PSI for the remaining ARTIST integral 
experiments. Particle size distribution and shape factor are analysed from samples provided 
by PSI. 

Deliverables in 2006 

• A scientific paper “Iodine behaviour under LWR accident conditions: Lessons learnt 
from analyses of the first two Phebus FP tests” was published in Nuclear Engineering 
and Design Vol. 236 (2006).  

• An abstract “Transport av ruthenium-oxider” was published in Proceedings of Nordic 
Nuclear Safety Research Status seminar, 10-11.5.2006. 

• An abstract “Transport of ruthenium in diverse oxidising conditions” was published in 
Proceedings of International Aerosol Conference 2006, 10-15.9.2006. 
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• An abstract “Measurement and Modeling of Fine Particle Resuspension in Turbulent 
Tube Flow” was published in Proceedings of International Aerosol Conference 2006, 
10-15.9.2006. 

• An abstract “Transport of ruthenium in diverse oxidising conditions” was published in 
Proceedings of Nordic Society for Aerosol Research Aerosol Symposium 2006, 9-
10.11.2006. 

• An abstract “Transport of ruthenium in diverse oxidising conditions” was published in 
Proceedings of Nordic Nuclear Safety Research YoungRad seminar 2006, 14-
15.12.2006. 

• An abstract “Experiments on the behaviour of ruthenium in air ingress accidents” was 
accepted in International Congress on Advances in Nuclear Power Plants 2007, 13-
18.5.2007. 

• An abstract “Characterization of TiO2 agglomerates for the investigation of aerosol 
behaviour in a steam generator tube rupture event” was accepted in International 
Congress on Advances in Nuclear Power Plants 2007, 13-18.5.2007. 

• An abstract “Progress on ruthenium release and transport under air ingress conditions” 
was accepted in Meeting on Severe Accident Research 2007, 12-14.6.2007. 

• A progress report “Experiments on the behaviour of ruthenium in air ingress accidents” 
was published 24.6.2006. 

• A Report “Review of the Phébus FPT2 Final Report, draft April 2006” was published 
4.10.2006.  

• A final report “Experiments on the Behaviour of Ruthenium in Air Ingress Accidents – 
Final Report” was published 6.2.2007. 

• Phebus bundle interpretation circle (BIC), containment chemistry interpretation circle 
(CCIC), circuit and containment interpretation circle (CACIC) and scientific analysis 
working group (SAWG), Phebus Experts Group meetings as well as ISTP circle 
meetings were participated in April and October. A travel report and meeting minutes 
were distributed to the reference group. 
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Figure 31. The amount of gaseous ruthenium (RuO4) was determined from trapping bottles 
using instrumental neutron activation analysis (INAA.  

 

 

 

Figure 32. Aerosol size and elemental composition was successfully measured in Phebus 
FPT-3 experiment. 

2.4 AUTOMATION, CONTROL ROOM AND INFORMATION 
TECHNOLOGY 

The area includes currently two research projects: Interaction approach to development of 
control rooms (IDEC )and Software qualification – error types and error management in 
software life-cycle (QETES). This area has a close connection to the ASDES project and 
one subproject of the PPRISMA in the area of Risk-informed safety management. 
Additionally, the work done beyond SAFIR in Finland in the projects related to the 
renewal of existing control rooms and in connection of the new unit as well as work in 
some international projects will be discussed and reported in the reference group.  



 

 
60

2.4.1 Interaction approach to development of control rooms (IDEC) 

The project aims at formulating a scientifically founded method for the evaluation of 
human-system interfaces of complex industrial systems. In the project the structure of a 
method, including a set of indicators and evaluation criteria will be created. In IDEC 
project the evaluation method and criteria will be developed in connection with NPP 
control room design cases. The evaluation framework under development in IDEC project 
is called Contextual Assessment of Systems Usability (CASU). 

Specific goals in 2006  

1. Conceptualisation of the NPP modernisation process from V&V point of view 

2. Testing of Contextual Assessment of Systems Usability method in specific design 
cases 

3. Synthesis of IDEC results in a book: 

4. Dissemination of results 

5. Participation in OECD / NEA WGHOF 

Deliverables in 2006  

1. Reports and several articles in international forums describing the modernization 
processes of the Finnish NPP’s and comparative analyses were accomplished. 

2. The CASU method was tested: a) in first phases of the Finnish modernisation processes 
(both Fortum and TVO): Analyses of design rationale, analysis of style guides, analyses 
of new design pilots; Conference papers delivered; b ) in experimental analyses of 
interface design concepts. Conference paper delivered.  

3. The IDEC book manuscript is under preparation.   

4. Two workshops organised. 

5. Active participation in meetings and workshops. 

 

 

 

 

 

 

Figure 33. Examples of interface designs that were used in the experiments in IDEC 
project. 
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2.4.2 Software qualifiction – error types and error management in 
software life-cycles project, QETES  

The QETES-project gives a new approach to classify software defects. The approach is 
based on the three aspects of computer semiotics: syntactic, semantic and pragmatic. 
Previously several defect classifications have been proposed in software engineering, but 
most of them do not focus on the defect detection and prevention. The new approach 
supports to identify, which type of defects can be eliminated by each of the available 
means. This makes the qualification of safety critical software more effective and helps to 
assess the coverage of fault elimination. The proposed computer semiotic classification of 
defects has been validated by studying a number of incidents involving software errors.  

As syntax defects are reliably caught by compilers, some semantic and pragmatic defects 
are more cumbersome. Those semantic defects that cause run time errors can be reliably 
caught by on-line self checks, but for instance domain factual errors are independent of 
software development and implementation; they can be caught only by expert assessments 
and diverse redundancy (Figure 1). Pragmatic errors cover several kinds of 
misinterpretations between components as several previous incidents due to software errors 
have been indicated. Even if pragmatic errors can be detected by experimental means and 
self diagnostics, the best means to avoid them is careful study of interaction behavior of 
components that have different features.  
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Figure 34. For software with a single component, syntactic faults and run time errors can 
be detected reliably, but logic, performance and factual errors with great difficulty. 

Specific goals 2006 

1. Recommendations for evaluation framework. Preliminarily determined error types from 
the results of the 2005 research work will be finished to fit to consideration of error 
management methods. The main aim of this subproject is to publish recommendations for 
evaluating software engineering documents appropriate for the application I&C projects.  

2. Explanation for estimation of probabilities for different error types. This subproject aims 
at consider how users and inspectors can estimate the likelihood of potential software 
errors types of I&C system.  
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Deliverables 2006 

1. Recommendations for error management methods to cover computer semiotic defects. A 
new approach for the classification of software defects has been developed. The approach 
is based on three aspects of computer semiotics: syntactic, semantic and pragmatic. Syntax 
faults are incorrect use of language; the program does not pass by the compilers. Typically 
semantic errors are a discrepancy between two development layers of the software life-
cycle; whereas pragmatic errors occur between components on the same development 
layer. Previous defect classifications have been studied and set preliminary requirements 
for classifications: orthogonality and completeness. The concepts of the Semiotic Triangle, 
the Environment Triangle, the Dependence Onion, and the Failure Onion have been 
defined for focusing the semiotic aspects as orthogonal and completeness as possible.  

2. Estimating computer semiotic defects. The proposed computer semiotic classification of 
defects has been validated by studying a number of incidents involving software errors. 
Results of the validation are reported. Evaluation of error management methods in 
different phases of automation project has been reported. 

2.5 ORGANISATIONS AND SAFETY MANAGEMENT 

Currently the work in SAFIR in this area is performed in the project Organisational culture 
and management of change (CULMA) and Disseminating tacit knowledge and expertise in 
organisations (TIMANTTI). In this area the two projects work in close co-operation.  

2.5.1 Organizational culture and management of change (CULMA) 

The main objective of the CulMa-project (2003-2006) was to increase the understanding of 
the effects of organizational factors on nuclear safety. The project aimed to produce 
knowledge of the effects of organizational culture, organizational changes and different 
ways of organizing work on nuclear safety. The practical goal was to develop methods and 
models for taking organizational factors into account e.g. in change situations and 
development initiatives so that all of the criteria for an effective organization (safety, 
productivity and health) are adequately considered. The project also continued the work 
started in FINNUS/WOP aiming at developing a methodology for assessing the 
organizational and safety culture at NPPs. The project was carried out in case studies in 
close cooperation with the power plants. 

Specific goals in 2006 

In 2006 the work in the CulMa-project aimed at integrating results from the previous years 
and reporting and communicating them to the nuclear industry. Also, aim was to finish the 
case studies at the Power Plant Engineering and maintenance at TVO. These aims 
promoted the clarification of the effects of organizational factors on nuclear safety. 

Deliverables in 2006 

• The project delivered in 2006: 

• Two internal reports to the power plants on the results of the case studies 



 

 
63

• A scientific article on the assessment of maintenance culture 

• Finnish language book on the special characteristics and challenges of safety 
critical organizations from a work psychological perspective 

• Also two conference presentations were held, and one scientific article is in 
press 

• Dissertation on the assessment of organizational culture in nuclear power plant 
maintenance organizations was submitted for review 

• Case study on the training and socialisation of newcomers in maintenance at TVO 
(2004-2006) was finished. Results and recommendations were presented to the training 
department of TVO and to the maintenance unit in a confidential report. Conceptual 
understanding of experienced maintenance workers at TVO was measured and the 
results were compared to the newcomers’ results. 

• Two year case study on organizational culture at the TVO Power Plant Engineering 
was finished and the results and recommendations presented to the personnel on 
various occasions.  

• The project hosted the first meeting of the Finnish Human Factors and Safety network, 
which had approximately 70 participants from various safety critical areas. Keynote 
speaker at the seminar was Professor Emeritus James Reason.  

• The project personnel participated in the first meeting of the HUSC (Finnish and 
Swedish power companies’ Safety Culture and MTO network). 

• The project personnel participated in the IAEA SCART-mission to South Africa to 
evaluate safety culture at PBMR (PTY) Ltd. 

• The project personnel participated in the IAEA technical meeting on Event 
Investigation Techniques in Vienna. 

• Co-operation with Mälardalen University has been continued within the NKS-R/OrRe 
project. Organizational reviews that have been conducted in Nordic NPP maintenance 
units have been analysed and a progress report has been written on the challenges and 
requirements of organizational assessments. The project continues in 2007. 

• The project personnel have co-authored a book on Nordic perspectives to safety 
management (Svenson et al. 2006). Two articles have also been written to the book by 
the CulMa personnel. 
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Figure 35. Professor James Reason giving a presentation at the first Finnish Human 
Factors and Safety network meeting hosted by the Culma project in February 2006. The 
meeting had over 70 participants from various industries and research institutes. 
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Figure 36. Activity in the organization is influenced by the three cultural elements, adapted 
from Reiman and Oedewald (In press), see also Rasmussen (1997). 
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2.5.2 Disseminating Tacit Knowledge and Expertise in Organizations 
(TIMANTTI) 

The general objectives of the DIAMOND-project are  

• to enhance, develop and facilitate the preserving of tacit, experience based knowledge 
in nuclear power and  

• to develop models and methods to support the tacit knowledge sharing in the NPP 
context. 

The specific objective for the year 2006 was to create new understanding concerning the 
role of tacit knowledge in NPP control room. The emphasis was on the six-month trainee 
period at the end of the operator training. During the project the nature and content of tacit 
knowledge in control room was modelled and challenges for preserving this knowledge 
were identified.   

Deliverables 

In 2006, both practically and scientifically important findings were made about preserving 
of tacit knowledge in NPP control room, specifically during the trainee period of operator 
training. New information concerning the tacit knowledge sharing it in the control room 
and especially during the trainee period was produced. 

• The content and nature of tacit knowledge in control room was modelled. 

• The challenges in preserving and sharing tacit knowledge in control room were 
identified.  

• In the lack of current methods for sharing or preserving tacit knowledge, a new model 
for the prerequisites and supporting structures for tacit knowledge preserving were 
introduced. In addition a more detailed apprenticeship method for preserving tacit 
knowledge during the trainee period was developed. 

The suggestions and recommendations for exploitation of results were given in the form of 
an end report and training sessions for the personnel in the case unit. In addition a general 
end report gathering the results from the DIAMOND project 2004 – 2006 was published.  

Apprenticeship as a Method for Preserving Tacit Knowledge 

Good practices for preserving tacit knowledge in studied contexts were identified. These 
together with the analysis of literature produced a process model of apprenticeship. It is 
utilized in e.g. operator training 
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Figure 37. Apprenticeship as a Method for Preserving Tacit Knowledge was studied in the 
TIMANTTI project. 

 

The Supportive Structure for Preserving Tacit Knowledge 

Both organizational and individual prerequisites for implementing tacit knowledge 
preserving practices were identified and the interrelatedness of these prerequisites was 
described. 
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Figure 38. Interrelatedness of prerequisites for implementing tacit knowledge preserving 
practices. 

2.6 RISK-INFORMED SAFETY MANAGEMENT 

The research area includes currently three projects Potential of Fire Spread (POTFIS) and 
Principles and Practices of Risk-Informed Safety Management (PPRISMA) and 
Assessment smart device software (ASDES). The area has a close connection to the area of 
Automation, control rooms and information technology via the ASDES and PPRISMA 
projects. In this area, too, the work done beyond the scope of SAFIR both in Finland and in 
international projects will be discussed and reported in the reference group. 

2.6.1 Potential of fire spread (POTFIS) 

In the POTFIS project the central goal for fire research was continuing the avenue opened 
during the former national research programme FINNUS to develop deterministic and 
stochastic submodels to the same level as other branches of PSA. The major strategic 
problem during SAFIR was the ability to predict potential of fire spread in given scenarios. 
Three subprojects were started: (1) flame spread experiments on cables, (2) fire spread 
modelling, and (3) reliability of active and operative fire protection. Subproject (2) 
included also participation in International Collaborative Project to Evaluate Fire Models 
for Nuclear Power Plant Applications (ICP).  In the later part of the project, participation in 
the international OECD project PRISME was added as subproject (4). The goal of the 
PRISME project is to provide code validation data for fire and smoke propagation from a 
source room to neighbouring room(s).  
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Specific goals in 2006  

Specific goals in 2006 were: 

Double cone calorimeter and thermoanalytical experiments (TGA+DTA) for simple 
material samples. A new calculation model to extract Arrhenius parameters from 
TGA+DTA spectra. 

To apply quantitative fire risk analysis on a real scenario case in a NPP.  

To complete the flame spread model worked out during earlier years and implement its 
algorithms into FDS, check the functionality of the calculations, and compare the results to 
experiments.  

To participate in ending evaluation project International Collaborative Project to Evaluate 
Fire Models for Nuclear Power Plant Applications (ICP).  

To carry out modelling of fire extinguishing and fire detection systems unavailability.  

To apply non-nuclear related research on fire department performance and on movement of 
people to NPP as a pilot study.  

Fire simulations related to and board meetings of OECD PRISME project.  

Deliverables in 2006 

• A technical report on double cone calorimeter and thermoanalytical experiments, and a 
procedure for estimation of fire model parameters from small scale experimental data.  

• A technical report on probabilistic fire simulations of a nuclear power plant cable room 
containing cables of two sub-systems. The simulations are also used to estimate the 
conditions at which the fire fighters should attack the fire.  
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Figure 39. Fire simulation of a cable room containing two redundant sub-systems. 

• A technical report on numerical simulations using Fire Dynamics Simulator in axi-
symmetric DNS-mode to explore vertical flame spread on charring material.  

 

Figure 40. Numerical simulation of vertical flame spread on charring material. 

• Travel report from the closing meeting of International Collaborative Project to 
Evaluate Fire Models for Nuclear Power Plant Applications (ICP) held at GRS, 
Munich, Germany, May 3-5, 2006.  
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• Travel reports from PRISME meetings 3-4.4. 2006, and 17-18.10.2006 at IRSN, Aix-
en-Provence, France. 

• Technical report concerning the analysis of PRISME SOURCE Program. Written by H. 
Pretrel, IRSN. 

2.6.2 Principles and Practices of Risk-Informed Safety MAnagement 
(PPRISMA) 

Risk-informed safety management means use of information from probabilistic safety 
assessment (PSA) to support decision making in various contexts. Generally, the project 
deals with the whole scope of risk-informed methods and application areas related to safety 
of nuclear power plants. The objectives are: 

• To develop risk-informed decision making methods that integrate results from risk and 
reliability analyses with other expertise in the problem domain. 

• To develop assessment methods for nuclear power plants operation and maintenance 
in order to enhance risk-informed ways of planning of activities and acting in 
situations. 

• To develop methodologies in the problem areas of PSA. 

• To advance skills in nuclear risk analysis, assure the competence transfer to the new 
generation and to participate in international co-operation. 

Specific goals in 2006 were 

• An updated method for periodic review and analysis of maintenance history for 
systematic identification, analysis and prevention of human originated common cause 
failures (CCFs) and single error. Regular human CCF analyses covering the 
maintenance history of 2003 to be performed by the case utility Fortum as an in-kind 
contribution. A benchmark study on comparison of human errors related to 
maintenance from the 90's and from 2005 at the Olkiluoto plant. 

• The integrated process model for maintenance and operability planning and a 
conference paper on maintenance strategies. 

• Reporting on the systemic development of risk-informed management of fire 
situations from the co-operation point of view, based on interdisciplinary expert group 
work at both nuclear power plants in Finland. 

• Evaluation of the basis for the probabilistic safety goals set by the Nordic nuclear 
industry. 

• Representation of Finland in the Working Group RISK (WGRISK) of OECD/CSNI 
and its Task "Framework for HRA Information Exchange." 

• Consideration of the role of operational data in software reliability estimation. 
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• A summary of the SAFIR software reliability projects ASDES, QETES and 
PPRISMA/RECOM and the potential utilization of their results in practice. 

• Follow-up of international research around the software reliability including 
participation in the IAEA technical working group on nuclear power plant control and 
instrumentation are attended and writing of the technical document on "Implementing 
and licensing digital I&C systems and equipment in nuclear power plants." 

• Technical note on software reliability for Working Group RISK (WGRISK) of 
OECD/CSNI. 

• Joint Ad hoc group activity of the task is managed with the SAFIR projects ASDES 
and QETES. 

• A modelling tool for long term mission reliability analysis. 

• To participate in and to follow-up the OECD/NEA/CSNI/WGRISK, EU research in 
reactor safety, ESReDA working groups, Nordic PSA-group, ESREL/PSAM/PSA 
conferences, co-operation with NKS work and the Halden Reactor Project. 

Deliverables in 2006 

• A method description for periodic review and analysis of maintenance history for 
systematic identification, analysis and prevention of human originated common cause 
failures (CCFs) and single errors was updated related to human CCF analysis and 
refinement of classification models and documented as a research report. 

• Regular human CCF analyses covering the maintenance history of 2003 performed 
and reported together with the case utility Fortum in 2006. In the TVO 2005 human 
error study, the results benchmarked with the results of earlier TVO human error 
studies covering the 90’s. 

• A research report on an integrated process for planning of a risk informed and cost-
effective maintenance programme prepared. A paper on "Development maintenance 
strategies for a nuclear power plant" presented for the Euromaintenance World 
Congress 2006 together with Fortum. 

• Research report on the development of risk-informed management of fire situations 
from the co-operational point of view.  

• Article on interdisciplinary development of risk-informed management of fire 
situations for the SAFIR Final report 

• Research report on the basis for the probabilistic safety goals set by the nuclear 
industry in Finland and Sweden (to be published in SKI and NKS series). 

• Follow-up of WGRISK and CSNI activities. Participation in the annual meeting of 
WGRISK and in the preparation of the document “Framework for HRA Information 
Exchange.” Travel report. 
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• Research report “Methods and problems of software reliability estimation” (VTT 
Working Papers 63). 

• Research report “An overview of software reliability projects in SAFIR-programme 
(2003–2006)” (VTT Research Report VTT-R-00991-07). 

• Technical note on software reliability prepared for OECD/NEA/WGRISK. 

• New version of the IAEA TECDOC on Implementing and licensing digital I&C. 

• Participation in the IAEA technical meeting on Cyber Security of Nuclear Power Plant 
Instrumentation, Control and Information Systems. Travel report written. 

• Two joint RECOM, ASDES and QETES ad hoc –group meetings on digital system 
reliability with representatives from STUK, TVO, Fortum NS, Adelard and VTT held. 

• A Markov model based modelling tool that could be used in PSA applications and a 
research report on long mission time reliability analysis. 

• Paper written of the PPRISMA project for the SAFIR Final report. 

• A project proposal prepared and submitted for the SAFIR2010 programme on risk-
informed safety management (CHARISMA, CHAllenges in Risk-Informed Safety 
MAnagement). 

Figure 41. Method for risk-informed classification of items of a nuclear power plant. 
CCDP = Conditional core damage probability, P(X) = Component unavailability. Risk 
classes: 1) high CCDP – low P(X) , 2) = medium CCDP – medium P(X), 3) = low CCDP – 
high P(X). 
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2.6.3 Assessment Smart Device Software (ASDES) 

The assurance of smart devices for use in critical applications requires the safety 
assessment of their software. The overall objective of this project is to develop an approach 
to the assessment of such smart device software that takes into consideration: 

• the particular issues of assessing COTS and the design and accessibility of smart 
devices 

• regulatory context of the nuclear industry in Finland (e.g. YVL guides 2.0, 2.1, 2.7, 
2.8, 5.5) 

• current practices of software assurance developed in Finland and more widely in the 
UK and European projects. 

Specific goals in 2006 were 

• Development of the safety case for the case study device. 

• Handling of the case with the utilities and authorities.  

Deliverables in 2006 

• A research report describing the safety case approach for smart devices. 

• Workshop on safety assessment of smart devices with the utilities and authorities. A 
summary report on the workshop (including the presentations at the workshop) 
prepared. 
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Figure 42. General structure of a safety case. 
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3 FINANCIAL AND STATISTICAL INFORMATION 
The total costs of the programme in 2006 were € 5.65 million. The major funding partners 
were VYR with € 2.74 million, VTT with € 1.88 million, Fortum with € 0.14 million, 
TEKES with € 0.11 million, EU with € 0.16 million and other partners with € 0.57 million. 
The total extent of the programme in 2006 was 40 person years. The programme had 20 
research projects and the administration project with partial or total VYR-funding and two 
research projects under the SAFIR-umbrella entirely with other funding sources. The total 
volume of the VYR-funded projects was € 5.44 million and the total volume of the other 
two projects € 0.21 million. The planned and realised financing and expenses of the VYR-
funded projects have been indicated in Figures 3.1.and 3.2, respectively. The share of 
personnel costs was around 86 % of the yearly expenses, as illustrated in Figure 3.2. 

Figure 3.3 and 3.4 illustrates the distribution of funding and person years of all SAFIR 
research projects between the six research areas of SAFIR. The most "nuclear-specific" 
research areas 3: Containment and process safety functions divided into 3a Thermal 
hydraulics and 3b Severe accidents, 2: Reactor circuit and structural safety, and 1: Reactor 
fuel and core have the largest shares, whereas the three remaining areas with more 
connections and applications beyond the nuclear field, namely 4: Automation, control 
room and information technology, 5: Organisations and safety management and 6: Risk-
informed safety management cover 19 % of the entire programme volume. 
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Planned and realised financing in VYR-funded projects in 
2006
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Figure 3.1. Planned and realised financing in 2006. 
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Figure 3.2. Planned and realised expenses in 2006. 
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Distribution of funding in the research areas in 2006
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Figure3.3. Distribution of funding in SAFIR research areas in 2006. 

 

 

 

 

 

 

 

 

 

 

 

Distribution of volumes in the reserarch areas in 2006
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Figure 3.4. Distribution of person years in SAFIR research areas in 2006. 

 

The distribution of funding and volume in each research area in 2003-2006 have been 
indicated in Figures 3.5 and 3.6, respectively. 
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Distribution of funding in the SAFIR research areas in 2003 -
2006
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Figure 3.5. Realised cost in SAFIR in 2003-2006. Research areas(1-6) and total (7). 
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Figure 3.6. Realised volumes in SAFIR in 2003-2006. Research areas (1-6) and total (7). 
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The total planned and realised costs and volumes of each project have been given in Table 
1.1. A more detailed survey of the planned and realised costs and funding for the VYR-
funded projects is given in Table 3.1.



SAFIR 2006 Realised costs and Funding of VYR-funded Research Projects and Administration
03.04.2007
E.K. Puska

Expenses VYR % Financing

Volume Personnel Mat&supp Travel Ext serv Other Total 2006 VYR % VYR Fortum TVO NKS EU VTT Other
pers month keuro keuro keuro keuro keuro keuro of total keuro keuro keuro keuro keuro keuro keuro

VTT
Enhanced Methods for 49 568,382 0 19,357 2,993 8,3 599,032 31,38397 188 411,032
Reactor Analysis (EMERALD) 46,7 550 0 20 5 8 583 32,247 188 395
VTT
High-Burnup Upgrades in Fuel 27,8 278,126 0,086 9,003 3,173 5 295,388 53,82751 159 95,947 40,441
Behaviour Modelling (KORU) 25,5 269 0 19 0 5 293 54,26621 159 90 44
VTT Industrial Systems
Integrity and life time of reactor circuits 67,2 1042,129 105,81 48,785 13,671 1,911 1212,306 44,46072 539 52,511 114,966 505,829 0
(INTELI) 73,4 835 114 90 93 17 1149 46,91036 539 54 130 386 40
VTT
LWR oxide model for improved understanding 8,2 37,2 0 0 4 0 41,2 97,08738 40 1,2 0
of activity build-up and corrosion phenomena(LWROXI) 8,2 62 0 15 15 0 92 43,47826 40 52
VTT
Concrete Technological Studies Related to
the Construction, Inspection an Reparation 9,2 112,028 0,349 2,305 3,415 0,31 118,407 16,89089 20 7,563 90,844
of the Nuclear Power Plant Structures (CONTECH) 9,2 115,2 2,9 5,3 3,1 0 126,5 15,81028 20 7,5 99
VTT
Thermal hydraulic analysis of 22,1 239,9 0,225 17,449 25,051 2 284,625 33,72859 96 8 0 0 21,711 158,914
nuclear reactors (THEA) 21 204 0 25 25 5 259 37,06564 96 8 0 0 22 133
Lappeenranta University of Technology
Archiving experiment data (KOETAR) 4,6 41,92998 0 0,03 0 0 41,95998 71,4967 30 10 1,95998

4 38 1 1 0 0 40 75 30 10
Lappeenranta University of Technology
Condensation pool experiments (POOLEX) 24,2 196,2388 10,06766 0,41292 110,1479 0 316,8673 83,63123 265 27 24,86727

22 173 4 5 110 0 292 90,75342 265 27
Lappeenranta University of Technology
Participation in development of European
calculation environment (ECE) 7 91,49922 0 3,5069 0 0 95,00612 26,31409 25 25 45,00612

7 45 2 3 0 0 50 50 25 25
VTT
WAll Response to Soft Impact (WARSI) 10,5 137,85 0,299 2,63 28,851 1,116 170,746 73,50099 125,5 45,246

10,5 131 2 4 32 1,5 170,5 73,60704 125,5 45  
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VTT
Impact tests (IMPACT) 17,8 356,393 26,79 0 12,009 4,505 399,697 22,51706 90 184,697 125

16 156 28 15 15 6 220 40,90909 90 30 100
VTT
Cavity phenomena and hydrogen burn 23,9 251,355 6,857 14,546 0,097 20,924 293,779 62,00001 182,143 111,636
(CAPHORN) 21 241,25 30 24 0 25 320,25 61,20219 196 124,25
VTT
Behaviour of fission-products in 37,8 269,396 24,818 11,865 13,129 0 319,208 31,32754 100 35 40 94,208 50
air-atmosphere (FIKA) 27,5 254 40 21 0 0 315 31,74603 100 35 40 80 60
VTT
Interaction approach to development of 17,5 197,212 0,639 20,571 0 5,729 224,151 49,07406 110 44,306 69,845
control rooms (IDEC) 17,5 210 1 5 0 1 217 50,69124 110 47 60
VTT
Software qualification - error types  and 4,5 74,835 0 0 0 0,065 74,9 73,29773 54,9 20
error management in software life cycle (QETES) 4,5 69,94 0 5 0 0 74,94 73,31198 54,94 20
VTT 
Organisational culture and management 15 164,07 2,46 10,748 2,75 1,413 181,441 54,9997 99,792 13,418 68,231 0
of change (CULMA) 15 168 2 12 2 0 184 54,34783 100 14 70 0
Helsinki University of Technology
Disseminating tacit knowledge in 7 37,6754 0,00527 3,47728 4,79639 0,14865 46,10299 100 46,10299 0
organizations (TIMANTTI) 7 44,4 0,7 5,9 1 0 52 96,15385 50 2
VTT
Potential of fire spread (POTFIS) 13 172,38 0,459 4,635 6,7 30 214,174 78,44089 168 46,174

13 140 4 14 14 36 208 80,76923 168 40
VTT
Principles and practices of risk-informed 17,9 221,791 0,233 10,632 0 0 232,656 52,65284 122,5 91,783 18,373
safety management (PPRISMA) 15,8 203 1 20,9 0 0 224,9 54,46865 122,5 81 21,4
VTT
Assessment Smart Device Software 6 44,221 0 1,624 35,383 0 81,228 98,48821 80 1,228
(ASDES) 6 41 0 4 35 0 80 100 80 0
VTT
Administration and information of the research 8,9 136,616 0 5 18 35,11552 194,7315 100 194,7315
programme (SAHA) *** 10 136,616 0 5 18 35,11552 194,7315 100 194,7315
Total 399,1 4671,227 179,0979 186,5771 284,1662 116,5372 5437,606 50,31018 2735,67 63 0 132,929 161,677 1876,766 467,5644
Total (plan) 380,8 4086,406 232,6 319,1 368,1 139,6155 5145,822 53,51277 2753,672 63 0 135 177 1538,75 478,4

*In LWROXI Funding from SSI 20 k€ and from Swedish utilities 32 k€ applied. Realised funding delayed

**In ECE costs include the VYR-funded part and the separate EU-project (number 23221/NURESIM) with overhead costs

*** Period 1.1.2006-31.3.2007 with VAT 22 % included  

 



 

The programme produced 199 publications in 2006. Major part of the publications 
consisted of conference papers and extensive research institute reports. The number of 
scientific publications as well as the total number of publications varied greatly between 
the projects, as indicated in Table 3.2. The average number of publications was 5.0 per 
person year, and the average number of scientific publications was 0.4 per person year. 
Many of the projects have deliberately aimed at publication of the results as extensive 
research institute reports. Thus, the number of scientific publications is fairly low.  

Table 3.2. Publications in the SAFIR projects in 2006.  

Project Volume 
pers. year 

Scientific Conference
papers 

Res. inst. 
reports 

Others Total 

EMERALD 4,7 3 10 5 2 20 
KORU 2,6 0 2 7 2 11 
INTELI 6,4 1 7 15 5 28 
LWROXI 0,8 1 1 1 1 4 
CONTECH 0,9 0 2 5 2 9 
MULTIP 1,0 0 2 0 1 3 
TIFANY 1,0 0 1 1 1 3 
THEA 2,1 0 2 4 2 8 
KOETAR 0,4 0 1 1 0 2 
POOLEX 2,3 0 2 3 1 6 
ECE 0,7 0 1 1 2 4 
WARSI 1,0 0 3 3 1 7 
IMPACT 1,7 0 0 0 0 0 
CAPHORN 2,3 1 0 4 2 7 
FIKA 3,6 1 7 2 1 11 
IDEC 1,7 1 7 1 1 10 
QETES 0,4 0 1 2 2 5 
CULMA 1,4 4 4 1 2 11 
TIMANTTI 0,7 3 3 1 3 10 
POTFIS 1,2 1 2 3 1 7 
PPRISMA 1,7 0 6 10 2 18 
ASDES 0,6 0 1 1 8 10 
SAHA 0,8 0 0 4 1 5 
TOTAL 40 16 65 75 43 199 

* IMPACT reporting included in WARSI 

In the projects of SAFIR programme during the year 2006 two Masters degrees were 
obtained, one in THEA project and one in the POOLEX project. Appendix 5 contains all 
the academic degrees produced in the programme. 
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4 ORGANISATION AND INFORMATION 
The programme management consisted of the steering group and the seven reference 
groups. During the year 2006 the steering group had three meetings and final meeting in 
March 2007 and the reference groups had in 2006 four meetings each. Additionally, the 
reference groups performed a two-stage evaluation process with one extra meeting for the 
project proposals for the year 2006. The ad hoc groups that have a vital role in some 
research areas with many projects continued their operation and some new groups were 
formed by the project managers. The ad hoc groups met upon the needs of the specific 
project. Some groups had several meetings during the year and some groups worked only 
by email. All these groups were regularly informed using standard progress reports. The 
list of persons involved in the steering and reference groups, as well as programme staff 
and their main duties are presented in Appendix 6. Figure 4.1 illustrates the structure of the 
SAFIR programme with the research projects forming the hot red core of the programme, 
the seven reference groups and the various ad hoc groups having the principal 
responsibility of scientific guidance and surveillance of the various research projects, as 
depicted with the yellow layer encircling the red core. The steering group, depicted as the 
blue layer, administrated the entire research programme thus keeping the SAFIR ‘jewel’ 
together. 

 

 

 

 

 

 

 

Figure 4.1 The three-layer structure of SAFIR programme with projects (red), reference 
and ad hoc groups (yellow) and steering group (blue). 

The information on the research performed in SAFIR has been communicated formally via 
the quarterly progress reports, the annual reports of the programme [3-5] and the www-
pages of the programme. The detailed scientific results have been published as articles in 
scientific journals, conference papers, and separate research reports.  

The SAFIR interim seminar and interim report were prepared during the year 2004. The 
two-day seminar with nearly 120 registered participants was arranged in January 2005 and 
an extensive Interim Report was published. Final seminar of the programme was arranged 
in January 2007 with some 200 registered participants and programme Final Report [6] and 
Executive Summary [7] were published. 
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The publications of the projects during the years 2003–2006 have been collected on CD for 
to all SAFIR organisations presented in the Steering Group.  

Information on the SAFIR results has been included in the EU JSRI-II database. 

An internal QA-audit with short audit report has been performed covering project 
management and three selected projects.  

International evaluation of the programme was carried out in March 2006 [8]. 

In addition to conducting the actual research according to the yearly plans, SAFIR has 
functioned as an efficient network of all ‘players’ in the nuclear energy field in Finland and 
as an open discussion forum for participation in international projects, allocation of 
resources and in planning of new projects.  
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SAFIR   31.1.2007 PROGRESS REPORT 1/07 
 
Enhanced methods for reactor analysis (EMERALD) 
Kehittyneet reaktorianalyysimenetelmät 
 
Duration 2003 - 2006 
Project manager Mr Randolph Höglund, VTT Processes  
Volume in 2006 (person y.) Plan: 4.45 Realised 31.1.2007           4.67       
Cost in 2006 (k€) Plan: 583 Realised 31.1.2007           599   
 
Main Objectives 
 
The objective of the project is to further develop VTT Processes´ computer code system for reactor 
analysis into a really unified, up-to-date and sufficiently complete entirety in order to make it 
possible to perform all analyses that are needed in Finland in the field of nuclear reactor physics 
and dynamics. It should be possible to follow the whole life cycle of the nuclear fuel from a reactor 
physics point of view. Especially the demands of new nuclear fuel designs and the new Finnish 
nuclear power plant have to be taken into account. The project also includes international co-
operation and the education of new experts in nuclear reactor technology. 
 
Objectives in 2006 Realised 

 
1 Reactor physics  

1.1 Cross sections 
Participation in the activities of the 
NEA-organised JEFF project is 
continued as one of the best ways to 
maintain a reasonably accurate 
cross section library and knowledge 
about it. The project arranges two 
meetings a year. The JEFF-3.1 data 
library is tested through MCNP and 
PSG calculations, using NJOY. 
VTT’s new code PSG is further 
developed and tested. For many 
applications it is considerably faster 
than other Monte Carlo-based 
programs. A method for modelling 
the thermal scattering of neutrons in 
water has to be developed for PSG 
and, quite generally, the problem of 
calculating transport cross sections 
and diffusion coefficients using the 
Monte Carlo method attended to. An 
interesting application would be the 
calculation of SRM detector 
response in subcritical situations. 
Keeping the CASMO codes up-to-
date involves the installation and 
testing of any new program or library 
versions as well as further validation 
of versions already in use. (VYR, 
VTT) 

 
During 2006, the development of the PSG Monte Carlo 
neutron transport code has been focused on diffusion 
parameters and fundamental mode lattice calculations. A 
collaboration project has been initiated with the École 
Polytechnique de Montréal on the development of leakage 
models in the Monte Carlo method. A conference paper was 
been written for PHYSOR-2006 on the recent development of 
PSG and validation calculations using the VENUS-2 reactor 
dosimetry benchmark. 
 
The practical development of PSG was for the time being 
frozen in June 2006. A doctoral dissertation (Jaakko 
Leppänen) is being prepared on the subject and the work 
thus focused on theoretical issues. The thesis is well under 
way and it is expected to be completed in 2007. 
 
Future plans for PSG development include the perfection of 
temperature interpolation methods (abstract sent to 
International Conference on Nuclear Data for Science and 
Technology, April 22-27, 2007 in Nice, France), modelling of 
stochastic HTGR fuels, implicit Monte Carlo methods and 
statistical analyses performed on the result estimates. 
Especially important for reactor analysis applications is the 
simulation of fuel burnup and furthermore the development 
of leakage models for lattice calculations. 
 
A recent comparison on fresh EPR first core fuel bundles 
between CASMO-4, MCNP, and PSG shows good agreement 
– multiplication factor differences on an average 150 pcm 
between CASMO and PSG, 50 pcm between MCNP and 
PSG. For individual 2-group cross sections the differences are 
1 - 3 % between CASMO and PSG, < 1 % between MCNP 
and PSG. The accuracy of the diffusion coefficients has now 
also become reasonable. 
 
A paper on the development of Monte Carlo neutron transport 
methods for reactor physics applications was presented at the 
final seminar of the SAFIR programme. 
 
Task completion: 100 % 
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1.2 Development and validation of 
nodal methods 
The use of the nodal model of 
HEXBU-3D, HEXTRAN and TRAB-
3D in the reflector should be studied 
and the model improved where 
necessary. The wide range cross 
section model is also still waiting to 
be implemented in TRAB-3D. 
The feasibility of the available nodal 
codes, i.e. ARES and HEXBU-3D as 
well as SSP’s SIMULATE-3 to 
perform any analyses needed for the 
reactors presently in operation in 
Finland as well as the new one 
being constructed is continuously 
under surveillance and any 
necessary corrections and 
improvements are to be carried out 
as soon as possible. 
Comparisons between PSG-ARES 
and CASMO-SIMULATE calculations 
on the EPR reactor are planned. 
The possibilities of improving the 
condensation of 3D cross section 
data into 1D form through develop-
ment of CROCO or the way it is 
used, or an entirely new code are 
studied.(VYR, VTT) 

 
A report on the CRFIT7&8 codes for creation of input files 
containing two-group diffusion parameters and fitting 
coefficients for HEXBU-3D/MOD5, HEXTRAN and TRAB-3D 
was published (1.2 & 2.4). 
 
The EPR reactor has been modelled in the CASMO/SIMU-
LATE system. A first set of cross section data has been 
generated with PSG for a 0-burnup comparison between 
ARES and SIMULATE on the first core of this reactor. 
SIMULATE cases, suitable for the comparison, have been 
calculated. Calculations with the most recent ARES version 
have also been made using CASMO as well as PSG cross 
sections. 
 
Task completion: 50 % 
 

1.3 Enhancing VTT’s capability to 
use advanced calculational methods 
The Monte Carlo program MCNP is 
used in a wide range of neutron and 
photon transport applications. The 
new program MCNPX should be 
acquired and implemented in the 
code system during 2006. More 
versatile and and reliable utilization 
of the Monte Carlo technique is of 
great value, in the future even in 
burnup calculations. Methods to 
reduce the variance are 
investigated. Also the deterministic 
transport models and programs (e.g. 
the DOORS system) ought to be 
better understood to be used 
correctly. Especially the capability to 
carry out 3D out-of-core flux 
calculations using BOT3P (later 
GERALD) + TORT should be 
enhanced. 
The deterministic 3D radiation trans-
port code MultiTrans created at VTT 
has been tested through benchmark 
calculations on the VENUS reactor 
facility which necessitated some im-
provements of the algorithms used. 
Work on the linux/unix version of the 
program, the user’s manual and the 
Doctor’s thesis on the development 
and validation of MultiTrans is 
continued. 
Development of the PSG code is 

 
A new agreement was signed on April 10, 2006 between NEA 
and USDOE on co-operation in the field of nuclear data and 
computer programs. This should make it possible to finally 
acquire the new versions of the MCNP(5 and/or X) program 
from the Data Bank. 
 
New version of BOT3P, BOT3P5.1, has been acquired and 
installed. 
 
Writing of a User’s Manual for the MultiTrans radiation 
transport software has been continued. The Doctor’s thesis on 
the development and validation of MultiTrans (Petri Kotiluoto) 
has finally reached a stage where the manuscript was 
delivered to academic reviewers named at the December 
meeting of the Faculty of Science of the University of Helsinki. 
A linux version of MultiTrans has been compiled with gnu 
compiler. This version has been tested by re-running several 
benchmarks and comparing the results to earlier ones under 
Windows environment. Neutron transport calculations with 
fixed source seem to work fine, but criticality eigenvalue 
search routine doesn’t start to converge. It seems that there is 
some error in the initialisation of the runs in the linux version 
when performing keff search. The linux version of MultiTrans 
thus requires some further debugging. 
 
An investigation aimed at optimising initial importances in 
MCNP for calculations on a shield with penetrations was 
carried out, and the results were reported at the 14th Biennial 
Topical Meeting of the Radiation Protection and Shielding 
Division of the American Nuclear Society, held in Carlsbad, 
New Mexico, USA. 
 
Task completion: 80  % 
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included in both subproject 1.1 and 
1.3 and its results used in 1.2. A 
preliminary user’s manual is to be 
developed. (VYR, VTT) 

 
 
 
  

1.4 Criticality safety, isotopic 
concentrations 
In 2006, the criticality safety 
calculation system is further tested 
and developed through participation 
in the work of the OECD/NEA 
Working Party on Nuclear Criticality 
Safety (WPNCS) by making 
benchmark calculations with 
CASMO-4, MCNP4C and the 
SCALE-5.0 program system. 
Available data from VVER-440 fuel 
measurements will also be analysed 
and more such data can be 
expected later on. 
When the SCALE-5.1 code package 
becomes available in 2006, it is to 
be acquired and installed. It will bring 
new possibilities of making three-
dimensional burnup calculations. 
(VYR, VTT) 

 
CASMO-4E has been tested against VVER-440 radiochemical 
assay data (ISTC 2670) and the results presented at the AER 
Working Group E meeting 11.-12.4.2006 in the Czech 
Republic and at the OECD/NEA/NSC WPNCS meeting 11.-
12.5.2006 in Prague. 
 
