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ABSTRACT 

 

 

The current Finnish national research programme on nuclear power plant safety SAFIR2010 for the years 2007-

2010 as well as the coming SAFIR2014 programme for the years 2011-2014 are based on the chapter 7a, 

“Ensuring expertise”, of the Finnish Nuclear Energy Act. The objective of this chapter is realised in the research 

work and education of experts in the projects of these research programmes. 

 

SAFIR2010 research programme is divided in eight research areas that are Organisation and human, Automation 

and control room, Fuel and reactor physics, Thermal hydraulics, Severe accidents, Structural safety of reactor 

circuit, Construction safety, and Probabilistic Safety Analysis (PSA). All the research areas include both projects 

in their own area and interdisciplinary co-operational projects. Research projects of the programme are chosen 

on the basis of annual call for proposals. 
 

In 2010 research is carried out in 33 projects in SAFIR2010. VTT is the responsible research organisation in 26 

of these projects and VTT is also the coordination unit of SAFIR2010 and SAFIR2014. In 2007-2009 

SAFIR2010 produced 497 Specified research results (Deliverables), 618 Publications, and 33 Academic degrees. 

 

SAFIR2010 programme covers approximately half of the reactor safety research volume in Finland currently. In 

2010 the programme volume is € 7.1 million and 47 person years. The major funding partners are VYR with € 

2.96 million, VTT with € 2.66 million, Fortum with € 0.28 million, TVO with € 0.19 million, NKS with € 0.15 

million, EU with only € 0.03 million and other partners with € 0.85 million. 

 

The new decisions-in-principle on Olkiluoto unit 4 for Teollisuuden Voima and new nuclear power plant for 
Fennovoima ratified by the Finnish Parliament on 1 July 2010 increase the annual funding collected according to 

the Finnish Nuclear Energy Act from Fennovoima, Fortum and Teollisuuden Voima for the SAFIR2014 

programme to € 5.2 million from the current level of  € 3.0 million in SAFIR2010. The anticipated annual 

volume of SAFIR2014 is approximately € 10 million. The increase in research needs and in training new 

personnel is well recognised in the Framework Plan of SAFIR2014. 

 



1. INTRODUCTION: FINNISH NUCLEAR RESEARCH  

 
 

The total cost of nuclear energy research conducted in Finland in 2007 was approximately EUR 47 million. The 

distribution of research funding and the main funding sources have been shown in Figure 1.  The absolute 

amount has increased during the years somewhat, but the percent shares of the main research fields and funding 

sources are estimated to be valid up to 2010. 
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Figure 1.  Distribution of nuclear energy research funding and the main funding sources in Finland in 2007. 

 

More than half of the research funding was applied to nuclear waste management research. Most of that was 
research funded by the owners of Posiva Oy, focusing on the safe disposal of nuclear waste. A major role is 

played by the ONKALO research facility in Olkiluoto. The Finnish Research Programme on Nuclear Waste 

Management KYT2010 (2006–2010) is implementing some of the technical and scientific projects of the 

previous programme phase, with the aim of reinforcing national competence related to nuclear waste. The 

objective is to develop and maintain the basic competence needed for carrying out the planned nuclear waste 

management solutions in Finland. The projects are divided into strategic analyses and projects that examine the 

long-term safety of the geological disposal of spent fuel. The KYT2010 research projects involve VTT, GTK 

and several universities. 

 

The SAFIR2010 nuclear safety research programme accounts for approximately one half of all the nuclear safety 

research in Finland by volume. Other nuclear safety research comprises projects funded exclusively or jointly by 
power companies, research institutions and universities. Research conducted by Fortum focuses on questions 

concerning Loviisa’s VVER-440-type plants, for instance in relation to material ageing, thermal hydraulics, 

nuclear fuel, reactor technology and plant technology. TVO’s research focused on matters such as fuel and 

specific questions concerning the Olkiluoto 1 and 2 plant units. VTT has conducted reactor safety research 

outside of SAFIR2010, particularly within EURATOM projects. Other research funded by VTT includes studies 

into next-generation reactors (GenIV) and the development of internal competence that cannot be included under 

national research programmes.  

 

The Sustainable Energy research programme (SusEn, 2008–2011) of the Academy of Finland includes the 

project Critical Analysis of New Type Nuclear Reactors (NETNUC), conducted by a research consortium 

including Lappeenranta University of Technology (LUT), the Aalto University School of Science and 

Technology and VTT. 
 

The main aim of the Research Partnership in Fusion Energy (2007–2011) is to develop technology for the ITER 

experimental reactor that interests Finnish industry, and to participate in a carefully focused manner in fusion 

research being conducted in the EU alongside ITER. 
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Nuclear energy research in Finland is divided between diverse organisations. Most publicly funded research and 

development is carried out in the Technical Research Centre of Finland (VTT). Other major research institutions 

are Aalto University, Lappeenranta University of Technology (LUT), the Geological Survey of Finland (GTK), 

the Finnish Meteorological Institute and the Universities of Helsinki, Eastern Finland, Tampere and Jyväskylä. 

In addition, the Radiation and Nuclear Safety Authority, Fortum Oyj, Teollisuuden Voima Oyj (TVO) and 

Posiva Oy have funded their own research and various projects conducted outside of Finland.  

 

 

 

2.  SAFIR2010 OVERVIEW 

 

 

The current Finnish national research programme on nuclear power plant safety SAFIR2010 for the years 2007-

2010 as well as the coming SAFIR2014 programme for the years 2011-2014 are based on the chapter 7a, 
“Ensuring expertise”, of the Finnish Nuclear Energy Act. The history of Finnish national research programmes 

on nuclear power plant safety is shown in Figure 2. 

 

 

 
 

Figure 2. History of publicly funded NPP research programmes in Finland. 

 

In the beginning there were smaller separate programmes with funding from various sources. With the FINNUS 

programme the research on reactor safety was unified into one single program. At the beginning of the year 2004 
there was a major change in the funding structure At the beginning of 2004 there was a major change in the 

funding structure due to a change in the Finnish legislation on nuclear energy. The funding by KTM, STUK, 

Fortum and TVO was replaced by funding from a separate fund of the State Nuclear Waste Management Fund 

(VYR).  This VYR-funding is collected  currently from the Finnish utilities according to the operating licences 

of the plants ( Loviisa 1&2 and Olkiluoto 1&2) or according to the construction licence (Olkiluoto 3) and from 

the beginning of 2011 also according to the Decision-in-Principle (DiP) concerning Olkiluoto 4 of Teollisuuden 

Voima and the new plant of the new company Fennovoima. The current amount is 240 MWth which amounts to 

€ 3,0 million for the year 2010 and to € 5,2 million for the year 2011. 

 

The steering group of SAFIR2010 consists of representatives from Radiation and Nuclear Safety Authority 

(STUK), Ministry of Employment and the Economy (MEE), Technical Research Centre of Finland (VTT), 
Teollisuuden Voima Oyj (TVO), Fortum Power and Heat Oy, Fortum Nuclear Services Oy (Fortum), Finnish 

Funding Agency for Technology and Innovation (Tekes), Helsinki University of Technology (TKK) and 

Lappeenranta University of Technology (LTY). The Steering Group has permanent experts from the Swedish 

Radiation Safety Authority (SSM) and Fennovoima Oy (Fennovoima).  In SAFIR2014 