Development of the ABURN burnup code, which is based on 
the combination of the MCNP4C Monte Carlo code and the 
ORIGEN2 depletion code. Application of the code for the 
VVER-440 calculations (ISTC 2670). The results were 
presented at the OECD/NEA/NSC WPNCS meeting in 
Prague. Validation of ABURN against PIE data from square 
assemblies and comparison to CASMO-4/4E under way. 
 
Validation of CASMO-4E and associated data libraries 
ENDF/B-VI and JEF-2.2 against radiochemical measurements 
from Takahama-3, Fukushima-Daini-2, and Novovoronezh-4. 
Preliminary application of ABURN to the same data and 
comparison with CASMO-4E. A paper on the results was 
presented at PHYSOR-2006. 
 
Participation in the OECD/NEA Burnup Credit Benchmark II-E 
“Study of the impact of changes in the isotopic inventory due 
to control rod insertions in PWR UO2 fuel assemblies during 
irradiation on the end effect.”  Results have been submitted to 
the benchmark organiser. 
 
Results of the Phase 1 of the OECD/NEA WPRS benchmark 
presented in the paper “International comparison of a 
depletion calculation benchmark devoted to fuel cycle issues. 
Results from the Phase 1 dedicated to PWR-UOx fuels” at 
PHYSOR2006. VTT’s calculations for the paper were made 
with Monteburns 1.0. Calculation of the same benchmark with 
ABURN is under way. 
 
Calculation of the OECD/NEA/WPRS benchmark Phase 2 of a 
Depletion Calculation Benchmark devoted to MOX Fuel 
Cycles is also under way. Calculation will be done with 
ABURN. 
 
Task completion: 100  % 
 

1.5 Development of sensitivity 
analysis methodology 
Determination of the uncertainty of 
different parameters and their 
importance for the final results is 
essential in order to understand the 
accuracy of the reactor physics 
programs. This analysis that has 
already been started within the 
EMERALD project could and should 
be gradually extended to all 
essential reactor physics programs 
and parameters of various kinds. 
A transition from conservative 
models to the use of best estimate 
models together with the evaluation 
of uncertainty (BE+U) in the nuclear 

 
Work on an MScTech thesis (Maria Pusa) is well under way. 
The topic is sensitivity and uncertainty of cross section 
calculation in reactor physics analysis. The purpose is to find 
out how the inaccuracies in the measured data could be 
expressed mathematically and how these inaccuracies 
progress, when the cross sections are further processed and 
used in the calculation of other quantities. The SCALE-5 
system’s Tools for Sensitivity and UNcertainty Analysis 
Methodology Implementation (TSUNAMI) will be applied. 
 
Task completion: 100  % 
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licensing process is studied in 
several countries. A thorough survey 
of the methods used in sensitivity 
and uncertainty analysis was made 
in 2005. In 2006, some of these 
methods will be employed in practise 
using the TSUNAMI codes of the 
SCALE-5 system. Furthermore, a 
review of the covariance analysis 
used to determine the accuracy of 
cross section data will be made and 
the propagation of errors in MC-
based burnup calculations studied. 
(VYR, VTT) 
 

2 Reactor dynamics 
2.1 Coupling and validation of 
TRAB- 
3D and SMABRE 
The modelling of thermal hydraulics 
in the reactor dynamics computer 
codes is being improved. The most 
important limitation of the present 
codes has been their inability to 
handle coolant flow reversal in a flow 
channel. As a fast solution, two 
existing computer codes, the TRAB-
3D reactor dynamics code and the 
SMABRE thermal hydraulics code, 
have been coupled together using 
an internal coupling scheme. TRAB-
3D performs only the neutronics and 
heat transfer calculation and 
SMABRE the hydraulics calculation 
of the whole cooling circuit including 
the reactor core. The coupled code 
should be able to calculate 
transients with flow reversal in the 
reactor core or the core by-pass with 
reasonable accuracy. Also, the new 
internal coupling will make the future 
modelling of in-core cross-flows in 
PWR (such as EPR) open core 
geometry possible, e.g. by using the 
porous medium approach. In 2005, 
the development and testing was 
first done with a BWR core. In 2006, 
the coupled PWR model will be 
tested against reference TRAB-3D 
solutions. For the BWR model the 
steady state procedure will be 
further refined, and the circuit model 
checked against existing TRAB-
models and supplemented where 
necessary. (VYR, VTT) 
 

 
The internally coupled steady state solution has been tested 
against both the production version of TRAB-3D and the 
SIMULATE code. The accuracy is sufficient for BWR 
dynamics testing, which is in progress with single 
disturbances, such as movement of control rods, pump 
coastdown etc. A null transient has also been calculated to 
demonstrate the steady state. 
 
Compared against TRAB-3D the difference in the steady 
state bundle flow distribution is from +3 to -4 % (TRAB-
SMABRE/TRAB-3D), and against SIMULATE from +4 to -5 
%. In the relative fission power distribution the difference 
against TRAB-3D (TRAB-3D-SMABRE/TRAB-3D) is of the 
order ± 2 %, except for the outermost circle of bundles where 
it is around 4-5 %. Against SIMULATE the difference is also 
around ± 2 %, but in certain bundles in the outermost zone 
the difference is up to 8-12 %. The same difference is found 
between TRAB-3D and SIMULATE, too, and probably 
derives from differences in core boundary conditions. 
 
Errors and deficiencies found in the code and interface have 
been corrected. Correlations used in the codes have been 
compared and updated. 
 
TRAB’s PID controller has been adapted into use in the 
coupled code and is used in parallel with SMABRE’s 
controllers. Dynamics testing is in progress with the BWR 
model. Testing with the PWR (EPR) model has been 
delayed. 
 
A paper on this topic was presented at the final seminar of the 
SAFIR programme. 
 
Task completion: 100  % 
 

2.2 Application of CFDPLIM in 
dynamics codes 
The highly accurate PLIM thermal 
hydraulics solver will be able to track 
moving fronts (e.g. boron fronts) 
accurately and, in addition, flow 
reversal. In order to make the solver 
more robust, and to enhance its 

 
Programming of the new CFDPLIM solver has not been 
started, as the theoretical background of the new method 
has been further investigated. In the most recent method, 
some numerically difficult spatial mesh intervals of the 
problem are solved with a robust traditional hydraulics 
solution method, whereas most of the mesh is solved with 
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modelling capabilities, a new basic 
solution method for the CFDPLIM 
solver was created in 2005. The new 
solver combines the PLIM method 
with more traditional-type hydraulics 
methods with the former taking care 
of the convection phenomena and 
the latter making the coupling 
between the hydraulics equations 
stronger. The reprogramming of the 
CFDPLIM computer code is 
rescheduled for 2006. The testing of 
the new solver will start with simple 
hydrodynamic problems.  (VTT) 
 

the PLIM method to achieve a great degree of accuracy. 

A report of the new approach is being prepared. 

Task completion: 80  % 
 

2.3 Three-dimensional BWR bundle 
thermal hydraulics using the porous 
media approach 
In the development of 3D hydraulics 
models for core and bundles, one 
possible approach is based upon the 
porous media description, which is 
utilized in the PORFLO code 
developed at VTT. To test its 
feasibility for BWR conditions, the 
code will be applied in 2006 to the 
first task of the OECD/NEA 
benchmark BFBT (BWR Full Size 
Fine Mesh Bundle Test), void 
distribution calculation. This will be 
the first step towards modelling 
transverse phenomena within a fuel 
bundle. The intention of the 
benchmark is to refine the models 
for best-estimate calculations based 
on good-quality experimental data. 
The purpose is a comparison of 
currently available macroscopic 
approaches, but especially to try to 
develop novel next-generation 
approaches that focus on more 
microscopic processes. The second 
part of the benchmark deals with 
critical powers. (VYR, VTT) 
 

 
BFBT benchmark specifications and PORFLO code 
capabilities were discussed thoroughly between experts 
working in the project. The content of the project work was 
decided. Firstly, PORFLO input procedure must be 
automatized to allow flexible input of calculational meshes of 
varying size, as one of the most important issues is the effect 
of mesh on the calculation. Secondly, selected cases of the 
BFBT benchmark, concerning bundle internal void 
distribution, will be calculated and compared to the 
experiments performed in Japan. Actual work was 
postponed until autumn, but then started.  

A new universal and generic interface subroutine for 
preparing the calculation of nuclear fuel bundle applications 
is being implemented into PORFLO. The subroutine is 
preliminarily called get_bundle_data and reads all relevant 
dimensions (heated length, width of channel box, size of fuel 
rod array, rod pitch etc.) from a standardized input file. It is 
possible to include other data, like power distribution and 
material data in the file. The new scheme provides 
automatized means to replace a lot of work that used to be 
done in a more manual way. Suitable grids with desired level 
of accuracy are created, adjusting e.g. a multiple of cell size 
to be equal to the rod pitch. Near the edges of the channel 
box, grid cells are automatically adjusted in size to reach the 
walls. The porosities in the grid cells, as well as the exact 
areas of the heated rod walls and channel box walls are 
calculated through geometrical considerations for all cells 
before proceeding into the solution. First application of this 
new development is the BFBT benchmark steady-state 
subchannel-grade exercise. Possibility of decreasing matrix 
size by leaving out of consideration such grid cells that are 
completely inside structure (inside rod) is investigated. The 
iterative solver can handle the resulting non-band matrix. As 
boundary conditions, there are the known heat flux from rods 
to coolant, the inflow rate of subcooled water at the bottom 
and the pressure of steam at the top. Capability of the solver 
with various grids and various matrices remains to be 
investigated. As soon as a technically running solution is 
achieved, consideration will be given to the various 
correlations used to describe the heat transfer and phase 
change phenomena, in order to simulate the measured data 
at least approximately. 

 
Task completion: 50  % 
 

2.4 Updating and completing the 
input manuals of TRAB-3D, 

 
Input instructions relating to the HEXBU keywords have 
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HEXTRAN and TRAB 
Work on the electronic input 
manuals of reactor dynamics codes 
was initiated several years ago, but 
has been discontinued due to more 
urgent priorities. As new users of the 
codes are trained, the need for up-
to-date input manuals has become 
necessary. The draft versions based 
on available written material need to 
be thoroughly checked and 
supplemented where necessary. 
The aim is to have the updated 
electronic versions available to code 
users by the end of 2006. (VYR, 
VTT) 
 

been updated, to be included in the HEXTRAN manual later. 
 
A report on the CRFIT7&8 codes for creation of input files 
containing two-group diffusion parameters and fitting 
coefficients for HEXBU-3D/MOD5, HEXTRAN and TRAB-3D 
has been published (2.4 & 1.2). 
 
Updating of the users’ manuals of TRAB/TRAB-CORE/ 
HEXTRAN/HEXTRAN-SMABRE/TRAB-3D/TRAB-SMABRE 
codes is in progress. The material has been checked, but the 
work still continues. The first manuals to be completed will be 
TRAB-3D and HEXTRAN. 
 
Task completion: 60  % 
 

2.5 Enhancing the capabilities of 
TRAB thermal hydraulics 
The present TRAB (and TRAB-3D) 
thermal hydraulics solver treats the 
water and steam phases differently, 
allowing the water to be subcooled 
but denying the possibility of void 
fraction reaching unity and 
superheated steam. In 2006, the 1D 
TRAB hydraulics solving routines will 
be modified to be able to calculate 
situations with pure superheated 
steam, removing this restriction in 
the use of the code and thus 
expanding the code application area. 
(VYR, VTT) 

 
The normal hydraulic channel calculation subroutines in 
TRAB, taking care of the calculation of core channels and all 
BWR pressure vessel internals except the steam separators 
and steam dome, were modified to allow superheated steam 
calculation. The new version has been tested with steady-
state and transient runs. The code is now able to cope with 
unity void fraction, at least locally. The correlations and 
properties for superheated steam to assure the correctness of 
the results, and a smooth and correct transition from film 
boiling to one-phase steam heat transfer, is outside the scope 
of this work - especially because of the new internal TRAB 
coupling to SMABRE, which is already able to calculate 
superheated steam. 
 
A research report on this task has been written. 
 
Task completion: 100  % 
 

3 Documentation, publications and results of code development, QA 
 
The subproject aims at publishing 
the results of the EMERALD work as 
VTT project reports as well as in 
international journals and 
conferences. Documentation of 
programs, their methods as well as 
user's guides including advice for 
running the codes. Also theses for 
academic degrees. During 2006, 
one Doctor's thesis is being written: 
Petri Kotiluoto: “Adaptive tree 
multigrids and spherical harmonics 
approxi-mation in deterministic 
radiation transport”. With 2006 being 
the last year of the EMERALD 
project, the orientation of future 
reactor physics research has to be 
decided on, and a review of activities 
in this field elsewhere in the world 
would be useful. (VYR, VTT) 
 

 
Report on the "Status of the reactor analysis code 
development within the EMERALD project at the end of 2005".
 
The neutronics input description common to the HEXTRAN 
and TRAB-3D codes has been updated, although not yet 
published. 
 
A paper on a “New sensitivity analysis tool for VTT’s reactor 
dynamic codes” was presented at the IYNC2006 Congress. 
 
Work on two Doctor’s theses almost completed. 
 
Task completion: 90  % 
 

4 International research co-operation and training courses 
 
The subproject aims at utilizing 
international co-operation to obtain 

 
OECD/NEA’s VVER-1000 benchmark calculation with 
HEXTRAN/SMABRE was continued with the steam line break 
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knowledge and tools out of reach 
using only domestic resources. The 
Finnish representation in the  OECD 
Nuclear Energy Agency's (NEA) 
Nuclear Science Committee (NSC) 
and Nuclear Development Com-
mittee (NDC) is largely included in 
the project. Participation in the NEA 
working groups and benchmarks is 
one of the most important ways of 
validating the methods and codes in 
reactor analysis. Project members 
intend to take part in the work on 
nuclear data libraries and critical 
safety studies. The project is also 
represented in the NEA/NSC 
"Working Party on the Scientific 
Issues of Reactor Systems" 
(WPRS). Calculation of OECD/ 
NEA’s VVER-1000 bench-marks will 
be continued with the steam line 
benchmark. Participation in inter-
national VVER research, including 
information exchange through the 
working groups of AER. The results 
of the project research are also 
presented at other suitable inter-
national conferences. Especially to 
be noted is the International Youth 
Nuclear Congress IYNC2006 which 
is hosted by Sweden and Finland in 
Stockholm and Olkiluoto in June 
2006. Education of new nuclear 
reactor and fuel experts and 
broadening the area of expertise of 
the current ones through inter-
national training courses. (VYR, 
VTT) 
 

case. The exercise has been calculated by a research trainee. 
The cross sections needed for some of the calculations were 
delayed for several months and thus it was not possible to 
finalize the work. However, the cross section data were made 
available in the autumn, and the final calculations could be 
continued. The deadline for submitting the results for Exercise 
2 was 31.12.2006 and for Exercise 3 it is 28.12.2007. 

Meeting of the NEA/NSC Working Party on Scientific Issues 
of Reactor Systems (WPRS) attended on 25 January 2006 
(Antti Daavittila). WPRS coordinates OECD/NEA’s 
benchmarking activities in the reactor physics and coupled-
code area. The WPRS meetings are organized together with 
meetings of two other NEA working groups: Working Party 
on Scientific Issues of Fuel Cycle (WPFC) and Expert Group 
on Reactor-based Plutonium Disposition (TFRPD), always 
on successive days.   

Jaakko Leppänen has been working on the PSG code at the 
École Polytechnique de Montréal in Canada during March 
and April, 2006. 

Anssu Ranta-aho took part in the 11th Meeting of the AER 
Working Group E “Physical Problems of Spent Fuel, 
Radwaste, and Decommissioning of Nuclear Power Plants” 
11.-12.4.2006 in Hrotovice and the OECD/NEA/NSC WPNCS 
“Workshop on the need for post irradiation experiments to 
validate fuel depletion calculation methodologies” 11.-
12.5.2006, in Rez, both in the Czech Republic. 
 
Anitta Hämäläinen participated in the 4th V1000CT Workshop 
on VVER-1000 Coolant Transients (V1000-4) and the AER 
Working Group D Workshop (VVER Dynamics and Safety) in 
Pisa, Italy on 24.-27.4.2006. 
 
Anssu Ranta-aho participated in the OECD/NEA/NSC/ 
WPNCS Workshop on the need for post irradiation 
experiments to validate fuel depletion calculation 
methodologies, Rez near Prague, 11.-12.5.2006. 
 
Jaakko Leppänen participated in the NEA JEFF meeting 22.-
24.5.2006 in Paris, France. 
 
Markku Anttila attended the annual meeting of the NEA 
Nuclear Science Committee in Paris, France, 31.5-2.6.2006. 
 
Jaakko Leppänen and Elina Syrjälahti participated in the 
International Youth Nuclear Congress IYNC2006 in 
Stockholm, Sweden and Olkiluoto, Finland, 18.-23.6.2006. 
 
Anssu Ranta-aho and Jaakko Leppänen took part in the 
PHYSOR-2006 conference in Vancouver, Canada, 10.-
14.9.2006. 
 
Randolph Höglund has attended the Studsvik Scandpower’s 
European Users Group Meeting in Hamburg, Germany, 4.-
6.10.2006 and the TopFuel 2006 conference in Salamanca, 
Spain, 22.-26.10.2006. 
 
Anssu Ranta-aho has participated in the “Kick off meeting of 
the Expert Group of Assay Data of Spent Nuclear Fuel 
(EGPIE)”  under working party on Nuclear Criticality Safety 
(WPNCS), Paris, 27.10.2006. 
 
Task completion: 100  % 
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5 Project management and information exchange 
 
(VYR, VTT) 
 

  
Status reports, project meetings and project plans. Preliminary 
planning for the new research programme SAFIR2010. 
 
Task completion: 100  % 
 

 

Comments 

In the volume numbers, person year means 10.5 person months.  

 
Education of experts 
 
Including research trainees, the project staff has included six young persons (YG, ≤ 35 y). Malla 
Seppälä (reactor dynamics) and Maria Pusa (reactor physics) have been working as research 
trainees part time during the winter and full time during the summer season. 

 
About deliverables 
 
The list of deliverables in the project plan contained items intended to be completed during the year 
but also such that are the result of two or several years' work. For example in the case of computer 
programs that are developed during the whole span of the EMERALD project or continued in future 
projects, only interim versions and reports can be available on a year-by-year basis. 
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SAFIR   31.1.2007 PROGRESS REPORT 1/07 
 
High-Burnup Upgrades in Fuel Behaviour Modelling (KORU) 
Polttoaineen korkeapalamamallinnuksen uudistaminen 
 
Duration 2003 - 2006 
Project manager Mr Seppo Kelppe, VTT Processes  
Volume in 2006 (person y.) Plan: 2.43 Realised 30.1.2007            2.65 
Cost in 2006 (k€) Plan: 293 Realised 31.1.2007              295 
 
Main Objectives 
A national capability of making independent nuclear fuel performance evaluations will be preserved. 
The modelling in fuel behaviour codes in use at VTT will be upgraded to meet the requirements due 
to evolving fuel design and operational data – notably higher burnup goals – and from revised 
guidelines for applying the licensing procedures. In models for postulated accident conditions 
uncertainties will be reduced. For steady-state conditions, the well-established codes will be partially 
renovated, in particular as regards descriptions of fission product swelling and release and detailed 
mechanical response. For future licensing evaluations, probabilistic methods will be taken in use in 
fuel transient behaviour codes. Education and training of a new generation of experts is becoming an 
urgent necessity. 
 
 
 
Objectives in 2006 Realised 

 
1 FRAPCON, FRAPTRAN, and FRAPTRAN-GENFLO Development (13 mmonths) 

1) Mechanics model elaboration 
2) FRAPTRAN-GENFLO developm. 
3) Collaboration on coupled 
modelling 
4) Core-wide probabilistic modelling 
(VYR) 

1) Documentation of the new mechanical modelling; modelling 
included in the offial versions of the the FRAPCON and 
FRAPTRAN by the USNRC; FRAPTRAN 1.3 maintenance 
2) Elaboration of boundary condition transfer for LOCA; 
improved coupling 
3) Postponed; replaced by FRAPTRAN-GENFLO  model 
development 
4) Elaboration of practical application, reporting of the theory 
and methods; demostration case (LOCA) preparation 
  
Task completion:100 % 

2 Steady State – High Burnup Models (7.5 mmonths) 
High Burnup Modelling 
Seeking and validating improved 
gas release models for the 
ENIGMA code. 
(VYR) 

Recalibration of ENIGMA fission gas model, reporting. 
Object Oriented Programming work discontinued. IAEA -  
FUMEX II recalculations with recalibrated ENIGMA completed
 
Task completion: 100  % 

3 Halden Project In-kind: Separate Studies (3 mmonths) 
LOCA Test Simulation 
Parameter studies to support test 
planning. (Halden Project). 
 

VVER LOCA test pre-calculations; new mechanics model 
applied 
IFA-650.5 precalculations done; validation with 650.4, 
summary reporting under way 
Task completion: 90 %  

4 International Collaboration, Management, Education (2 mmonths) 
International Bodies 
Halden Programme Group 
OECD SEGFSM (Fuel Safety 
Margins) 
IAEA TWGFPT 
IAEA CRP FUMEX II 

Management 

HPG Meeting in March 
JAEA Fuel Safety Research Meeting 2006 Tokai Japan 
SEGFSM Standard Problem (Halden LOCA Test)  
SEGFSM Plenary & LOCA ad hoc Meetings 
Argonne LOCA Seminar in June 2006 
Task completion: 100 % 

SAFIR final reporting completed; SAFIR 2010 preparation 

Task completion: 100 % 
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Education 
The needs of replacement and 
additional personnel to be mapped. 
Recruitment of sufficient 
undergraduate staff > theses > 
postgraduate studies > international 
exchange etc.  
  

 
 
Arttu Knuutila’s licentiate thesis on mechanical modelling in 
fuel codes completed. 

Kari Pietarinen took part in courses: 

1) Modeling and Computation of Multiphase Flows, 
 Zurich Switzerland, 20 to 24 March 2006 

2) Joliot-Hahn Summer School on Nuclear Reactors, 
Cadarache France, 23 August to 1 September.2006 

 
 

Comments 

 
Education of experts 
Undergraduate trainees: Laura Kekkonen attached to the Halden Project until  August 2007. Jukka 
Rintala continues on part time basis until summer 2007 
Post-graduate: Arttu Knuutila's  licentiate thesis completed. Kari Pietarinen has established a post 
graduate plan with Lappeenranta University of Technology.  

 

From outside the SAFIR/KORU Programme 

OECD/IRSN CABRI Water Loop Project:  Inclusion of a Loviisa test rod in CABRI CIP5 Series has 
been declined for the time being by lack of general scientific interest due to expected benign 
behaviour. Experimental PWR and BWR fuel accident behaviour data from japanese JAEA tests 
will be provided for CABRI participants. SCANAIR analyses made at VTT on Russian short-pulse 
Reactivity Accident tests with VTT improved thermal hydraulics model. Results discusssd with 
IRSN 
 
Fortum rods  Seminar on planned Halden testing and examinations was held in Fortum Espoo in 
March with Russian and Hungarian partners present. VVER fuel tests are foreseen to start in 2007. 
Finalisation of test parameters for the LOCA test. Precalculations on the other types of test with 
Fortum/Loviisa rods in Halden completed.  
 
Studsvik Cladding Integrity Project (SCIP).  Revised ramp programme due to R2 reactor closure. 
Several of the ramp results reported. 
 
OECD Paks Fuel Examination Project started with Finnish participation. Second meeting has been  
held; VTT APROS analyses were presented. Fuel calculations (FRAPTRAN) completed. 
 
 



 
 

11

SAFIR   31.01.2007 PROGRESS REPORT 4/06 
 
Integrity and life time of reactor circuits (INTELI) 
Reaktoripiirin eheys ja käyttöikä 
 
Duration 2003 - 2006 
Project manager Dr. Pentti Kauppinen, VTT Industrial Systems  
Volume in 2006 (person y.) Plan: 7.0 Realised    6.4 
Cost in 2006 (k€) Plan: 1149 Realised    1212 
 
Main Objectives 
 
The main objective of the project is to assure the structural integrity of the main components of the 
reactor circuit of the nuclear power plant and to study the typical ageing mechanisms affecting the 
integrity of main components during the life-time of the reactor.  The main components included in 
the scope of the project are:  reactor pressure vessel with nozzles and internals, piping of reactor 
circuit, other components (steam generators, pumps, valves, pressurizer, heat-exchangers) 
 

1 Ageing of pressure vessel (INSEL)  (15.4 m-m) 
 

Objectives  Results 
 

1.1 Pressure vessel    
 1.1.1 Embrittlement mechanisms and modelling of 
ageing (VTT, VYR) (2,0 p-m) 
 
Trend curves: Identification of embrittlement 
mechanisms by analyses of mechanical data.  
1) Participation in the IGRDM meeting (if arranged), 
2) Joint analyses and comparison of available data 
sets (WWER 440 database, model alloys data, 
FRAME data, and data from literature) with 
emphases on common features, differences and 
their explanations.        
 
 
Mechanisms: Identification of embrittlement 
mechanisms by microstructural analyses. 
Collection and analyses of available micro-
mechanistic data on WWER-440 weld materials 
(Atom Probe, SANS, PA, TEM etc.) found in 
literature. Relation between micro-structural 
changes and embrittlement shifts.  
 
  

Task completion: 90% (1.5  p-m).  
 
The paper “SANS response of VVER440-type 
weld material after neutron irradiation, post-
irradiation annealing and re-irradiation” 
submitted to Philosophical Magazine.  
 
The presentation “The results from the EU 
5thFP FRAME (Fracture Mechanics based 
Embrittlement)” was held in IGRDM-13.   

1.1.2 Applicability of small specimen test results 
(VTT, VYR) (1,0 p-m) 
Work focuses 2006 on standardisation and 
codification related activities. Theoretical 
development of fracture modelling is performed in 
the PERFECT project. The emphasis is put on 
ASTM, ESIS and IAEA activities. In ESIS, the 
European fracture toughness test procedure is 
“modernized”. Tests have been made in the IAEA 
CRP-8 dealing with specific Master Curve issues 
(loading rate effect, transition curve shape and 
constraint). 
 

Task completion: 90 % (1.0   p-m) 
 
The standardisation work was continued by 
participating in the committee work (ASTM, 
ESIS). The first stage of the fracture model 
development task of PERFECT was finished in 
2006. The empirical fracture toughness vs. 
yield strength correlation and results from 
microstructural investigations were reported 
and published (in part) in the 1st AMES Biennial 
Conference. The fracture toughness tests with 
different materials and specimens were 
analysed and reported in IAEA CRP-8.    
 

1.1.3 Transferability of test results for structural 
analysis (VTT, VYR) (3.5 p-m) 
Low constraint tests are conducted with different 

Task completion: 90 % (3.0 p-m) 
 
Fracture mechanical tests have been 
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specimen geometries and the T-Q fit is 
implemented in the Master Curve. The local 
approach type material models are applied to 
problems involving stable as well as unstable crack 
initiation and propagation and toughness prediction 
in cases including realistic crack geometries.  
 
In 2006 the test programme will focus on semi-
elliptical surface crack specimens under tension 
loading (semi-elliptical center cracked tension 
specimen). The experiments will be conducted and 
assessed using finite element analysis. The 
produced data will be added to existing results to 
develop and verify the Master Curve constraint 
correction, including both linear-elastic and elastic-
plastic fracture mechanics derivations. 
The specimen measuring capacity for J-R-curve 
testing will be continued, through a systematic test 
matrix covering steel, stainless, copper and 
aluminium. 
 

conducted using different type of specimens.  
Surface cracked specimen tests are 
progressing, other geometries having being 
completed. After the completion of the 
experimental programme numerical analyses 
will be performed and results of the work 
reported. 

1.1.4 Ultrasonic assessment of flaws in pressure 
vessels (1,1 p-m) 
The ultrasonic assessment methods are developed 
for more reliable characterisation of flaws in 
pressure vessels. The results of experimental 
measurements performed in 2005 will be reported 
in the European NDT-Conference in Berlin, 
September 2006.  In 2006 the techniques and tools 
for ultrasonic inspection of bimetallic welds will be 
developed based on Phased Array-technology. The 
work is related to the PINC-project, where VTT will 
participate in the RRT of bimetallic welds.  
 

Task completion:   100  % (1.0 p-m) 
 
Paper on ultrasonic techniques applied  to 
inspection of bimetallic welds has been 
presented in  9th Prometey Seminar in June 
2006, St. Petersburg 
Three articles presented in the European NDT 
Conference in Berlin, 25-29.9.2006 
An abstract of presentation in the 5th 
International Conference “Safety Assurance of 
NPP with WWER” in Podolsk, Russia on May 
29th-June 1st, 2007 prepared. 

1.1.5 The applicability of TOFD-ultrasonic 
technique for characterisation of welds in thick-
walled components  (1,1 p-m) 

The economical possibilities of using TOFD-
ultrasonic technique for creating  
 comprehensive data base for lifetime monitoring 
of welds will be assessed. The costs of necessary 
inspections will be evaluated. The content of data 
to be collected in the data base will be determined 
and the possibilities to use the data in searching 
of similarities in the comparison between different 
welds will be assessed. The overall target is to 
design the lifetime monitoring system. 
 

Task completion:   100 % (1.1   p-m) 
 
Task had to be revised because the key 
persons have left VTT. It was decided to 
combine tasks 1.1.4 & 1.1.5 and focus the work 
on development of Phased Array technology 
for austenitic and bimetallic piping welds. 
 
Training in the use of phased array-technique 
for inspection of austenitic and bimetallic welds 
was organized with Zetec company (Canada) 

1.2 Nozzles 
1.2.1 EAC mechanisms (1.7 p-m) 
Slow Dynamic Straining can contribute to EAC 
through oxide films behaviour but also through 
crack tip material softening. Measurements using 
very slow strain rates, ė<10-7 1/s are continued 
during 2006 and a final report is issued. 
Measurements are performed at room temperature 
as well at LWR relevant temperatures.  
 

Task completion:   80 % ( 1.5  p-m) 
Preliminary tests with slowly strained stainless 
steel specimens have been conducted at room 
temperature in so called EPR solution 
containing I N H2SO4. However, the existing 
loading frame did not resist this solution but 
corroded. The loading frame has been updated 
and the last test is ongoing using copper 
sample exposed to nitrite solution.    

1.2.2 International co-operation (VTT, VYR) 
(2.1 p-m) 
EAC mechanisms evaluation work in international 
research programmes is followed and the latest 
information is transferred to Finland, e.g. through 

Task completion:   100  % ( 2.1   p-m) 
 
ICG-EAC and EPRI/CIR meetings were 
attended in USA. VTT presented a paper 
dealing with irradiation defects and 
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participation to the work of International Co-
operative Group on Environmentally Assisted 
Cracking (ICGEAC), to be arranged in USA and in 
the Fontrevaud 6-conference in France ( 
contribution of materials investigations to improve 
the safety and performance of LWRs). Also young 
scientists will be incorporated to the material 
specific networks by attending these meetings. 
Detailed travel reports from the meetings are 
issued. 
 

deformation mechanism of irradiated stainless 
steel and a paper on dissimilar welds. A travel 
report has been issued and distributed  
Fontervraud 6 conference in France was 
attended. A travel report has been issued and 
distributed. VTT gave the invited talk on EAC 
and participated with two additional oral 
presentations and one poster.  
OECD/NEA SCAP project started in 2006, 
and VTT (P. Aaltonen) participates in the 
preparation of the data base concerning 
stress corrosion and ageing of cables. the 1st 
meeting was held in October, 2006. Martti 
Vilpas/STUK has been nominated member of 
the Steering Group of the project.  
The operation of the new Hot-cell laboratory 
of CEA in Saclay was started in September 
and W. Karlsen participated in the seminar 
connected to the CIR meeting. 

1.3 Internals 
1.3.1 FEGSTEM of irradiated internals materials 
(VTT, VYR, OECD Halden) (2,9 p-m) 
 
FEG-STEM will be used for characterizing the 
irradiated microstructure of three different 
materials of broken test-bars.  The work is a 
continuation of work begun in 2005 on 29 dpa 304 
stainless steel fractured in constant load tests at 
VTT, but for 2006 will be expanded to include a 20 
dpa 304L SS and a 12 dpa 304 SS which were 
broken in in-pile tests in the Halden reactor. A 
portion of that work will serve as a joint in-kind 
contribution with Halden for membership in the 
EPRI/CIR II extension program, which in turn will 
bring the latest results of leading international 
Irradiation Assisted Stress Corrosion Cracking 
(IASCC) research programs to Finland. The 
remaining portion of the research will serve as 
VTT's direct in-kind contribution to the OECD 
Halden program.  The results of the work will also 
directly complement the work being carried out for 
INPERF (Internals Sub-Project of Perfect). 
 

Task completion:   85 % (2.4  p-m) 
 
The 29 dpa 304 microstructure has been 
characterized and reported on.  Examinations 
of the 20 dpa 304 and 12 dpa 304L materials 
shipped from Halden to VTT have been, and 
the data handling and report writing will be 
completed by the end of 2006.  WLK attended 
the EPRI/CIR II extension meeting in Paris in 
September, and will present the results of all 
characterizations together at the Halden IASCC 
Review meeting and the Enlarged Halden 
meeting in March 2007. 

1.4 Dosimetry 
1.4.1 Development of neutron dosimetry (1,0 p-m) 
A new dosimetry cross section library IRDF-2002 
was released in early 2005 by the IAEA. Location-
specific condensed 47-group cross sections 
(including a new dpa evaluation) have been 
constructed for the kernel-based PREVIEW 
program, which is used for fluence evaluations in 
the Loviisa reactors. PREVIEW has been modified 
in 2003-2005 to accept case-specific dosimetry 
cross sections separate from the main kernel 
library. In the construction of these cross sections 
different group cross section conversion programs 
have been tested and compared. The PREVIEW 
program has also been modified to accept several 
new fuel enrichment codes used in Loviisa. The 
adjustment library has been separated from the 
source code in order to facilitate its updating. Most 
of these improvements have been applied and 
tested in 2005 in order to improve the fluence 
estimates for the Loviisa reactors and also to form 

Task completion:   80  % (0.9 p-m) 
 
Invited lecture “Completion of the new 
surveillance programme for Loviisa 1” 
presented at RADE 2006 workshop, Bansko, 
Bulgaria 1-8 April 2006. 
 
One EWGRD Programme Committee meeting 
held in connection with RADE workshop. 
 
Burnup-dependent data for new fuel types 
used in Loviisa and Kola have been processed 
for inclusion in the PREVIEW kernel library. 
Input data for two cycles in Kola 4 are being 
prepared in co-operation with the Kurchatov 
Institute, Moscow. 
 
The PREPRO 2004 (IAEA) program package 
for cross section processing has been installed 
and taken into use. 
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a basis for more consistent and well-founded 
uncertainty estimates. The most important 
remaining task is to improve the adjustment library 
based on the new IRDF-2002 cross sections and 
especially to include data from two ex-vessel 
measurements carried out in both Loviisa units. 
The PREVIEW program will also be fine-tuned for 
production runs on all platforms (at present it works 
properly only on Unix systems). 
 
International co-operation in the field of reactor 
dosimetry is important for maintaining and 
improving the know-how and service capabilities. 
VTT Processes participates in the Programme 
Committee of the European Working Group on 
Reactor Dosimetry (EWGRD PC) and in the 
Working Group on Reactor Dosimetry for VVER 
Reactors (WGRD-VVER). At least one meeting of 
each working group is expected to take place in 
2006. One important task is the preparation work 
for the 13th International Symposium on Reactor 
Dosimetry to be held in the Netherlands in 2008. 
Participation is also planned in the RADE 
Workshop “Use of RPV Dosimetry Benchmark 
Results for Determining Radiation Embrittlement 
Damage” 1 to 8 April 2006 in Bansko, Bulgaria 
(invitation for two presentations has been sent). 
 

 
The ZZ-COV-15GROUP-2006 cross section 
covariance library has been acquired from the 
NEA data Bank for future use in neutron 
spectrum adjustments. 

 
 
2. Reactor circuit piping (INPUT) 
 
Objectives  Results 

 
2 Reactor circuit piping (INPUT)  (31 p-m) 

2.1 Computer Simulation of Ultrasonic Testing  
(VYR, VTT) (4,0 p-m) 
The phased array technique is a new advanced 
ultrasonic method that is already currently applied 
in some in-service inspection cases in the Finnish 
nuclear plants. Also the qualifications of these 
inspection systems have been started. CIVA 
simulation program includes many tools and 
features to model and simulate phased array 
ultrasonic transducers and inspections applying 
them. The goal is to study the ways that could be 
applied in the inspection planning and qualification 
phases to design and verify different phased array 
inspection cases by using simulations. In cases 
where there is available data the simulation results 
will be compared to real measurements to assess 
the applicability and accuracy of the simulations. 

As a part of the task the CIVA licence is retained in 
force as well as is beard in mind the further training 
of the potential operators. 

Task completion:    100  % (p-m) 
 
A new version of CIVA –simulation program 
has been installed and tested. New features 
available in the program have been studied. 
Simulations using phased array probes have 
been computed in different configurations. It 
has been stated that the computation tasks 
will require plenty of processor resources/time 
when phase array probes are applied. 
Therefore simulation cases shall be planned 
and prepared carefully in advance.  
A report discussing simulations applying 
phased array probes is under finalization. 
 
The CIVA license has been extended for one 
year. 
 
 

2.2 RI-ISI, Risk informed in service Inspection 
(VYR, VTT) (7,5 p-m) 
 
The completion of the project research tasks will be 
performed in 2006. In general, this includes: 
• compilation, verification and presentation of 

Task completion:   100 % (p-m) 
 
 
The completion and verification of the risk 
matrix approach based RI-ISI analysis concept 
for NPP piping systems is compllete. This 
includes also the verification and presentation 
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the project analyses and their results 
• evaluation of the project results against 

objectives set in the beginning of the project 
• project deliverables, e.g. reports, articles 
 
The development and verification of the risk matrix 
approach based RI-ISI analysis concept for NPP 
piping systems will be completed. This includes 
also the verification and presentation of the 
analysis concept. 
 
The RI-ISI analysis concept completion work will 
include: 
• analysis concept completion; by checking that 

the scope, reliability and accuracy of the 
concept meets the corresponding aims and 
requirements 

• analysis concept testing; by performing some 
analysis examples 

• analysis concept reliability; identification and 
at least reasonable quantification of procedure 
and data treatment uncertainties 

 
The RI-ISI analysis concept verification and 
presentation will include: 
• verification of the concept for a semi-

quantitative risk matrix approach for NPP 
piping systems RI-ISI analyses: 

o verification against other 
suitable/comparable RI-ISI 
analyses 

o conclusions about e.g. the 
applicability and the generality of 
the developed approach 

o verification problems: model 
uncertainties, uncertainties related 
to and scarcity of available input 
data, lack of comparable RI-ISI 
analyses, etc. 

• presentation of the concept for risk matrix 
approach for NPP piping systems RI-ISI 
analyses : 

o detailed documentation of project 
analyses and their results 

o documentation includes general 
and more detailed flow charts 
clarifying and defining the concept 
steps and structure, descriptions of 
analysed cases and identification 
of possible future research needs 

 
The research creates a better basis for 
implementing RI-ISI in Finland. 
 
The aim is also to continue and widen the 
participation in the international networks related to 
RI-ISI, such as ENIQ TGR, OECD/NEA/CSNI RI-
ISI Workshop, OPDE project, Ageing Incorporated 
into PSA (APSA) Workshop and recently started 
Benchmark on RI-ISI Methodologies (RISMET) 
Project. An article will be prepared for a suitable 
research journal. Possibly a paper and a 
presentation will be prepared for a suitable RI-ISI 

of the analysis concept. 
 
Two ad-hoc meetings concerning the project 
results and other related issues have been held 
in March and in October. In addition to VTT 
researchers there were participants from TVO, 
FORTUM and STUK. 
 
Work has been done for the NEA-JRC 
organised Benchmark on RI-ISI Methodologies 
(RISMET) workshop. 
 
An article to Int. Journal of Pressure Vessels 
and Piping research journal concerning the 
developed RI-ISI analysis procedure is 
complete and has been sent to the journal. 
 
A special report of this project was completed 
in November, for the SAFIR programs final 
report. 
 
A separate final report concerning the project 
results is also complete. 
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related conference. 
 
In the following is a list of project deliverables, both 
for the previous project years and for 2006: 
• project reports; 2004, 2005, 2006 (=final 

report)  
• conference articles; 2003, 2006? 
• research journal articles; 2006 
• reports from the international joint research 

projects: 
o Ageing Incorporated into PSA: 

SOAR 2006, Case studies 2006-7 
o RI-ISI Benchmark: final report 

2007 at latest (VTT contribution 
completed by the end of 2006) 

 
 
2.3 Vibration (VYR VTT) (3,0 p-m) 
 
With the aid of the mathematical model and 
measured data, operational stresses in the piping 
system are computed. One or two cross-sections of 
the piping are selected for the fatigue study using 
the computed stresses alterations. 
 

 Task completion: 100  % (3,0 p-m) 

Operational stresses have been computed for 
each of the shapes. Stress variation is 
estimated using simplified method. The report 
is complete. 

2.4 Fluid-Structure Interaction Analyses (VYR, 
NKS, VTT) (10 p-m) 
 
In year 2006, the main goal in numerical modeling 
work is combining fluid-structure interaction 
analysis with two-phase simulation of water and 
steam with a simplified condensation model. The 
fluid-structure interaction analyses of the pool are 
being continued by testing different alternatives 
for improving the numerical stability of bi-
directional fluid-structure coupling in pool 
simulations. The Volume Of Fluid (VOF) model is 
used for which a simplified direct contact 
condensation model is tested. New experiments 
with steam are modeled and the calculated 
pressure loads and strains are compared to the 
measured values. The Method Of Images or other 
alternative solution methods of potential flow are 
used for obtaining alternative estimates for the 
pressure loads. Planning is also started on the 
simulations of the integral test facility with the dry-
well and condensation pool. 
 

Task completion: 100 % (10 p-m) 
 

MpCCI code has been used for fluid-structure 
interaction simulations with Star-CD and 
ABAQUS. Calculations have been performed 
for simple test cases and for the POOLEX 
facility. Alternatives for improving the 
numerical stability of bi-directional fluid-
structure coupling were examined. A method 
suitable for analyzing bi-directional FSI with 
small structural displacements was 
developed. 
 
A simplified direct contact condensation 
model has been implemented into the Volume 
Of Fluid (VOF) model of Fluent CFD code. 
Transient three-dimensional test runs for the 
pool experiments with steam have been 
performed. Combining the direct contact 
condensation model with the MpCCI code has 
been performed. 
 
As an alternative estimation method of 
thermohydraulic loads, the SILA code written 
by Eerikäinen has been taken into use. SILA 
solves the pressure distribution caused by 
oscillating bubbles in a pool, and is easier to 
use and more flexible than Method Of Images. 
SILA has been modified for pools without an 
inner cylinder. 
 

2.5 Fatigue (7.0 p-m)  
2.5.1 Numerical modelling of fatigue  
 
Numerical models describing fatigue behaviour of 
austenitic stainless piping steels under constant 
strain amplitude loading have been compiled. 
Applicability for numerical modelling of low cycle 

Task completion:    100 % (p-m) 
 
Rigorous assessment, trend and sequence 
effect analysis is performed for constant 
amplitude cyclic stress strain response of 
austenitic stainless steel in LCF regime.  
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fatigue is being assessed. 
 
Plans for year 2006: 

− Testing of applicability of nonlinear material 
models and work hardening models to 
fatigue assessment continues. 

− Applicability for alternating strain loading 
will be tested. 

− The stress strain data measured in 
experiments for the titanium stabilised steel 
will be fitted in the selected work hardening 
models.  

− A final report summarising this activity will 
be prepared.  

 

 

Background, theory and results of the work 
during 2003 – 2006 are presented in a report.  

2.5.2 Corrosion fatigue - effect of LWR(light water 
reactor) conditions   
 
Plans for year 2006: 

− Two or one critical autoclave test series will 
be selected after completion and analysis 
of the 2005 results. Main emphasis will be 
given for confirmation of the variable 
amplitude effect in environment or for 
comparison of the two materials.  

− Alternatively, to enable timely contribution 
to international debate on applicability of 
fatigue curves for stainless steels, 
determination of proper fatigue curves in 
air for both these materials may be 
prioritised.  

− The priority setting of tasks will be based 
on discussion in the ad-hoc expert group.  

− For year 2005 planned improvement of 
autoclave test set-up to allow higher 
frequencies turned out to require more 
investment than hoped and was 
withdrawn. A proper plan and proposal for 
eventual upgrades of both hardware and 
software will be developed within 2006.  

− New findings and tentative conclusions on 
the Safir programme results will be 
summarised and subjected to international 
critic. A conference presentation in PVP 
2006 environmental fatigue session is a 
recommended forum for this purpose.  

− Mechanism and model development (for 
long perspective) will be continued in order 
to explain environmental and variable 
amplitude effects to stainless steels.  

 
Goals for 2006: 

− Verification of synergistic effect: 
environment + variable amplitude (316NG 
in EPR).  

− Prepare autoclave system for real 
transient simulation on short notice when 
needed.  

− Closure and final reporting of the activities 
within this project.  

− In long term: development of mechanism 
based models.  

 

Task completion:  100 % (p-m) 
 
 
Good applicability of the bellows fatigue facility 
for slow strain rate (e.g. 0,01Hz) constant 
amplitude LCF tests has been shown within the 
Safir programme. Cyclic material behaviour 
data is of extremely good quality for parametric 
studies and mechanism studies. Technical 
challenges remain in variable amplitude 
straining (for transient simulation) and in 
frequency response (for HCF).  
 
Summaries on obtained results for 316NG and 
O8X8H10T were given in ASME PVP2006 
Fontevraud 2006 papers. PVP presentation 
discussed the environmental effects from the 
design criteria point of view. Advances in 
understanding of material cyclic behaviour was 
emphasised in Fontevraud. In addition, 
contributions have been given to debates on 
updates to international design codes and 
regulator requirements. In particular, US NRC 
draft regulatory guide (DG-1144, 2006) was 
discussed from the Finnish perspective.  
 
The latest tests for 316 steel (293°C VVER 
water) were completed in January 2007. These 
tests partially confirmed previous results, but 
also raised new questions. Fatigue lives in 
lower amplitude (0,3%) tests with both constant 
amplitude and spectrum straining were longer 
than predicted. This is in line with air test 
results indicating that for this material the slope 
of S-N-curve is too steep in the ASME code –  
and even more so –  in the NCR draft DG-
1144.  
 
The 316 steel specimens were carefully 
polished. Comparison to previous tests 
indicates that surface quality of the specimens 
may have notable effect in crack initiation and 
thus also to obtained fatigue lives. 
Comprehensive analysis and publication of the 
latest results remains for the follow-up project.  
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2.6 Corrosion and activity incorporation (3.0 p-
m) 

Task completion   100 % (3 p-m) 
 

2.6.1 Modelling  the properties of oxides growing on 
fuel cladding materials  
  
The methodology for the differentiation of fuel 
cladding materials as per their corrosion 
resistance has been developed at VTT. It is based 
on a combination of in-situ electrochemical 
impedance spectroscopy and ex-situ 
microstructural characterisation of the oxide and 
the base material. This methodology involves 
experimental determination of the properties of 
the oxide film growing during the pretransition 
period as well as using this information as input 
data in an oxide growth model. In 2005 first 
measurements were performed with Zircaloy-4 
and E110 in PWR environment at 310oC. The 
main goal in 2006 is to continue the investigation 
of the role of alloy composition (especially the 
effect of Nb as alloying additive) and water 
chemistry (especially high LiOH concentrations 
and the effects of KOH) on the initial corrosion 
performance of a range of fuel cladding materials 
(Zircaloy-4, E110 and M5). Another goal is to 
upgrade the Mixed-Conduction Model for the 
corrosion of zirconium alloys in order to take into 
account the effects of alloy composition and water 
chemistry in a more quantitative way. This 
upgrade will be accomplished by putting forward 
and verifying several hypotheses on the 
correlation between base material microstructure, 
oxide microstructure and cladding corrosion 
performance.  

Experiments with Zircaloy-4 (Spain) and E110 
(Loviisa) and M5 (FANP) alloys are done using 
thin layer electrochemical impedance 
spectroscopy (TLEIS) and scanning electron 
microscopy (SEM). 
  
-test environments :  
1) 2.2 ppm Li and 1146 ppm B (DONE),  
2) 7 ppm Li and 1146 ppm B, temperature 

310oC (DONE) 
 
Main observations: 

- Impedances on all materials are lower at 5 
ppm than at 2.2 ppm Li (meaning that the 
selected approach is capable of detecting 
changes in oxidation processes already in 
the pre-oxidation period) 

- Modelling using the Mixed-Conduction Model 
is done for E110 and M5 

- Work with Zircaloy-4 in progress 
- At 5 ppm Li the low frequency impedance 

response related to mass transport through 
the oxide film increases. This indicates that 
the oxidation kinetics in the inner barrier 
oxide most probably changes even though 
ex-situ SEM analysis show no remarkable 
change in the total oxide thickness. 

- Reports for different materials have been 
written 

- This work will continue in the SAFIR2010 
project 

 
This work has been accepted as a part of the 
IAEA’s "Optimisation of Water Chemistry to 
ensure Reliable Water Reactor Fuel 
Performance at High Burnup and in Ageing 
Plant” (FUWAC) –programme. First meeting in 
this programme was held in Vienna 4.-
6.7.2006. 

 
 
 
3. Other components  (INCOM) (3.5 p-m) 
 
Objectives  Results 
3.1. Steam generators in VVER’s 
(1,5 p-m) 
 
The subproject aims at 
accomplished approach of SG's 
lifetime management and 
degradation mechanisms. The 
relevant issues to be handled in 
reducing SCC risk in tubes are 
reduction of corrosion products in 
the whole secondary circuit and 
impurity accumulation in SG’s and  
avoidance of oxidising environment 
during transients as well as during 
steady state operation. Additionally, 
defect detection by NDE, cleaning 

Task completion: 80 % (  p-m) 
 
 
CD collection of transparencies and presentations given in the 
steam generator seminars during  2003-2005 has been made 
and delivered in the reference group meeting. 
 
K. Lahdenperä attended the IAEA ” Steam Generator Tube 
Examination Guideline for NPP” Working Group meeting 
held in October in Vienna. The aim of working group is to 
write an IAEA TECDOC  
P. Kauppinen attended the SG conference held in Podolsk 
in Russia. 
 
 
 



 
 

19

issues, defect monitoring and 
classification for structural analysis 
are needed.  
 
3.1.1. Literature study on SCC 
initiation in stainless steel SG 
tubing after water chemistry 
transients. The effectivity of 
remedial actions taken in some 
VVER to reduce the risk of SCC in 
SG tubes after experienced water 
chemistry transient. Literature 
review tends to collects 
experiences from other VVER user 
countries e.g., from Hungary. 
 
3.1.2. Continuation of the seminars 
on SG’s topical issues like i.e., on 
iron deposition, secondary water 
chemistry quality, degradation 
mechanisms of  SG’s tubing and 
NDE inspections, organised by VTT 
together with plant personnel, has 
been considered useful. The goal is 
to clarify interdependence of 
various phenomena related to 
SG’s.   

 
 
 
 
 
Literature search over the SCC initiation in SG tubing 
materials after water chemistry transients has not been 
successful. The only VVER related publication found on this 
topic was published by A. Brozova in IAEA workshop 
proceedings in 2003. The papers presented in this workshop 
can be found in the INCOM 2003-2005 CD. 
 
 
 
 
 
 
Seminar on SG is organized on 19. 12. 2006 in Otaniemi at 
VTT. The call and a preliminary agenda for the meeting has 
been e-mailed at the end of November: 
The topics cover e.g., summary of IAEA SG, Podolsk SG 
and Korea WC meetings and events related to SG in Loviisa 
NPP. 

3.2. Lead induced SCC in steam 
generators with Inconel tubing. 
(2.0 p-m) 
A literature review concerning 
remedies, counteractions, new 
NDE techniques, water chemistry 
modifications, failure incidents and 
analysed failure mechanisms 
caused by lead accumulation. 
Hindsights for life time 
management in OL3 SG’s.                 
 

Task completion: 80  % (p-m) 
 

Literature review material covering lead accumulation and 
effects as well as the mechanism to describe Pb-SCC in 
LWR´s has been received. Summary of the results covering 
mainly problems and remedies encountered with nickel base 
alloys has been started. The report is finalized to the end of 
INTELI project.  
Literature review started in 2005 on pressurizers has been 
finalized and will be delivered by the end of December 2006 
 

 

 
 
 
 
4. Prediction of Irradiation Damage Effects in Reactor Components (INPERF)   
PERFECT is an EU project funded outside SAFIR, progress is reported to INTELI  
 
Objectives in 2004-2007 Results 
  

4.1 RPV-Internals: Physics Modelling (p-m) 
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4.1.1  RVP-Internals : Long term evolution of 
irradiation induced damage (VTT, EU) 
 
This WP is aimed at providing simulation tools to 
reproduce the long term evolution of the 
irradiation-induced hardening defect and 
segregation in RPV and stainless steels. These 
tools are already existing, they will be only 
upgraded or parameterised to allow for more 
physical descriptions of the phenomena.  
Model validation using FEGSTEM analysis of 
irradiation induced defects and segregation is 
VTT’s contribution. 
 

Task completion: 100  % (p-m) 
 
VTT reported the FEG-STEM data describing 
the RPV model material as deliverable P11, 
and similar data for 30 dpa 304 SS was 
reported in 10/06 as deliverable P38.  

4.2. RPV : Mechanics Modelling (p-m) 
4.2.1 WP III-1 Models of micro-crack nucleation 
(VTT, EU) 
 
The WP will (i) establish micro crack nucleation 
criteria for relevant un-irradiated and irradiated 
steels; 
(ii) propose distributions of micro cracks as a 
function of relevant parameters.  
The nucleation criteria will be used in the models 
of brittle fracture behaviour considered in WPIII- 2 
and WPIII- 3. 
Re-assess microstructural data in the open 
literature for relevant ferritic steels. Model local 
stresses and strains in materials containing 
precipitates and develop criteria for precipitate 
fracture. 
 

Task completion: 70% (p-m) 
 
Development work on the new version of the 
WST model has been continued implementing 
the actions defined in the left column. 
 
Possible continuation of the PERFECT RPV 
Mechanics Modelling development has been 
discussed.   

4.2.2 WP III-2 “Models of brittle fracture behavior” 
(VTT, EU) 
 
The WP will develop improved criteria for crack 
propagation by transgranular cleavage and brittle 
intergranular fracture and recommend which of 
the various fracture models considered are to be 
developed further within the Sub-Project. 
 
Compile existing micromechanical models for 
brittle fracture. Examine effect of strain, stress, 
strain rate sensitivity and surface energy on brittle 
fracture propagation. 
 

Task completion:  80 % (p-m) 
 
Ability of different models to predict cleavage 
initiation site distributions has been assessed. 
The new version of the WST model is 
currently the only model capable of 
accounting for effect of strain in a realistic 
manner. 
 
The EBS analyses of mat A have mainly been 
completed at HUT. The results were 
distributed to CEA. 

4.2.3 WP III-3 “Implementation and application of 
fracture models” (VTT, EU) 
 
The WP will extend current models of fracture 
behaviour and provide the methodology for their 
use in WPIII- 5 to predict the fracture behaviour of 
irradiated RPV. 
 
Compile data for predicting the fracture toughness 
of irradiated materials from parameters related to 
the composition and neutron fluence and develop 
a theoretical correlation between irradiation-
induced changes in yield strength and T0.  
 
Compile data sets to determine temperature 
dependence of cleavage fracture toughness.  
 

Task completion: 70  %  (p-m) 
 
Report on the improved correlation between 
the yield stress change and transition 
temperature shift, taking into account 
theoretical pre-requisites for the correlation, 
was completed. The results were presented in 
the IGRDM, by Academy professor K. Wallin, 
and in the AMES Biennial Conference. 
 
Data sets have been compiled to determine 
the temperature dependence of cleavage 
fracture toughness. 
 
The improved WST model will be used to 
predict a theoretical description of the Master 
Curve temperature dependence. 
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Based on WPIII-1 and 2, develop a theoretical 
description of the Master Curve temperature 
dependence. 
 

 
An invited article dealing with the WST model 
was prepared for Engineering Frac. Mech. 

4.2.4 WP III-4 “Characterization of irradiated RPV 
steels” (VTT, EU) 
 
The WP will collect existing data on irradiated 
RPV steel so as to provide a comprehensive 
characterization of the flow and fracture 
toughness properties of irradiated RPV steels in 
support of 
the modeling work carried out under WPIII- 3 and 
WPIII- 5. It will carry out the required 
complementary tests. 
 
Acquire and test relevant RPV steels in the 
unirradiated and irradiated conditions.  
 

Task completion: 50  % (p-m) 
 
Un-irradiated and irradiated material data 
were provided for the database. Irradiated 
material in queue in hot-cell. 

4.2.5 WP III-5 “Fracture behavior modeling of 
irradiated RPV components” (VTT, EU)  
 
The WP will use the fracture toughness models 
and data from other parts of the Sub-Project in 
order to 
(i) optimize the use of current surveillance 
specimen test results for RPV integrity 
assessment; (ii) 
predict the fracture behavior of irradiated RPV 
components via a specially developed case study.
Theoretical underpinning of the correlation 
between the irradiation induced change in yield 
strength and the shift in the fracture toughness 
transition temperature. 
 
Specification of case study for application of RPV 
component fracture behaviour methodology. 
 

Task completion: 10  % (p-m) 
 
Task waiting input from AREVA ANP. 
 

4.3. Integrity of the internals  (VTT, EU)  ( p-m) 
 

 4.3.1. WPIV-3 “Behaviour of irradiated 
material”(VTT, EU) 
 
Perform limited additional tensile tests 
(complementary to the Physics of Internals part) 
to analyse and quantify material models that 
describe the deformation behaviour of irradiated 
stainless steel at a macroscopic scale. 
Assessment of the mechanical deformation 
behaviour of irradiated materials as a function of 
dose, temperature and strain rate; 
The WPIV shall produce a basic FEM model, 
describing the stress-strain-strain rate 
distributions in cracked bodies on a macroscopic 
scale 
 

Task completion:   90 % (5 p-m) 
 
TEM examinations have been carried out on 
the 0.07, 2.44 and 2.49 dpa cold-worked 304 
SS specimens SSRT tested to different strain 
levels, and reported in 11/06. 
Examinations have been carried out regarding 
channel deformation observed in mildly-
deformed 0.16 dpa 304L SS, and reported at 
the ICG-EAC meeting in 5/06. 
FEM modelling has been carried out stress 
distribution over the geometry of a flat SSRT 
test-bar grip, for guiding subsequent TEM 
specimen sampling locations. 
 

4.3.2 WPIV-4 "Crack Propagation" (VTT, EU) 
 
Measuring crack growth rates on irradiated 
stainless steel under simulated PWR in an 
experimental set-up, which can be handled by the 
electrochemistry/stress analysis software. 
Perform limited tests on irradiated specimens in a 

Task completion:  % (   p-m) 
 
CEA will initiate crack growth rate 
measurements first in the Autumn 2006. 
CEA has reported IGSCC in precipitation 
hardened stainless steel IASCC model 
material tested in PWR environment. Atomic 
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number of environments (simulated PWR and 
BWR) and conditions (loading rate, temperature) 
to analyse (fracture surface and behaviour) and 
quantify (models) corrosion-deformation 
interaction at a crack tip. 
 
WP IV-4 will merge local (electro) chemical and 
mechanical conditions at the crack tip together 
with a material dependent crack tip process model 
to obtain crack growth. In this WPIW-4, simulation 
tools shall be developed to describe the growth at 
multi-scale level: on the microscopic scale, 
modelling of the modification of the mechanical 
state at the crack tip (determined in WPIII-3) due 
to the presence of corrosion induced vacancies 
and/or hydrogen; 
 

forge microscopy has been applied to 
measure the steps caused by slip lines on 
grain boundary facets. 
 
First plans concerning continuation of IASCC 
of reactor internals materials has been 
proposed by EdF: PERFECT follow-up on 
Internals should  
-investigate and model more precisely the 
radiation-induced microstructure (Atom Probe 
(for possible precipitations and segregations 
on Frank loops), FEGSTEM, clear 
identification of bubbles and/or voids...) 
- focus on the collective behaviour of 
dislocations to model the plastic instabilities 
(as localization) and identify the different type 
of behaviours and corresponding domains  
-make links with irradiation creep and 
relaxation, 
-focus more on grain boundaries, 
-develop the investigations on deformed 
materials (TEM in situ etc). 

4.3.3. WPIV-5 "Crack Initiation" (VTT, EU) 
 
Perform limited tests on irradiated specimens in a 
number of environments (simulated BWR or 
PWR) and conditions (loading rate, temperature) 
to analyse (procedure and sample preparation to 
be developed) and quantify (models) the film's 
behaviour on deformed material.  
Experimental determination of film process 
parameters (e.g. vacancy and interstitial diffusion 
coefficients, metal-film and film-solution interfacial 
kinetics and local deformation mechanics); 
 

Task completion:  10 % (  1 p-m) 
 
A tensile bar bearing a lithography-made gold 
grid has been prepared and is awaiting 
autoclave SSRT testing in PWR environment 
 
AREVA in Erlangen has reported IASCC in 
cold worked AISI 347 type steel in PWR 
environment. 

 
5. Co-ordination, administration and training co-ordination (INCOORD) (4.5 p-m) 
 
 
Objectives  Objectives 2006 

 
 

Co-ordination of subprojects 1-4.: 

Co-ordination of subprojects 1-4.: 

• progress reporting 

• co-ordination of co-operation with STUK and 
utilities  

• allocation of man-power and financial 
resources 

• co-ordination of international co-operation. 

• co-ordination of education of new experts 
 
• final reporting of INTELI-project 
 

Task completion: 100  % (3.0 p-m) 
 
Evaluation of the SAFIR-Programme has been 
participated. 

Preparation of the framework document of 
SAFIR2010 has been participated. 

Final reporting of INTELI-project. 

Familiarization and training of new a experts to 
nuclear power plant NDE started in December 
and will be continued in 
SAFIR2010/RAKEMON-project 

 

 

 
 

 
 



 
 

23

                                                                                                                                              
SAFIR  31.1.2007 PROGRESS REPORT 1/07 
 
LWR oxide model for improved understanding of activity build-up and corrosion phenomena 
(LWROXI ) (7.5 person months) 
Aktiivisuuden kerääntymisen ja korroosion mallintaminen LWR-olosuhteissa   
Duration 2004 – 2006 (36 months) 
Project manager Petri Kinnunen, VTT Industrial Systems 
Volume 2006 (VTT part) Plan 0.4 person years Realised 31.1.2007 0.41  
Cost in 2006 (k€) (VTT part) Plan 40  Realised 31.1.2007 41.2 (103 %) 
 
Main objectives 
 
This work is a co-operation with ALARA Engineering (Sweden) and Advanced Nuclear 
Technology (ANT, Sweden), who have long experience of activity incorporation investigations in 
BWR type water chemistries in Sweden and Finland. The goal of the proposed project is to develop 
a predictive model for activity build-up in nuclear power plants. It will include a phenomenological 
model of the surface film build-up and breakdown based on fundamental physico-chemical 
mechanisms. Uncertain or undetermined fundamental parameters will be set or adjusted within the 
range of reasonable values by evaluating well-defined or well-controlled in-plant observations 
and/or laboratory experiments. As a result, a new generation model for surface films will be 
integrated with a  radiolysis/activity incorporation model in order to produce an approach that is 
more deterministic, has an increased predictive ability and is able to take into account the effect of 
a variety of environments on the surface films in a fully quantitative way. 
 
Tasks 
 
Objectives Results 
1. Experimental investigation of the 

interaction of the LWR oxides with 
coolant-originating species – fitting of data 
to adsorption and surface complexation 
models. 
 
The objective of this task is to fit the high-
temperature titration data to adsorption and 
surface complexation models, which 
correspondingly affects the quantification 
of the Mixed-Conduction Model (Task 2) 

The calculations based on the experimental data obtained in 
2005 are done. The main findings using the surface 
precipitation model are: 
 
-for Ni and Zn two surface complexation reactions have to be 
taken into account in the model 

-for Co there is most probably only one surface complexation 
reaction 

-constant capacitance model seems not to be adequate to 
describe all the features, but the diffusion layer model is 
needed; this complicates to some extent the the boundary 
conditions for the rest of the oxide film modelling 

 
 
Task completion:100% 

  
2. Further development and quantification of 

the Mixed-Conduction Model of the oxide 
film emphasising surface complexation and 
reprecipitation. 

 The objective is to further develop the 
Mixed-Conduction Model to be able to 
predict quantitatively the incorporation of 
minor species from the coolant into both the 
outer deposited layer and the inner compact 
layer of the film. The information obtained 
during 2004 on the compact film and that 
obtained in item 1 will be combined in 
order to cover all the possible paths for 

 
A conceptual view to a 4-layer oxide model has been developed. 
The quantification of the model has been done.  

− The values of adsorption reactions and stochiometries of 
adsorped species can be considered better estimates to use as 
input values in SolGasWater in order to calculate rate 
constants for precipitation and dissolution as done in the 
preliminary WOX model developed by ALARA 

− Kinetic and transport parameters of the oxide growth and 
restructuring have been estimated for alloys 316, 304 and 600 
in BWR and PWR 

− Kinetic and transport parameters for the incorporation of 
minor species have been estimated alloys 316, 304 and 600 in 
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transport and incorporation of minor 
species in the oxide. 

BWR and PWR 

− The calculated numerical profiles of minor elements have 
been compared to the experimentally obtained profiles of the 
corresponding ions and the four-layer structure of the oxide 
has been introduced. 

The tasks is done in co-operation with Prof. Martin Bojinov 
(UCTM, Bulgaria).  
 
Task completion: 100% 

3. Development of an integrated activity 
build-up model. 

Development of an integrated activity 
build-up model includes the data, insights 
and sub-models gained in the project in 
2004 and 2005 including tasks 1 and 2 in 
2006. The integrated model will be used to 
predict a few typical scenarios planned for 
BWR or PWR plants, in order to establish 
its applicability and predictive ability. 

− Most of the data collection and benchmarking is performed 
for the Scandinavian BWRs and Ringhals PWR. 

− The combination of the selected data with the modelling 
approach was not done, but will be performed in the on-
going the EU project “A deterministic model for corrosion 
and activity incorporation in nuclear power plants” (FP6-
036367 ANTIOXI)   

 
 
 
 
 
 
Task completion: 100% 

4. Report for the SAFIR final seminar.  The report is ready. 
 
 
 
 
Task completion: 100% 

 
 
Deliverables 

 
Task Deliverable 

1. & 2. Research report: Further development and quantification of the Mixed-Conduction 
Model of the oxide film emphasising surface complexation and reprecipitation (VTT 
report VTT-R-10369-06). 
Scientific paper: Estimation of the parameters of oxide film growth on nickel-based alloys 
in high temperature water electrolytes (submitted to Electrochimica Acta) 

3.   Report: on LWROXI - Development of oxide model for activity buildup in LWRs - Plant 
data analysis (ALARA report 06-0041R). 

4. Report for the SAFIR final seminar 
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SAFIR   31-01-2007 PROGRESS REPORT 1/07 
Concrete Technological Studies Related to the Construction, Inspection and Reparation of 
the Nuclear Power Plant Structures (CONTECH) 
Ydinvoimalarakenteiden rakentamiseen, tarkastamiseen ja korjaamiseen liittyvät 
betoniteknilliset tutkimukset 
 
Duration 2004 – 2006 
Project manager Liisa Salparanta, VTT 
Volume in 2006 (person y.) Plan: 0.8 Realised: 31.01.2007           0,8 
Cost in 2006 (k€) Plan: 117,5 

 
Realised: 31.01.2007        117,5 

 
 
 
Objectives in 2006 Realised 

 
Corrosion monitoring and evaluation 
of the need to repair – Part 2 
 

Reported. 
Task completion: 100 % 

The behaviour of internal curing 
agents 

Reported. 
Task completion: 100 % 

Very fast rapid hardening mortars, 
grouts and concretes 

Reported. 
Task completion: 100 % 

RH-measurements using sensors 
cast in concrete 

Reported. 
Task completion: 100 % 

Long term durability field tests – 
participation designing the test 
programme 

Test programme prepared. 
Task completion: 100 % 

The effect of formliner on the Cl-
permeability of concrete 

Laboratory tests are under progress. Will be continued in 
2007. 
Task completion: 80  % 

Consulting on concrete 
technological topics 

Participating in preparation of directions for concrete repair. 
Task completion: 100 % 

CONSAFE 
1. Participation in the OECD NEA 

Task Group on Concrete 
Ageing 

2. Description and 
Implementation Plan for the 
Safety Management System of 
Concrete Structures in Nuclear 
Power Plants 

 
1. Done. Memorandum on the annual meeting of the 
OECD/NEA/IAGE CONCRETE WG in Cadarache on 31st 
March 2006. Task completion: 100% 
 
2. Done. The report “Service Life Management System of  
Concrete Structures in Nuclear Power Plants” is completed.   
The report contains a general description and an 
implementation plan for a service life management system of 
concrete structures in nuclear power plants. 
Task completion: 100% 
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SAFIR   07.12.2006 PROGRESS REPORT 07.12.06 
 
Multiphysics, the integration of thermal-hydraulics (CFD) and finite element (FEM) computer 
codes in liquid and solid  
 
Duration 2006 
Project manager Mr. Ville Lestinen Fortum Nuclear Services Ltd  
Volume in 2006 (person y.) Plan: 0.98 Realised 07.12.2006             0.98 
Cost in 2006 (k€) Plan: 122 Realised 07.12.2006             122 
 
Main Objectives 
The objective of the project is to improve the numerical modeling capabilities of physical systems 
including fluid-structure-interaction (FSI). The FSI is a relevant phenomenon in many 
economically and technically important industrial applications. The practical objective of the 
project is to develop a useful method for coupling of the computational fluid dynamics (CFD) and 
the finite element stress and strain analysis (FEA) codes. The developed method is used for 
applications in which the pressure field is transferred from CFD to FEA code and the resulting 
structure deformations are returned from FEA to CFD. The codes used for development and 
simulations are for CFD calculations STAR-CD and FLUENT and for FEA ABAQUS code is 
used. Coupling can be made using some general codes, but the code producers are also developing 
code specific solutions. In addition to CFD-FEA linking the possibilities to use 1-D system codes 
with CFD for boundary condition calculations in multiphase cases will be studied. 
 
Objectives in 2006 Realised 

 
1 Full (two way) coupling of CFD and FEA codes 
1.1 Linking of the FLUENT and 
ABAQUS codes (FNS) 
The CFD and FEA codes can be 
linked using an external "agent" 
code. In this subtask MpCCI code is 
used to link FLUENT and 
ABAQUS. The coupled calculations 
will be used to model a real case, 
which is LBLOCA in the Loviisa 
NPP. The pressure vessel model will 
include also the water volume inside 
the core barrel. 

Task completion 100%: 
- MpCCI coupling environment is tested with test cases and 
also with the reactor model 
- first calculations with the model with the reactor internals are 
made, but the results are preliminary 
- calculations are reported 

1.2 Linking of the STAR-CD and 
ABAQUS codes (VTT) 
The MpCCI code is used to link also 
STAR-CD and ABAQUS. Similar 
calculations with the subtask 1.1 will 
be made in this subtask. 

Task completion 100%: 
- MpCCI has tested using simple models with the downcomer 
and the core barrel. The continuum shell model was used. 
Calculation is working in principle, but in the lower end of the 
model some kind of "disturbance" load exist. This problem is 
not yet solved 
- normal shell model was tested also and calculation works 
correctly, results are comparable with the previous ES-FSI 
calculations 
- model of subtask 1.1 is tested also with STAR-CD 
- results are reported 
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Objectives in 2006 Realised 

 
2 One way coupling of system codes and CFD 
2.1 Estimation of the thermal-
hydraulic phenomena in the pipe 
break point and inside the reactor 
after the LBLOCA (VTT) 
The use of one way link between the 
CFD and system codes in calculation 
of the thermal-hydraulic boundary 
condition after the pipe break will be 
studied. The system codes APROS 
and TMOC will be used to calculate 
the boundary conditions in the pipe 
break. Also the phase change 
phenomena in the reactor will be 
studied based on the calculations. 

Task completion 100%: 
- TMOC and APROS modelling has performed 
- results are transferred to CFD models as a boundary 
conditions 
- analyse work of the results is done and the results are 
reported 
 

3 Mechanical and thermal-hydraulic boundary conditions 
3.1 Pipe break mechanics (FNS) 
Short study will be made concerning 
pipe break mechanics after the 
LBLOCA. Character of the real pipe 
break is partly unclear and therefore 
it is planned to make short study of 
the pipe break mechanics. 

Task completion 100%: 
- possible pipe break mechanics has been mapped 
- analyse work based on the results of task 2.1 is ongoing and 
the results are reported 
 

3.2 Timing of the biggest stresses of 
the reactor core barrel (FNS) 
Assumption of the pressure drop 
timing will be studied. It seems to be 
obvious that the first pressure drop 
after the pipe break and before 
beginning of evaporation causes the 
biggest forces on the core barrel. 
However, there are several variables, 
which can effect on this assumption. 

Task completion 100%: 
- analyse work based on the results of task 2.1 is ongoing 
- reporting is combined with subtask 2.1 
 

 

Comments 
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APROS suojarakennusmallien kehittäminen (TIFANY) 
Development of APROS containment model 
 
Duration 1/2006 - 1/2007 
Project manager Mr. Mika Harti, Fortum Nuclear Services Ltd  
Volume in 2006 (person y.) Plan: 1 Realised 0.9  
Cost in 2006 (k€) Plan: 117.6  Realised 106.2 
 
Main Objectives 
The main objectives of the TIFANY-project are to validate the containment model against well 
instrumented experiments and to improve and add new features into the program. The experiments 
concentrate on condensation (wall and spray droplets), suppression pool and blow down pipe 
behavior, helium behavior and the general behavior of the containment model calculation. A new 
property will be the addition of pump component into the containment model. An improved 
property will be CCFL correlations in the thermal hydraulic model.  
 
 
Objectives in 2006 Realised 

1 APROS spray model development 
1.1 Validation of APROS containment model against 
International Standard problem No. 42 phase F  
 
In this subtask the phase F of ISP-42 is calculated with 
APROS containment model. The phase F is a severe 
accident phase including injection of helium and steam into 
the facility. The experiment is conducted in a 6 -vessel 
PANDA facility describing a European Boiling Water Reactor 
wit suppression pools. 
 

 
 
Task completion: Completed  
 

1.1 Validation of APROS containment model against 
International Standard problem No. 47  
 
In this subtask the MISTRA experiment of ISP-47 is 
calculated with APROS containment model. The MISTRA 
facility is equipped with temperature regulated heat 
exchangers and has volume 100 m3 in one compartment. 
The experiment included steam and helium injections.  
 

 
 
Task completion: Completed  
 

1.1 Validation of APROS containment model against Pacos 
Px1.2 experiment 
 
The Pacos experiment is conducted in a multicompartment 
Battelle Model Containment having a volume of 640 m3. 
The experiment included injection of steam, helium, air and 
use containment internal spray system. 
 

 
The subtask is delayed slightly due to 
late arrival of Pacos experimental 
resullts. However, the experimental 
results are allready received and the 
subtask will be made to end with 
Fortum's own expence.  
 
 
Task completion: 80 % 
 

2 APROS containment model development  
2.1 Addition of pump component into the APROS 
containment model 
 
This subtask includes addition of "basic pump" component of 
APROS into the containment model of APROS. 
 

 
 
Task completion: Completed 

2.2 Modelling changes 
 
Due to the possible differences in experimental results and 
APROS runs the source code of APROS containment model 

 
 
Task completion: Completed  
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may require some minor modification, or reasons to 
differences have to be searched in the source code itself. 
This subtask includes these tasks. 
 
 
2.3 Interaction between phases 
 
In this subtask new correlation for CCFL (counter current flow 
limitation) are compared to the experimental results of 
Swedish FRIGG experiments. 
 

 
 
Task completion: Completed  
 

5 Project management 
 
Project management includes tasks related to Tekes- and 
SAFIR-co-operation, acquiring experimental results, and 
general project management. 

 
 
Task completion: Completed  
 
 

 
 

Comments 
 

 
Education of experts 
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Thermal hydraulic analysis of nuclear reactors (THEA) 
Termohydrauliikka-analyysit 
 
Duration 2003 - 2006 
Project manager Ismo Karppinen, VTT Processes  
Volume in 2006 (person y.) Plan: 1.75 Realised 31.1.2007                  2.1 
Cost in 2006 (k€) Plan: 259 Realised 31.1.2007                  279 
 
Main Objectives 
PKL benchmark calculation with APROS will be continued. 
APROS model of ROSA LSTF test facility will be created and one experiment of OECD 
test program will be calculated. 
Helium distribution in MISTRA experiment will be simulated with CFD code and APROS 
containment model. The results will be compared with dedicated containment code 
TONUS. 
To test NURESIM thermal-hydraulic tool NEPTUNE by simulating a steam blow-down 
experiment performed at Lappeenranta University of Technology. The work started in 
2005 will be continued. 
 
Objectives in 2006 Realised 

1 APROS improvements 
To recalculate OECD/PKL 
benchmark (test E3.1).  

 
 
 
 
 
 
 
 
 
 
 
 

(Financing: VYR, VTT) 

Momentum transfer in the beginning of surge line was connected off 
and the test E3.1 Boron dilution during loss of the residual heat 
removal at mid-loop operation was recalculated. Liquid levels in 
passive loop seals, pressurizer and in the reactor pressure vessel 
were better predicted. Also natural circulation was started through the 
single modelled U-tube in the active steam generator and primary 
pressure stabilized. However onset of natural circulation happened 
later than in the test and pressure level was higher. Timing of water 
spill over from the cold side of the steam generator U-tube to the hot 
side is very sensitive process and therefore hard to predict. APROS 
results of the OECD/SETH PKL benchmark was sent in June. One 
day workshop of the benchmark (E3.1) was held 8.11. in Budapest. 

The effect of different CCFL correlations was tested. Smaller values of 
fitting parameter C gave better results on liquid hold up.  

Person moths: 2.4 (plan 2); Task completion 100%; Costs 17 (plan 22)
To create an APROS model of 
ROSA test facility and calculate one 
of the experiments conducted in 
OECD/ROSA program. (diploma 
work) 

 

 

 

 

 

 

(Financing: VYR, VTT) 

APROS model of the ROSA test facility was created based on existing 
RELAP5 input. Test 6.1, pressure vessel 1.9% upper head leak, was 
calculated. The main parameters were well reproduced. All measured 
data will not be available before the end of the year.  

Reactor pressure vessel model was improved by dividing the control 
rod guide tubes in two parallel channels to model internal circulation 
(same construction in EPR). This modification was essential to get 
correct temperature distribution in the upper head. Test 6.1 was 
recalculated with the updated model. Calculation of test 6.2 was 
started.  

Finalising of a diploma work on modelling hydro accumulators with 
APROS (S. Hillberg, Ydinvoimalan paineakun mallinnus, 9.10.2006) 
was included in the sub task. 

Person moths: 9.5 (plan 8); Task completion:100%; Costs 57 (51)
2 CFD 

CONTAINMENT 
The Fluent model of MISTRA test 
facility created in 2005 will be used 
to simulate helium transport and 
stratification. The same experiment 

Steady state condition in the first phase of ISP-47 was modelled with 
Fluent. Turbulence was modelled with both k-ε and k-ω models. 
More realistic results were achieved with k-ω model. Overall 
condensation rate was calculated quite well with the VTT 
condensation model based on wall functions.  
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will be calculated with APROS 
containment module. Both 
calculations will be compared with a 
dedicated containment code 
TONUS. 
 

(Financing: VTT) 

More recent experimental data of MISTRA case was received. Both 
the base case and the second case with helium added to the mixture 
were simulated with a revised grid. The simulation predicted the end 
pressure with helium well. In these simulations only k-ω model was 
used. Heat transfer to the outer walls were taken into account and 
spurious condensation modelled. 

Person moths: 2.0 (plan 1.5);  Task completion: 100 %; Costs 24 (23)
LBLOCA fluid structure interactions 
Fluid-structure interactions in the 
downcomer in LBLOCA has been 
previously calculated using ES-FSI 
library. The model will be extended 
towards the internals of the reactor 
core. The MpCCI library will be 
used for coupling Star-CD and 
Abaqus. The work is linked with 
Multiphysics SAFIR-project. 

 

 

 

(Financing: VTT) 

Modelling fluid-structure coupling by using shell elements in the 
structural model has been tested and compared with Fluent/Abaqus 
and with Star-CD/Abaqus. Using shell elements does not work 
properly with current versions of the codes. Therefore, solid 
elements must be used when in the structural model for the internals 
of the reactor. 
 
Propagation of pressure transients through perforated plates has 
been tested with Star-CD. Reflection and transmission of pressure 
pulses has been analysed in order to verify the functionality of the 
numerical models. 
 
Preparation of a simplified model for the reactor internals is in 
progress. 
 
Person moths: 1.4 (plan 1.0); Task completion: 100 %; Costs 15 (16) 

3 International research programmes 
OECD/GAMA 
Participation in the OECD/NEA/ 
CSNI Working Group on the 
Analysis and Management of 
Accidents (GAMA).  

(Financing: VYR, VTT) 

Fission Products WG meeting was help 8.5 in Berlin (Ari Auvinen): 
State of the Art Report on Nuclear Aerosols were discussed. 
 
GAMA meeting was held 25-26.9. in Paris.  
 
Person moths: 0.7 (plan 0.5); Task completion: 100 %, Costs 12 (11) 

OECD/PSB-VVER 
To follow OECD/PSB-VVER 
research programme.  
 

(Financing: VYR,VTT) 

Test 4 (SG header rupture + BRU-A stuck-open without operator 
action) was calculated as benchmark case by several organizations 
including VTT with APROS.  
Last experiment, LBLOCA, will be conducted in January 2007. 

Person moths: 0.9 (plan 0.5); Task completion:100%; Costs: 13 (12) 
USNRC/CAMP 
To participate USNRC/CAMP code 
assessment and maintenance 
programme. 
 
 
 

(Financing: VYR, VTT) 

Participation fee has been paid. 
Calculation of the in-kind contribution cases is going on at VTT and 
LUT as separate projects (financed by TVO and Fortum). 
Status report and preliminary results of the validation case (PACTEL 
loss-of-feed water test, LUT) was presented in the CAMP meeting 26-
28.10. in Linthicum, MD, U.S.A. 
Training material for the TRACE code was received. 

Person moths: 1.6 (plan 0.5);  Task completion: 100 %; Costs:51(34)
OECD/PKL 
To follow the OECD/PKL research 
programme.  
 

 

 

 

 

 

 

 

(Financing: VYR, VTT) 

OECD PKL PRG & MB meetings were held 23.-24.3. in Erlangen. 
Results of mid-loop operations tests with closed circuit F2.1 run 3 and 
F2.2 run 1 were presented.  

Test F3.1 (Loss of RHRS during shut down conditions with open 
reactor coolant system) was carried out. The boron precipitation 
phenomenon was investigated within an additional test phase at the 
end of run 1. The boron concentration in the core increased to 
values of more than 30000 ppm before the test was stopped. 

The final test (F 4.1), a parametric study on boron dilution with 
stepwise reduction/increase of the RCS inventory (counterpart test 
to F1.2, at higher pressure) was conducted.  

PRG meeting and workshop on the benchmark calculation (E 3.1), 
was held 8-11.10. in Budapest. 

Person moths 0.5 (plan 0.5); Task completion:100 %, Costs: 5 (7)
OECD/ROSA 
To follow the OECD/ROSA 

PRG & MB meetings 22-23.5. in Valencia. 
Tests, 6.1 PV upper head break and 6.2 PV bottom break has been 
performed.  
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research programme.  

 

(Financing: VYR, VTT) 

Test 1.1 temperature stratification in cold leg during ECC injection 
was performed during the PRG meeting  25-26.10. 

Person moths 0.7 (plan 0.5); Task completion:100 %, Costs: 12 (9)

Northnet 
The subtask covers coordination of 
the network in Finland.  
 
 
 
 
 
 
 
 
 
 

(Financing: Fortum, VTT) 

Work plan divided in three categories (roadmaps): 
1) Thermal hydraulics and heat transfer in fuel assemblies (KTH)
2) TH and heat transfer in the reactor pressure vessel and the 

primary circuit (Vattenfall Utveckling) 
3) Thermal hydraulics and heat transfer in the containment 

(VTT) 
A proposal for EU 7th framework program on CFD has been outlined: 
WP1: sub-cooled boiling and DNB; WP2: annular flow; WP3: post dry 
out heat transfer; WP4: turbulence. 
Steering committee meeting was held 5.5. in Arlanda. Meeting of 
roadmap 3 was held 11.5. in Otaniemi and 5.9. in Lappeenranta. 

Discussions with KTH on POOLEX experiments 11.10.  Positive 
response. More concrete proposal has to be outlined. 

Person moths 1.4  (plan 1); Task completion: 100 %; Costs:17 (15) 
4 Coordination and international co-operation 

To coordinate THEA–project  

(Financing: VYR,VTT) 

 

Person moths 1  (plan 1); Task completion: 100 %; Costs:15 (14)
5 NURESIM 

To participate EU NURESIM 
program.  VTT will simulate a 
chosen steam blowdown experiment 
performed in LUT. The new 
NEPTUNE code platform will be 
tested.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Financing: EU, VTT) 

VTT and LUT experts have participated in SALOME and NEPTUNE 
training. NEPTUNE code has been received.  
It seems that the present models in NEPTUNE code are not capable 
to simulate POOLEX experiments. However the most suitable heat 
transfer model is Hughes-Duffey correlation for stratified turbulent flow, 
but it seems to overestimate condensation. Non-condensable gas 
present in the experiments makes situation even more difficult. 
NEPTUNE code has not been well tested with non-condensable 
gases so far. 
VTT representative in NURESIM workmeeting (20-21.6. in Pisa ) 
proposed a new heat transfer approach based on fitting the 
correlations found on literature with the smallest possible number of 
dimensionless variables. 
 
In the time period 9-12/2006 VTT efforts in the international 
NURESIM project amounted to 1 person-month and continued on 
both theoretical and numerical fronts. The literature review of DCC 
heat transfer models has been extended to cover more journal 
articles, including the effect of non-condensable gas (air) mixed with 
the steam. The basic problem, not yet satisfactorily solved, is how to 
utilize correlations developed for 1D models to formulate a heat 
transfer correlation suitable for use in a 3D CFD calculation. The 
presence of air complicates both theoretical consideration and 
practical work with NEPTUNE, which does not seem mature in this 
respect, not to mention that the amount of air in experiments is 
poorly known. A progress report, with main emphasis on the 
literature review, is being written in December. Preparations are 
being made for a Special topics / Advanced level 
NEPTUNE/SALOME training course where the POOLEX problem 
will be tackled together with NEPTUNE experts. Prerequisites for 
practical numerical work have progressed with the recent installation 
of SALOME 3.2.2, which makes it easier to investigate the effect of 
various meshes on numerical results. In condensation, the mesh 
inevitably affects the temperature difference being used and the 
approximation of interface area. Now finally the official platform, 
NEPTUNE/SALOME, of NURESIM is working free of serious 
problems. 
 

Person moths 3.7  (plan 4);  Task completion: 100  %; Costs:38 (44) 
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Comments: 

 
Education of experts: 
Summer trainee (Pasi Inkinen) has prepared APROS model of ROSA test facility. 
Diploma thesis: Seppo Hillberg, Ydinvoimalan paineakun mallinnus, 9.10.2006, LUT  
 
International travels: 
Task 3: 
Junninen Pasi, OECD PKL program review group meeting, 22.-24.3.2006, Erlangen, Germany 

Poikolaine Juha, Pättikangas Timo, NORTHNET meeting, Stockholm, 28.4.2006 

Auvinen Ari, CSNI "State-of-the-Art Report on Nuclear Aerosols in Reactor Safety" writing group meeting, 
8.5.2006, Berlin, Germany 

Karppinen Ismo, OECD ROSA program review group meeting, 22.-23.5.2006, Valencia, Spain 

Karppinen Ismo, OECD/CSNI/GAMA meeting, Paris, 25-27.9.2006 

Poikolaine Juha, Pättikangas Timo, KTH co-operation in condensation bool modelling and 
experiments, Stockholm, 11.10.2006 

Poikolainen Juha, OECD ROSA PRG and MB meetings, Tokai-Mura, Japan, 25-26.10.2006 

Holmström Heikki, CAMP-meeting, Linthicum, MD, U.S.A., 26.-28.10 2006 

Junninen Pasi, 2nd PKL Analytical workshop and 6th meetings of the PRG and MB of the OECD-PKL 
Project, Budapest, Hungary, 8-11.11.2006 

 Task 5: 

Ilvonen Mikko, NURESIM meeting, 23.1.2006, Paris, France  

Puska Eija-Karita, NURESIM GB meeting, 20.5.2006, Paris, France 

Ilvonen Mikko, NURESIM meeting, 20-21.6.2006, Pisa, Italy  

Puska Eija-Karita, NURESIM GB, 6.11.2006, Paris, France 

Puska Eija-Karita, NURESIM GB meeting, 19.11.2006, Zurich, Switzerland 

 
Publications: 
 
Scientific publications: 
 
Conference papers: 
 
Research reports: 
Takasuo Eveliina, Modelling of pressurizer using APROS and TRACE thermal hydraulic codes, 2006, 
VTT, Espoo. 99 p. + app. 4 p., VTT Tiedotteita - Research Notes : 2339 

Junninen Pasi, APROS 5.06 analysis of the test PKL III E3.1, 31.1.2007 

Inkinen Pasi, ROSA/LSTF-koelaitteiston mallinnus APROS-ohjelmistolla, 31.1.2007 

Huhtanne Risto, Simulation of condensation in MISTRA steam/helium test with Fluent, ?.?.2007 

Others: 
Junninen Pasi, Matkakertomus OECD/PKL PRG kokous 1/2006 

Karppinen Ismo, Matkakertomus OECD/ROSA PRG kokous 1/2006 

Hillberg Seppo, Ydinvoimalan paineakun mallinnus, 9.10.2006, LUT 

Junninen Pasi, Matkakertomus, 2nd PKL Analytical workshop and 6th meetings of the PRG and MB of 
the OECD-PKL Project  

Poikolainen Juha, Matkakertomus OECD ROSA PRG ja MB kokoukset 2/2006 

Karppinen Ismo, Matkakertomus, OECD/NEA/CSNI/GAMA –työryhmän 9. kokous  

Holmström Heikki, Matkakertomus, CAMP-kokoukset, Linthicum, MD, U.S.A., 26.-28.10 2006 
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Archiving experiment data (KOETAR) 
Koetulosten arkistointi 
 
Duration 2003 – 2006 
Project manager Mr Vesa Riikonen, Lappeenranta University of Technology 
Volume in 2006 (person y.) Plan: 0.4 Realised 31.1.2007             0.44 
Cost in 2006 (k€) Plan: 40 Realised 31.1.2007             42 
 
Main Objectives 

The objective of the KOETAR project is to save, check, and archive data and documents of the 
thermal-hydraulic experiments performed with different facilities at Lappeenranta University of 
Technology in the STRESA database maintained by the Nuclear Safety Research Unit at 
Lappeenranta University of Technology and in CD and DVD disks. 
 
 
Objectives in 2006 Realised 

 
1 Archiving experiment data (40 k€, 4 htkk) 

The checked data and documents 
will be archived in the STRESA 
database maintained by the Nuclear 
Safety Research Unit at 
Lappeenranta University of 
Technology and in CD and DVD 
disks. 
 
The work will be done following the 
plan updated in 2003. All remaining 
experiments will be archived. The 
summary report covering the whole 
project will be written. (VYR, VTT) 

All the available experiments have been archived and saved 
in CD disks. There are also copies in DVD disks. The 
summary report has been written. 
 
Task completion: 100 % 

 

Comments 

The archiving tools created during the project are used also in processing and archiving the new 
experiments. 

The STRESA database at Lappeenranta University of Technology contains about 630 experiments 
including about 80 experiments archived outside the KOETAR project. 

 
Education of experts 
 
- 
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Condensation pool experiments (POOLEX) 
Lauhdutusallaskokeet 
 
Duration 2003 – 2006 
Project manager Mr Markku Puustinen, Lappeenranta University of Technology 
Volume in 2006 (person y.) Plan: 2.1 Realised 31.1.2007            2.3 
Cost in 2006 (k€) Plan: 292 Realised 31.1.2007            317 
 
Main Objectives 

The main goal of the project is to increase the understanding of the phenomena in a BWR 
condensation pool during steam injection. These phenomena could be connected to bubble 
dynamics (bubble growth, upward acceleration, detachment, break-up), pool swell, pressure 
oscillations, steam condensation and vibrations of the vent pipe. To achieve this understanding 
these phenomena have to be measured with sophisticated, high frequency instrumentation and/or 
captured on film with high-speed cameras or corresponding equipment. For example, to estimate 
the loads on the pool structures by condensation pressure oscillations the frequency and amplitude 
of the oscillations have to be known. Furthermore, strains of the pool wall at exactly defined 
locations have to be measured for the verification of the structural analysis. The final result of the 
project will be a database, which can be used for testing and developing calculation methods used 
for nuclear safety analysis. 
 
Objectives in 2006 Realised 

 
1 Steam injection tests (122 k€, 15 person months) 

1.1 Combined effects tests 
During a possible steam line break 
in a power plant steam discharging 
from the upper drywell into the 
condensation pool will first contain 
some amount of non-condensable 
gas. An experiment series focusing 
on the effect of non-condensable 
gas on the condensation process 
and on the pressure oscillations 
induced by rapid condensation will 
be carried out. Systems for the 
injection and measurement of non-
condensable gas will be added to 
the test rig. 
 

(Financing: VYR, NKS) 

A small diameter pipeline for the injection of air from the 
compressed air network to be mixed with steam has been 
constructured. Flow meters with different operating principles 
and measuring ranges for measuring the gas flow rate have 
been tested. A small range vortex was finally selected to be 
used in the final experiments. 
 
A series of discharge experiments, where a small amount of 
air (0.6-9.8 % of total mass flow) was mixed with steam, has 
been carried out. Air injection took place between the steam 
line flow meter and the DN200 blowdown pipe. The initial pool 
water temperature has ranged from 39 to 70 °C. Experiments 
with “pure” steam using the same flow rate as with combined 
discharge have also been done to be used as reference 
cases. A report describing the findings of the test series has 
been written. 
Task completion: 100 % 

1.2 Dynamic tests 
High frequency pressure pulses 
have been registered in the 
condensation pool test rig during the 
earlier steam discharge 
experiments. 
To better capture these pulses, new 
pressure sensors with a very wide 
frequency band will be added to the 
existing test rig. Pressure oscillations 
producing loads on the structures 
will be investigated, especially with 
the mass flux and pool bulk 
temperature values belonging to the 
chugging region. Instrumentation 
related to structural load 
measurement as well as high speed 
video equipment will be used in 
order to gain experiment data for 

Load on the pool bottom in the beginning of discharge with the 
blowdown pipe initially either full of water or air has been 
measured in one experiment. 
 
Instrumentation of the pool has been enhanced with two new 
pressure sensors having a wide frequency band. The first one 
is positoned about 10 cm below pool water level and the 
second one in the pool close to the blowdown pipe outlet. 
 
A series of steam discharge experiments investigating 
pressure oscillations in the chugging region of the flow map 
has been carried out. Collapsing steam bubbles at the 
blowdown pipe outlet have been captured with high speed 
video in order to estimate the condensation rate. 
 
A report describing the findings of the test series is being 
written. 
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modelling the connections of fluid 
dynamics and structural analysis in 
the SAFIR/INTELI project. 

(Financing: VYR, NKS) 

 
Task completion: 95 % 

2 Construction of a pool test rig including a drywell (150 k€, 5.0 person months) 
2.1 Final planning of the new pool 
test rig 
A preliminary design of the new 
pressure tight pool test rig including 
an upper drywell was drawn up in 
2005. The new rig further increases 
the applicability of the experiment 
results of the project. Possible topics 
to be studied include, for example, 
steam blows with several parallel 
vent pipes, the effect of system back 
pressure on the phenomena 
occuring during steam discharge, 
thermal mixing processes of 
steam/water in the pool following a 
blowdown, the effect of initial 
nitrogen atmosphere in the upper 
drywell on the system behavior and 
the operation of the containment 
spray system during different 
accidents scenarios. Data on the 
behavior of a scaled down 
containment system can be 
produced for the evaluation of 
reactor containment codes. The final 
design of the new test rig will be 
decided taking into account the 
above mentioned objectives of 
different research topics. Essential 
measurements will be selected. A  
report desrciping the new test facility 
will be written. 

(Financing: VYR) 

The main dimensions (height 7.445 m, diameter 2.4 m) of the 
test vessel as well as the elevation of the removable floor 
between the drywell and wetwell compartments have been 
decided. The location of viewing windows as well as of other 
penetrations has been selected. The maximum system 
pressure will be 0.5 MPa (abs.). The temperature limit on the 
inner walls will be 190 °C. 
 
The locations of the basic measurements (pressure sensors, 
thermocouples) have been decided. The nature of additional 
intrumentation depend on the experiment type in question and 
can change from one experiment series to another. Therefore, 
the flexible use of instrumentation has been taken into 
account in the test vessel design by equipping it with several 
penetrations. 
 
A facility describtion of the new test rig is being written. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Task completion: 95 % 

2.2 Construction of the new pool test 
rig 
The main components of the new 
pool test rig will be manufactured by 
a subcontractor. The test rig and 
related pipework will be assembled 
in the lab and equipped with 
instrumentation during the latter part 
of 2006. The new rig will replace the 
existing condensation pool test 
facility but it will utilize some of the 
supporting structures and auxliary 
systems of the current rig. 

(Financing: VYR) 

The test vessel has been manufactured by a subcontractor. It 
has been delivered and installed in the lab in the beginning of 
October. Installation of piping and basic instumentation has 
been done by the project personel. 
 
Commissioning tests (pressure test, check of leakages)  has 
been carried out in January. Characterizing tests will begin in 
February. 
 
 
 
 
 
Task completion: 100 % 

3 Project management and OECD SETH (20 k€, 2.0 person months) 
3.1 Project management and OECD 
SETH 
OECD/SETH Programme Review 
Group meetings will be participated 
and information on the programme 
activities will be distributed. 

(Financing: VYR) 

All experiments with the PANDA facility have been carried out.
The final report of PANDA part of the SETH project is planned 
to be published early in 2007. PRG/MB meeting on 30.11.-
1.12. was participated by Mr. E. Virtanen. 
 
 
Task completion: 100 % 

 
Comments: 
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Education of experts: 
The project staff includes presently one post-graduate scientist, who can be considered as a member 
of the young generation (YG). 
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SAFIR   06.02.2007 PROGRESS REPORT 1/07 
 
Participation in Development of European Calculation Environment (ECE) 
Osallistuminen eurooppalaiseen laskentaympäristön kehitystyöhön 
 
Duration 2005-2007 
Project manager Mr. Heikki Purhonen, Lappeenranta University of Technology 
Volume in 2006 (person y.) Plan: 0.3 Realised 31.01.2007     0.3 
Cost in 2006 (k€) Plan: 25 (+25 EU*) Realised 31.01.2007    25 
 
*EU funding share will not be included in SAFIR reporting 
 
Main Objectives 

The goal of the ECE project is to take part in the development and validation process of the new 
Common European Standard Software Platform for modeling, recording, and recovering computer 
data for the simulations of next-generation nuclear reactors. A key activity of the project is also to 
maintain good relations and increase contact intensity to the European nuclear research 
community. The participation ensures the access to use the new platform and new simulation 
tools. The project gives a possibility to increase educational competence and to acquire readiness 
to use new two-phase flow simulation tools.  

Concrete objectives of ECE are as follows: 

• To select, evaluate and convert suitable steam blowdown experiment data from the 
condensation pool test series of the SAFIR/POOLEX project. 

• To use these selected experiment results for development and validation of new 
simulation tools. 

The experiment results must be investigated thoroughly to ensure the suitability, quality and 
accuracy of the results for validation purposes. The data will then be converted and new 
conversion tools developed. The new simulation tools will be installed and tested to the SALOME 
platform for the validation purposes of the CFD modeling. The SALOME is an open source platform 
for numerical simulation integration and supported by Linux operating system. 
 
Objectives in 2006 Realised 

 
1. Calculations with new simulation tools 

 
1.1 Simulation tool testing and calculation of POOLEX test (25 k€, 4 person months) 
The new simulation tools at the 
SALOME environment are installed 
and tested in LUT. Selected 
POOLEX test is used for validation 
of condensation models of 
NEPTUNE. 

NEPTUNE is installed in a Linux system, and is now fully 
functional. Validation case documents and theory manual of 
NEPTUNE have been received. An initial version of the 
calculation grid has been developed and tested in 
NEPTUNE. A number of initial water/steam-simulations has 
been calculated using experimental data. 2D-axisymmetric 
and full 3D grids have been used. Simulation in 3D geometry 
has started. Air as 3rd phase causes problems in simulation. 
Simulations with STB-31 values indicate very rapid 
condensation if Hughes-Duffey model is used and air effects 
are not taken into account.  Researcher visit of two months in 
CEA Grenoble is under way. Task completion: 100 % 

2. Evaluation of experiments 
 
2.1 Data conversion and delivery (25 k€, 3 person months) 
The experiment results from the 
SAFIR/POOLEX project are 
converted and delivered. 

The data processing of the POOLEX test for NURESIM 
validation (STB-31) has been performed and a test report has 
been written. In POOLEX test STB-31 the thickness of gas 
layer in the pipe exit has been checked using temperature 
data. Report has been written.  Task completion: 100 % 
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Comments 
 
 
 
Education of experts 
 
PLAN: 
The project will increase the expertise level of CFD -calculation in LUT and the new tools will be 
useful both for teaching and for research activities. 
 
Suitable master's thesis subjects will be specified during the progress of the project. These subjects 
can, for example, relate to the development of tools needed for converting data for CFD code 
validation. 
 
REALIZED: 
Within the EU funded Nuresim project MScTech Vesa Tanskanen works as a postgraduate student in 
LUT from Sep. 9, 2005 to the end of Nuresim Jan. 31, 2008. 
 
 
Travels 
 
Vesa Tanskanen, Third NURESIM SP2 meeting, 24.-25.1.2006, Paris, France 
Vesa Tanskanen, Fourth NURESIM SP2 meeting, 20.-21.6.2006, Pisa, Italy 
Vesa Tanskanen, Fifth NURESIM SP2 meeting, 21.-22.11.2006, PSI, Switzerland 
 
Vesa Tanskanen, researcher visit, 2 months, CEA, Grenoble 
 
 
Reports 
 
Jani Laine, Markku Puustinen: "Condensation Pool Experiments With Steam Using Insulated DN200 
Blowdown Pipe" POOLEX 3/2005, Technical Report, Nuclear Safety Research Unit, Lappeenranta 
University of Technology, 2006 
 
Arto Ylönen: “Estimation of air layer thickness in POOLEX test STB-31” ECE 1/2006, Research 
Report, Nuclear Safety Research Unit, Lappeenranta University of Technology, 2006 
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SAFIR 1.2.2007 PROGRESS REPORT 4/06 
 
WAll Response to Soft Impact = WARSI 
Lentokonetörmäykset 
Duration 2004 – 2006 
Project manager Arja Saarenheimo, VTT Industrial Systems  
Volume in 2006 (person y.) Plan: 1.3 Realised 30.1 2007   1.3 
Cost in 2006 (k€) Plan: 170.5 Realised 30.1 2007   170.5 
 
Main Objectives 
 
The main aim of the project is to develop and take in use methods for predicting response of reinforced 
concrete structures subjected to impacts of deformable projectiles that may contain combustible liquid, such 
as jet fuel. Also dispersion of liquid from fragmented missiles will be dealt with. This project also assists the 
IMPACT project in planning the tests besides assessing and analysing the test results.  
 

Objectives in 2006 Realised 
1 Precalculations for tests 

Pre-calculations needed in planning the tests 
are continued and the work will be carried out 
in co-operation with the experts of IRSN. 
Especially, tests for determining the 
penetration depth of deformable soft missiles 
need to be carefully planned. (2,5+1,5htkk)  

100% completed 
 
Pre-calculations were carried out for reinforced 
concrete walls and for the new aluminium missile
types. 
 
Paper presented in ICONE conference. 

2 Post calculations for tests 
First, the post-calculations for the tests carried 
out in the end of 2005 will be finalised. This 
information is needed in planning the tests for 
2006.  
Softening factors will be derived for 
deformable missiles so that the numerous 
correlations derived from hard missile data 
could be utilized in soft missile impact cases. 
The main aim is to assess the penetration 
depth due to a soft missile. These test results 
may be used also in defining reduction factors 
for perforation and scabbing analyses. 
 (4,5+1 htkk) 

100% completed 
 
Post-calculations for the missile tests carried out 
in the end of 2005 and in January 2006 were 
finalised and reported. 
 
Post calculations for selected reinforced concrete 
wall were carried out. Sensitivity studies for mesh 
size effect and material parameters were carried 
out.  
Abstract submitted to SMiRT19 Conference. 

3 Jet Fuel dispersion   
The task supports the planning of the 
IMPACT test arrangement in order to quantify 
how liquid is released and spread from 
ruptured projectiles. For example, the liquid 
release velocity in the vicinity of impact 
location, wet pool area on floor, spreading of 
liquid spray far-away from the impact 
location, and droplet size are possible 
measured variables. Other measurement 
arrangements will be also considered.        
Primary objective of Task 3 is to analyse and 
report the main results of the IMPACT tests 
relating to liquid spreading. If some resources 
remain, analytical and/or numerical methods 
will be applied in assessing the liquid 
spreading, and the calculation results will be 
compared against the IMPACT test data.   
(3,5 htkk) 

100% completed 
 
Suitable measuring system has been planned, 
constructed and used in the wet impact tests. 
FDS code has been tested and used for the 
preliminary simulation of liquid spray behaviour. 
Results of wet impact tests have been analysed 
and the results are documented in a public 
summary report. Abstract submitted to SMiRT19 
Conference. 
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SAFIR 31.1.2007 PROGRESS REPORT 4/06 
 
Impact Tests - IMPACT 
Lentokonetörmäyksen kokeellinen simulointi 
 
Duration 2006  
Project manager Ilkka Hakola, VTT, Material and Building 
Volume in 2006 (person y.) Plan:   1.5 Realised:  1.7 
Cost in 2006 (k€) Plan:   260 k€ Realised:  300 k€ 
 
Main Objectives 
A general objective of this project is to obtain experimental information on the physical phenomena involved 
in a condition where an airplane impacts against a stiff structure. Three specific aims of the project include 
firstly new data on the time-varying pressures that arise during such an impact. Secondly, it is believed that 
very high shock pressures can arise while the fuel tanks impact against a fixed structure. Data on this 
phenomenon are requested. Thirdly, data on the shedding of the debris caused by the impact are also 
requested. 
 
Objectives in 2004-2005 Realised 

1 Data acquisition system and experimental apparatus 
The aim of this task is to develop data 
acquisition system by adding some 
transducers and to develop the experimental 
apparatus for shooting of missiles and wings 
shaped particles. 
 
Apparatus: 
 
 
 
 
Fixing system of the piston catcher 
 
 
Sensors: 
Second High-speed camera to video at the 
back of the wall 
Infra-red camera 
Deflection sensors 
Acceleration measurements from missile 
 

After a phase of preliminary tests, the detailed design of 
the test apparatus was made in August 2004. The 
apparatus was manufactured in September and then 
installed on 12.10.2004 in an underground space in 
Otaniemi. 
 
The test apparatus was modified at the beginning of 
year 2006. The missile is moving on the rails at the top 
of the acceleration tube. This method allows other 
shapes than rounded cross section. In June the tests 
have been done using concrete wall as a target. 
The piston catcher and back frame have been fixed by 
bolting through the floor. 
100 % completed 
 
New HS camera has been bought and used in the tests. 
Infra red camera of VTT has been used in some test 
5 deflection sensors have been used in each concrete 
wall test 
Acceleration has been measured by mass-shaft 
accelerometer at the back of the missile. 

100 %  completed 
2 Impact tests  

Shooting to the force plate, 9 tests 
Shooting to the concrete wall 10 walls 

12 tests have been done  
10 walls have been prepared and 8 have been tested, 
the last 2 walls will be tested at the beginning of the 
next year. 
In addition 2 static tests of missile have been done and 
plenty of material tests of aluminium and concrete.   
100 % completed 
3 Reporting   

Confidental reports: 
 

Impact Test Results and Test Facility in 2005 and 
2006  
Impact Concrete wall results in 2006 100 % 

Comments:   
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SAFIR   31.1.2006 PROGRESS REPORT 4/06 
 
CAvity Phenomena and HydrOgen buRNs (CAPHORN) 
 
Kuilun ilmiöt ja vetypalot 
 
Duration 2006 
Project manager  Ilona Lindholm, VTT Processes  
Volume in 2006 (person y.) Plan:       2.0  Realised 31.1.2007            2.28 
Cost in 2006 (k€) Plan:      320 Realised 31.1.2007         293.78 
 
Main Objectives 
 
The key goal of the CAPHORN-project is to investigate physical phenomena that occur in the 
reactor cavities, i.e. core-concrete interaction and debris coolability. The second target issue is 
enhanced maintenance of competence in the area of analytical assessment of hydrogen 
combustions. Thirdly, the plant models of OL1 and OL2 as well as LO1 and LO2 for new 
MELCOR release 1.8.6 will be updated and e.g. two selected accident scenarios will be analysed 
and reported.  The work will partly serve also the education of new experts for plant analysis. And 
last, the follow-up and participation of major international research projects in the area of severe 
accidents will be carried out as part of the project. The project is planned to run for one year within 
SAFIR programme. 
 
 
Objectives in 2006 Realised 

 
1 Melt Pool 

1.1 Test facility 
Construct a test facility for 
generation of metal melts and 
pouring of melt to concrete crucible. 
Concrete erosion and spallation will 
be investigated. Perform 1st test 
with steel melt. 

HECLA-1 test performed Dec 19, 2006. Technical goals of 
the test were achieved: the facility operated safely and as 
planned. The melt charge was 20 kg of stainless steel 
heated upto 1600 oC and poured into siliceous concrete 
crucible. Vigorous gas release through was observed for a 
few minutes, but concrete ablation was limited (1 mm).  
The cooled-down crucible and the steel ingot were cut 
vertically into two halves. The post-test examination 
revealed that no significant spalling or erosion had occurred 
in the concrete. Remarkable voiding was observed in the 
steel ingot, produced by frozen gas globules in the melt 
during the experiment. The results are reported in “T. Sevón 
at al., HECLA-1 Experiment on Melt-Concrete Interactions 
(VTT-R-01176-07). 
 
Task completion:   100 %. 

1.2 Supporting analyses 
Perform pre test design calculations 
and post-test analyses of the tests 

 
Scaling and pre-test calculations of HECLA-1 are performed 
calculations performed.  
 
Task completion:  100 % 

2 Particle bed 

Develop further analytical methods 
for particle bed dryout heat fluxes. 
The models will be assessed against 
the STYX test data. 
 

Preliminary analyses of 5 STYX tests have been performed 
with WABE code. Each experiment was calculated with 4 
different nodalizations. The calculated tests include both 
homogeneous and stratified tests. Results are reported in  
J. Miettinen, WABE Calculations of STYX Experiments (VTT-
R-01360-07). 
 
Task completion: 100 % 

3 Hydrogen burn 
Acquisition of TONUS code from 
CEA. User training of the code use 
in Saclay/CEA. 

Calculations of F-8 and F-22 with TONUS during CEA visit 
completed. Reporting of work (Fluent and TONUS 
calculations) as CEA report has been completed. 



 
 

43

Calculations of FLAME tests with 
new FLUENT version and TONUS 

 
 
Task completion: 100 % 

4 Integral codes 
Implement MELCOR 1.8.6 code 
version. Update OL1/OL2 input files 
for new version and calculate 
specified scenarios. 

No activities in this task during reporting period. 
 
Task completion: 100 % 

5 International research programmes 
5.1 OECD/MCCI-2 
Participation in the Programme 
review Group and Management 
Board meetings. Follow-up of work 
in the project and distribution of 
results/reports of the MCC-2 project 
to STUK, TVO and Fortum NS.  

 
No activities during Dec -06 and Jan -07. Next meeting post-
poned to Feb-Mar, -07. 
 
 
Task completion:   100 % 

5.2 CSARP 
Participation in the annual CSARP 
meeting.  

No activities during Dec -06 – Jan -07.  
 
Task completion: 100 % 
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SAFIR   31.1.2007 PROGRESS REPORT 4/06 
 
Behaviour of fission products in air-atmosphere (FIKA) 
Fissiotuotteiden käyttäytyminen ilma-atmosfäärissä 
 
Duration 2005 – 2006 
Project manager Ari Auvinen, VTT Processes  
Volume in 2006 (person y.) Plan: 2.62 Realised 31.1.2007           3.6      
Cost in 2006 (k€) Plan: 315 Realised 31.1.2007           320    
 
Main Objectives 
 
In this project the ruthenium behaviour in an air ingress accident, especially during plant 
maintenance operations, will be experimentally studied. The objective is to investigate the effect of 
steam partial pressure, temperature, flow rate and aerosol seed particles on ruthenium transport and 
speciation in the primary circuit. In this project also the catalytic effect of RuO2 on RuO4 and/or 
RuO3OH decomposition, which has been claimed to have taken place in previous studies, will be 
assessed. 
 
Phebus FP is a large scale facility, where phenomena taking place in a severe nuclear accident have 
been experimentally studied in realistic conditions. In this project the work done at the Phebus FP 
program is followed up. In year 2006 VTT will review aerosol transport section of the Phebus FPT-
2 final report. Especially significant is to interpret the role of revaporisation on the transport of 
volatile fission products as in FPT-2 experiment it was the first time directly measured. VTT will 
also participate in an international experts group on the potential future uses of the Phebus facility 
in nuclear safety research. 
 
International Source Term Programme (ISTP) is a cooperative research programme on severe 
accidents based on separate-effect experiments. The results from these experiments will allow 
improving models used for source term evaluation studies. VTT participates in the design of the 
facilities and the experiments. 
 
In Artist experimental program fission product retention in the structures of a steam generator is 
studied in tube rupture scenarios. The project provides a unique database to support safety 
assessments and analytical models. VTT participates in the program by conducting aerosol deposition 
and resuspension experiment in an internal tube flow and by modelling particle resuspension form 
surfaces. 
 
Objectives in 2006 Realised 

 
1 Ruthenium behaviour 

In the project the aim in 2006 is to 
study transport of ruthenium in 
primary circuit conditions. Especially 
trapping of gaseous ruthenium by 
stainless steel surface will be 
assessed. Altogether nine 
experiments will be carried out in 
year 2006. 
 
Progress report on the experiments 
will be issued at the end of June 
2006. 
 
Final report on ruthenium transport 
experiments will be issued by the 
end of 2006. 
 
Results of the experiments will be 
presented in international 

All planned experiments on ruthenium transport have been 
performed and reported. 
 
Results on the ruthenium transport experiment were 
presented in NKS Status Seminarium 2006. 
 
A poster was presented in IAC 2006. 
 
A presentation was given in NOSA 2006 conference. 
 
A presentation is prepared for NKS YoungRad 06 Seminar. 
 
An abstract on ruthenium studies in Europe and Canada was 
accepted to ERMSAR 2007. 
 
An abstract on ruthenium experiments was submitted to 
ICAPP 2007. 
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conferences and a scientific article 
will be written by the end of 2006. 

 
Task completion: 100% 

2 Phebus FP 
In this subprogram the work done at 
the Phebus FP is followed up. 
 
In year 2006 two Phebus follow up 
meetings will be participated. 
 
VTT participates in an international 
experts group to study potential 
future uses of the Phebus facility in 
nuclear safety research. 
 
VTT will review fission product 
transport section of Phebus FPT-2 
final report. 

Participated in meeting of an international experts group for 
the study of potential future uses of the Phebus facility as well 
as the Phebus follow-up meetings. Travel report has been 
issued. 
 
Report on Phebus FPT-2 final report review has been issued. 
 
A paper: “Iodine behaviour under LWR accident conditions: 
Lessons learnt from analyses of the first two Phebus FP tests” 
was published in NED Vol. 236 (2006) No:12 
 
 
Task completion: 100 % 

3 International Source Term Program (ISTP) 
VTT will construct hot leg and cond 
leg sampling and quenching 
systems for CHIP facility. 
 
The facility will be used in the study 
of fission product chemistry in 
primary circuit conditions. 
 
Research scientist Teemu Kärkelä 
will train in research centre 
Cadarache to conduct fission 
product chemistry experiments. 

Co-operation agreement in the field of nuclear safety and 
protection between VTT and IRSN has been extended. 
 
A contract for manufacturing the sampling systems for the 
CHIP facility as well as 5 year agreement on developing 
online techniques for FP measurements has been signed. 
 
Sampling systems for the CHIP facility have been designed 
and are under construction. 
 
 
Task completion: 100 % 

4 Artist resuspension experiments (ARRES) 
Experiments on aerosol deposition 
and resuspension in internal tube 
flow will be conducted. 
 
Based on the results a model for fine 
particle resuspension will be further 
validated. 
 
VTT will participate in measuring 
aerosol characteristics in ARTIST 
experiments at PSI. 
 
A progress report on resuspension 
experiments will be issued at the 
end of 2006.  

Two resuspension experiments have been conducted with the 
upgraded PSAERO facility. 
 
Aerosol measurements were conducted in two ARTIST 
integral experiments. 
 
Shape factor of particles from the ARTIST facility has been 
analysed. 
 
An abstract of ARTIST experiments was submitted to ICAPP 
2007. 
 
 
 
Task completion: 100 % 
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Comments 
Nordic co-operation will be promoted by continuing collaboration with Chalmers technical university 
on ruthenium experiments and taking part in the NKS –program. International co-operation will be 
continued by providing information on the ruthenium experiments to SARNET network and by taking 
part in the ARTIST, Phebus FP and ISTP programs. VTT will collaborate directly with IRSN in the 
design and construction of CHIP facility, in which dedicated analytical source terms studies are 
performed. Exchange of researches between VTT and IRSN is agreed for year 2007. 
.  
Education of experts 
 
Young researcher M. Sc. Teemu Kärkelä participates in the project. He will be educated to conduct 
advanced aerosol measurements in the field of nuclear safety. The publications from the ruthenium 
project will be part of his Ph.D. theses. 
 
Publications from the resuspension experiments will be a part of Ari Auvinen’s Ph.D. theses to be 
completed in year 2007.  
 
Young student Tapani Raunio participates in current resuspension experiments, which are a part of his 
Masters theses. 
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SAFIR / IDEC   6.2.2007 PROGRESS REPORT 4/06 
 
Duration 2003 – 2006 
Project manager Dr. Olli Ventä / Dr. Leena Norros VTT Industrial Systems  
Volume in 2006 (person y.) Plan:  17.5 person months Realised 31.12.2006 17,5 months 

(e) 
Cost in 2006 (k€) Plan:  217 Realised 31.1.2007 217 k€      (e)  
 
Objectives 
 
The project aims at formulating a scientifically founded method for the evaluation of human-system 
interfaces of complex industrial systems. In the project the structure of a method, including a set of 
indicators and evaluation criteria will be created. In IDEC project the evaluation method and criteria 
will be developed in connection with NPP control room design cases. The evaluation framework 
under development in IDEC project is called Contextual Assessment of Systems Usability (CASU).  
 
 
Objectives in 2006 Realised 

 
1. Conceptualisation of the modernisation process from V&V point of view (4 person months)
1.1 Experiences of turbine interface modernisation (2,5 person months) 
On the basis of interviews on the site this
task provides understanding of the 
implementation of the new control room 
HSI and operators’ conceptions of the 
changes and the new possibilities of the 
HSI. Interviews with conventional power 
plant experiences on digitalised control 
rooms and large screen display 
technologies are included. 

Task completion: Interviews at the plant have been 
accomplished (4 crews and one trainer were 
interviewed).NPP data has been analysed.  
Conventional power plant data has been analysed.  
  

Deliverable:  
Is part of a scientific paper at a 
conference (ECCE, Sept 2007) and 
eventual further version in a scientific 
journal.  
 

 
Deliverable completion: 100 % 
Paper at ANS NPIC&HTMI 2006: Salo, L., Laarni, J. & 
Savioja, P. Operator experiences on working in screen-
based control rooms. 
Salo,L. & Savioja,P. 2006. Practices of process control in 
digital control rooms: possibilities and threats. 13th 
European Conference on Cognitive Ergonomics, Zürich 
September 20-22, 121-122 
 

1.2 The vendor’s perspective (0,5 person months) 

Interaction between the utility and the 
vendor in the modernization process 
will be reviewed based on interviews 
on both sides.  

The utility point of view was inquired in a workshop at 
TVO. Material has been analysed.   
100% 

Deliverable: 
Results will be included in a report 
comparing experiences in different 
NPP’s in the management of human 
factors issues in the modernization 
process.   
 

Deliverable completion: 100%. 
Paper at ANS NPIC&HTMI 2006: Laarni, J. & Norros,L. 
Control room modernization at Finnish Nuclear power 
plants – two projects compared 
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1.3 Embedding HSI  V&V in the CR modernisation process (1,0 person months) 

Analysis of the control room 
modernization processes from the point 
of view of managing human factors 
issues, especially the V&V activity. Both 
TVO Olkiluoto and Fortum Loviisa 
plants are included.  Interviews, 
workshops and document material will 
be used.   
 

Two workshops with Fortum designers have been held 
(January-February). Moreover one workshop with TVO 
representatives for modernisation was held (April).  
Material is under analysis for comparison of the two cases. 
Usability test for included in the first modernisation phase 
of Loviisa CR have been accomplished in collaboration 
with Fortum. The CASU methods was tested and a new 
“usability case” framework was introduced. 
100% 
 
 

Deliverable: 
Reports describing the Modernization 
processes of the plants and 
comparative analyses are 
accomplished.  A paper submitted to 
the 5th ANS International Topical 
Meeting on Nuclear Plant 
Instrumentation, Controls, and Human 
Machine Interface Technology, 
Albuquerque Nov 12-16, 2006.   5th  
Publications in an international journal 
targeted. 

Deliverable completion: 100% 
A research report has been finished and published. 
SEGHOF workshop Halden , May 8-10, paper has been 
published and the paper delivered.. ANS paper 
submitted:  
 
Paper at ANS NPIC&HTMI 2006: Laarni, J. & Norros,L. 
Control room modernization at Finnish nuclear power 
plants – two projects compared. 
 
Jari Laarni, Leena Salo and Leena Norros: A step 
towards more agile and adaptive management of nuclear 
power plant control room renewals – lessons learned 
from a project in Finland. Abstract for EHPG meeting in 
March 11-16, 2007 at Storefjell. 

2 Testing of CASU method in specific design cases (8,5 months) 
2.1 Evaluation of real design case by 
CASU method (4 months)  

 

a)comparative study concerning design 
practice recommendations: analysis of 
style guides, comparisons between 
them with regard to the overall 
modernisation and  design approach 
b)development of the CASU-method 
and its application to individual 
subsystem validation at Fortum 
c)continuing of the analysis of reference 
runs from the point of view of CASU-
development 

 Deliverable completion: 
a) Fortum new control room style guide analyzed on the 
basis of literature and current standards. 
 
b) The CASU-method was tested in  the Loviisa 
modernisation phase 1. A usability test for two systems.    
 
 
100% 

Deliverable:  
Conclusions concerning the CASU 
method incorporated in the final report 

Deliverable completion: 90% 
 
Norros, L. and P. Savioja: Towards a theory and method 
for usability evaluation of complex human-technology 
systems. 16th World Congress of International 
Ergonomic Association. 2006. Maastricht, The 
Netherlands. 
 
Savioja, P. and Norros,L. Systems Usability  - promoting 
core-task oriented work practices. In: Law , E. Thora 
Hvannberg, E. Cocton, G. & Vanderdonckt, J.: Maturing 
Usability: Quality in software, Interaction and Value. 
Springer. 
 
Summary report delivered of the Loviisa CR Phase 1 
modernisation report was made available for the project. 

2.2 Study of advanced interface concepts (4,5 months)  
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The study focuses on two aims:  
-use of the CASU-method in design and 
validation experiments in Halden 
-conceptualisation of different HSI 
design proposals (FOD,EID,Task 
based, Information rich). 
Participation in experiments in Halden 
and international development work. 
 

Participation in the experiments in January (3 weeks). 
Three workshops with Halden group have been held on 
the methods and analysis of the results.  
A further workshop with Halden on the scenarios held in 
June. 
Analysis of data ongoing. First results obtained and 
reported to Halden.  
70% 

Deliverable: 
A joint HRP report and publications in 
international journals.  
 

Deliverable completion: 60%. 
A paper at the 5th ANS International Topical Meeting on 
Nuclear Plant Instrumentation, Controls, and Human 
Machine Interface Technology, Albuquerque Nov 12-16, 
2006: Norros,L. & Savioja, P. Is function-based control 
room design human-centered? 
 
An abstract on the study was submitted to EHPG 
meeting in March 11-16,2007 at Storefjell. 
 

3 Synthesis of IDEC results (3 months) 
Comprehensive reporting of the IDEC 
work in the form of a book. Included in it 
will be chapters on 
-NPP operators core task 
-Design of new tools for process control 
-Innovative interface concepts  
-Method for Evaluation of HSI systems 
CASU 

Deliverable completion: 60% 
A research group workshop will be held in September to 
plan the book. Reports prepared in 2005-2006 are material 
for the book.  
 
 
TEKES Ecological Design of Intelligent Environments 
report sent to review (Teknologiateollisuus). 
  
SAFIR final report material has been delivered: 
Executive report and one special report was included: 
Norros, L. Savioja, P. Integrated validation of complex 
human-technology systems – development of a new 
method  
 
 

Deliverable:  
The manuscript exists. Work will be 
completed in 2007 
 

Deliverable completion: 60% 
 

4 Dissemination of results  
A workshop is organised to discuss the 
results of the project and to steer the 
reporting of the project outcomes. 
 

Deliverable completion: 100% 
IDEC workshop was held on September 18, 2006. All 
interest groups were represented. Discussion on the IDEC 
results took place. Mr. J-E. Häll from TVO informed of the 
automation and control room design of the OL3 plant. Mr. 
Laarni informed parties introduced the VTT / NASE project 
focusing on new solutions for complex interface design.  

Deliverable: 
Organisation of the workshop and 
delivering of the material to participants 

Deliverable completion:100% 

5 SEGHOF (0,5 months) 
Leena Norros acts as the other Finnish 
delegate in the OECD/NEA Special 
expert group on human 
factors(SEGHOF). The task includes 
participation at the tasks defined by the 
group and attending at SEGHOF 
meetings. Norros acts in the program 
group to prepare an international 
workshop on Future Control Station 
Designs and Human Performance 
Issues in Nuclear Power Plants, to be 

Task completion: 100% 
The workshop was Held in Halden with a participation of 
about 75 participants. The report is under preparation. E. 
Rinttilä gave a Fortum-VTT joint paper.  SEGHOF 
meeting was held. 
 
The SEGHOG group has achieved a status of a working 
group. Consequently also the name of the group has 
been changed to Working Group on Human and 
Organizational Factors (WGHOF). The first meeting was 
held in Paris October 3-4, 2006.  (Technical opinion 
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held in Halden, May 8-10, 2006. A 
SEGHOF meeting is also Held at 
Halden. Principle meeting is in October 
3-4 in Paris. Under preparation is the 
next workshop (spring 2007) on safety 
culture as a regulatory issue.  

papers (TOP) are under preparation on Human Factors 
and NPP modifications and Human Factors and NPP 
maintenance. Report is under preparation on Future 
control station designs and human performance.  Next 
meeting is to be held in May in Chester, England. A 
workshop under Regulatory perspectives on safety 
culture (May 24-25). Participation of only two persons per 
country.  
 
Report to Finnish delegates in CSNI has been delivered 
in a meeting on November 30, 2006. 
 

Deliverable:  

Attending at meetings. 

 

 
 
Deliverable completion: 100%  

Comments 

Travel costs have been higher than expected due to an intensive collaboration with the Halden 
project. Also participation in the 16th World Conference on Ergonomics in July added to the costs. 
In the future there is a planned trip to the 5th International Topical Meeting on Nuclear Plant Instrumentation 
Control and Human Machine Interface Technology (NPIC&HMIT 2006 ( http://www.ans.org/meetings/winter/#et) 
with 3 paper from and two panel discussion contributions that will increase the travel costs even 
more.   

Co-operation 

IDEC project co-operates with and is partly funded by Halden Reactor project. It also co-operates 
with University of Toronto and Electricité de France. IDEC work is considered in a new COST 294 
action that deals with new usability methods. 

Leena Norros act as expert at SKI MTO reference  group. Two yearly meetings are scheduled. 

 

Events:  

Paula Savioja and Leena Norros participated at the HRP Workshop on Human System Interfaces – 
Design and Evaluation in Halden, May 4-5, 2006.  

Leena Norros, Paula Savioja. Jari Laarni participated at the SEGHOF workshop on Future Control 
Station Designs and Human Performance Issues in Nuclear Power Plants, to be held in Halden 
May 8-10, 2006.   

Leena Norros, Leena Salo and Jari Laarni participated at 5th ANS International Topical Meeting on 
Nuclear Plant Instrumentation, Controls, and Human Machine Interface Technology, Albuquerque 
Nov 12-16, 2006. The group gave four presentations, and acted as session chair in a further 
session. 

Leena Salo and Leena Norros participated at the 13th European Conference on Cognitive 
Ergonomics in Zürich September 20-22. 2006.   
 
 
Education of experts 
The project staff includes presently two young person (YG). Leena Salo participates at the YK4 
course.  



 
 

51

SAFIR   31.1.2007 PROGRESS REPORT 1/07 
 
Software qualification – error types and error management in software life-cycle 
(QETES) 
Ohjelmiston kelpoistaminen – ohjelmiston elinkaari, virheentorjuntakeinot ja 
virhelajit 
Duration 2005 – 2006 
Project manager Tec.Lic. Hannu Harju, VTT  
Volume in 2006  Plan:  4,5 person months Realised 30.11.2006: 4,5 months  
Cost in 2006 Plan:  751 k€ Realised 30.11.2006: 75 k€   
 
Objectives 
 
The main objective of the research is to create recommendations for inspections of documents and 
other application artefacts of the software intensive I&C systems. The recommendations are in 
order to base on the following two means of evaluation under regulators and standards 
instructions:  
• to determine error types of application software documents, 
• to clarify effectiveness of error management methods for determined error types. 
Software errors are divided according to linguistic concepts to syntactic, semantic and pragmatic 
errors. This classification will lead the way to a new approach to assess qualification material, that 
is, designs, tests, analyses, and operating experiences (YVL 5.5). 
 
Objectives in 2006 Realised 

 
3 Finished evaluation recommendations  

Preliminarily determined error types in 
Subproject 1 will be finished to fit to 
consideration of error management 
methods in Subproject 2. The main aim 
of this subproject is to publish 
recommendations for evaluating 
software engineering documents 
appropriate for the application I&C 
projects. The recommendations 
consider error types of documents and 
other artefacts, and effectiveness of 
error management methods.  
 
The perspective is on the end product, 
that is the I&C system, in which software 
is installed and in its site acceptance 
testing. The safety of the end product 
depends on the safety factors of the 
requirements specification which also 
belong to the user’s perspective. 

QETES-seminar was at 26th January 2006.  
Ad-hoc meeting was at 5th April 2006.  
Ad-hoc meeting was at 25th September 2006.  
 
A new approach for the classification of software defects 
has been developed. The approach is based on three 
aspects of computer semiotics: syntactic, semantic and 
pragmatic. Syntax faults are incorrect use of language; the 
program does not pass by the compilers. Typically 
semantic errors are a discrepancy between two 
development layers of the software life-cycle; whereas 
pragmatic errors occur between components on the same 
development layer.   
 
Previous defect classifications have been studied and set 
preliminary requirements for classifications: orthogonality 
and completeness. The concepts of the Semiotic Triangle, 
the Environment Triangle, the Dependence Onion, and the 
Failure Onion have been defined for focusing the semiotic 
aspects as orthogonal and completeness as possible.  
 
In Semiotic Triangle, the three semiotic aspects have been 
examined including their size and interrelationships.  
 
The Environment Triangle allocates software life-cycle into 
three parts which describe differently semiotic aspects. We 
can speak about models at development environment, 
components at execution environment, and compilation 
environment in which the transition from model to 
components happen.  
 
By the Dependence Onion, we are able to define those 
parts of the Environment Triangle for which Error 
Management Methods either can do something 

                                                           
1 VYR 55 k€, Fortum Nuclear Service 20 k€ 
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(dependent), can not do anything (independent), or do not 
need to anything special (reliable-indifferent).  
 
The Onion Failure Model informs us the different effects of 
semiotic defects. Especially, important layers of the onion 
are timing failures, response failures and arbitrary failures. 
 
The developed approach to classify computer semiotic 
defects has been demonstrated by two example cases: 
Function Block Diagrams and CCF due to software 
defects. 
 
Qualification styles that utilise the new classification 
approach have been presented concerning 1) the so called 
Detection Table of TVO SWEP (Software evaluation 
procedure); and 2) evaluation of error management 
methods in different phases of automation project.  

4 Probabilities of error types 
This subproject considers how users 
and inspectors can estimate the 
likelihood of potential software errors 
types of I&C system. The consideration 
is first based on the idea that each error 
management method has unique 
strengths, none can subsume the 
others. The second consideration is to 
combine new error types and error 
management methods in a hierarchical 
way in order to evaluate effectiveness 
of different collection of methods on 
preventing, detecting and tolerating 
error types of syntactic, semantic and 
pragmatic.  

The performance of the subproject concerns estimating 
probabilities and recommendations for error management 
methods.  
 
The proposed computer semiotic classification of defects 
has been validated by studying a number of incidents 
involving software errors. Results of the validation are 
reported.  
 
Evaluation of error management methods in different 
phases of automation project has been reported.  
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 SAFIR   31.01.2007 PROGRESS REPORT 4/06 
 
Organisational culture and management of change (CulMa) 
Organisaatiokulttuuri ja muutoksen hallinta ydinvoimalaitoksissa 
 
Duration 2003 – 2006 
Project manager Mr. Teemu Reiman, VTT Industrial Systems 
Volume in 2006 (person y.) Plan: 1.5 person-years Realised 31.1.2007             1.5        
Cost in 2006 (k€) Plan: 184 Realised 31.1.2007             181,4   
 
Main Objectives 
 
The main objective of the research project is to increase the understanding of the effects of 
organizational factors on nuclear safety. The project aims to produce knowledge of the effects of 
organisational culture, organisational changes and the different ways of organising work on the 
safety of nuclear power production. The practical goal is to develop methods and models with 
which to take organizational factors into account e.g. in change situations and development 
initiatives so that all of the criteria for an effective organisation (safety, productivity and health) are 
adequately considered.  
 
Objectives in 2006 Realised 

 
1 Development of working practices and management of change (7,5 person-months) 

 
1. Training and socialisation of 
newcomers in maintenance at 
TVO and developing the 
maintenance culture (2003-2006) 
 
- remeasuring the organizational 
culture of the maintenance 
organisation and evaluating the 
change and the effectiveness of 
plant’s development actions  
 
- Assessment of the effectiveness of 
the training phase of maintenance 
newcomers: yearly follow-up on the 
newcomers' progress  
 
 
 
- seminar for the maintenance 
personnel about the results 
 
 
 
- final report on case studies in TVO 
NPP maintenance during 2002-2006 
 
2. Participating in a change 
project focusing on production 
management at Loviisa NPP 
(2005-2006) and reporting of the 
results of CulMa to Loviisa NPP 
 
- identifying the needs for change 
with the process model and 
participating in the planning of 
change initiatives 
 
- interviewing the participants of the 
modelling sessions; pros and cons 

 
 
Subtask Completed.  
 
 
 
The remeasure of maintenance culture with CULTURE-survey 
has been conducted. 72 responses were received (response 
rate 60%). Results have been discussed with the project 
group.   
 
 
Follow-up interviews of all two newcomers from 2005 arrival 
have been conducted. Measure of conceptual understanding 
has been repeated for the 2005 newcomers and results 
presented to maintenance. Also the attendants of the final 
seminar (n = 50) filled the measure of conceptual 
understanding.  
 
Seminar for the maintenance personnel has been held. Over 
50 persons attended the seminar.   
 
 
 
Final report has been written. 
 
 
 
 
Subtask completed. The scope of the task was narrowed 
and resources transferred to task 2.5. 
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of process thinking in nuclear power 
plants 
 
- final report on case studies in 
Loviisa NPP maintenance during 
2000-2006 and presentation of the 
main findings for the personnel 
 
3. Assessing organisational 
culture at the Department of 
Power Plant Engineering at TVO 
(2005-2006) 
 
- modelling the core task of Power 
Plant Engineering 
 
- conducting the CULTURE-survey 
in January  
 
- analysis of data and discussions 
with the project group about the 
strengths and weaknesses of the 
organization 
 
 
- reporting at a seminar and a short 
final report 
 
(VYR, VTT) 

 
 
 
 
 
 
 
 
Subtask Completed. 
 
 
 
CULTURE-survey has been conducted in January. 50 
responses received (response rate 70 %).  
 
Preliminary results of the interviews (conducted in 2005) and 
the survey have been presented to the project group. Results 
have also been presented to the office managers at a 
separate meeting. 
 
Final seminar for the personnel has been held. Approximately 
30 persons attended the seminar. Final report has been 
written. 
 
 
Task completion: 100 % 

2 Assessment of Organisational Culture (6,5 person-months) 
 
1. Reporting 
 
- Final report of CulMa 
 
 
- Human Factors and Safety 
seminar at Innopoli 
 
 
 
 
- articles to SAFIR final report  
 
 
 
- Other non-scientific publications 
 
 
 
2. Scientific publishing 
 
- finalising three scientific articles  
 
- writing one article draft 
 
 
 
 
 
 
 
 

 
Subtask Completed. 
 
Final report have been written as part of the SAFIR final 
report. 
 
Human Factors and Safety seminar has been held at Innopoli. 
The seminar was organized in collaboration with Finnair, TVO, 
STUK, and Finavia.Seminar had approximately 70 
participants from various industrial fields and different 
educational backgrounds. The key note speaker at the 
seminar was James Reason. 
 
Articles to SAFIR final report have been written. 
 
Finnish language book on safety critical organizations has 
been published: Oedewald, P. & Reiman, T. (2006). 
Turvallisuuskriittisten organisaatioiden toiminnan erityispiirteet. 
VTT Publications 593. VTT, Espoo. 
 
 
Subtask Completed. 
 
The Nordic book on safety management has been published:  
Svenson, O., Salo, I., Skjerve, A.B., Reiman, T. & Oedewald, P. 
(eds.). (2006). Nordic perspectives on safety management in high 
reliability organizations: Theory and applications. Valdemarsvik: 
Akademitryck.  
 
Two scientific articles have been published:  
Reiman, T. & Oedewald, P. (2006). Assessing the maintenance 
unit of a nuclear power plant – identifying the cultural conceptions 
concerning the maintenance work and the maintenance 
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3. Safety culture assessment at 
PBMR (PTY) in South Africa 
 
 
 
 
 
 
 
 
4. Nordic collaboration 
 
 
 
 
 
 
 
 
 
5. Participation in the IAEA 
technical meeting on Event 
Investigation Techniques 
 
 
 
(VTT, VYR) 

organization. Safety Science 44 (9), 821-850. 
Reiman, T. & Oedewald, P. (In press). Assessment of Complex 
Sociotechnical Systems – Theoretical issues concerning the use of 
organizational culture and organizational core task concepts. 
Safety Science. 
 
One academic dissertation has been submitted for review: 
Reiman, T. (in review). Assessing organizational culture in 
complex sociotechnical systems – Methodological evidence from 
studies in nuclear power plant maintenance organizations.  
 
Two conference papers have been published and two 
scientific articles are in preparation. 
 
 
Subtask Completed. Björn Wahlström visited 27.2-
10.3.2006 South Africa as a member of IAEA’s 8 person 
team with a mission to evaluate safety culture at PBMR 
(PTY) Ltd. New SCART (safety culture assessment review 
team) method was used in the assessment. The 
assessment gave CulMa-project a valuable experience of 
the validity of the new method and plenty of ideas for 
developing the method.  
 
 
Subtask Completed. 
 
CulMa-project hosted a meeting of the Nordic safety 
management network in 27-28.4.2006 at Espoo. 
 
Researchers’ of the Culma project participated in the first 
meeting of the HUSC network (Finnish and Swedish power 
companies’ Safety Culture and MTO network) 
 
 
Subtask Completed. 
 
IAEA technical meeting was held in September in Vienna. 
Researcher from Culma project participated in the meeting as 
a Finnish representative. Resources for this task were 
transferred from task 1.2. 
 
 
Task completion: 100 % 

3 Organizational reviews – requirements, methods and experience (1 person month) 
 
 
- Interviews at power companies and 
STUK 

 
- Status report 
 
(NKS) 

 
 
Subtask Completed. Interviews have been made at STUK 
and Fortum. Status report has been written. 
 
Task completion: 100  % 

Comments 

None 

 
Education of experts 
 
The research material is used in dissertations. 
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SAFIR   31.1.2007 PROGRESS REPORT 4/06 
 
DIAMOND – Disseminating Tacit Knowledge in OrganizationsTIMANTTI – Tiedon ja 
osaamisen jakaminen organisaatiossa 
 
Duration 1.2.2006-30.1.2007 
Project manager Tanja Kuronen-Mattila / HUT / The Laboratory of Work 

Psychology and Leadership 
Volume in 2006 7 person-months Realised 31.7.2007:  

7 person-months 
Cost in 2006 (k€) 50 Realised 31.1.2007: 46102,97 
 
 
Main Objectives 
 
The general objectives of the DIAMOND-project are to enhance, develop and facilitate the 
sharing of tacit, experience based knowledge between experienced experts and their less 
experienced followers and to develop methods for tacit knowledge sharing in the NPP 
context. The specific objective for the year 2006 is to create new understanding concerning 
the role of tacit knowledge in three selected cases each of which have a distinctive context 
and interest in sharing knowledge between experienced experts and novices. During the 
project the nature and content of experience based knowledge in selected case units will be 
modeled. The special challenges in sharing experience based knowledge in different 
contexts will be identified and methods for experience based knowledge sharing will be 
investigated, developed and implemented. The possibilities for sharing tacit, experience 
based knowledge in the formal training process and control room trainee period are 
researched.  In 2006, both practically and scientifically important findings will be made 
about sharing of experience based knowledge at the Finnish nuclear power companies. 
New knowledge concerning the advantages, challenges and limitations of the piloted 
methods for sharing tacit knowledge will be produced. 
 
 
Objectives in 2006 Realised 

 
1. Orientation and material study 
 

Deepening the understanding of the work context and work 
processes of selected case unit and the training process. 
Communicating the project, its methods and goals to the 
parties involved in the case unit in informative meetings. 
Material and literature study are completed. 
 
Task completion: 100 % 

2. Case Study – Loviisa Control 
Room 

 

2.1 Data Gathering - Observation 
 

Observation of simulator training and control room operation 
are completed. 
 
Task completion: 100  % 

2.2 Data Gathering - Interviews 
 

Interviews of simulator trainers, operator trainees, instructors 
and shift supervisors are completed. 
 
Task completion: 100 % 

2.3 Data Analysis, Process 
Modelling and Developing 

Modeling of the knowledge sharing process, identifying 
challenges in sharing experience based knowledge in 
trainee period. Suggestions for developing knowledge 
sharing process and methods are given and they are being 
processed in case unit. 

 
Task completion: 100 % 
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3. Reporting and Publishing 
 

Results are reported in operator training sessions and in an 
orientation session for instructors (spring 2007). Scientific 
conference and journal article(s).  A general end report in 
which the results from the DIAMOND project 2004 – 2006 
are gathered.  

 
Task completion: 100 % 

 
 

Comments 

Additional task in reporting of the results.  

 
Education of experts 
 
The gathered data will be used for the licentiate thesis of M.Sc. (Psych.) Tanja Kuronen. 
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SAFIR   31.1.2007 PROGRESS REPORT 1/07 
 
Potential of fire spread (POTFIS) 
Palon leviämisen mahdollisuus 
 
Duration 2003 - 2006 
Deputy project manager  Dr J. Mangs, VTT  
Volume in 2006 (person y.) Plan: 1.2 Realised 31.1.2007           1.2       
Cost in 2006 and jan. 2007 (k€) Plan: 208 Realised 31.1.2007           214  
 
Main Objectives 
 
A rather simple case of fire PSA will be selected from a real plant for application, where emphasis is on the 
application method starting from inputs from existing PSA, going through all needed practical steps, and 
ending with feedback to update PSA by the gained new information. 
 
As a result of progress during the previous years we proposed new test rigs to measure the needed 
experimental parameters. These rigs are under construction outside the project. Tests of their performance as 
well as upscaled experiments will be carried out. Proposals of new algorithms are made and implemented as 
part of FDS numerical simulation tool. 
 
A modelling of fire extinguishing and fire detection systems unavailability will be carried out by collecting 
results obtained in our earlier work. Fire department performance has been modelled by VTT outside this 
program, and valuable results have been obtained for operations taking place outside the target building, as 
well as on extinguishment. For movements of firemen inside the target building, no data are available. In 
large buildings like NPPs success in actions inside the building dominates when total performance is 
evaluated. The applicability of research on fire department performance on NPPs will be investigated and 
operative fire fighting performance pilot study will be done.  
 
OECD PRISME project has been proposed to start in 2006 to provide code validation data for fire and 
smoke propagation from a source room to neighbouring room(s). Fire simulations will be carried out in 
POTFIS related to but outside PRISME aiming to guidance for design of experiments and to validate 
developed models. 
 
 
 
 
Objectives in 2006 Realised 

1 Influence of smoke and heat on equipment 
The prototype for a new test rig for flame spread measurements is introduced. Samples pre-heated from 
room temperature up to 400 oC, are studied. 
Flame spread experiments  
• Target 5 Tests of vertical flame 

spread 
Test series of various materials will 
be carried out to check the utility of 
the rig and to continue obtained 
new results in the line of earlier 
small-scale experiments. 
Due to delays of manufacturing the 
new rig alternatively double cone 
calorimeter and TGA+DTA 
experiments for simple material 
samples are carried out. A new 
calculation model to extract 
Arrhenius parameters from 
TGA+DTA spectra is attempted as 
well as numerical simulations to 
reproduce double cone calorimeter 
results.  (VYR, VTT) 

 
New experimental program for double cone calorimeter and 
TGA+DTA set up and working on them started. Double cone 
calorimeter and TGA+DTA experiments performed. A 
procedure for estimation of fire model parameters from small 
scale experimental data outlined. Report finished and 
distributed.  
Task completion 100 %. 
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2 Fire spread 
Quantitative fire risk models are applied to a scenario in a NPP, where fire induced CDF is significant. A 
special emphasis is made to carry a quantitative analysis on a real plant on cooperation with plant personnel. 
Work on flame spread modelling on solids is continued and model algorithms are implemented into FDS. 
Participation in the international project ICP. 
Probabilistic fire development in 
safety relevant rooms. 
• Target 10 Calculating probabil-

ity distributions of a target 
function from given scenarios. 

Improve numerical performance of the 
Monte Carlo platform for use of even 
more advanced variations of FDS fire 
models. One new safety relevant NPP 
fire scenario is calculated and needed 
data is collected to statistical data base. 
(VYR, VTT) 

 
Ad hoc meeting (September 20, 2006) decided on the rooms 
in Olkiluoto to be included in the study.  
FDS-model of the cable room created. A Monte-Carlo 
simulation performed and reported. The simulations revealed 
the failure time distributions of one and two sub-systems and 
the possibilities of fire brigade assault on fire in case of pool 
fire. 
Task completion 100 %. 
 
 

• Target 11 Cable flame spread 
models. 

The flame spread model worked out 
during earlier years is completed and 
its algorithms implemented into 
FDS, the functionality of the 
calculations checked, and the results 
compared to experiments. (VYR, 
VTT) 

 
Simulation finished and reported. The simulation results 
demonstrated the presumed existence of similar forms of 
flame heat flux distributions in vertical spreading flame. 
Task completion 100 % 

• Target 12 International 
Collaborative Project to 
Evaluate Fire Models for 
Nuclear Power Plant 
Applications (ICP).  

Participation in the ending 
evaluation project selectively 
according to the tasks for year 
2006.  The closing meeting is at 
GRS, Munich, May 3-5, 2006. 
(VYR, VTT) 

Meeting held at GRS, Munich, Germany, May 3-5, 2006. 
Keski-Rahkonen had two presentations on fire modelling.  
Travel report completed and distributed. 
Task completion: 100 %. 

3 Active and operative fire protection 
Previous results on fire extinguishing and detection systems are utilized for creating of overall 
unavailability models of systems. Pilot study for operative fire fighting efficiency in NPPs.  
Reliability of fire detection in 
different NPP environments 
• Target 4 Unavailability of fire 

extinguishing and detection 
systems in NPPs 

A modelling of fire extinguishing 
and fire detection systems 
unavailability will be carried out. 
(VYR, VTT) 

 
Task completion 5 %. 

• Target 5 Efficiency of operative 
fire fighting 

Non-nuclear related research on fire 
department performance and on 
movement of people is applied to 
NPP as a pilot study (VYR, VTT) 

Ad hoc meeting (September 20, 2006) decided on the 
scenario in Olkiluoto, from which data will be obtained for the 
pilot model. 
VTT researchers visited target room and the details of the 
tests were agreed on.  
Test performed by TVO staff and reported by VTT. The results 
were compared against the simulated failure times in the 
same room. 
Task completion 100% 

4 International activities 
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Fire simulations related to and board meetings of OECD PRISME project. Participation fees of 
OECD PRISME project. 
• Target 1 PRISME project 

utilization 
Fire simulations will be carried out 
related to but outside PRISME to 
guide design of experiments and to 
validate developed models. Results 
are transmitted to and from PRISME 
in project meetings by a VTT 
representative, who transmits 
working and travel reports to 
interested parties in Finland. 

Participation in the First Meeting of the Programme Review 
Group of the,3-4.4. 2006, IRSN, Aix-en-Provence.Travel 
report on the meeting distributed. 
Simulations of the PRISME-SOURCE tests performed using 
the development version of FDS (5). Results presented in the 
PRISME BE-meeting 17.10.2006 in Aix-en-Provence. 
Participation in second meeting 17-18.10.2006 in Aix-en-
Provence. Travel report on the meeting distributed.  
Task completion 100 %. 

• Target 2 OECD PRISME 
project 

Only the participation fee is 
channelled through POTFIS. Finnish 
part of the project is carried out by 
VTT under Target 1. 

Documents worked out for signing the Finnish part of the 
contract. Process continues. Participation in the First Meeting 
of the Management Board of the OECD PRISME Project, 
4.4.2006, IRSN, Aix-en-Provence..  
Travel report distributed.  
Contract signed and submitted to OECD in 16.9.2006. 
Participation in second meeting 17-18.10.2006 in Aix-en-
Provence. Travel report on the meeting distributed.   
Task completion 100 %. 
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SAFIR   7.2.2007 PROGRESS REPORT 1/07 
 
Principles and Practices of Risk-Informed Safety MAnagement (PPRISMA) 
Riskitietoisen turvallisuudenhallinnan periaatteet ja käytännöt 
 
Duration 2003 – 2006 
Project manager Dr. Jan-Erik Holmberg, VTT Industrial Systems 
Volume in 2006 (person y.) Plan: 1,6 Realised 31.1.2007             1,7  
Cost in 2006 (k€) Plan: 232,9 Realised 31.1.2007             233  
 
Main Objectives 
 
Risk-informed safety management means use of information from probabilistic safety assessment 
(PSA) to support decision making in various contexts. Generally, the project deals with the whole 
scope of risk-informed methods and application areas related to safety of nuclear power plants. 
The main objectives are: 
 
• to develop risk-informed decision making methods that integrates results from risk and 

reliability analyses with other expertise in the problem domain 
• to develop assessment methods for nuclear power plants operation and maintenance in order 

to enhance risk-informed ways of planning of activities and acting in situations 
• to develop methodologies in the problem areas of PSA 
• to advance skills in nuclear risk analysis, assure the competence transfer to the new 

generation and to participate in international co-operation. 
 
 
Objectives in 2006 Realised 

 
1 Risk-informed decision making  

1.1 Maintenance and operability 
strategies 
a) Systematic analysis and 
prevention of HCCFs related to 
maintenance activities.  
Updated method description report 
on periodic review and analysis of 
maintenance history for 
identification, analysis and 
prevention of single errors and 
human originated CCFs in relation to 
maintenance compatible with 
periodic in-kind studies.  
 
b) Risk-informed maintenance and 
operability planning. 
Final report on integrated process 
model for maintenance and 
operability planning.  Conference 
paper on maintenance strategies to 
be presented in 2006 (abstract: 
Euromaintenance 06). 
(VYR, VTT) 

 
a) Start-up meetings and seven analysis meetings of human 
errors in relation to maintenance covering 2005 held with the 
utilities TVO and Fortum. Testing of the method description on 
analysis of CCFs was performed and the method description 
was updated based on a developed performance of the 
Loviisa HCCF analyses covering the year 2003 and TVO 
HCCF analyses covering the year 2005. In the TVO 2005 
human error study, the results were benchmarked with the 
results of similar TVO human error studies covering the 90’s, 
too.The updated method description for periodic analysis and 
review of the human originated failures and CCFs from 
maintenance history has been prepared and documented as a 
research report.  
 
b) The research report on an integrated process for planning 
of a risk informed and cost-effective maintenance programme 
has been prepared.Conference paper on development of 
maintenance strategies of a NPP was presented in 
Euromaintenance 2006 together with Fortum. 
 
Task completion: 100 % 
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1.2 Risk-informed ways of 
management of fire situations 
A scientific article on the 
development of the risk-informed 
management of fire situations from 
the co-operational point of view. 
Conference paper ( ESREL 2006). A 
chapter concerning the control room 
operators’ work demands in fire 
situations, as part of a book included 
in the research plan of the IDEC 
project. (VYR, VTT) 

 
 
Writing of the article will be completed during spring 2007. 
Abstract of the conference paper has been accepted to 
ESREL 2006 but the task will be postponed and the abstract 
submitted to another conference (e.g. PSAM 9). Draft of the 
chapter for the book (IDEC project) has been written. 
PPRISMA special article for the SAFIR final report has been 
written. 
 
Task completion: 90.% 

1.3 Validity of safety goals 
Evaluation of the basis for the safety 
goals set by the nuclear industry and 
compare with goals set in other 
areas. The evaluation will be based 
on both literature review and 
interviews with key persons. Specific 
issues and specific problems in 
application and interpretation of 
safety goals will be investigated and 
described, including e.g., discussion 
of interpretation and verification of 
stated safety goals, effects from 
major PSA uncertainties, 
relationship between safety goals on 
different levels (CDF vs. LERF), etc. 
Report on validity of safety goals in 
NKS-series. (VYR, NKS) 

 
Interviews made. Literature review initiated. Seven working 
meetings held. Draft report written. Seminar held November 
16, 2006 in Arlanda, Sweden. Planning of next years work 
initiated included submitting a Task proposal to WGRISK. 
Report written. 
 
Task completion: 100 % 

2 Methods for risk assessment 
2.1 Human reliability analysis data 
Representation of Finland in the 
Working Group RISK (WGRISK) of 
OECD/CSNI and its Task 
"Framework for HRA Information 
Exchange." 
 
To define a framework for collecting 
HRA-data. (VYR) 
 

 
Follow-up of WGRISK and CSNI activities. Participation in the 
annual meeting of WGRISK and the HRA Task Group 
meeting. Travel report written 
 
Task completion: 100 % 
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2.2 Reliability of computer-based 
systems 
 
Issues as the role of operational 
data in reliability estimation and PSA 
in general, and the probability of a 
common cause failure will be 
discussed. The problem will be 
discussed mainly from a theoretical 
basis. 
 
Synthesis between quantitative 
reliability estimation and safety case 
approaches will be discussed and 
clarified. The aim is to conclude 
research work carried out in the 
SAFIR project PPRISMA/RECOM, 
QETES and ASDES. Future 
research work will be planned so 
that the needs of PSA are met. 
 
International research around the 
research topic is followed. Meetings 
of IAEA technical working group on 
nuclear power plant control and 
instrumentation are attended. The 
writing process of technical 
document on "Implementing and 
licensing digital I&C systems and 
equipment in nuclear power plants" 
is participated. The issue of the 
protection of computer systems at 
nuclear power plants from external 
threats will be followed. 
 
Finishing of a technical note on 
software reliability for WGRISK 
 
Joint Ad hoc group activity of the 
task is managed with the SAFIR 
projects ASDES and QETES. 
(VYR, VTT) 

 
 
 
The role of operational data has been considered. The 
approach is currently to try to formulate a model for the 
likelihood p(operational data is as given | the model is as 
given). The special features of software-based systems have 
been considered, and literature on software reliability models 
has been reviewed. 
 
A report prepared: I. Karanta. Methods and problems of 
software reliability estimation. VTT Working Papers 63, Espoo 
2007, 59 p. 
 
A short summary report on the PPRISMA projects (ASDES, 
RECOM, QETES) has been prepared. Karanta, I. An overview 
of software reliability projects in SAFIR-programme (2003-
2006). VTT Research Report VTT-R-00991-07. Espoo 2007, 
12 p. 
 
 
The work with the TECDOC on Implementing and licensing 
digital I&C has continued with issuing the version 7 in June. 
Comments to this version are expected by the end of August. 
A VTT representative participated in the consultants meeting 
in Vienna 6-8 September. A new version of the document was 
sent to the working group on 13.10.2006. 
 
Participation in the IAEA technical meeting on Cyber Security 
of Nuclear Power Plant Instrumentation, Control and 
Information Systems in Idaho Falls 17-20.10.2006. Travel 
report written. 
 
 
 
Technical note prepared and presented in WGRISK annual 
meeting Nov 2006. 
 
The first Ad hoc group meeting was arranged in April, 5th, and 
the second meeting September, 25th. 
 
Task completion: 100 % 

2.3 Reliability analysis of long-term 
missions 
The Markov model based method 
will be developed to a modelling tool 
(using e.g. Matlab) that could be 
used in PSA applications. (VYR, 
VTT) 

 
 
Report made and distributed for the reference group. 
 
Task completion: 100 % 
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3 Project management, co-operation and information exchange 
3.1 Project management and 
information exchange 
Management of PPRISMA. 
Participation in the reference groups, 
planning joint projects and related 
activities in SAFIR. 
 
Resources for publishing results and 
for tutoring to the younger 
generation. 
 
International co-operation: 
OECD/NEA/CSNI/WGRISK, EU 
research in reactor safety, ESReDA 
working groups, Nordic PSA-group, 
ESREL/PSAM/PSA conferences, 
co-operation with NKS work and the 
Halden Reactor Project.  
 
(VYR, VTT) 

 
 
Four reference group meetings, two ad hoc group meetings, 
involvement in the international evaluation of SAFIR, writing of 
a summary of PPRISMA to the SAFIR final report. Planning of 
a project to next SAFIR2010 programme. 
 
Task completion: 100 % 

 

Comments 

A new task included in the project in November 2006 based on an order from SKI (see task 2.2). 

 
Education of experts 
 
The project staff includes presently 2 young persons (YG): Two post-graduate scientists. A research 
trainee worked in the team during summer. A younger research scientist has been educated in the 
practical analysis of operating experience of human errors related to maintenance at nuclear power 
plants. 



 
 

65

 
SAFIR   31.1.2007 PROGRESS REPORT 1/07 
 
Assessment Smart Device Software (ASDeS) 
Mikroprosessoriohjattujen laitteiden turvallisuusarvionti 
 
Duration 2005–2006 
Project manager Prof. Urho Pulkkinen, VTT 
Volume and funding 2006 Plan:6 manmonth2 Realised: 6 mmonths  
Funding sources (k€) 2006 Plan: VYR 80 k€ 3 Realised: 80 k€ 

 
 
Main Objectives 
 
The assurance of smart devices for use in critical applications requires the safety assessment of their 
software. The overall objective of this project is to develop an approach to the assessment of such 
smart device software that takes into consideration: 

• the particular issues of assessing  COTS and the design and accessibility of smart devices 
• regulatory context of the nuclear industry in Finland (e.g. YVL guides 2.0, 2.1, 2.7, 2.8, 5.5) 
• current practices of software assurance developed in Finland and more widely in the UK and 

European projects. 
 
The project is envisaged in a number of phases. The first phase will be to appraise existing Finnish 
and other research and practices to define a framework for assessment. Follow on work will be 
proposed to apply the framework to an actual smart device. The results of the work will be discussed 
and disseminated more widely with the stakeholders throughout the project. 
 
 
Objectives in 2006 Realised 

Task 2: Assessments 
Meetings Working meeting with Adelard held 5th April 

Ad-Hoc group meeting held 5th April 
Second working meeting held 30th  August 
Third work meeting held 25th September 
Ad-Hoc group meeting held 25th September 
Workshop on safety assessment of smart devices, held 
24th November 

Subproject 2. Assessments 
2.1 Development of the safety 
case 
 

Work on safety case principles continued, internal working 
report report by Adelard LLP written,  
The spreadsheed on requirements by authorities (YVL-5.5) 
made, functional requirements analysed 
Task completion 105% 

Subproject 2. Assessments 
Subproject 2.2 Specific 
assessments 

 
Task completion: 100% 

Task 3; Handling the case with utilities and authorities 

Subproject 3 Handling of the case with 
utilities and authorities 

ASDES – seminar: workshop on safety assessment of 
smart devices, held 24th November. A summary report on 
the workshop (including the presentations at the workshop) 
prepared. 
 
Task completion: 100% 

Subproject 3 Handling of the case with 
utilities and authorities 

Reporting of the approach: special report for the SAFIR-
seminar written, summary report prepared 
Task completion : 100% 

 
 
 
                                                           
2 Includes work done by external resources (Adelard LLP, UK) 
3 In-kind contribution from a manufacturer expected 
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SAFIR   31.1.2007 PROGRESS REPORT 1/07 
 
Administration and information of the research programme (SAHA) 
Tutkimusohjelman hallinto ja tiedotus 
 
Duration 2003 – 2006 (31.3.2007) 
Project manager Dr. Eija Karita Puska, VTT   
Volume in (person y.) Plan: 0,95 Realised 31.1.2007      0,85               
Cost in 1.1.2006-31.3.2007 (k€) Plan:       

194,7315/175,40** 
Realised 31.1.2007      175**          

 
** with 22 % value added tax in the total VYR funding for the period 1.1.2006-31.3.2007, 19,33578 
k€ returned to VYR 31.1.2006 
** with 1 final seminar bill pending 
 
 
Main Objectives 
 
The programme manager, project co-ordinator and assisting staff supervise the programme by 
ensuring planning, follow-up, invoicing and necessary communication activities of the projects 
according to the instructions of the Ministry of Trade and Industry and the decisions of the 
programme steering group. The administration project prepares the annual reports and plans of the 
programme and organises external information activities. 3-4 steering group meetings are 
arranged annually. The programme administration arranges also other events and performs other 
tasks assigned by the steering group. 
 
Objectives in 2006 Realised 

 
1 Programme administration and information 

Preparation of 3-4 steering group 
meetings (for 2006) 

1. steering group meeting 4.2.2005 
2. steering group meeting 1.6.2006 
3. steering group meeting 28.9.2006 
4. steering group meeting 15.2.2007 prepared 

 
Task completion: 100  % 

Preparation of programme progress 
reports for the steering group and for 
the ministry  
 

Progress reports 1/06, 2/06, 3/06 and 1/07prepared. 
 
Task completion: 100  % 

Participation in the project reference 
group meetings and possible mini 
seminars 
 

Participation in 7 out of the 7 meetings 1/06. 
Participation in 7 out of the 7 meetings 2/06. 
Participation in 7 out of the 7 meetings 3/06. 
Participation in 7 out of the 7 meetings 4/06. 
 
Task completion: 100  % 

Participation in the ad hoc meetings 
(when desired by the group) 

No ad hoc meetings participated. Invitations received for 
information. 
 
Task completion: 0 % 

Maintenance of programme web 
pages  
 

web pages being updated. 
 
Task completion: 90  % 

Maintenance of administration, 
invoicing and information routines for 
SAFIR 
 

Administration and invoicing routines maintained. Information 
via email and www-pages. 
Task completion: 100  % 

Preparation of annual report 2005 Version 1 prepared in March 2006. Updated in June 
2006/November 2006. 
Task completion:100  % 

Preparation of publication CD 2005 Task completion: 100 % 
Preparation of annual plan 2006 
 

Version 1 prepared in March 2006. Updated in 
June/September 2006. 
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Task completion: 100  % 
Preparation of annual report 2006 Material collected. Report completion with final billing 

information from MTI. 
Task completion: 70 % 

Preparation of publication CD 2006 Task completion: 0 % 
SAFIR international evaluation Practical arrangements for the evaluation 19.-24-3.2006 

carried out. Material prepared and delivered to the evaluators 
Task completion: 100 % 

SAFIR2010 strategy seminar Held 6.4.2006 in Innopoli 2. Approximately 90 participants. 
Seminar material on the SAFIR www-pages. 
Task completion: 100 % 

SAFIR Final Seminar and 
publication 

Seminar carried out 18.-19.1.2007  
Final Report and Executive Summary published. 
Task completion: 100 % 

2 EU FP 6 activities 

Participation in the EU FP6 CCE-
Fission Committee) 

One meeting attended (March 2006 Luxembourg). 
Participation in FISA2006 (in connection of CCE). 
Participation in CCE-Fission November 2006 (Brussels). 
Task completion:  100  % 

Participation in EU FP7 planning 
meeting 

Meeting  held 22 June 2006 in Brussels. 
Task completion: 100 % 

Update of the JSRI-II database Information to be updated for 2006 release in June. 
Task completion: 0 % 

 

Comments 

 
Education of experts 
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Enhanced methods for reactor analysis (EMERALD): 

Scientific publications 

Daavittila, A., Hämäläinen, A. & Kyrki-Rajamäki, R. Effects of secondary circuit modeling on results of 
PWR MSLB benchmark calculations with new coupled code TRAB-3D/SMABRE. Nuclear Technology, 
Vol. 142, No. 2, May 2003. pp. 116–123. ISSN 0029-5450. 

Hämäläinen, A. Applying thermal hydraulics modeling in coupled processes of nuclear power plants. 
VTT Publications 578, Espoo 2005. Doctor’s thesis (Lappeenranta University of Technology, Department 
of Energy and Environmental Technology). 103 p. + app. 99 p. ISBN 951-38-6667-X; 951-38-6668-8. 
http://virtual.vtt.fi/inf/pdf/publications/2005/P578.pdf. 

Kotiluoto, P. Verification of MultiTrans calculations by the VENUS-3 benchmark experiment. Journal of 
ASTM International, Vol. 3, Issue 3, March 2006. 6 p. Online ISSN 1546-962X. 

Langenbuch, S., Krzykacz-Hausmann, B., Schmidt, K. D., Hegyi, G., Keresztúri, A., Kliem, S., Hadek, J., 
Danilin, S., Nikonov, S., Kuchin, A., Khalimanchuk, V. & Hämäläinen, A. Comprehensive uncertainty 
and sensitivity analysis for coupled code calculation of VVER plant transients. Nuclear Engineering and 
Design, 2005, Vol. 235:2–4, pp. 521–540. ISSN 0029-5493. 

Mittag, S., Grundmann, U., Weiss, F.-P., Petkov, P. T., Kaloinen, E., Keresztúri, A., Panka, I., Kuchin, A., 
Ionov, V. & Powney, D. Neutron-kinetic code validation against measurements in the Moscow V-1000 
zero-power facility. Nuclear Engineering and Design, 2005. Vol. 235:2–4, pp. 485–506. ISSN 0029-5493. 

Syrjälahti, E. & Hämäläinen, A. HEXTRAN-SMABRE calculation of the VVER-1000 coolant transient-1 
benchmark. Progress in Nuclear Energy 48 (2006), pp. 849–864. 

Vanttola, T., Hämäläinen, A., Kliem, S., Kozmenkov, Y., Weiss, F.-P., Keresztúri, A., Hádek, J., 
Strmensky, C., Stefanova, S., Kuchin, A. et al. Validation of coupled codes using VVER plant 
measurements. Nuclear Engineering and Design, 2005. Vol. 235:2–4, pp. 507–519. ISSN 0029-5493. 

Conference papers 

Anttila, M. & Ranta-aho, A. Burnup calculations for a 10x10 BWR assembly – comparison of CASMO-
4, Monteburns 1.0 and MCB results. Studsvik Scandpower Users Group Meeting. April 19–21, 2004, 
Turku, Finland, 21 p. 

Chen, Y., Wasastjerna, F., Fischer, U. & Simakov, S. Three-dimensional shielding calculations for the 
IFMIF neutron source using a coupled Monte Carlo/Deterministic computational scheme. 10th 
International Conference on Radiation Shielding (ICRS-10) / 13th Topical Meeting on Radiation 
Protection and Shielding (RPS-2004). May 9–14, 2004, Funchal, Madeira. Radiation Protection 
Dosimetry 2005 115(1–4):573–579. ISSN 1742-3406 (Online); ISSN 0144-8420 (Print). 

Daavittila, A. TRAB-3D/TRAB pressure transient calculation. NKS-R 3D BWR Transient Methodology 
Seminar. April 8, 2003, Espoo, Finland. In: Daavittila, A. (ed.). 3D analysis methods – study and seminar. 
Roskilde: NKS Secretariat, 2003. Pp. 60–71. (Electronic report. http://130.226.56.167/nordisk/ 
publikationer/1994_2004/NKS-89.pdf). ISBN 87-7893-147-9. 
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Daavittila, A., Hämäläinen, A., Miettinen, J. & Räty, H. Transient and fuel performance analysis with 
VTT’s coupled code system. International Topical Meeting on Mathematics and Computation, 
Supercomputing, Reactor Physics and Nuclear and Biological Applications. September 12–15, 2005, 
Avignon, France. [CD-ROM]. La Grange Park: American Nuclear Society, 2005. Paper 091. 12 p. 

Hämäläinen, A. 3D methodology in VVER transients with uncertainty analyses. NKS-R 3D BWR 
Transient Methodology Seminar. April 8, 2003, Espoo, Finland. 

Hämäläinen, A. & Kyrki-Rajamäki, R. HEXTRAN-SMABRE calculation of the 6th AER benchmark, 
main steam line break in a VVER440 NPP. In: Proceedings of the 13th Symposium of the AER on VVER 
Reactor Physics and Safety. September 22–26, 2003, Dresden, Germany. Budapest: Atomic Energy 
Research (AER), 2003. pp. 445–458. ISBN 963-372-630-1. 

Hämäläinen, A., Vanttola, T., Weiss, F.-P., Mittag, S., Kliem, S., Kozmenkov, Y., Langenbuch, S., 
Keresztúri, A., Hádek, J., Strmensky, C., Stefanova, S., Kuchin, A., Hlbocky, P., Siko, D. & Danilin, S. 
Validation of coupled codes in VALCO WP1 using measured VVER data. In: Proceedings of the 13th 
Symposium of the AER on VVER Reactor Physics and Safety. September 22–26, 2003, Dresden, 
Germany. Budapest: Atomic Energy Research (AER), 2003. Pp. 555–576. ISBN 963-372-630-1. 

Höglund, R. Reactor physics and dynamics research within the EMERALD project. XII Meeting on 
Reactor Physics Calculations in the Nordic Countries. May 19–20, 2005, Halden, Norway. 6 p. Also as 
EMERALD summary report in: Räty, H. & Puska, E. K. (eds.). SAFIR, The Finnish Research 
Programme on Nuclear Power Plant Safety 2003–2006, Interim Report, VTT Research Notes 2272. VTT 
Processes. Espoo (2004). Pp. 22–29. ISBN 951-38-6515-0; ISSN 1235-0605. 
http://virtual.vtt.fi/inf/pdf/tiedotteet/ 2004/T2272.pdf. 

Höglund, R., Solala, M., Dahlbacka, K. & Latokartano, S. Shutdown margin in the case of a misplaced 
bundle in a BWR core. Studsvik Scandpower Users Group Meeting. April 19–21, 2004, Turku, Finland. 
10 p. 

Kotiluoto, P. Development of the new deterministic 3-D radiation transport code MultiTrans. Proceedings 
of the 11th Meeting on Reactor Physics Calculations in the Nordic Countries. April 9–10, 2003, Espoo, 
Finland & m/s Romantika. VTT Symposium 230, Espoo, 2003. Pp. 49–55. ISBN 951-38-6286-0. 
http://virtual.vtt.fi/inf/pdf/symposiums/2003/S230.pdf. 

Kotiluoto, P. The new deterministic 3-D radiation transport code MultiTrans: C5G7 MOX fuel assembly 
benchmark. In: Proceedings of the International Conference on Supercomputing in Nuclear Applications 
SNA’2003. September 22–24, 2003, Paris, France. La Grange Park: American Nuclear Society, 2003. 
Paper 118. 7 p. 

Kotiluoto, P. Adaptive tree multigrids in 3D radiation transport: a review of development and testing of 
the new MultiTrans code. In: Proceedings of the 14th Symposium of AER on VVER Reactor Physics and 
Reactor Safety. September 13–17, 2004, Espoo, Finland & m/s Silja Symphony. Budapest: Atomic 
Energy Research (AER), 2004. Pp. 177–184. ISBN 963-372-631-X. 

Kotiluoto, P. & Wasastjerna, F. VENUS-2 MOX-fuelled reactor dosimetry benchmark calculations at 
VTT. In: Proceedings of the International Topical Meeting on Mathematics and Computation, 
Supercomputing, Reactor Physics and Nuclear and Biological Applications. September 12–15, 2005, 
Avignon, France. [CD-ROM] La Grange Park: American Nuclear Society, 2005, Paper 043. 12 p. 

Leppänen, J. Cross section library based discrepancies in MCNP criticality calculations. In: Proceedings 
of the International Conference Nuclear Energy for New Europe 2003. September 8–11, 2003, Portorož, 
Slovenia. [CD-ROM]. Ljubljana: Nuclear Society of Slovenia. Paper 101. 8 p. 
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Leppänen, J. A systematic study of cross section library based discrepancies in LWR criticality 
calculations. In: Proceedings of the 14th Symposium of AER on VVER Reactor Physics and Reactor 
Safety. September 13–17, 2004, Espoo, Finland & m/s Silja Symphony. Budapest: Atomic Energy 
Research (AER), 2004. Pp. 149–157. ISBN 963-372-631-X. 

Leppänen, J. A systematic study of cross section library based discrepancies in LWR criticality 
calculations. In: Räty, H. & Puska, E. K. (eds.). SAFIR, The Finnish Research Programme on Nuclear 
Power Plant Safety 2003–2006, Interim Report, VTT Research Notes 2272. VTT Processes. Espoo 
(2004). Pp. 30–37. ISBN 951-38-6515-0; ISSN 1235-0605. http://virtual.vtt.fi/inf/pdf/tiedotteet/2004/ 
T2272.pdf. 

Leppänen, J. Diffusion code group constant generation using the Monte Carlo method. XII Meeting on 
Reactor Physics Calculations in the Nordic Countries. May 19–20, 2005, Halden, Norway. 13 p. 

Leppänen, J. A new assembly-level Monte Carlo neutron transport code for reactor physics calculations. 
In: Proceedings of the International Topical Meeting on Mathematics and Computation, Supercomputing, 
Reactor Physics and Nuclear and Biological Applications. September 12–15, 2005, Avignon, France. 
Paper 192. 12 p. 

Leppänen, J. Current status of the PSG Monte Carlo neutron transport code. In: PHYSOR-2006: 
Advances in nuclear analysis and simulation. September 10–14, 2006, Vancouver, British Columbia, 
Canada. [CD-ROM ] La Grange Park: American Nuclear Society, 2006. Paper B095. 10 p. ISBN 0-
89448-697-7. 

Mattila, R. ARES – a new BWR simulator. In: Proceedings of the 11th Meeting on Reactor Physics 
Calculations in the Nordic Countries. April 9–10, 2003, Espoo, Finland & m/s Romantika. VTT 
Symposium 230, Espoo, 2003. Pp. 57–60. ISBN 951-38-6286-0. 
http://virtual.vtt.fi/inf/pdf/symposiums/2003/S230.pdf. 

Mattila, R. Three-dimensional analytic function expansion nodal model, In: ANS Topical Meeting on 
Advances in Nuclear Fuel Management III. October 5–8, 2003, Hilton Head Island, South Carolina, USA. 
[CD-ROM]. LaGrange Park: American Nuclear Society, 2003, Paper 06–05. 9 p. ISBN 0-89448-670-5. 

Miettinen, J. & Räty, H. The coupled code TRAB-3D-SMABRE for 3D transient and accident analyses. 
In: Räty, H. & Puska, E. K. (eds.). SAFIR, The Finnish Research Programme on Nuclear Power Plant 
Safety 2003–2006, Interim Report, VTT Research Notes 2272. VTT Processes. Espoo (2004). Pp. 38–45. 
ISBN 951-38-6515-0; ISSN 1235-0605. http://virtual.vtt.fi/inf/pdf/tiedotteet/2004/T2272.pdf. 

Miettinen, J., Vanttola, T., Daavittila, A. & Räty, H. The combined thermohydraulics-neutronics code 
TRAB-SMABRE for 3D plant transient and accident analyses. In: ICONE-12: 12th International 
Conference on Nuclear Engineering. Washington D.C., USA, April 25–29, 2004 [CD-ROM]. New York: 
American Society of Mechanical Engineers, 2004. Paper ICONE-12-49452. 7 p. ISBN 0-7918-3734-3. 

Ranta-aho, A. Testing of CASMO-4 and Monteburns 1.0 against Takahama-3 and Fukushima-Daini-2 
post-irradiation experiments. In: Proceedings of the 14th Symposium of AER on VVER Reactor Physics 
and Reactor Safety. September 13–17, 2004, Espoo, Finland & m/s Silja Symphony. Budapest: Atomic 
Energy Research (AER), 2004. Pp. 661–673. ISBN 963-372-631-X. 

Ranta-aho, A. Isotopic composition and criticality safety calculation system at VTT. 10th Meeting of the 
AER Working Group E entitled Physical Problems on Spent Fuel, Radwaste and Decommissioning of 
Nuclear Power Plants. April 18–20, 2005, Villa Szondra by Modra, Slovakia. 14 p. 

Ranta-aho, A. Use of SSP code systems in Finland. Studsvik Scandpower International Users Group 
Meeting. June 1–3, 2005, Charlotte, North Carolina, USA. 22 p. 
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Ranta-aho, A. Validation of CASMO-4E against radiochemical assay data from Novovoronezh 4. 11th 
Meeting of the AER Working Group E “Physical Problems of Spent Fuel, Radwaste, and 
Decommissioning of Nuclear Power Plants”. April 11–12, 2006, Hrotovice, Czech Republic, 10 p. 

Ranta-aho, A. Validation of depletion codes against VVER-440 spent fuel data. OECD/NEA/NSC 
WPNCS Workshop on the need for post irradiation experiments to validate fuel depletion calculation 
methodologies. May 11–12, 2006, Rez near Prague, Czech Republic. 

Ranta-aho, A. Validation of depletion codes for burnup credit evaluation of LWR assemblies. In: 
PHYSOR-2006: Advances in nuclear analysis and simulation. September 10–14, 2006, Vancouver, 
British Columbia, Canada. [CD-ROM ] La Grange Park: American Nuclear Society, 2006. Paper C172, 
11 p. ISBN 0-89448-697-7. 

Roque, B., Gregg, R., Kilger, R., Laugier, F., Marimbeau, P., Ranta-aho, A., Riffard, C., Suyama, K., 
Thro, J. F., Yudkevich, M., Hesketh, K. & Sartori, E. International comparison of a depletion calculation 
benchmark devoted to fuel cycle issues. Results from the Phase 1 dedicated to PWR-UOx fuels. In: 
PHYSOR-2006: Advances in nuclear analysis and simulation. September 10–14, 2006, Vancouver, 
British Columbia, Canada. [CD-ROM ] La Grange Park: American Nuclear Society, 2006. Paper D142, 
10 p. ISBN 0-89448-697-7. 

Räty, H. TRAB-3D calculation of Olkiluoto 1 load rejection test June 16, 1998. NKS-R 3D BWR 
Transient Methodology Seminar. April 8, 2003, Espoo, Finland. 

Serén, T. 25 years of surveillance dosimetry for the Loviisa reactors – highlights and trends. In: 
Proceedings of the 11th Meeting on Reactor Physics Calculations in the Nordic Countries. April 9–10, 
2003, Espoo, Finland & m/s Romantika. VTT Symposium 230, Espoo, 2003. Pp. 165–175. ISBN 951-38-
6286-0. http://virtual.vtt.fi/inf/pdf/symposiums/2003/S230.pdf. 

Siltanen, P., Kaloinen, E. & Wasastjerna, F. Simulation of reactor scram experiments in the Loviisa and 
Mochovce VVER reactors. In: Proceedings of the 11th Meeting on Reactor Physics Calculations in the 
Nordic Countries. April 9–10, 2003, Espoo, Finland & m/s Romantika. VTT Symposium 230, Espoo, 
2003. Pp. 123–138. ISBN 951-38-6286-0. http://virtual.vtt.fi/inf/pdf/symposiums/2003/S230.pdf. 

Syrjälahti, E. & Miettinen, J. Hot channel calculation method for the sensitivity studies and hot rod 
analysis. In: Proceedings of the 14th Symposium of AER on VVER Reactor Physics and Reactor Safety. 
September 13–17, 2004, Espoo, Finland & m/s Silja Symphony. Budapest: Atomic Energy Research 
(AER), 2004. Pp. 529–541. ISBN 963-372-631-X. 

Syrjälahti, E. & Hämäläinen, A. HEXTRAN-SMABRE calculation of the VVER-1000 coolant transient 
benchmark. In: NURETH-11: 11th International Topical Meeting on Nuclear Reactor Thermal Hydraulics. 
Avignon, France, October 2–6, 2005 [CD-ROM]. La Grange Park: American Nuclear Society, 2005. Paper 
450. 12 p. ISBN 2-9516195-0-2. 

Syrjälahti, E. New sensitivity analysis tool for VTT’s reactor dynamic codes. International Youth Nuclear 
Congress IYNC 2006. June 18–23, 2006, Stockholm, Sweden and Olkiluoto, Finland. Paper No. 181. 11 p. 

Wasastjerna, F. Importances for MCNP calculations on a shield with a penetration. The American 
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Bojinov, M., Kinnunen, P., Laitinen, T., Mäkelä, K., Saario, T., Sirkiä, P., Betova, I. & Zaharieva, N. 
Modification of the high temperature titration equipment to reach relevant temperature (288oC) and to 
maintain constant solution composition in studying the adsorption and surface complexation of species at 
the oxide film/coolant interface. Research Report BTUO76-031199, VTT Industrial Systems. 

Cronvall, O. Numerical modelling of fatigue behaviour of austenitic stainless piping steels. Research 
Report BTUO72-031200, VTT Industrial Systems. 

Keinänen, H., Laukkanen, A. & Nevasmaa, P. ADIMEW – Work Package 2: Material characterisation. 
Research Report TUO72-033337, VTT Industrial Systems. (Confedential). 

Laitinen, T. & Mäkelä, K. Minimisation of Fe content in the feed water for the steam generators. 
Assessment of critical factors and tools to control the Fe input. Research Report TUO76-033209, VTT 
Industrial Systems. 

Laukkanen, A. & Nevasmaa, P. State of the Art Methods for Leak-Before-Break Evaluation. Research 
Report BTUO72-031186, VTT Industrial Systems. 

Sarkimo, M. NDT-tarkastusten mallinnus ja simulointi CIVA-ohjelmistolla. Tutkimusraportti BTUO77-
031206. VTT Tuotteet ja tuotanto. 

Talja, H. Assessment of steam generator tube integrity – aliterature study. Research Report BTUO72-
021093, VTT Industrial Systems. 

Timperi, A., Pättikangas, T., Calonius, K., Tuunanen, J., Poikolainen, J. & Saarenheimo, A. Numerical 
analyses of a water pool under loadings caused by a condensation induced water hammer. Research 
Report BTUO72-031198, VTT Industrial Systems. 

Aaltonen, P., Pelli, R. & Ehrnstén, U. VVER Steam Generators Life Time. Research Report TUO73-
043602, VTT Industrial Systems. 

Bojinov, M., Hansson-Lyyra, L., Kinnunen, P., Moilanen, P., Saario, T. & Sirkiä, P. Electrochemical 
impedance measurements of the oxidation of Zircaloy-4 in simulated PWR conditions with a pneumatic 
bellows-driven setup. Research Report BTUO73-041305, VTT Industrial Systems. (INSEL). 

Bojinov, M., Kinnunen, P., Saario, T. & Sirkiä, P. Corrosion – water chemistry interaction studies in the 
INTELI-project in 2004. Research Report BTUO75-041288, VTT Industrial Systems (INSEL). 

Cronvall, O. & Sarajärvi, U. Treatment and numerical simulation of fatigue data for austenitic stainless 
piping steels. Research Report BTUO72-041317, VTT Industrial Systems. (INPUT). 
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Hakkarainen, T. The applicability of TOFD-ultrasonic technique for characterization of welds in piping 
components. Research Report TUO77-055249, VTT Industrial Systems. (INSEL). 

Ikonen, K. Crack propagation simulation in pipes by finite element method. Research Report 
PRO1P/7011/04. VTT Processes. 

Laukkanen, A. Boundary element method founded inference of local approach parameters. Research 
Report BTUO72-041260, VTT Industrial Systems. 

Moilanen, P. Pneumatic servo-controlled material testing device capable of operating at high temperature 
water and irradiation conditions. Doctoral thesis. VTT Publications 532, Espoo 2004. 154 p. ISBN  
951-38-6384-0; 951-38-6385-9. http://virtual.vtt.fi/inf/pdf/publications/2004/P532.pdf. 

Pelli, R., Ehrnstén, U. & Aaltonen, P. Literature review on materials performance in modern steam 
generators. Research Report BTUO73-041219, VTT Industrial Systems. 

Pitkänen, J. NESC III PRT Ultraäänimittaukset, Tutkimusraportti BTUO77-041213. VTT Tuotteet ja tuotanto. 

Pitkänen, J. Paineastian vikojen etsintä ja karakterisointi ultraäänitarkastuksessa. Tutkimusraportti BTUO77-
051330. VTT Tuotteet ja tuotanto. 

Pitkänen, J., Lipponen, A. & Kauppinen, P. Applicable methods for NDT -inspections of the tubes. 
Research Report BTUO77-041217, VTT Industrial Systems. 

Wallin, K. & Planman, T. Master Curve implementation for component assessment. AMES Thematic 
network on ageing (ATHENA), work package 3, Final Report. Research Report TUO72-044798, VTT 
Industrial Systems. 

Pättikangas, T., Timperi, A., Niemi, J. & Narumo, T. Fluid-Structure Interaction Analysis of a Water Pool 
under Loading Caused by a Xondensation Induced Water Hammer. Research Report BTUO72-051332, 
VTT Industrial Systems. (INPUT). 

Sarkimo, M. & Lipponen, A. Simulointiohjelmistolla tehty tarkastelu vian kallistuskulman vaikutuksesta 
ultraäänitarkastuksessa saatavaan kaikukorkeuteen. Research Report BTUO77-051319, VTT Industrial 
Systems. (INPUT). 

Simola, K., Holmberg, J.-E., Cronvall, O., Männistö, I. & Vepsä, A. RI-ISI pilot study of the Shut-down 
cooling system of the Olkiluoto 1/2 NPP units. Research Report BTUO72-051318, VTT Industrial 
Systems (INPUT). 

Solin, J., Karjalainen-Roikonen, P., Arilahti, E. & Moilanen, P. Fatigue behaviour of 316NG stainless 
steel in EPR primary circuit conditions. VTT Tiedotteita 2272. Pp. 76–88. ISBN 951-38-6515-0; 951-38-
6516-9 ISSN 1235-0605. http://www.vtt.fi/inf/pdf/tiedotteet/2004/T2272.pdf. 

Toivonen, A. Stress corrosion crack growth rate measurement in high temperature water using small 
preracked bend specimens. Doctoral thesis. 2004. VTT Industrial Systems, Espoo. VTT Publications 531. 
206 p. + app. 9 p. ISBN 951-38-6382-4; 951-38-6383-2.http://virtual.vtt.fi/inf/pdf/publications/2004/P531.pdf. 

Hakkarainen, T. Pitch-and-catch-tekniikan soveltuvuus virheiden koon määritykseen ja raekohinan 
havaitsemiseen. VTT Research report VTT-S-00780-06. 13 p. (In Finnish). 

Karlsen, W. & Nenonen, P. FEG-STEM Study of the 30 dpa CHOOZ A 304 SS. VTT Research Report 
VTT-R-01699-06 (INSEL). 

Kinnunen, P. Corrosion – water chemistry interaction studies in the INTELI-project in 2005. VTT 
Research Report TUO75-056404. (INPUT). 

 15



Pelli, R. Literature review on pressurisers. VTT Research Report VTT-R-01658-06. (INCOM) 

Sarajärvi, U. & Cronvall, O. Simulation and analysis of data for enhancing low cycle fatigue test 
procedures. VTT Research Report TUO72-056604 (INPUT). 

Sarkimo, M. Comparison of ultrasonic echo amplitudes from computer simulation and experimental 
measurements when different tilt and skew angles are applied. VTT Research Report BTUO77-051398. 
20 p. (INPUT). 

Vepsä, A. Vibration study of a secondary feed water pipeline RL61 of the Loviisa nuclear power plant. 
VTT Research Report VTT-R-00712-06. (INPUT). 
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LWR oxide model for improved understanding of activity build-up and corrosion 
phenomena (LWROXI): 

Scientific publications 

Bojinov, M., Kinnunen, P., Lundgren, K. & Wikmark, G. A. Mixed-Conduction Model for the Oxidation 
of Stainless Steel in a High-temperature Electrolyte – estimation of kinetic parameters of oxide layer 
growth and restructuring. Journal of the Electrochemical Society, 152(7), (2005), pp. B250–B261. 

Conference papers 

Betova, I., Bojinov, M., Hansson-Lyyra, L., Kinnunen, P., Laitinen, T., Mäkelä, K. & Saario, T. Oxide 
films in high-temperature aqueous electrolytes characterised by impedance measurements in different 
configurations. Meeting Abstracts, 6th International Symposium on Electrochemical Impedance 
Spectroscopy, May 16 – May 21, 2004, Cocoa Beach, FL, USA. University of Florida. Gainesville, FL, 
USA (2004). 

Bojinov, M., Kinnunen, P., Lundgren, K. & Wikmark, G. Passive film growth and oxide layer restructuring 
on stainless steel in a high-temperature borate electrolyte, PASSIVITY-9, the 9th International 
Symposium on the Passivation of Metals and Semiconductors, and the Properties of Thin Oxide Layers: 
A Selection of Papers from the 9th International Symposium, Paris, France, 27 June 1 July 2005. 
Elsevier. Oxford (2006). Pp. 397–440. 

Bojinov, M. & Kinnunen, P. Kinetics of the growth and restructuring of the oxide layer on stainless steel 
in a light water reactor coolant. In: Räty, H. & Puska, E. K. (eds.). SAFIR, The Finnish Research 
Programme on Nuclear Power Plant Safety 2003–2006, Interim Report, VTT Research Notes 2272. VTT 
Processes. Espoo (2004). Pp. 89–98. ISBN 951-38-6515-0; ISSN 1235-0605. 
http://virtual.vtt.fi/inf/pdf/tiedotteet/2004/ T2272.pdf. 

Research institute reports 

Bojinov, M., Kinnunen, P., Lundgren, K. & Wikmark, G. 2004. Characterisation and modelling of oxide 
films on stainless steels and nickel alloys in light water reactors, Research report No. BTUO73-041285, 
VTT Industrial Systems. 142 p. 

Bojinov, M., Kinnunen, V., Lehtovuori, T. & Saario, G. A conceptual four-layer model of the oxide layer 
on structural materials in LWRs with emphasis on the oxide-coolant interactions, Research report No. 
BTUO75-056405, VTT Industrial Systems. 25 p. 

Papers and reports under review or in press 

Bojinov, M., Kinnunen, P. & Lehikoinen, J. Further development and quantification of the Mixed-
Conduction Model of the oxide film emphasising surface complexation and reprecipitation 2006. VTT 
Industrial Systems, Espoo. Research report No. VTT-R-10369-06. (In progress). 
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Ageing of the function of the containment building (AGCONT): 

Research institute reports 

Orantie, K. Ageing of the function of containment. In: Räty, H. & Puska, E. K. (eds.). SAFIR, The 
Finnish Research Programme on Nuclear Power Plant Safety 2003–2006, Interim Report, VTT Research 
Notes 2272. VTT Processes. Espoo (2004). Pp. 98–104. ISBN 951-38-6515-0; ISSN 1235-0605. 
http://virtual.vtt.fi/inf/pdf/tiedotteet/2004/ T2272.pdf. 

Orantie, K. Suojarakennustoiminnon ikääntyminen – State of the Art. Espoo: VTT Building Technology. 
Report RTE40-IR-19/2003. 16 p. 

Orantie, K. Suojarakennustoiminnon ikääntyminen – State of the Art. Espoo: VTT Building Technology. 
Report RTE40-IR-25/2004. 25 p. 
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Concrete Technological Studies Related to the Construction, Inspection and 
Reparation of the Nuclear Power Plant Structures (CONTECH): 

Conference papers 

Kuosa, H., Laukkanen, K., Pitkänen, P., Salparanta, L. & Vesikari, E. CONTECH summary report. In: 
Räty, H. & Puska, E. K. (eds.). SAFIR, The Finnish Research Programme on Nuclear Power Plant Safety 
2003–2006, Interim Report, VTT Research Notes 2272. VTT Processes. Espoo (2004). Pp. 105–109. 
ISBN 951-38-6515-0; ISSN 1235-0605. http://virtual.vtt.fi/inf/pdf/tiedotteet/2004/ T2272.pdf. 

Research institute reports 

Salparanta, L. & Leivo, M. Siltoihin käytettävien raudoitustankojen sallittu ruostemäärä. (Allowable 
extent of rusting of concrete reinforcement for new construction). Espoo: VTT Building Technology. 
Report RTE715/03. 11 p. + app. 1 p. 

Salparanta, L. Raudoitteiden kunnon tarkastus. (Reinforcement inspection). Espoo: VTT Building 
Technology. Internal Report. RTE40-IR-2/2003. 7 p. 

Salparanta, L. & Leivo, M. Jyrsinnän vaikutus siltakannen betoniin. (Effect of milling on concrete 
surface). Espoo: VTT Building Technology. Report RTE4540/03. 14 p. 

Kuosa, H. & Leivo, M. Sulatussuolojen kerääntyminen betoniin. (Accumulation of salts into concrete). 
Espoo: VTT Building Technology. Report RTE2256/03. 46 p. 

Pitkänen, P. Betonirakenteiden halkeilun hallinta. Espoo: VTT Building Technology. Report RTE257/04. 
20 p. (In Finnish). 

Pitkänen, P. Kaivinpaalujen tarkastusputkien sementtijuotosten jäätymisvauriot. Espoo: VTT Building 
Technology. Report RTE4309/04. 5 p. + app. 1 p. (In Finnish). 

Salparanta, L. Betonin hiekkapuhallus vettähylkivää impregnointia ja tiivistystä varten. Espoo: VTT 
Building Technology. Report RTE2725/04. 9 p. (In Finnish). 

Salparanta, L. Nestemäisen kalvon muodostavien jälkihoitoaineiden laatuvaatimukset. Espoo: VTT 
Building Technology. Report RTE3442/04. 37 p. (In Finnish). 

Pitkänen, P. Rappeutumisen vaikutukset betonisillan kantokykyyn. Espoo: VTT Building Technology. 
Report RTE758/05. 29 p. (In Finnish). 

Vesikari, E. BTB projekti. Yhteenvetoraportti (BTB project. Summary report). Espoo: VTT Building 
Technology. Internal Report. RTE40-IR-16/2004. 55 p. + app. 19 p. 

Salparanta, L. Betonin hiekkapuhallus vettähylkivää impregnointia ja tiivistystä varten. Espoo: VTT 
Building Technology. Research Report RTE3253/05. 18.10.2005. 5 p. (In Finnish). 

Salparanta, L. Betonin suoja-aineiden SILKO-hyväksymiskokeet. Espoo: VTT Building Technology. 
Research Report Nro RTE2206/05. 3.6.2005. 20 p. + app. 4 p. (In Finnish). 

Pitkänen, P. Muotoiluvalun ongelmat ja laatuvaatimukset. Espoo: VTT Research Report Nro VTT-S-
02259-06. 2.3.2006. 27 p. (In Finnish). 
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Pitkänen, P. Erittäin nopeasti kovettuvan juotoslaastin kokeet. Espoo: VTT Research Report VTT-S-
10395-06. 3.11.2006. 7 p. (In Finnish). 

Salparanta, L. Nestemäisiltä kalvon muodostavilta betonin jälkihoitoaineilta vedenpidätyskyvyn lisäksi 
vaadittavat ominaisuudet Suomen sääolosuhteissa. Espoo: VTT. Research Report VTT-S-02575-06. 
16.3.2006. 13 p. (In Finnish). 

Räisänen, P. Kahden sillan kansilaattojen RH-seurantamittaukset. Espoo: VTT. Research report Nro 
VTT-S-09254-06. 4.10.2006. 25 p. + app. 2 p. (In Finnish). 

Salparanta, L. Betonimassan sisäiset jälkihoitoaineet. Espoo: VTT. Research Report Nro VTT-S-09596-
06. 23 p. (In Finnish). 

Others 

Betonin suoja-aineiden SILKO-kokeet. VTT. Espoo 2004. 17 p. (In Finnish). 

SILKO-tests of protective agents for concrete. VTT Espoo 2004. 16 p. 

Kuivatuotebetonit, paikkauslaastit, paikkausmassat, juotoslaastit, juotosmassat, tasoitteet, kuivatuote-
ruiskubetonit ja ejektorilaastit – SILKO-kokeet. VTT. Espoo 2005. 9 p. (In Finnish). 

Pre-mixed dry concretes, patch mortars and mastics, jointing grouts and mastics, screeds, pre-mixed dry 
shotcretes and air-blown mortars – SILKO-tests. VTT. Espoo 2005. 9 p. 

Lisälehti julkaisuun Tiehallinnon selvityksiä 60/2001. 11 p. + app. 10 p. (In Finnish). 
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The Integration of Thermal-Hydraulics (CFD) and Structural Analyses (FEA) 
Computer Codes in Liquid and Solid Mechanics (MULTIPHYSICS): 

Conference papers 

Lestinen, V., Timperi, A. & Pättikangas, T. The integration of thermal-hydraulics (CFD) and structural 
analysis (FEM) computer codes in liquid and solid mechanics. In: Räty, H. & Puska, E. K. (eds.). SAFIR, 
The Finnish Research Programme on Nuclear Power Plant Safety 2003–2006, Interim Report, VTT 
Research Notes 2272. VTT Processes. Espoo (2004). Pp. 124–131. ISBN 951-38-6515-0; ISSN 1235-
0605. http://virtual.vtt.fi/inf/pdf/tiedotteet/2004/ T2272.pdf. 

Lestinen, V. & Toppila, T. Determinaton of Thermal-Hydraulic Loads on Reactor Internals in a DBA  
-situation. The 11th International Topical Meeting on Nuclear Reactor Thermal-Hydraulics (NURETH-11). 
Avignon, France. October 2005. 

Lestinen, V., Toppila, T., Timperi, A., Pättikangas, T. & Hänninen, M. Determination of Thermal-
Hydraulic Losad on Reactor Internals in a DBA-situation. Proceeding of PVP2006-ICPVT-11, 2006 
ASME Pressure Vessels and Piping Division Conference. Vancouver, BC, Canada. July 2006. 

Research institute reports 

Pättikangas, T. & Timperi, A. CFD and structural analysis of the pressure transient in the beginning of a 
large-break LOCA in a PWR, VTT Industrial Systems, Report BTUO72-041302 (2004). 

Timperi, A., Pättikangas, T. & Hänninen, M. Joint CFD-FEM Calculations of Pressure Transient in 
LBLOCA Using APROS, Star-CD and ABAQUS, VTT Research Report TUO72-056661, (2005). 67 p. 

Others 

Orivuori, S., Iivonen, P. & Kuikka. J. Propagation of Pressure Waves Taking Fluid-Structure Interaction 
into Account. ENPRIMA, Report EXP-6. 22. November 2004. 

Lestinen, V. The Integration of Thermal-Hydraulic (CFD) and Structural Analysis (FEM) Computer 
Codes Codes in Liquid and Solid Mechanics (MULTIPHYSICS). Fortum Nuclear Services, TERMO-
437, 9 December 2004. 

Lestinen, V., Timperi, A., Pättikangas, T., Saarenheimo, A., Iivonen, P. & Orivuori, S. MULTIPHYSICS, 
Integrated Thermal-Hydraulics and Structural-Analysis Computer Code Calculations in Nuclear Reactor 
Technology. Final Report in SAFIR project 2004. 

Papers in review or in print 

Lestinen, V. Joint CFD-FEM Calculations of Pressure Transient in LBLOCA Using FLUENT and 
ABAQUS, Fortum Nuclear Services Ltd., TERMO-515, (2006). 
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The Integral Code for Design Basis Accident Analysis (TIFANY) 2003: 
APROS modelling of containment pressure suppression systems (TIFANY) 2004: 
Development of APROS containment model (TIFANY) 2005: 
Validation of APROS containment model (TIFANY) 2006: 

Conference papers 

Salminen, K. TIFANY summary report. In: Räty, H. & Puska, E. K. (eds.). SAFIR, The Finnish Research 
Programme on Nuclear Power Plant Safety 2003–2006, Interim Report, VTT Research Notes 2272. VTT 
Processes. Espoo (2004). Pp. 132–139. ISBN 951-38-6515-0; ISSN 1235-0605. 
http://virtual.vtt.fi/inf/pdf/tiedotteet/2004/ T2272.pdf. 

Research institute reports 

Eskola, E. Description and Testing of the Generic PWR Primary Circuit Model for APROS 5.03, FNS 
Report TERMO-276 (confidential), Fortum Nuclear Services, 18 December 2003. 18 p. 

Harti, M. Validation of the APROS 5.06 containment internal spray system model against International 
Standard Problem No. 35. Report TERMO-497, Fortum Nuclear Services, 7 December 2005. 33 p. + app. 30 p. 

Harti, M. Modelling of temperature stratification with APROS in low flow conditions in large water pool. 
Report TERMO-499 (confidential), Fortum Nuclear Services, 23 January 2006. 13 p. + app. 5 p. 

Henttonen, T. Bubbler Condenser Model for APROS 5.04, FNS Report TERMO-345 (confidential), 
Fortum Nuclear Services, 22 September 2004. 29 p. 

Henttonen, T. Benchmark of APROS Bubbler Condenser Model against CONTAIN calculations, FNS 
Report TERMO-440 (confidential), Fortum Nuclear Services, 23 February 2004. 36 p. 

Hänninen, M. Validation of APROS containment Model Against Marviken Test 18, VTT Research 
Report PRO5/7828/03 (confidential), VTT Processes, 9 December 2003. 14 p. 

Hänninen, M., Silde, A. & Eerikäinen, L. Basic Validation of Containment and Six-equation Models, 
VTT Research Report PRO4/7831/03 (confidential), VTT Processes, 15 December 2003. 16 p. 

Hänninen, M. & Ylijoki, J. The constitutive equations of the APROS six-equation model, VTT Research 
Report PRO5/7832/03 (confidential), VTT Processes, 7 January 2004. 35 p. + app. 3 p. 

Hänninen, M. & Junninen, P. Improvements for condensation and gas convective heat transfer in six 
equation model of APROS. Research report VTT-R- 00890-06 (confidential), VTT Processes, 16 
February 2006. 16 p. 

Hänninen, M. Improvement of mass and heat transfer calculation in APROS containment model. 
Research report PRO1/1047/05 (confidential), VTT Processes, 23 August 2005. 26 p. 

Hänninen, M. & Junninen, P. Steam separator model of APROS. Research report PRO1/1103/05, VTT 
Processes, 28 December 2005. 21 p. 

Poikolainen, J. & Silde, A. Validation of the containment water pool stratification model of APROS 
against the POOLEX experiments STB-20 and STB-21. Research report PRO1/P1020/06, VTT 
Processes, 22 September 2005. 25 p. + app. 3 p. 
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Poikolainen, J. Validation of APROS 5.06 containment model against International Standard Problem No. 
42 phase F. Research report VTT-R-10905-06, VTT, 24 November 2006. 24 p. + app. 2 p. 

Routamo, T. Single node Ice Condenser Model for APROS (SIC), FNS Report TERMO-350, Fortum 
Nuclear Services, 11 January 2005. 

Salminen, K. Validation of APROS Recombiner Model, FNS Report TERMO-275 (confidential), Fortum 
Nuclear Services, 21 October 2003. 17 p. 

Salminen, K. Integrated Generic APROS Pressurized Water Reactor Model with Full Pressure Dry 
Containment, FNS Report TERMO-285 (confidential), Fortum Nuclear Services, 24 November 2003. 12 p. 

Salminen, K. APROS 5.04 Calculation of the International Standard Problem No. 35 (ISP-35) – 
Validation of the APROS Containment Internal Spray System Model, FNS Research Report TERMO-286 
(confidential), Fortum Nuclear Services, 19 December 2003. 17 p. + app. 2 p. 

Silde, A. Correlations and Default Input Values of the Containment Model of APROS 5.04, VTT 
Research Report, PRO1/7056/03 (confidential), VTT Processes, 8 January 2004. 76 p. 

Silde, A. Extension of internal spray modelling, and a new water film tracking model in containment 
model of APROS 5.06. Research report PRO1/1105/05 (confidential), VTT Processes, 31 January 2005. 
49 p. + app. 3 p. 

Ylijoki, J. Connection of Thermal Hydraulic and Containment Models in APROS, VTT Research Report 
PRO4/7806/03, VTT Processes, 10 February 2003. 20 p. 

Ylijoki, J. Modelling of heat exchangers and heat structures of containment in APROS, VTT Research 
Report PRO5/7812/04 (confidential), VTT Processes, 29 December 2004. 13 p. + app. 36 p. 

Ylijoki, J. Simulation model of Olkiluoto Nuclear Power Plant for APROS, VTT Research Report 
PRO5/7829/03 (confidential), VTT Processes, 18 December 2003. 23 p. + app. 26 p. 

Ylijoki, J. Validation of APROS Model for Olkiluoto Nuclear Power Plant, VTT Research Report 
PRO5/7830/03 (confidential), VTT Processes, 18 December 2003. 28 p. + app. 5 p. 

Ylijoki, J. APROS Model of the Steam Generator of an EPR Plant, VTT Research Report PRO5/7807/04 
(confidential), VTT Processes, 7 October 2004. 16 p. + app. 15 p. 

Ylijoki, J. Valves of the containment model of APROS. Research report PRO1/1040/05, VTT Processes, 
18 August 2005. 37 p. 
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Thermal hydraulic analysis of nuclear reactors (THEA): 

Scientific publications 

Scheuerer, M., Heitsch, M., Menter, F., Egorov, Y., Toth, I., Bestion, D., Pigny, S., Paillere, H., Martin, A., 
Boucker, M., Krepper, E., Willemsen, S., Muhlbauer, P., Andreani, M., Smith, B., Karlsson, R., 
Henriksson, M., Hemstrom, B., Karppinen I. & Kimber, G. (2005). Evaluation of computational fluid 
dynamic methods for reactor safety analysis (ECORA). Nuclear Engineering and Design, Vol. 235 (2–4), 
pp. 359–368. 

Conference papers 

Miettinen, J. The Prediction of the LWR Plant Accident Based on the Measured Plant Data. In: ICONE-
13: 13th International Conference on Nuclear Engineering. Bejing, China, May 16-20, 2005 [CD-ROM]. 
New York: American Society of Mechanical Engineers, 2005. Paper ICONE-13-50823. 

Puska, E. K. & Norrman, S. Studies with large 3-D core models for simulator purposes. Nuclear 
Mathematical and Computational Sciences: A Century in Review – A Century Anew. Gatlingburg, 
Tennesee, April 6–11,2003 [CD-ROM]. La Grange Park: American Nuclear Society, 2003. Paper 080. 
13 p. ISBN 0-89448-674-8. 

Tuomainen, M. Fluent simulation of lighter-than-steam non-condensable gas behaviour in vertical-tube 
heat exchanger. Proceedings of International Congress on Advances in Nuclear Power Plants (ICAPP’03), 
May 4–7 2003, Cordoba, Spain. ISBN 0-89448-675-6. 

Tuomainen, M. THEA summary report. In: Räty, H. & Puska, E. K. (eds.). SAFIR, The Finnish Research 
Programme on Nuclear Power Plant Safety 2003–2006, Interim Report, VTT Research Notes 2272. VTT 
Processes. Espoo (2004). Pp. 140–146. ISBN 951-38-6515-0; ISSN 1235-0605. 
http://virtual.vtt.fi/inf/pdf/tiedotteet/2004/ T2272.pdf. 

Poikolainen, J. Simulation of the PACTEL Helium experiments with APROS 5.04. 6th International 
Seminar on Horizontal Steam Generators. Electrogorsk, Russia, March 21–25, 2004. 

Poikolainen, J. Simulation of the PACTEL non-condensable experiments with APROS 5.04. In: Räty, H. 
& Puska, E. K. (eds.). SAFIR, The Finnish Research Programme on Nuclear Power Plant Safety 2003–
2006, Interim Report, VTT Research Notes 2272. VTT Processes. Espoo (2004). Pp. 147–152. ISBN 951-
38-6515-0; ISSN 1235-0605. http://virtual.vtt.fi/inf/pdf/tiedotteet/2004/ T2272.pdf. 

Research institute reports 

Huhtanen, R. & Niemi, J. Simulation of condensation on MISTRA facility using Fluent code, 
PRO1/P1030/05, 28.2.2006. 25 p. 

Junninen, P. Simulating the Test PKL E3.1 with APROS, PRO1/P1029/05. 16.2.2006. 29 p. 
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Männistö, I. Optimization based approach on classification tasks. Report BTUO62-031196, VTT 
Industrial Systems, Espoo. 36 p. 

Rosqvist, T. & Laakso, K. The Burden to Importance Ratio – a demonstrative study on BIR application 
for resource allocation of condition based maintenance. VTT Research Report BTU062-031189. Espoo, 
10.08.2004. 19 p. 

Simola, K. & Pulkkinen, U. Risk-informed decision making – a pre-study. Report NKS-93(2004), 
Nordisk kernesikkerhedsforskining NKS, Roskilde. 15 p. + app. 12 p. 

Simola, K. & Pulkkinen, U. Summary of on-going activities in risk-informed decision making. Report 
BTUO62-031205, VTT Industrial Systems, Espoo. 3 p. + app. 12 p. 

Others 

Laakso, K. Euromaintenance 11.5.-13.5.2004. Huomioita konferenssimatkalta. (Notes from a conference 
journey). 3 p. Kunnossapito 5/2004. Pp. 65–67. (In Finnish). 

Laakso, K. Kustannustehokkuutta ja käytettävyyttä kokemuspohjaisella kunnossapitoanalyysillä. Kunnossapito 
4/2003, pp. 40–43. (In Finnish). 

Laakso, K., Simola, K. & Hänninen, S. Maintenance Analysis of Technical Systems. Kunnossapito 5/2002. 
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korkeakoulu, Espoo, 2005. 

Leino, M. & Laakso, K. Inhimillisperäisten vikaantumisten tutkinta Loviisan voimalaitoksen vuoden 
2003 kunnossapitohistorian avulla. 30 s. + Liite A_B.xls. 1.6.2005. 

Proceedings of IAEA Technical Meeting held in Espoo, 2005. November 22–24, 2005, Espoo, Finland. 
http://iaea-nppci-espoo2005.vtt.fi/index.htm. 

Papers in review or in print 

Holmberg, J.-E. PPRISMA summary report. In: Räty, H. & Puska, E. K. (eds.). SAFIR, The Finnish 
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Research institute reports 

Holmberg, J.-E., Pulkkinen, U., Bloomfield, R., Guerra, S. & Sheridan, D. Description of the ASDES 
case studies. VTT-R-00923-06, VTT, Espoo, 2006. 
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2003. Espoo: VTT Processes Project Report PRO1/P7007/03. 26 p. + app. 102 p. 
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2005. Espoo: VTT Research Report VTT-R-08877-06. 78 p. + app. 88 p. 
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2006. Espoo: VTT Research Report VTT-R-06393-06. 33 p. + app. 
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Others 

Puska, E. K. SAFIR koostaa parasta kansallista alan asiantuntemusta. Energia. (2003) 4–5, p. 35. (In Finnish). 
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Appendix 3 
Finnish members in international 

committees and working groups in 2006 
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OECD/Nuclear Energy Agency 

Committee on Nuclear Regulatory Activities (CNRA), J. Laaksonen STUK (Chairman), L. Reiman, STUK 

* Working Group on Inspection Practices, S. Suksi, STUK 
* (CNRA/CSNI) Task Group on Safety Performance Indicators, S. Suksi, STUK 
* Task Group on Regulatory Effectiveness Indicators, K. Koskinen, STUK 
* Working Group on Operating Experience (WGOE), J. Turpeinen, Loviisa NPP, T. Eurasto, STUK 

Committee on the Safety of Nuclear Installations (CSNI) T. Vanttola, VTT, K. Valtonen, STUK 

* Working Group on Risk Assessment, Jan-Erik Holmberg, VTT, R. Virolainen, STUK 
* Working Group on Analysis and Management of Accidents, I. Karppinen, VTT, N. Lahtinen, STUK 
* Working Group on Integrity and Ageing of Components and Structures, R. Rintamaa, VTT, 

R. Keskinen, STUK 
* Group on Integrity of Metal Components and Structures, J. Solin, VTT, R. KeskinenRantala, STUK 
* Subgroup Group on Ageing of Concrete Structures, E. Vesikari, VTT 
* Working Group on Human and Organisatorial Factors (WGHOF), L. Norros, VTT, N. Koivula, STUK 
* Special Expert Group on Fuel Safety Margins, S: Kelppe, VTT, K. Valtonen, STUK 
* Writing Group of the CSNI State-of-the-Art Report on Nuclear Aerosols in Reactor Safety, J. Jokiniemi, 

A. Auvinen, VTT 
* Senior Group of Experts on Nuclear Safety Research (SESAR) Report on Support Facilities for Existing 

and Advanced Reactors (SFEAR), T. Vanttola, VTT 

Committee on Radiation Protection and Public Health (CRPPH), O. Vilkamo, STUK 

Nuclear Development Committee (NDC), J. Aurela, KTM, M. Anttila, VTT 

* Expert Group on the Impact of Nuclear Power Plant Life Extension 

Nuclear Science Committee (NSC), M. Anttila, VTT, R. Mattila, STUK 

* Working Party on Scientific Issues in Reactor Systems (WPRS), A. Daavittila, VTT, J. leppänen, VTT 
* Working Party for Nuclear Criticality Safety, R. Mattila, STUK, A. Ranta-Aho 

VTT 

* Task force on scientific issues of fuel behaviour, S. Kelppe, VTT 
* Expert Group on Structural Materials for Innovative Nuclear Systems (SMINS), L. Heikinheimo, VTT 

Information System on Occupational Exposure (ISOE), V. Riihiluoma, STUK, K. Alm-Lytz, STUK 
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NEA Projects 

CABRI Water Loop Project 2000–2007. Umbrella Agreement with OECD, bilateral Agreement with 
IPRN; jointly with Fortum Power and Heat Oy and Teollisuuden Voima Oy. K. Valtonen STUK (Steering 
Committee), S Kelppe VTT (Technical Advisory Group) 

Halden Reactor Project, Management Board, K. Valtonen, STUK, Halden Programme Group, O. Ventä, 
T. Vanttola, VTT 

* Advanced Monitoring techniques for Application in Material Studies, P. Kinnunen, VTT 
* Irradiation Assisted Stress Corrosion Cracking, P. Aaltonen, VTT 
* Fuel performance analysis, S. Kelppe, VTT 
* Reliability of software based control systems, A. Helminen 
* Integrated system validation, Innovative Displays, L. Norros & P. Savioja, VTT 

SCIP Project on Fuel Integrity, A. Knuutila, VTT 

ROSA Project on Thermal Hydraulic Transients, I. Karppinen, VTT, E. Virtanen, STUK 

PKL Project on PWR Thermal Hydraulics, Boron Dilution, P. Junninen, VTT, E. Virtanen, STUK 

SETH Project on Containment, Management Board, E. Virtanen, STUK, Programme Review Group, 
H. Purhonen, LUT, E. Virtanen, STUK 

PSB-VVER VVER 1000 Thermal-Hydraulic Transients, H. Holmström, VTT 

MASCA-2 Project on Severe Accidents (in-vessel), Programme Review Group (Chairman), Management 
Board, H. Tuomisto, Fortum Nuclear Services 

MCCI Project on Severe Accidents (ex-vessel), Management Board, Programme Review Group, I. Lindholm, 
VTT 

PRISME Project on Fire Propagation, O. Keski-Rahkonen, VTT 

COMPSIS Project, Database on computerised system events, H. Takala, STUK 

FIRE Project, Database on Fire Events, J. Marttila, STUK 

ICDE Project, Database on Common-Cause Failure Data Exchange, K. Jänkälä, FORTUM Nuclear 
Services, J. Pesonen, TVO, R. Virolainen, STUK 

OPDE Project, Database on Piping Failures, R. Keskinen, STUK 

Generation IV International Forum (GIF) 

Risk and Safety Working Group (RSWG), A. Daavittila/VTT 

Economic Modelling Working Group (EMWG), R. Tarjanne/LUT 

Supercritical-Water-Cooled Reactor Chemistry and Materials Project Management Board (SCWR), 
L. Heikinheimo/VTT 

Senior regulators’ Working Group, J. Laaksonen/STUK 
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International Atomic Energy Agency 

Nuclear Safety Standards Committee, L. Reiman, STUK 

International Nuclear Event Scale (INES), K. Tossavainen, STUK 

Incident Reporting System (IRS), T. Eurasto, STUK 

Incident Reporting System for Research Reactors (IRSRR), K. Alm-Lytz, STUK 

Technical Working Group on Nuclear Power Plant Control and Instrumentation (TWG-NPPCI), 
B. Wahlström (Chairman), VTT 

Co-ordinated Research Projects 

* International Working Group of Life Management of Nuclear Power Plants (IWG-LMNPP), 
K. Wallin 

* High temperature On-line Monitoring of Water Chemistry and Corrosion, (WACOL), P. Kinnunen, 
VTT 

* CRP Coordinated Research Programme “Assuring Structural Integrity of Reactor Pressure 
Vessels”, T. Planman, VTT 

* CRP Coordinated Research Programme “Scientific Basis and Engineering Solutions for Cost-
effective Assessments of Software Based I&C Systems”, H. Harju, VTT 

* CRP FUMEX II; Coordinated Research Programme on “Improvement of models used for fuel 
behaviour simulation”, S. Kelppe VTT 

* International Working Group on Water Reactor Performance and Technology (IWGFPT), 
R. Teräsvirta, Fortum, S. Kelppe, VTT 

FARO Expert Group, T. Karjunen, STUK 

Commission of the European Communities 

DG Energy and Transport, European Forums 

* European NDE Forum (ENDEF), Pentti Kauppinen, VTT 

DG Research 

* JRC Board of Governers, Erkki KM Leppävuori, VTT 
* Networks coordinated by JRC/IE, R. Rintamaa, VTT 
* European Network for Ageing Materials Evaluation & Studies (AMES), T. Planman, VTT 
* Network for Evaluating Steel Components (NESC), AG1 Inspection, Pentti Kauppinen, VTT 
* European Network for Inspection Qualification (ENIQ) Steering committee Kari Hukkanen, 

Teollisuuden Voima Oy 
* European Network for Inspection Qualification (ENIQ) TGR, ENIQ task group for Risks, 

M. Sarkimo and K. Simola VTT 
* Effective application of TOFD method for weld inspection at the manufacturing of pressure vessels, 

P. Kauppinen, VTT 

Nuclear Fission Safety in the Sixth Framework Programme 

* Consultative Committee Euratom-Fission (CCE-Fission), J. Aurela, A. Väätäinen, KTM 

Nuclear Regulators Working Group (NRWG), P. Koutaniemi, STUK 

* Task Force on NDT Qualification Programmes, O. Valkeajärvi, STUK 
* Task Force on Safety Critical Software – Licensing Issues, P. Suvanto, STUK 
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Group of Experts under Article 31 of the Euratom Treaty, O. Vilkamo, STUK 

JRC-Ispra-ISID, Reactor Safety Programme Users Advisory Board (RSPUAB), R. Virolainen, STUK 

Phebus FP Project, J. Jokiniemi, A. Auvinen, VTT 

* Scientific analysis working group (SAWG). 
* Bundle interpretation circle (BIC). 
* Circuit and containment interpretation circle (CACIC). 
* Containment chemistry interpretation circle (CCIC). 
* Air ingress working group (AIWG). 
* Air ingress task force (AITF). 

Cooperation on VVER Reactor Physics and Dynamics (AER) 

Scientific council, H. Räty, VTT, P. Siltanen, Fortum NS 

Nordic Nuclear Safety Research (NKS) 

Steering group, U. Ehrnstén, VTT Industrial Systems, J. Aurela, KTM, O. Vilkamo, STUK, H. Raumolin, 
Fortum 

Research Programme on Reactor Safety, 2002–, N. Bergroth (Programme manager), Fortum Nuclear 
Services 

TUD (Informationsystem för Tillförlitlighet, Underhåll och Drift), J. Pesonen, TVO 

NPSAG (Nordiska PSA gruppen), R. Himanen, J. Pesonen, TVO 

Scientific Communities 

European Safety, Reliability and Data Association (ESReDA) 

* Executive Committee, Organisation of yearly ESReDA Seminars, K. Simola, VTT 

Probabilistic safety assessment and management (PSAM) conferences 

* Organising committee, R. Virolainen, STUK 

Technical Program Committee on PSAM6 & ESREL 2003 Conferences, Member, J. Vaurio, Fortum 
Power and Heat 

European Structural Integrity Society (ESIS), K. Wallin, H. Talja, VTT 

* Development of European “standards” on fracture mechanics, information exhance. VTT co-chairs 
the Materials Task Group and articipates in the Numerical task Group 

International Group for Radiation Damage Mechanisms in Pressure Vessel Steels (IGRDM), K. Wallin, 
M. Valo, VTT 

ASTM E-10, M. Valo, VTT 

* committee E-10 on Nuclear Technology concentrates on monitoring of irradiation embrittlement 
using small specimens and developes related standards. 
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ASTM E-8, K. Wallin, VTT 

* committee E-8, Fatigue and Fracture 

ESIS TC1 Elastic plastic fracture, K. Wallin, VTT, chairman 

ASME, R. Rintamaa, VTT 

Cooperation with various institutes 

Leningrad NPP Sosnovyj Bor, Russia 

* The Finnish-Russian co-operation on integrity of pressurised components, P. Kauppinen, VTT 

Institute de Radioprotection et de Sûreté Nucléaire, Cadarache, France 

* Design and testing of ruthenium measuring instrumentation, A. Auvinen, J. Jokiniemi, U. Backman, VTT 
* Study of the behaviour of highly irradiated fuels in case of reactivity accident and the SCANAIR 

computer code, S. Kelppe, VTT 
* OECD-IPSN CABRI Water Loop Project 2000–2007. Umbrella Agreement with OECD, bilateral 

Agreement with IPSN; jointly with Fortum Power and Heat Oy and Teollisuuden Voima Oy. 
K. Valtonen STUK (Steering Committee), S. Kelppe VTT (Technical Advisory Group) 

Research Institute of Technology, NITI, Russia 

* Scientific cooperation on thermal-hydraulic experiments, H. Purhonen, LTKK 

US Nuclear Regulatory Commission (USNRC) 

* PIRT Panel (on fuel burnup), K. Valtonen, STUK 
* Code Application and Maintenance (CAMP), H. Holmström, VTT 
* Co-operative Severe Accident Research Programme (CSARP), I. Lindholm, VTT 
* FRAPCON-3/FRAPTRAN Code Users’ Group, S. Kelppe, VTT 
* FRAPTRAN/GENFLO Fuel Performance CodeDevelopment, S. Kelppe, VTT 
* International Collaborative Project to Evaluate Fire Models for Nuclear Power Plant Applications 

organized by USNRC, O. Keski-Rahkonen, VTT 

Electric Power Research Institute (EPRI) 

* Advanced Containment Experiments, Extension (ACEX), I. Lindholm, VTT 
* Melt Attack and Coolability (MACE), I. Lindholm, VTT 
* Cooperative Irradiation Assisted Stress Corrosion Cracking (IASCC) Research Programme (CIR), 

P. Aaltonen, VTT 

ASN (Authorité de Sûreté Nucléaire), Ranska 

* Groupe Permanent d’Experts pour les Réacteurs Nucléaires, J. Hyvärinen, STUK 

Swedish Nuclear Power Inspectorate (SKI), Sydkraft, OKG and Vattenfall Ab, Sweden 

* SKI Forskningnämnd, U. Ehrnstén, VTT 
* SKI Reaktorsäkerhetsnämd, L. Reiman, STUK, K. Wallin, VTT 

Fraunhofer-Institut für Werkstoffmechanik (IWM), Germany 

* Structural analysis and computational fracture mechanics, especially development of new material 
models, H. Talja, VTT 
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University of Illinois, USA 

* Computational fracture mechanics, assessment of damage, K. Wallin, VTT 

Forschungszentrum Karlsruhe (FZK), Germany 

* Hydrogen detonation simulation, A. Silde, VTT 

VGB SWR-Arbeitskreis, Germany 

* A. Reinvall, TVO 

ITU, Karlsruhe, A. Auvinen, J. Jokiniemi, VTT 

* Revaporisation of fission products from Phebus FP samples 

National Institute of Standards and Technology (NIST), USA 

* Development of Fire Dynamics Simulator 
* Direct numerical simulation of flame spread on cylindrical wood rods. S. Hostikka, VTT 

ALARA Engineering and Advanced Nuclear Technology, Sweden, P. Kinnunen, VTT Industrial Systems 

* Development of a predictive model of activity incorporation and corrosion phenomena 

IVF – Industriforskning och utveckling AB 

* No Lead in Nordic Electronics, A. Turtola VTT 

SINTEF – Stiftelsen for industriell og teknisk forskning ved Norges tekniske høgskole 

* No Lead in Nordic Electronics, A. Turtola VTT 

DELTA – Danish Electronics, Light and Acoustics 

* No Lead in Nordic Electronics, A. Turtola VTT 

Other co-operation 

European Nuclear Installations Safety Group (ENIS-G), P. Koutaniemi, STUK 

EC/TC45/SC45A/Working Group A3, H. Heimbürger, STUK 

IEC/TC45/SC45A/Working Group A10, H. Palmén, VTT 

IEC/TC45/SC45A, Nuclear Instrumentation Committee (SESKO), P. Suvanto, STUK 

European Working Group on Reactor Dosimetry – Programme Committee (EWGRD-PC), T. Serén, VTT 

Working Group on Reactor Dosimetry for VVER Reactors (WGRD-VVER), T. Serén, VTT 

European Network of Testing Facilities for the Quality Checking of Radioactive Waste Packages 
(ENTRAP), A. Tiitta, VTT 

International Co-operative Group on Environmentally Assisted Cracking of Light Water Reactor Materials 
(ICG-EAC), U. Ehrnstén, VTT 

Nordic Reactor Physics Meetings “Reactor Physics Calculations in the Nordic Countries”, R. Höglund, 
VTT 
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European Association of Cognitive Ergonomics (EACE), L. Norros, VTT 

New Technology and Work (NeTWork), L. Norros, VTT 

Nordic ALEX-group on advanced alara-princip in chemistry and radiation (Westinghouse Atom, Alara-
Engineering, WA-BWR-plants) A. Reinvall, TVO 

The human factors network for the process industries (PRISM), co-ordinated by the European Process 
Safety Centre (EPSC), K. Ruuhilehto, VTT 

BWR OG PSA (BWR Owners Group, PSA task) R. Himanen, TVO 

ISTC Project #833 METCOR “Investigation of corium melt interaction with NPP reactor vessel steel”, 
NITI, Sosnovy Bor, Russia, Collaborator and Steering Committee Member, H. Tuomisto, Fortum Nuclear 
Services 

MSWI (Melt-Structure-Water Interaction) Project, KTH, Stockholm, Advisory Group, H. Tuomisto, 
Fortum Nuclear Services 

VVER Forum’s WG on the use of PSA, R. Virolainen (chairman) and A. Julin, STUK 
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International travels in 2006 

 
 
 



International travels in EMERALD project in 2006 
 
 
Daavittila, A., OECD/NEA/NSC Working Party on Scientific Issues of Fuel Cycle 
(WPFC) 3rd Meeting 23 January 2006; OECD/NEA/NSC Task Force on Reactor-Based 
Plutonium Disposition (TFRPD) 11th Meeting, 24 January 2006; and OECD/NEA/NSC 
Working Party on Scientific Issues of Reactor Systems (WPRS) 3rd Meeting, 25 
January 2006, Issy-les-Moulineaux, France. 
 
Ranta-aho, A., 11th Meeting of the AER Working Group E “Physical Problems of 
Spent Fuel, Radwaste, and Decommissioning of Nuclear Power Plants”, April 11-12, 
Hrotovice, Czech Republic. 
 
Hämäläinen, A., Fourth V1000CT Workshop (VVER-1000 Coolant Transients) 
(V1000-4), April 24-25, and AER Working Group D Workshop (VVER Dynamics and 
Safety), April 26-27, Pisa, Italy. 
 
Ranta-aho, A., OECD/NEA/NSC WPNCS Workshop on the need for post irradiation 
experiments to validate fuel depletion calculation methodologies”, May 11-12, Rez near 
Prague, Czech Republic. 
 
Leppänen, J., NEA JEFF meeting, May 22-24, Paris, France. 
 
Anttila, M., Annual Meeting of the NEA Nuclear Science Committee, May 31-Jun 2, 
Paris, France. 
 
Leppänen, J., International Youth Nuclear Congress IYNC 2006, June 18-23, 
Stockholm, Sweden & Olkiluoto, Finland. 
 
Syrjälahti, E., International Youth Nuclear Congress IYNC 2006, June 18-23, 
Stockholm, Sweden & Olkiluoto, Finland. 
 
Leppänen, J., PHYSOR-2006 – Physics of Reactors, September 10-14, Vancouver, BC, 
Canada. 
 
Ranta-aho, A., PHYSOR-2006 – Physics of Reactors, September 10-14, Vancouver, 
BC, Canada. 
 
Höglund, R., Studsvik Scandpower European Users Group Meeting, October 4-6, 
Hamburg, Germany. 
 
Höglund, R., TopFuel 2006 – International Meeting on LWR Fuel Performance, 
October 22-26, Salamanca, Spain. 
 
Ranta-aho, A., Kick off meeting of Expert Group on Assay Data of Spent Nuclear Fuel 
(EGPIE) under Working Party on Nuclear Criticality Safety (WPNCS), October 27, 
Paris, France, OECD/NEA. 
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International travels in KORU project in 2006 
 
 
Pietarinen, K., Modelling and Computation of Multiphase Flows, March 20-24, 2006, 
Zurich, Switzerland. 
 
Kelppe, S., Halden Programme Group Meeting, April 3-5, 2006, Manchester, UK. 
 
Kelppe, S., JAEA Fuel Safety Research Meeting 2006, April 20-21, 2006, Tokai-mura, 
Japan. 
 
Kelppe, S., ANL  LOCA Meeting, June 8-9,  2006, Argonne Ill., USA. 
 
Kelppe, S., SEGFSM Plenary meeting and LOCA ad hoc Meeting, June 26-28, 2006, 
Paris, France. 
 
Pietarinen, K., Frédéric Joliot – Otto Hahn Summer School on Nuclear Reactors, 24 
August  24 -  September 1, 2006, Cadarache, France. 
 
Knuutila, A., FRAPCON3/FRAPTRAN Users’ Group Meeting, October 20-22, 2006, 
Salamanca, Spain. 
 
Vanttola, T., Halden Programme Group Meeting, November 8-9, 2006, Halden, 
Norway. 
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International travels in INTELI-project 2006 
 
 
Aaltonen, P. OECD/NEA SCP SCC WG Meeting, October 4-6, 2006, Paris, France. 
 
Ehrnstén, U.  2006 International Cooperative Group on Environment-Assisted Cracking 
(ICG-EAC), May 13-21, 2006, Charleston, USA. 
 
Ehrnstén, U. Fontevraud 6, International Symposium on Contribution of Materials 
Investigations to Improve the Safety and Performance of LWR:s, September 17-23, 
2006, Fontevraud, France. 
 
Hänninen H. (TKK) 2006 International Cooperative Group on Environment-Assisted 
Cracking (ICG-EAC), May 13-21, 2006, Charleston, USA. 
 
Karlsen W. 2006 International Cooperative Group on Environment-Assisted Cracking 
(ICG-EAC), May 13-21, 2006, Charleston, USA.  
 
Karlsen W.  CIR II Meeting, September 14-15, 2006, Paris, France. 
 
Kauppinen, P. 9th International Conference “Material issues in Design, Manufacturing 
and Operation of Nuclear Power Plants Equipment”, June 4-9, 2006, St. Petersburg, 
Russia. 
 
Kauppinen, P.  INKOORD 2006 -Meeting, June 28 – 29, 2006, Petten, The 
Netherlands.  
 
Kinnunen P. IAEA:n FUWAC-Meeting (optimisation of water chemistry to ensure 
reliable water reactor fuel performance at high burnup and in aging plant), July 4 – 
6,.2006, Vienna, Austria.  
 
Planman T. CRP RCM and Consultant Meetings, November 5-10, 2006, Dresden, 
Germany.  
 
Pättikangas T. How to Predict Thermal-Hydraulic Loads on Pressure Vessels and 
Piping -training, Epsilon High Tech AB, February 28- March 2, 2006,Göteborg, 
Sweden. 
 
Solin J. 2006 ASME Pressure Vessel and Piping, July 22-29, 2006, Vancouver, Canada. 
 
Wallin, K. SKI Möte nr 1 Reaktorsäkerhetsnamnden 2006, February 2, 2006, 
Stockholm, Sweden. 
 
Wallin, K. INSEL SPECI-Meeting SKI, April 5, 2006, Stockholm, Sweden.  
 
Wallin, K. RFCS Technical Group TGS6 Meeting “Physical metallurgy & design of 
new generic steel grades, April 25-28, 2006, Gent, Belgium. 
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Wallin, K. FESI and ESIS TV12 Meeting “Using Probability Modelling in Structural 
Integrity Assessments, June 8-10, 2006, London, UK. 
 
Wallin, K. Workshop on Advanced Fracture Assessment Methods for LWR 
Components, July 17-21, 2006, Baltimore/Maryland, USA. 
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International travels in CONTECH project in 2006 
 
 
Vesikari, E., Annual meeting of the OECD/NEA/IAGE Concrete WG and an adjacent 
conference on corrosion of reinforcement and long term behaviour of concrete structures 
in nuclear power plants (NUCPERF 2006), 27th – 31st of March 2006, Cadarache, 
France. 
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International travels in THEA project in 2006 
 
 
Junninen, P., OECD PKL program review group meeting, March 22-24, 2006, Erlangen, 
Germany. 

Poikolainen, J. & Pättikangas, T., NORTHNET Meeting, Stockholm, April 28, 2006, 
Stockholm, Sweden. 

Auvinen, A., CSNI "State-of-the-Art Report on Nuclear Aerosols in Reactor Safety" 
writing group meeting, May 8, 2006, Berlin, Germany. 

Karppinen, I., OECD ROSA Program Review Group Meeting, May 22-23, 2006, 
Valencia, Spain. 

Karppinen, I., OECD/CSNI/GAMA Meeting, Paris, September 25-27, 2006, Paris, 
France. 

Poikolainen, J. & Pättikangas, T., KTH co-operation in condensation pool modelling and 
experiments, October 11, 2006, Stockholm, Sweden. 

Poikolainen, J., OECD ROSA PRG and MB meetings, October 25-26, 2006, Tokai-Mura, 
Japan. 

Holmström, H., CAMP Meeting, October 26-28, 2006, Linthicum, MD, U.S.A. 

Junninen, P., 2nd PKL Analytical workshop and 6th meetings of the PRG and MB of the 
OECD-PKL Project, November 8-11,2006, Budapest, Hungary. 

Ilvonen, M., NURESIM SP2 Meeting, January 23, 2006, Paris, France. 

Puska, E.K., NURESIM Governing Board Meeting, May 20,2006, Paris, France. 

Ilvonen, M., NURESIM SP2 Meeting, June 20-21, 2006, Pisa, Italy.  

Puska, E.K., NURESIM Seminar, November 8, 2006, Paris, France. 

Puska, E. K., NURESIM Governing Board Meeting & SP2 Meetings, November 20-22, 
2006, PSI, Villingen, Switzerland. 
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International travels in ECE project in 2006 
 
 
Tanskanen, V., Third NURESIM SP2 meeting, January 24-25, 2006, Paris, France. 
 
Tanskanen, V.,  Fourth NURESIM SP2 meeting, June 20-21, 2006, Pisa, Italy. 
 
Tanskanen, V., Fifth NURESIM SP2 meeting, November 21-22, 2006, PSI, Villingen, 
Switzerland. 
 
Tanskanen, V., Researcher visit, 2 months, November 2006-January 2007, CEA, 
Grenoble, France. 
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International travels in WARSI project in 2006 
 
 
Saarenheimo, A., Hakola, I., Kärnä, T. & Tuomala, A., ICONE 14th International 
Conference on Nuclear Engineering. July 17-20, 2006. Miami, Florida, USA.  
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International travels in CAPHORN project in 2006 
 
 
Sevón, T., OECD/MCCI-2 PRG and MB Meetings, April 4-6, 2006, Paris, France. 
 
Sevón, T., CSARP ja MCAP-Meetings, September 23-30, 2006, Albuqurque, NM, 
USA. 
 
Sevón, T., Workshop on Thermo-Physical Properties & Visit to VULCANO facility, 
October 15-20, 2006, Paris and Cadarache, France. 
 
Virta, J., Visit to VULCANO facility, October 19-20, 2006, CEA, Cadarache, France. 
 
Holmström, S., Visit to VULCANO facility, , October 19-20, 2006,CEA, Cadarache, 
France. 
 
Takasuo, E., TONUS-Code User Training, May 2 –July 1, 2006, CEA Saclay, France. 
 
Miettinen, J., WABE-Code User Training Course August 14-17, 2006, , IKE Stuttgart, 
Germany. 
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International travels in FIKA project in 2006 
 
 
Auvinen, A. & Kärkelä, T., International Aerosol Conference 2006, September 10-15, 
2006, St. Paul, USA. 
 
Auvinen, A., Phebus –Project 1. Follow-up Meeting, Phebus Experts Group Meeting 
and ISTP Meeting, April 24-28, 2006, Alkmaar, The Netherlands. 
 
Auvinen, A., Phebus –Project 2. Follow-up Meeting and ISTP-Meeting, October 17-20, 
2006, Aix-en-Provence, France. 
 
Hokkinen, J., ARTIST –Integral Tests, October 23-27, 2006, PSI, Villingen, 
Switzerland. 
 
Hokkinen, J., ARTIST –Integral Tests, November 20-24, 2006, PSI, Villingen, 
Switzerland. 
 
Auvinen, A., ARTIST Project Program Review Committee 4th Meeting, December 12-
14, 2006, PSI Villingen, Switzerland. 
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International travels in IDEC project in 2006 
 
 
Savioja, P. & Norros, L., HRP Workshop on Human System Interfaces – Design and 
Evaluation, May 4-5, 2006, Halden, Norway. 
 
Norros, L., Savioja, P. & Laarni, J., SEGHOF workshop on Future Control Station 
Designs and Human Performance Issues in Nuclear Power Plants, May 8-10, 2006, 
Halden, Norway.  
 
Norros, L., Salo, L. & Laarni, J., 5th ANS International Topical Meeting on Nuclear 
Plant Instrumentation, Controls, and Human Machine Interface Technology, November 
12-16, 2006, Albuquerque, USA. 
 
Salo, L. & Norros, L., 13th European Conference on Cognitive Ergonomics, September 
20-22, 2006, Zürich, Switzerland.  
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International travels in CULMA project in 2006 
 
 
Oedewald, P., Ninth International Symposium of the ISSA Research Section, March 1-
3, 2006, Nice, France. 
 
Reiman, T. & Oedewald, P., Second Resilience Engineering Symposium. November 8-
10, 2006, Antibes, Juan-Les-Pins, France. 
 
Wahlström, B., IAEA SCART-mission, February 27- March 10, 2006, PBMR (PTY) 
Ltd, South Africa. 
 
Oedewald, P., IAEA technical meeting on Event Investigation Techniques. September 
3-9, 2006, Vienna, Austria.  
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International travels in TIMANTTI project in 2006 
 
 
Kuronen, T., CINet 2006 – Continuous Innovation Network, September 8-12, 2006, 
Lucca, Italy. 
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International travels in POTFIS project 2006 
 
 
Keski-Rahkonen O. First Meeting of the Programme Review Group of the OECD 
PRISME Project, April 3-4, 2006, IRSN, Aix-en-Provence, France. 
 
Keski-Rahkonen O. First Meeting of the Management Board of the OECD PRISME 
Project, April 4, 2006, IRSN, Aix-en-Provence, France.  
 
Keski-Rahkonen, O. 10th Meeting of the International Collaborative Model Project 
(ICFMP), May 3-5, 2006, GRS, Garching, Germany. 
 
Hostikka S. Second meeting of the Programme Review Group of the OECD PRISME 
Project, October 17-18, 2006, Aix-en-Provence, France. 
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International travels in PPRISMA project in 2006 
 
 
Holmberg, J.-E. OECD/CSNI/WGRISK annual meeting and HRA Task meeting. October 
10–13, 2006, the Hague and Scheveningen, the Netherlands. 
 
Holmberg, J.-E. PSA castle meeting. September 26–27, 2006, Varberg, Sweden. 
 
Holmberg, J.-E. Work meetings of the NKS-project "The Validity of Safety Goals." 
October 6, 2006, Sundbyberg, Sweden. 
 
Holmberg, J.-E. Workshop of the NKS-project "The Validity of Safety Goals." November 
16, Arlanda, Sweden. 
 
Holmberg, J.-E. Workshop on Empirical Testing of HRA methods, December 5–7, 2006, 
Halden, Norway. 
 
Laakso, K. 18th Euromaintenance congress and 3rd WorldCongress of Maintenance, June 
20–22, 2006, Basel, Switzerland. 
 
Laakso, K. SKI maintenance seminar for utilities. November 8–9, 2006. Gällöfsta. 
Sweden. 
 
Männistö, I. International Youth Nuclear Conference 2006, June 18–22, 2006, Stockholm, 
Sweden. 
 
Wahlström, B. IAEA Technical meeting on cyber security of nuclear power plant in-
strumentation, control and information systems, October 17–20, 2006, Idaho Falls, Idaho, 
USA. 
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International travels in ASDES project in 2006 
 
 
Bloomfield, R. & Guerra, S. Project meeting and SAFIR sofware safety ad hoc meeting 
01/06, April 5, 2006, Espoo, Finland. 
 
Karanta, I. & Pulkkinen, U. Project meeting. August 30, 2006, London, UK. 
 
Bloomfield, R. Project meeting and SAFIR sofware safety ad hoc meeting 02/06, 
September 25, 2006, Espoo, Finland. 
 
Bloomfield, R., Sheridan, D. & Tourlas, K. Workshop on safety assessment of smart 
devices, November 24, 2006, Espoo, Finland. 
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International travels in SAHA project in 2006 
 
 
Puska, E. K., FISA 2006 Conference and CCE-Fission Meeting, March 13-16, 2006, 
Luxembourg, Luxembourg. 
 
Puska, E. K., EU FP7 Consultation Day, June 22, 2006, Brussels, Belgium. 
 
Puska, E.K., CCE-Fission Meeting, November 7, 2006, Brussels, Belgium. 
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Appendix 5 
Academic degrees awarded in the 

projects 1.1.2003–30.11.2006 



 

Enhanced methods for reactor analysis (EMERALD) 

Doctor of Technology: 

Hämäläinen, A. Applying thermal hydraulics modeling in coupled processes of nuclear 
power plants. Espoo: Technical Research Centre of Finland, 2005. 103 p. + app. 99 p. 
(VTT Publications 578. ISBN 951-38-6667-X; ISSN 1235-0621). (Lappeenranta 
University of Technology – Department of Energy and Environmental Technology) 

Licentiate in Technology: 

Leppänen, J. Systematic comparison of evaluated nuclear data files. Helsinki University 
of Technology, Licentiate's Thesis, 28 May 2004. 104 p. (VTT Project Report 
PRO1/P7009/04). 

Master of Science in Technology: 

Ranta-aho, A. Validation of reactor physics codes for predictions of isotopic 
compositions of high burnup LWR fuels. Helsinki University of Technology, Master’s 
Thesis, 1 February 2004. 147 p. (VTT Project Report PRO1/P7006/04). 

High-burnup upgrades in fuel behaviour modelling (KORU) 

Master of Science in Technology: 

Kekkonen, L. Master’s Thesis, Validation of the Fission Gas Release Model of the 
advanced IMAGINE Model Implemented in the ENIGMA Fuel Performance Model, 
Helsinki University of Technology, Department of Engineering Physics and 
Mathematics. 
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Integrity and lifetime of reactor circuits (INTELI) 

Doctor of Technology: 

Moilanen, P. Pneumatic servo-controlled material testing device capable of operating at 
high temperature water and irradiation conditions. Doctoral thesis. VTT Publications 532, 
Espoo 2004. 154 p. ISBN 951-38-6384-0; 951-38-6385-9. 
http://virtual.vtt.fi/inf/pdf/publications/2004/P532.pdf. 

Toivonen, A. Stress corrosion crack growth rate measurement in high temperature water 
using small preracked bend specimens. Doctoral thesis. VTT Industrial Systems, Espoo 
2004. VTT Publications 531. 206 p. + app. 9 p. ISBN 951-38-6382-4; 951-38-6383-2. 
http://virtual.vtt.fi/inf/pdf/publications/2004/P531.pdf. 

Master of Science in Technology: 

Vepsä, A. Mechanical vibration in a piping system. Helsinki University of Technology, 
Espoo 2004. 

Thermal hydraulic analysis of nuclear reactors (THEA) 

Master of Science in Technology: 

Junninen, P. Model to simulate small break experiment in PKL test facility with 
APROS code, STUK-YTO-TR 214, 2005. (Lappeenranta University of Technology) 
(funded by STUK). 53 p. (In Finnish). 

Takasuo, E. Modelling of pressurizer using APROS and TRACE thermal hydraulic 
codes, 2005. (Lappeenranta University of Technology, Department of Energy and 
Environmental Technology). 119 p. 

Hillberg, S. Modelling of Hydro-accumulator in Nuclear Power Plant. 2006 
(Lappeenranta University of Technology, Department of Energy and Environmental 
Technology). (In Finnish). 
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Condensation pool experiments (POOLEX) 

Master of Science in Technology: 

Nurminen, T. Passive Safety Features of VVER-640 Reactors. Lappeenranta, 2003. 
(Lappeenranta University of Technology). 80 p. (In Finnish). 

Räsänen, A. Measurement System for Steam Condensation. Lappeenranta, 2004. 
(Lappeenranta University of Technology). 83 p. + app. 2 p. (In Finnish). 

Pikkarainen, M. Heat Transfer Analysis of the EPR Core Catcher Test Facility Volley. 
Lappeenranta, 2006. (Lappeenranta University of Technology). 89 p. + app. 9 p. 

Participation in Development of European Calculation Environment (ECE) 

Master of Science in Technology: 

Turtiainen K. Modelling of a Hydrogen Catalytic Recombiner for Nuclear Power Plant 
Containment Studies; Case: Siemens FR90/1-150 Recombiner Model in TONUS 0D 
Code. Lappeenranta 2005. (Lappeenranta University of Technology). 133 p. + app. 20 p.  

Wall Response to Soft Impacts (WARSI) 

Master of Science in Technology: 

Eriksson, E. Missiilin murskautumisvoima. Tampere University of Technology, 
Department of Civil Engineering, Structural Mechanics, Tampere 2005. 104 p. + app. 

Severe Accidents and Containment Integrity (SANCY) 

Master of Science in Technology: 

Sevón, T. Molten Core – Concrete Interactions in Nuclear Accidents: Theory and 
Design of an Experimental Facility, Helsinki University of Technology, Department of 
Engineering Physics and Mathematics. Master’s Thesis. 
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Development of Aerosol Models to Nuclear Applications (AMY) 

Master of Science in Technology: 

Siltanen, S. Influence of Uncertainty of Calculation Parameters in Modelling on 
Radioactive Releases in Severe Accident Conditions. Helsinki University of Technology, 
Master’s Thesis, 2 December 2003. 93 p. + app. (In Finnish). 

Karttunen, V. Validation of a fission product revaporization model, Master’s Thesis, 
Helsinki University of Technology, Espoo, January 10, 2005. 

Behaviour of fission products in air-atmosphere (FIKA) 

Doctor of Philosophy: 

Backman, U. Studies on nanoparticles synthesis via gas-to-particle conversion, Academic 
dissertation, University of Helsinki, Faculty of Science, Department of Physical Sciences, 
Espoo 2005. VTT publications 562. 45 p. + app. 62 p. ISBN 951-38-6441-3; 951-38-6442-1. 
http://virtual.vtt.fi/inf/pdf/publications/2005/P562.pdf. 

Interaction approach to development of control rooms (IDEC) 

Master of Science in Technology: 

Savioja, P. Käyttäjäkeskeiset menetelmät monimutkaistenjärjestelmien vaatimusten 
kuvaamisessa. Espoo, 2003. (Helsinki University of Technology). 119 p. 

Potential of fire spread (POTFIS) 

Doctor of Philosophy: 

Mangs, J. 2004. On the fire dynamics of vehicles and electrical equipment. VTT 
Publications 521, VTT Building and Transport, Espoo, 62 p. + app. 101 p. (University 
of Helsinki). ISBN 951-38-6273-9; 951-38-6274-7. 
http://virtual.vtt.fi/inf/pdf/publications/2004/P521.pdf. 
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Principles and Practices of Risk-Informed Safety MAnagement (PPRISMA) 

Doctor of Technology: 

Rosqvist, T. On the use of expert judgement in the qualification of risk assessment. 
Espoo: Technical Research Centre of Finland, 2003. (Helsinki University of 
Technology). VTT Publications 507. 48 p. + app. 82 p. ISBN 951-38-6243-7; 951-38-
6244-5. http://virtual.vtt.fi/inf/pdf/publications/2003/P507.pdf. 

Master of Science in Technology: 

Männistö, I. Risk-informed classification of components of nuclear power plants. 
Espoo, 2005. (Helsinki University of Technology – Department of engineering physics 
and mathematics) 

Myötyri, E. Measures for structural properties of systems. Espoo, 2003. (Helsinki 
University of Technology – Department of engineering physics and mathematics). 
52 p. + app. 20 p. 
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Appendix 6 

The steering group, the reference groups and the 
scientific staff of the projects 



 

Steering Group of SAFIR – The Finnish Research Programme on 
Nuclear power Plant Safety 2003–2006 

Kansallisen ydinvoimalaitosten turvallisuustutkimusohjelman SAFIR 
2003–2006 johtoryhmä 

 
Person Organisation & Finnish abbreviation 
 
Marja-Leena Järvinen, Chairperson1 Radiation and Nuclear Safety Authority of 
 Finland (STUK) 
Lasse Reiman, Chairperson2 Radiation and Nuclear Safety Authority of 
 Finland (STUK) 
Timo Okkonen, Chairperson3 Radiation and Nuclear Safety Authority of 
 Finland (STUK) 
Keijo Valtonen,1 Radiation and Nuclear Safety Authority of 
 Finland (STUK) 
Piia Moilanen National Technology Agency of Finland 
 (TEKES) 
Reijo Munther  National Technology Agency of Finland
 (TEKES) 
Timo Vanttola Technical Research Centre of Finland (VTT) 
Ulla Ehrnstén4 Technical Research Centre of Finland (VTT) 
Heli Talja5 Technical Research Centre of Finland (VTT) 
Jari Tuunanen6 Teollisuuden Voima Oy (TVO) 
Eero Patrakka7 Teollisuuden Voima Oy (TVO) 
Marjo Mustonen Teollisuuden Voima Oy (TVO) 
Harriet Kallio Fortum Power and Heat Oy (Fortum P&H) 
Jyrki Kohopää Fortum Nuclear Services Oy (Fortum NS) 
Rainer Salomaa Helsinki University of Technology (TKK) 
Riitta Kyrki-Rajamäki, Vice Chairperson Lappeenranta University of Technology (LTY) 
Anne Väätäinen Finnish Ministry of Trade and Industry (KTM) 
Jorma Aurela, KTM contact person Finnish Ministry of Trade and Industry (KTM) 
 
 
 
1 Since August 4th, 2005 
2 Until August 3rd, 2005 
3 Resigned from STUK during 2003 
4 Replacing Heli Talja since 2005 
5 On leave from 2005 until August 2006, replaced by Ulla Ehrnsten since June 1, 2006 
6 Since 2005 
7 During 2003–2004 
SAFIR Reference Groups 
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SAFIR tukiryhmät 
 
1. Polttoaine ja reaktorisydän 
Reactor fuel and core 
 
Risto Sairanen1 STUK Chairperson 
Keijo Valtonen2 STUK Chairperson 
Pertti Siltanen Fortum Vice Chairperson 
Nina Lahtinen STUK 
Risto Teräsvirta Fortum 
Martti Antila  Fortum 
Kari Ranta-Puska TVO 
Mikael Solala TVO 
Seppo Koski  TVO 
Markku Hänninen3 VTT 
Jaakko Miettinen4 VTT 
Lena Hansson-Lyyra5 VTT 
Seppo Tähtinen6 VTT 
 
1 Since October 5th, 2005 
2 Until October 4th, 2005 
3 Since 2005 
4 During 2003–2004 
5 During 2003–2005 
6 Since 2006 
 
2. Reaktoripiiri ja rakenteellinen turvallisuus 
Reactor circuit and structural safety 
 
Martti Vilpas  STUK Chairperson 
Rainer Rantala STUK Vice Chairperson 
Kirsti Tossavainen STUK 
Jari Puttonen1 Fortum 
Erkki Kaminen2 Fortum 
Alpo Neuvonen Fortum 
Ossi Hietanen Fortum 
Juho Hakala  TVO 
Erkki Muttilainen TVO 
Olli Tiihonen1 VTT 
Timo Pättikangas2 VTT 
Rauno Rintamaa VTT 
Kim Wallin2  VTT 
Liisa Heikinheimo3 VTT 
Hannu Hänninen TKK 
Jukka Tuhkuri TKK 
 
1 Since 2005 
2 During 2003–2004 
3 Since 2006 
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3. Suojarakennus ja prosessiturvatoiminnot 
Containment and process safety functions 
 
2003–2004 
Olli Nevander TVO Chairperson 
Juhani Hyvärinen STUK Vice Chairperson 
Nina Lahtinen STUK 
Hannu Ollikkala STUK 
Lauri Pöllänen STUK 
Heikki Sjövall TVO Chairperson in 2003 
Petra Lundström Fortum 
Olli Kymäläinen Fortum 
Antti Daavittila VTT 
Hanna Räty  VTT 
Olavi Keski-Rahkonen VTT 
Juhani Vihavainen LTY 
Pekka H. Pankakoski VTT 
 
 
2005–2006 
3a. Thermal hydraulics 
Termohydrauliikka 
 
Olli Nevander TVO Chairperson 
Eero Virtanen STUK Vice Chairperson 
Heikki Sjövall TVO 
Nina Lahtinen  STUK 
Olli Kymäläinen  Fortum 
Timo Toppila  Fortum 
Juhani Hyvärinen  LTY 
Heikki Keinänen VTT 
Hanna Räty  VTT 
Antti Daavittila VTT 
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3b. Containment 
Suojarakennus 
 
Risto Sairanen  STUK Chairperson 
Lauri Pöllänen  STUK Vice Chairperson 
Juhani Hyvärinen  STUK 
Tomi Routamo1 Fortum 
Petra Lundström2 Fortum 
Eerikki Raiko Fortum 
Heikki Sjövall TVO 
Anssi Paalanen TVO 
Mika Pikkarainen LTY 
Matti Pajari3  VTT 
Pekka H. Pankakoski4 VTT 
Klaus Rahka5 VTT 
Olavi Keski-Rahkonen VTT 
 

 

1 Since October 5th, 2005 
2 Until October 4th, 2005 
3 Since January 27, 2006 
4 December 12th, 2005 – January 27, 2006 
5 Until December 11th, 2005 
 
 
4. Automaatio, valvomo ja tietotekniikka 
Automation, control room and information technology 
 
Esko Rinttilä  Fortum Chairperson 
Olli Hoikkala TVO Vice Chairperson 
Harri Heimbürger STUK 
Juhani Hyvärinen1 STUK 
Erik Lönnqvist2 STUK 
Heimo Takala STUK 
Jukka Kupila  STUK 
Martti Välisuo Fortum 
Juha Miikkulainen TVO 
Sixten Norrman VTT 
Risto Sairanen3 VTT 
Olli Tiihonen VTT 
Olavi Keski-Rahkonen VTT 
Jari Hämäläinen4 VTT 
Jan-Erik Holmberg5 VTT 
 
 
1 Since 2006 
2 During 2003–2005 
3 Resigned from VTT during 2003 
4 Since 2005 
5 During 2003–2004 
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5. Organisaatiot ja turvallisuuden hallinta 
Organisations and safety management 
 
Matti Vartiainen TKK Chairperson 
Anneli Leppänen TTL Vice Chairperson 
Timo Eurasto STUK 
Nina Koivula1 STUK 
Kaisa Åstrand2 STUK 
Jari Snellman3 Fortum 
Pekka Luukkanen Fortum 
Markku Friberg TVO 
Petri Koistinen4 TVO 
Urho Pulkkinen VTT 
Leena Norros VTT 
 
 
1 Since October 5th, 2005 
2 Until October 4th, 2005 
3 Until September 28, 2006 
4 Since 2005 
 
 
6. Riskitietoinen turvallisuuden hallinta 
Risk-informed safety management 
 
Reino Virolainen STUK Chairperson 
Ilkka Niemelä STUK Vice Chairperson 
Jouko Marttila STUK 
Jussi Vaurio3  Fortum 
Mika Yli-Kauhaluoma4 Fortum 
Kalle Jänkälä Fortum 
Risto Himanen TVO 
Kari Taivainen TVO 
Risto Huhtanen1 VTT 
Ilona Lindholm2 VTT 
Arja Saarenheimo VTT 
Olli Ventä  VTT 
Esko Mikkola VTT 
 
 
1 Since 2005 
2 During 2003–2004 
3 During 2003–2006 
4 Since 2006 
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Personnel and tasks in the SAFIR projects in 2003–2006 
 
Enhanced methods for reactor analysis (EMERALD) 
Kehittyneet reaktorianalyysimenetelmät 
 
Research organisation: VTT 
Project manager: Randolph Höglund, VTT 
Deputy project manager: Antti Daavittila, VTT 
 
 

Person Org. Task 

Randolph Höglund,  
LicTech 

VTT Project manager, reactor physics, nodal methods, 
Nordic connections 

Antti Daavittila, 
MScTech 

VTT Deputy project manager, reactor dynamics, 
development and validation of dynamics codes 

Markku Anttila,  
MScTech 

VTT Reactor physics, cross sections, isotope concentrations, 
OECD/NEA connections: NDC, NSC 

Anitta Hämäläinen, 
DTech 

VTT Reactor dynamics, circuit modelling, thermal hydraulic 
modelling for fuel transient codes, dynamics 
benchmarks 

Pasi Inkinen,  
student (2005) 

VTT Reactor Dynamics, 3D visualization tools 

Elja Kaloinen, MScTech  
(retired March 31, 2006) 

VTT Reactor physics, nodal methods, reactor physics in 
dynamics codes 

Petri Kotiluoto,  
MSc (since 2004) 

VTT Reactor physics, transport methods, development of 
MultiTrans 

Jaakko Leppänen, 
LicTech 

VTT Reactor physics, cross sections, use of Monte Carlo 
methods in burnup calculations, Ddevelopment of 
Monte Carlo methods (PSG) 

Riku Mattila,  
MScTech (2003) 

VTT Reactor physics, advanced nodal methods  
(AFEN, ARES) 

Jaakko Miettinen, 
MScTech 

VTT Reactor dynamics, development of the coupled TRAB-
3D/SMABRE code 

Maria Pusa,  
student (since 2005) 

VTT Reactor physics, uncertainty and sensitivity analysis 
methods 

Markku Rajamäki,  
DTech 

VTT Reactor dynamics, development, testing and 
application of CFDPLIM 

Anssu Ranta-aho, 
MScTech 

VTT Reactor physics, criticality safety, isotope 
concentrations, nodal methods 

Hanna Räty,  
MScTech 

VTT Reactor dynamics, development and validation of 
dynamics codes, AER connections 

Malla Seppälä,  
student (since 2005) 

VTT Reactor dynamics, TRAB-3D calculations 

Elina Syrjälahti,  
MScTech (leave of 
absence 8/2005–2006) 

VTT Reactor dynamics, thermal hydraulics modelling, 
dynamics benchmarks, uncertainty and sensitivity 
analysis methods 

Timo Vanttola, DTech 
(during 2003–2004) 

VTT Reactor dynamics, special questions on thermal 
hydraulics 

Frej Wasastjerna, LicTech VTT Reactor physics, MCNP (Monte Carlo calculations) 
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High Burnup Updates in Fuel Behaviour Modelling (KORU) 
Polttoaineen korkeapalamamallinnuksen uudistaminen 
 
Research organisation: VTT 
Project manager: Seppo Kelppe, VTT 
Deputy project manager: Jan-Olof Stengård, VTT 
 
 
Person Org. Task 

Seppo Kelppe, MScTech VTT Project Manager; fuel behaviour, codes and applications 
Arttu, Knuutila, MScTech VTT Mechanical modelling, materials; SCANAIR code 
Jan-Olof Stengård,  
assistant research scientist 

VTT FRAPTRAN development and applications 

Laura Kekkonen, MScTech 
(in Halden since 2006) 

VTT Fuel steady-state modelling; ENIGMA code 

Jaakko Miettinen, LicTech VTT GENFLO code development and applications 
Jukka Rintala,  
research trainee (since 2005) 

VTT Part-time trainee; probabilistic transient models 

Maiju Seppälä,  
research trainee (2003–2004) 

VTT Part-time trainee 

Kari Pietarinen,  
MScTech since Sept. 2005 

VTT Code applications; thermal hydraulics 

 
 
Integrity and life time of reactor circuits (INTELI) 
Reaktoripiirin eheys ja käyttöikä 
 
Research organisations: VTT 
Project manager: Pentti Kauppinen, VTT 
Deputy project manager: Heikki Keinänen, Arja Saarenheimo, Pertti Aaltonen VTT 
 
 
Person Org. Task 

INSEL   
Heikki Keinänen, MScTech VTT INSEL sub-project manager 
Matti Valo, MScTech VTT Research on ageing mechanisms 
Kim Wallin, DTech VTT Modeling of ageing  
Anssi Laukkanen,  
MScTech 

VTT Transfer of test results for structural 
analysis  

Pekka Nevasmaa,  
DTech 

VTT Applicability of small specimen test 
results 

Tapio Planman, MScTech VTT Ageing mechanisms 
Pertti Aaltonen, MScTech VTT Integrity of bimetal welds 
Ulla Ehrnsten, MscTech VTT Integrity of bimetal welds 
Toni Hakkarainen, technician VTT Ultrasonic TOFD-technique 
Jorma Pitkänen, LicTech VTT Ultrasonic analysis techniques 
Tom Seren VTT Dosimetry 
Lena Hansson-Lyyra VTT Halden research on fuel capsule corrosion 
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Wade Karlsen (since 2005) VTT Research on ageing of materials 
Sami Saarela (since 2005) VTT Research on ageing of materials 
   
INPUT   
Arja Saarenheimo, LicTech VTT INPUT sub-project manager 
Matti Sarkimo, LicTech VTT Ultrasonic simulation 
Marko Api, technician (2003–2004) VTT Ultrasonic simulation 
Kaisa Simola, DTech (2003–2004) VTT Risk informed approach to ISI 
Otso Cronvall, MScTech VTT Risk informed approach to ISI 
Kim Calonius, MScTech (2003–2004) VTT Numerical analysis 
Jari Tuunanen, DTech (2003) VTT Fluid-structure interaction analysis  
Juha Poikolainen, MScTech (2003) VTT Fluid-structure interaction analysis  
Jarto Niemi, MScTech (2004–2006) VTT Fluid-structure interaction analysis  
Timo Narumo, DTech (2004) VTT Fluid-structure interaction analysis  
Mikko Ilvonen, MScTech (2005–2006) VTT Fluid-structure interaction analysis  
Heikki Pokela, MScTech (2005) VTT Fluid-structure interaction analysis  
Timo Pättikangas, DTech VTT Fluid-structure interaction analysis  
Petri Kinnunen, DTech VTT Oxide film growth on stainless steel  
Timo Laitinen, DTech (2003–2004) VTT Oxide film growth on stainless steel 
Timo Saario, DTech VTT Water chemistry – corrosion interaction 
Kari Mäkelä, DTech (2003–2004) VTT Water chemistry – corrosion interaction 
Pekka Moilanen, DTech VTT Research on hydrodynamics  
Martin Bojinov, DTech (2003–2004) VTT Oxide film growth on stainless steel 
Aki Toivonen, DTech VTT Water chemistry –corrosion interaction 
Ari Vepsä, MScTech (2004) VTT Vibrations 
Jouni Alhainen, MScTech (2006) VTT Fatigue Modelling 
Jussi Solin, MScTech (since 2005) VTT Fatigue Modelling 
Lehtovuori Viivi, Ph.D. (since 2005) VTT Corrosion and Activity Incorporation 
Lauri Eerikäinen, MScTech (since 2006) VTT Fluid Structure Interaction Analyses 
Marketta Mattila,  
laboratory technician (since 2003) 

VTT Corrosion and Activity Incorporation 

Päivi Varis (since 2003) VTT Corrosion and Activity Incorporation 
   
INCOM   
Pertti Aaltonen, MSc VTT INCOM sub-project manager 
Kari Mäkelä, DTech (2003–2004) VTT Water chemistry – corrosion interaction  
Kari Lahdenperä, LicTech VTT NDE of steamgenerator tubing 
   
INPERF   
Kim Wallin,  
DTech 

VTT Physics modelling of irradiation 
damages 

Matti Valo, MSc VTT Damage mechanisms 
Pertti Aaltonen, MSc VTT Integrity of reactor internals 
   
INCOORD   
Pentti Kauppinen,  
DTech 

VTT INTELI project manager, coordination of 
INTELI-research 
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LWR oxide model for improved understanding of activity build-up and corrosion 
phenomena (LWROXI) (2004–2006) 
Aktiivisuuden kerääntymisen ja korroosion mallintaminen LWR-olosuhteissa 
 
Research organisation: VTT, University of Chemical Technology and Metallurgy, 
Sofia, Bulgaria (UCTM) 
Project manager: Petri Kinnunen, VTT (since 2005), Martin Bojinov, VTT (2004) 
Deputy project manager: Timo Saario, VTT (since 2005), Petri Kinnunen, VTT (2004) 
 
 
Person Org. Task 

Petri Kinnunen,  
DTech 

VTT  Project manager (since 2005), Deputy project 
manager (2004), electrochemical experiments 

Viivi Lehtovuori, PhD VTT Electrochemical experiments 
Martin Bojinov,  
PhD 

VTT (2004), 
UCTM 
(since 2005) 

Modelling of surface films, Project manager 
(2004) 

Klas Lundgren, MSc ALARA Plant data analysis and evaluation 
Timo Saario, DTech VTT Deputy project manager (since 2005) 

 
 
Ageing of the Function of the Containment Building (AGCONT) (2003–2004) 
Suojarakennustoiminnon ikääntyminen 
 
Research organisation: VTT 
Project manager: Kalervo Orantie, VTT 
Deputy project manager: Erkki Vesikari, VTT 
 
 
Person Org. Task 

Kalervo Orantie, MScTech VTT Project manager, Ageing of the function on containment 
Erkki Vesikari, MScTech VTT Deputy project manager 
 
 
 
Participation in the OECD NEA Task Group Concrete Ageing (CONAGE) (2003) 
Osallistuminen OECD NEA betonirakenteiden vanhentumistyöryhmän 
työskentelyyn (2003) 
 
Research organisation: VTT 
Project manager: Erkki Vesikari, VTT 
 
 
Person Org. Task 

Erkki Vesikari, MScTech VTT Project manager, Participation in the OECD NEA Task 
Group Concrete Ageing (CONAGE) 
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• Safety Management of Concrete Structures in Nuclear Power Plants 
(CONSAFE) 2005 
Ydinvoimaloiden betonirakenteiden turvallisuuden hallinta 
 
Research organisation: VTT Building and Transport 
Project manager: Erkki Vesikari, VTT Building and Transport 
Deputy project manager: Kalervo Orantie, VTT Building and Transport 
 
 
Person Org. Task 

Erkki Vesikari,  
MScTech 

VTT Project Manager; Participation in the OECD NEA 
Task Group Concrete Ageing  

Kalervo Orantie,  
MScTech 

VTT Deputy project manager; Audit of the pressure 
tests in Olkiluoto 

Pertti Pitkänen,  
MScTech 

VTT Audit of the pressure tests in Olkiluoto 

 
 
 
Concrete Technological Studies Related to the Construction, Inspection and 
Reparation of the Nuclear Power Plant Structures (CONTECH) 
Ydinvoimalarakenteiden rakentamiseen, tarkastamiseen ja korjaamiseen liittyvät 
betoniteknilliset tutkimukset 
 
Research organisation: VTT 
Project manager: Liisa Salparanta, VTT 
Deputy project manager: Erkki Vesikari, VTT 
 
 

Person Org. Task 

Liisa Salparanta, MScTech VTT Project manager 
Erkki Vesikari, LicTech VTT Research Scientist 
Heikki Kukko, Dr Tech VTT Research Scientist 
Pertti Pitkänen, MSc Tech VTT Research Scientist 
Hannele Kuosa, MSc Tech (2003–2004) VTT Research Scientist 
Kyösti Laukkanen, MSc Tech (2003–2004) VTT Research Scientist 
Pekka Räisänen, MSc Tech (2006) VTT Research Scientist 
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The Integration of Thermal-Hydraulics (CFD) and Structural Analyses (FEA) 
Computer Codes in Liquid and Solid Mechanics (MULTIPHYSICS) 2003–2004 
Termohydrauliikka- ja rakenneanalyysikoodien linkittäminen neste-rakenne- 
systeemissä 
 
Research organisation: FNS, VTT, ENPRIMA 
Project manager: Pentti Varpasuo, Fortum Nuclear Services Ltd 
Deputy project manager: Timo Toppila, Fortum Nuclear Services Ltd 
 
 

Person Org. Task 

Pentti Varpasuo, DTech FNS Project manager 
Timo Toppila, MScTech FNS Deputy project manager 
Ville Lestinen, MScTech FNS  
Timo Pättikangas, DTech VTT  
Antti Timperi, MScTech VTT  
Arja Saarenheimo, MScTech VTT  
Pekka Iivonen, MScCivEng ENPRIMA  
Seppo Orivuori, LicTech ENPRIMA  

 
 
 
Coupled Termohydraulics and Structural Mechanics (MULTIPHYSICS) 
2005–2006 
 
Research organisation: FNS, VTT 
Project manager: Ville Lestinen, Fortum Nuclear Services Ltd 
Contact person in VTT: Arja Saarenheimo, VTT 
 
 
Person Org. Task 

Ville Lestinen, MScTech FNS Project manager 
Timo Toppila, MScTech FNS Deputy project manager 
Jukka Kähkönen, MScTech FNS  
Timo Pättikangas, DTech VTT  
Antti Timperi, MScTech VTT  
Markku Hänninen, MScTech VTT  
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The Integral Code for Design Basis Accident Analyses (TIFANY) 2003 
Integroitu malli suunnittelun perustana olevien onnettomuuksien laskentaan 
 
Research organisations: Fortum Nuclear Services Ltd and VTT (PRO) 
Project manager: Kai Salminen, Fortum Nuclear Services Ltd 
 
 
Person Org. Task 

Kai Salminen, MScTech FNS Project manager, APROS development 
Petra Lundström, MScTech FNS Deputy project manager 
Davit Danielyan, MScTech FNS APROS development 
Erkki Eskola, MScTech FNS APROS development 
Harri Kontio, MScTech FNS APROS development 
Eerikki Raiko, MScTech FNS APROS development 
Ari Silde, MScTech VTT APROS development 
Markku Hänninen, MScTech VTT APROS development 
Jukka Ylijoki, MScTech VTT APROS development 

 
 
 
APROS modelling of containment pressure suppression systems (TIFANY) 2004 
Suojarakennuksen paineenalennusjärjestelmien APROS-mallien kehittäminen 
 
Research organisations: Fortum Nuclear Services Ltd and VTT (PRO) 
Project manager: Kai Salminen, Fortum Nuclear Services Ltd 
Deputy project manager: Petra Lundström, Fortum Nuclear Services Ltd 
 
 
Person Org. Task 

Kai Salminen, MScTech FNS Project manager, APROS development 
Petra Lundström, MScTech FNS Deputy project manager 
Davit Danielyan, MScTech FNS APROS development 
Tommi Henttonen, trainee FNS APROS development 
Tomi Routamo, MScTech FNS APROS development 
Ari Silde, MScTech VTT APROS development 
Markku Hänninen, MScTech VTT APROS development 
Juha Poikolainen, MScTech VTT APROS development 
Jukka Ylijoki, MScTech VTT APROS development 
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Development of APROS Containment Model (TIFANY) 2005 
APROS suojarakennusmallien kehittäminen 
 
Research organisations: Fortum Nuclear Services Ltd and VTT 
Project manager: Mika Harti, Fortum Nuclear Services Ltd (FNS) 
Deputy project manager: Petra Lundström and Timo Toppila, Fortum Nuclear Services 
Ltd 
 
 
Person Org. Task 

Mika Harti, MScTech FNS Project manager, APROS development 
Tommi Henttonen, student FNS APROS development 
Petra Lundström,  
MScTech (until mid-2005) 

FNS Deputy project manager, APROS development 

Timo Toppila, MScTech FNS Deputy project manager, APROS development 
Ari Silde, MScTech VTT APROS development 
Markku Hänninen, MScTech VTT APROS development 
Juha Poikolainen, MScTech VTT APROS development 
Jukka Ylijoki, MScTech VTT APROS development 
 
 
 
Validation of APROS Containment Model (TIFANY) 2006 
APROS suojarakennusmallien kelpoistus 
 
Research organisations: Fortum Nuclear Services Ltd and VTT 
Project manager: Mika Harti, Fortum Nuclear Services Ltd (FNS) 
Deputy project manager: Timo Toppila, Fortum Nuclear Services Ltd 
 
 

Person Org. Task 

Mika Harti, MScTech FNS Project manager, APROS development 
Esa Ahtinen, Student FNS APROS development 
Timo Toppila, MScTech FNS Deputy project manager 
Ari Silde, MScTech VTT APROS development 
Markku Hänninen, MScTech VTT APROS development 
Juha Poikolainen, MScTech VTT APROS development 
Jukka Ylijoki, MScTech VTT APROS development 
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Thermal hydraulic analysis of nuclear reactors (THEA) 
Termohydrauliikka-analyysit 
 
Research organisation: VTT 
Project manager: Ismo Karppinen, VTT (since December 2004), Minna Tuomainen, VTT 
(until December 2004)*, 
Deputy project manager: Juha Poikolainen, VTT (since 2005), Ismo Karppinen, VTT 
(until December 2004) 
 
 
Person Org. Task 

Seppo Hillberg,  
MScTech (2006) 

VTT APROS calculations 

Heikki Holmström, 
MScTech 

VTT Follow-up of OECD PSB-VVER and 
USNRC/CAMP 

Risto Huhtanen,  
MScTech  

VTT CFD calculations (since 2005) 

Markku Hänninen, 
LicTech  

VTT Apros improvments (2003–2004) 

Mikko Ilvonen,  
LicTech  

VTT NEPTUNE code testing, participation to 
NURESIM (since 2005) 

Pasi Inkinen,  

trainee 

VTT APROS calculations 

Jorma Jokiniemi,  
DrTech  

VTT Participation in OECD/GAMA Writing group for 
SOAR on Nuclear Aerosols (2003–2004) 

Pasi Junninen,  
MScTech (since 
2005) 

VTT APROS calculations 

Ismo Karppinen, 
MScTech 

VTT Project manager (since December 2004, deputy 
project manager until then), follow-up of 
OECD/GAMA, OECD/PKL, OECD/ROSA 

Jarto Niemi,  
MScTech 

VTT CFD calculations, model development 

Juha Poikolainen, 
MScTech 

VTT APROS calculations, coordination of Northnet 

Eija-Karita Puska,  
DrTech  

VTT Governing Board of EU/NURESIM (since 2005) 

Eveliina Takasuo, 
MScTech (2005) 

VTT APROS and CFD calculations 

Risto Sairanen,  
DrTech* 

VTT Follow-up of OECD GAMA (in 2003) 

Minna Tuomainen, 
MScTech* 

VTT Project manager (2003–2004), follow-up of OECD 
GAMA (in 2004) and OECD PKL 

 
 
* resigned from VTT 
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Archiving experiment data (KOETAR) 
Koetulosten arkistointi 
 
Research organisation: Lappeenranta University of Technology 
Project manager: Vesa Riikonen, Lappeenranta University of Technology 
Deputy project manager: Markku Puustinen, Lappeenranta University of Technology 
 
 

Person Org. Task 

Vesa Riikonen,  
MScTech 

LUT Project manager, checking and archiving data 

Markku Puustinen,  
MScTech 

LUT Deputy project manager, checking and archiving 
data 

 
 
 
Condensation pool experiments (POOLEX) 
Lauhdutusallaskokeet 
 
Research organisation: Lappeenranta University of Technology 
Project manager: Markku Puustinen, Lappeenranta University of Technology 
Deputy project manager: Heikki Purhonen, Lappeenranta University of Technology 
 
 
Person Org. Task 

Markku Puustinen,  
MScTech 

LUT Project manager, experiment planning and analysis 

Heikki Purhonen,  
LicTech 

LUT Deputy project manager, OECD planning, 
international tasks, experiments 

Jani Laine,  
MScTech (2003–2006)* 

LUT Experiment analysis, data conversion 

Vesa Riikonen,  
MScTech 

LUT Data acquisition, experiments 

Antti Räsänen,  
MScTech 

LUT Instrumentation, data acquisition, visualization, 
control systems, experiments 

Tomi Nurminen,  
MScTech (2003)* 

 Experiment analysis, data conversion 

Arto Ylönen,  
student (since 2006) 

 Experiment planning and analysis 

Harri Partanen, engineer LUT Designing of test facilities, experiments 
Hannu Pylkkö,  
technician 

LUT Construction, operation and maintenance of test 
facilities, experiments 

Ilkka Saure,  
technician 

LUT Construction, operation and maintenance of test 
facilities, experiments 

Juha Kurki, 
 technician (2003–2004) 

LUT Construction, operation and maintenance of test 
facility, experiments 

 
* resigned from LUT 
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• PACTEL OECD project planning (PACO) (2004) 
PACTEL OECD projektin suunnittelu (2004) 
 
Research organisation: Lappeenranta University of Technology 
Project manager: Heikki Purhonen, Lappeenranta University of Technology 
Deputy project manager: Markku Puustinen, Lappeenranta University of Technology 
 
 
Person Org. Task 

Heikki Purhonen,  
LicTech 

LUT Project manager 

Markku Puustinen,  
MScTech 

LUT Deputy project manager 

Virpi Kouhia,  
MScTech 

LUT Research engineer, APROS analyses 

 
 
 
Participation in development of European calculation environment 
(ECE) (2005–2006) 
Osallistuminen eurooppalaisen laskentaympäristön (NURESIM) kehittämiseen 
(ECE) 
 
Research organisation: Lappeenranta University of Technology 
Project manager: Heikki Purhonen, Lappeenranta University of Technology 
Deputy project manager: Juhani Vihavainen, Lappeenranta University of Technology 
 
 
Person Org. Task 

Heikki Purhonen,  
LicTech 

LUT Project manager 

Vesa Riikonen,  
MScTech 

LUT Data conversion, evaluation of test data 

Markku Puustinen,  
MScTech 

LUT Experiment planning, evaluation of test data 
Deputy project manager, OECD planning, 
international tasks, experiments 

Vesa Tanskanen,  
MScTech 

LUT NURESIM: SALOME/NEPTUNE installations, 
model development 

Juhani Vihavainen,  
LicTech 

LUT NURESIM: management and installations 
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Wall response to soft impact (WARSI) 
Lentokonetörmäykset 
 
Research organisations:VTT, Technical University of Tampere (TUT) and Radiation 
and Nuclear Safety Authority (STUK) 
Project manager: Arja Saarenheimo, VTT 
Deputy project manager: Kim Calonius, VTT 
 
 
Person Org. Task 

Arja Saarenheimo, 
LicTech 

VTT Project Manager, Structural analyses 

Kim Calonius,  
MScTech 

VTT Structural analyses 

Ari Silde,  
MScTech 

VTT Fuel dispersion studies 

Simo Hostikka,  
MScTech (since 2005) 

VTT Fuel dispersion simulation 

Ari Vepsä,  
trainee research scientist 
(2003–2004) 

VTT Structural analyses 

Hannu Martikainen,  
MScTech (2003–2004) 

 LSDYNA analyses 

Ari Kankkunen  
(since 2005) 

HUT Fuel dispersion measurements 

Markku Tuomala,  
Prof. 

TUT Pre and post calculations for impact tests 

Erik Eriksson Student 
(2003–2004) 

TUT M.Sc thesis on deformable missile 

Ari Aalto,  
LicTech. 

TUT Pre calculations for reinforced concrete target 

Jukka Myllymäki,  
LicTech (2003) 

VTT/ STUK Material properties of reinforced concrete  
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Impact tests (IMPACT) 
Lentokonetörmäyksen kokeellinen simulointi 
 
Research organisations:VTT 
Project manager: Ilkka Hakola, VTT (Since 2006), Tuomo Kärnä, VTT (2003–2005) 
Deputy project manager : Ilkka Hakola, VTT (2005) 
 
Person Org. Task 

Tuomo Kärnä,  
DTech(2003–2005) 

VTT Project manager, Experimental apparatus, 
Models of the impacting objects and the reaction 
wall, Impact tests, Data analysis 

Heikki Haapaniemi, 
MScTech  

Fortum 
Service 

Impact tests, Data analysis 

Vesa Harja,  
technician 

Fortum 
Service 

Impact tests, Data analysis 

Ilkka Hakola,  
MScTech 

VTT Project manager (Since 2006), Deputy project 
manager (2005), Experimental apparatus, Impact 
tests, Data analysis 

Jouni Hietalahti,  
research engineer 

VTT Experimental apparatus, Impact tests, Reaction 
wall construction 

Juha Juntunen,  
MScTech 

VTT Experimental apparatus, Impact tests, Data 
analysis, High-speed photography 

Jaakko Johansson,  
technician 

VTT Experimental apparatus, Impact tests, Pressure 
accumulator  

Juha Kurkela, MScTech  VTT Impact tests, Data analysis 
Erkki Järvinen, MScTech VTT Measurements, Impact tests, Data analysis 
Matti Halonen, student VTT Measurements, Impact tests, Data analysis 
Ilkka Linna,  
research engineer 

VTT Experimental apparatus, Impact tests, Pressure 
accumulator  

Auli Lastunen,  
MScTech (since 2005) 

VTT Experimental apparatus, Impact tests, Data 
analysis 
Documentation 

Pekka Laine,  
MScTech (2003–2004) 

VTT Experimental apparatus 

Leo Lapinluoma,  
technician 

VTT Experimental apparatus, Impact tests, Reaction 
wall construction 

Ari Lehtonen, 
technician (2003–2004) 

VTT Reaction wall construction 

Heikki Lintunen,  
research engineer (2003–2006) 

VTT Reaction wall construction 

Jukka Mäkinen,  
technician 

VTT Experimental apparatus, Measurements, Impact 
tests, Data analysis 

Lasse Mörönen,  
LicTech (2003–2006) 

VTT Models of the impacting objects and the reaction 
wall 

Pekka Nurkkala,  
MScTech (2003–2006) 

Fortum 
Service 

Impact tests, Data analysis 

Kyösti Ovaska, MScTech VTT Experimental apparatus, Impact tests, Pressure  
Risto Pitkänen, technician VTT Experimental apparatus, Impact tests, Pressure  
Veijo Sivonen,  
technician (since 2005) 

VTT Experimental apparatus, Impact tests, Pressure  
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Tapio Tähkä,  
technician (since 2005) 

VTT Experimental apparatus, Impact tests, Pressure  

Ilpo Kouhia, MScTech VTT Infra red camera 
Matti Pajari,  
DTech (2003–2006) 

VTT Models of the impacting objects and the reaction 
wall 

Ari Silde,  
MScTech (since 2005) 

VTT Measurements, Impact tests, Spreading of the 
liquid, Data analysis 

Ari Kankkunen,  
LicTech (since 2005) 

TKK Measurements, Impact tests, Spreading of the 
liquid, Data Analysis 

Petri Pesonen, technician  VTT Concrete testing 
Arto Puranen, technician  VTT Concrete testing 
Pekka Sievänen, technician VTT Testing equipments 
 
 
 
Severe accidents and nuclear containment integrity (SANCY) (2003–2005) 
Vakavat reaktoronnettomuudet ja suojarakennuksen kestävyys 
 
Research organisations: VTT 
Project manager: Ilona Lindholm, VTT 
Deputy project manager: Jari Tuunanen, VTT* 
 
 
Person Org. Task 

Ilona Lindholm, 
MScTech 

VTT Project manager, Uncertainties of severe accident 
uncertainties, Particle bed coolability/STYX test 
analyses, OECD/MCCI follow-up 

Stefan Holmström, 
LicTech 

VTT STYX experiments 

Pekka H. Pankakoski, 
MScTech 

VTT STYX experiments 

Ensio Hosio, technician VTT STYX experiments 
Ismo Kokkonen, 
MscTech (2003–2004) 

Fortum NS Permeability measurements of FeCr 

Riitta Zilliacus, MSc VTT Seal material irradiation, 
GEMINI2 thermochemical analyses 

Harri Joki, MScTech VTT Material testing/irradiated seal material 
Tommi Kekki, MSc VTT GEMINI2 thermochemical analyses 
Kari Ikonen,  
DTech (2003–2004) 

VTT Mechnaical analysis of pressure vessel lower head of 
OL-1/2 

Pekka Kanerva, 
research trainee 

VTT Development of water ingression model WATING 

Jaakko Miettinen, 
LicTech 

VTT Development of water ingression model WATING 

Tuomo Sevón, 
MScTech 

VTT Steam explosion literature study 
Core-concrete interaction modelling/CCI-1 test 
analysis, design of experimental facility 

 
* Resigned from VTT in 2004 
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Cavity Phenomena and Hydrogen Burns (CAPHORN) (2006) 
 
Research organisations: VTT 
Project manager: Ilona Lindholm, VTT 
Deputy project manager: Tuomo Sevón, VTT 
 
 
Person Org. Task 

Ilona Lindholm, 
MScTech 

VTT Project manager, HECLA-tests, Particle bed coolability 
modelling 

Stefan Holmström, 
LicTech 

VTT HECLA experiments 

Pekka H. Pankakoski, 
MScTech 

VTT HECLA experiments 

Tuomo Sevón, 
MScTech 

VTT MELCOR analyses, HECLA test analyses, OECD/MCCI-2 
follow-up; CSARP follow-up 

Jouko Virta,  
MScTech 

VTT HECLA experiments 

Petri Pesonen, 
technician 

VTT HECLA experiments 

Eveliina Takasuo, 
MScTech 

VTT Hydrogen combustion calculations with TONUS and Fluent 
codes 

Jaakko Miettinen, 
LicTech 

VTT Particle bed modeling, WABE code analyses 

Tommi Kekki, MSc VTT GEMINI2 thermochemical analyses 
 
 
 
Management of Fission Product Gases and Aerosols 
Fissiotuotekaasujen ja aerosolien hallinta (FIKSU) (2003–2004) 
 
Research organisation: VTT 
Project manager: Jorma Jokiniemi, VTT 
Deputy project manager: Ari Auvinen, VTT 
 
 
Person Org. Task 

Jorma Jokiniemi, PhD VTT Project manager 
Ari Auvinen, MScTech VTT Deputy project manager, Participation in Phebus project 
Ulrika Backman, PhD VTT Ruthenium experiments 
Unto Tapper, PhD VTT Electron microscopy 
Riitta Zilliacus, MSc VTT Chemical analysis 
Maija Lipponen, MSc VTT Chemical analysis 
Tommi Renvall, 
MScTech 

VTT Radio tracer measurements 
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Behaviour of fission products in air-atmosphere (FIKA) (2005–2006) 
Fissiotuotteiden käyttäytyminen ilma-atmosfäärissä 
 
Research organisation: VTT 
Project manager: Ari Auvinen, VTT 
Deputy project manager: Jorma Jokiniemi, VTT 
 
 
Person Org. Task 

Ari Auvinen, 
MScTech 

VTT Project manager, Participation in Phebus project, CHIP 
facility – design and planning 

Jorma Jokiniemi, 
Professor 

VTT Deputy project manager 

Ulrika Backman,  
PhD 

VTT Ruthenium experiments 

Tommi Kekki, 
MScTech 

VTT Radio tracer measurements – ruthenium experiments 

Teemu Kärkelä, 
MScTech 

VTT Ruthenium experiments 

Maija Lipponen,  
MSc 

VTT Chemical analysis – ruthenium experiment 

Jussi Lyyränen, 
MScTech 

VTT CHIP facility – experimental work 

Jouni Pyykönen,  
PhD 

VTT CHIP facility – modeling 

Unto Tapper,  
PhD 

VTT Electron microscopy – ruthenium experiments, Artist aerosol 
analysis 

Riitta Zilliacus, MSc VTT Ruthenium experiments 
Tapani Raunio,  
MSc student 

VTT Resuspension experiments 

 
 
Development of Aerosol Models to Nuclear Applications 
Aerosolimallien kehittäminen ydinvoimasovelluksiin (AMY): 
 
Research organisation: Fortum Nuclear Services Ltd., VTT 
Project manager: Tomi Routamo, Fortum Nuclear Services Ltd. 
 
 
Person Org. Task 

Tomi Routamo, 
MScTech 

FNS Project manager, source term model implementation, SaTu 
system development 

Satu Siltanen, 
MScTech 

FNS SaTu system development 

Ville Karttunen, 
student 

FNS APROS SA fission product model development 

Jorma Jokiniemi, PhD VTT Resuspension model development 
Ari Auvinen, MScTech VTT Resuspension experiments and model development 

 23



Emergency preparedness supporting studies (OTUS) 
Onnettomuusvalmiuden tukiselvitykset 
 
Research organisation: VTT 
Project manager: Jukka Rossi, VTT 
 
 

Person Org. Task 
Jukka Rossi,  
MScTech 

VTT Project manager, Radiation levels in severe 
accidents during refuelling and maintenance 
outage, Literature review of sea breeze 

 
 
 
Interaction approach to development of control rooms (IDEC) 
Valvomoiden käyttäjäkeskeinen kehittäminen 
 
Research organisation: VTT 
Project manager: Olli Ventä, VTT 
Deputy project manager: Leena Norros, VTT (since 2005) 
 
 

Person Org. Task 
Olli Ventä, DTech VTT Project manager 
Leena Norros, PhD  VTT Performance evaluation for system usability 
Paula Savioja, MScTech VTT Interface evaluation for system usability  
Jari Laarni,  
PhD (since 2005) 

VTT Performance and interface evaluation for systems 
usability 

Leena Salo,  
MscTech (since 2005) 

VTT Interface evaluation, user studies 

Maaria Nuutinen,  
MSc (Psych) 

VTT Method validation  

 
 
 
Application Possibilities of Systematic Requirements Management in the 
Improvement of Nuclear Safety in Finland (APSReM) (2003) 
Systemaattisen vaatimustenhallinnan soveltamismahdollisuudet 
ydinturvallisuuden parantamisessa Suomessa (2003) 
 
Research organisation: RAMSE Consulting Oy 
Project manager: Veli Taskinen 
 
 

Person Org. Task 
Veli Taskinen RAMSE Project manager 
Markus Renlund RAMSE  
Pekka Kähkönen RAMSE  
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Influence of RoHS -directive to reliability of electronics, Prestudy (ROVEL) (2004) 
RoHS -direktiivin vaikutus elektroniikan luotettavuuteen, esitutkimus (ROVEL) 
(2004) 
 
Research organisations: VTT 
Project manager: Hannu Hossi, VTT 
Deputy project manager: Antti Turtola, VTT 
 
 
Person Org. Task 
Hannu Hossi, MScTech VTT Project manager, Definition of the contents 
Antti Turtola,  
MScTech 

VTT Deputy project manager, Modifications due 
to EU RoHS –directive. 

Helge Palmén,  
LicTech 

VTT Participation in IEC TC45 standardisation 
work 

 
 
 
Software qualification – error types and error management in software life-cycle 
(QETES) (2005) 
Ohjelmiston kelpoistaminen – ohjelmiston elinkaari, virheentorjuntakeinot ja 
virhelajit 
 
Research organisations: VTT 
Project manager: Hannu Harju, VTT 
Deputy project manager: Urho Pulkkinen, VTT 
 
 

Person Org. Task 
Hannu Harju, LicTech VTT Project manager, researcher 
Urho Pulkkinen, DTech VTT Deputy project manager 
Jan Erik Holmberg, DTech VTT Researcher 
Jukka Ranta, LicTech VTT Researcher 

 
 
 
Influence of Whiskers to Reliability of Electronics, Prestudy (WHISKE) (2005) 
Whiskereiden vaikutus elektroniikan luotettavuuteen, esitutkimus 
 
Research organisations: VTT 
Project manager: Hannu Hossi, VTT 
Deputy project manager: Antti Turtola 
 
 
Person Org. Task 
Hannu Hossi, MScTech VTT Project manager 
Antti Turtola, MScTech VTT Deputy project manager 
Helge Palmén, MScTech VTT  
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• Organisational culture and management of change (CulMa) 
Organisaatiokulttuuri ja muutoksen hallinta ydinvoimalaitoksissa 
 
Research organisation: VTT 
Project manager: Teemu Reiman, VTT 
Deputy project manager: Pia Oedewald, VTT 
 
Person Org. Task 

Teemu Reiman,  
M.A. Psych. 

VTT Project manager; cultural assessments, 
development of CAOC methodology, 
(dissertation work) 

Pia Oedewald,  
M.A. Psych. 

VTT Deputy project manager; case studies 
concerning management of change and 
competence of maintenance personnel  

Jari Kettunen,  
M.A.  

VTT Researcher; cases concerning organizing of 
work at NPPs, outsourcing  

Kari Laakso,  
DTech. (2003–2004) 

VTT Maintenance expert 

Reetta Kurtti,  
cognitive science student 

VTT Research assistant, CULTURE-survey data 
analysis 

 
 
 
Disseminating Tacit Knowledge in Organizations (DIAMOND) (2004–2006) 
TIMANTTI – Tietopääoman hyödyntäminen organisaatiossa 
 
Research Organization: Helsinki University of Technology / BIT Research Centre 
Project Manager: Niina Rintala, BIT Research Centre 
Deputy project manager: Laura Hyttinen, Helsinki University of Technology 
 

Person Org. Task 

Tanja Kuronen,  
MScPsych 

HUT Project manager since 1.8.2005, researcher 

Katri Säämänen,  
student of technology 

HUT Research assistant 

Niina Rintala,  
DTech (2003–7/2005) 

HUT Project manager until 31.7.2005, researcher 

Laura Hyttinen,  
LicTech (2003–2004) 

HUT Researcher 

Tommi Tikka HUT Researcher 1.8.2005–31.12.2005 
Eila Järvenpää,  
DTech, Prof. 

HUT Project leader 

 
 

 26



Potential of Fire Spread (POTFIS) 
Palon leviämisen mahdollisuus 
 
Research organisation: VTT 
Project manager: Olavi Keski-Rahkonen, VTT 
Deputy project manager: Johan Mangs, VTT 
 
Person Org. Task 
Olavi Keski-Rahkonen, DTech VTT Project manager, POTFIS 
Johan Mangs, PhD VTT Deputy project manager, POTFIS 
Simo Hostikka, MScTech VTT  
Timo Korhonen, DTech (since 2005) VTT  
 
 
Principles and Practices of Risk-Informed Safety MAnagement (PPRISMA) 
Riskitietoisen turvallisuudenhallinnan periaatteet ja käytännöt 
 
Research organisation: VTT 
Project manager: Jan-Erik Holmberg, VTT 
Deputy project manager: Urho Pulkkinen, VTT 
 

Person Org. Tasks 

Kim Björkman,  

MSc student 

VTT 
Reliability analysis of long term missions 

Pentti Haapanen,  
MScTech (2003–2004) 

VTT Reliability of computer-based systems 

Atte Helminen,  
MScTech (2003–2005) 

VTT Reliability of computer-based systems 

Jan-Erik Holmberg,  
DTech 

VTT Project manager, risk-informed ways of 
management of fire situations, risk-informed 
classification, human reliability, international co-
operation 

Kristiina Hukki, MA VTT Risk-informed ways of management of fire 
situations 

Ilkka Karanta,  
LicTech (since 2006) 

VTT Reliability of computer-based systems 

Mika Koskela,  
MScTech (2003–2004) 

VTT Reliability of computer-based systems 

Kari Laakso, DTech VTT Maintenance and operability strategies 
Eija Myötyri,  
MScTech (2003–2004) 

VTT Risk-informed classification, reliability of computer-
based systems 

Ilkka Männistö,  
MScTech 

VTT Risk-informed classification, Reliability analysis of long 
term missions, Maintenance and operability strategies 
(2006) 

Urho Pulkkinen,  
DTech 

VTT Assistant project manager (since 2004), risk-informed 
decision making, risk-informed classification, reliability 
of computer-based systems, international co-
operation (2004) 

Tony Rosqvist,  VTT Maintenance and operability strategies 
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DTech 
Kaisa Simola, DTech 
(2003–2004) 

VTT Assistant project manager (2003), risk-informed 
decision making, international co-operation (2003) 

Olli Ventä (2005) VTT International co-operation 
Björn Wahlström (since 
2005) 

VTT Reliability of computer-based systems 

Assessment smart device software (ASDES) (2005–2006) 
Mikroprosessoriohjattujen laitteiden turvallisuusarvionti 
 
Research organisation: VTT Industrial Systems and Adelard LLP, UK 
Project manager: Urho Pulkkinen, VTT Industrial Systems 
Deputy project manager: Jan-Erik Holmberg, VTT Industrial Systems 
 
 
Person Org. Task 

Urho Pulkkinen, DTech VTT Project manager 

Jan Erik Holmberg, DTech VTT Deputy project manager 
Hannu Harju VTT  
Atte Helminen (2005) VTT  
Robin E. Bloomfield Adelard LLP  

 
 
 
Administration and information of the research programme (SAHA) 
Tutkimusohjelman hallinto ja tiedotus 
 
Research organisation: VTT 
Project manager: Eija Karita Puska, VTT 
Deputy project manager: Hanna Räty, VTT 
 
 

Person Org. Task 

Eija Karita Puska, DTech VTT Programme leader 
Hanna Räty, MScTech VTT Project co-ordinator 
Heikki Holmström, MScTech 
(2003–2004) 

VTT EU FP6 national follow-up (HILJA 
database) 

Timo Vanttola, DTech (2003) VTT JSRI-II EU-project (data base) 
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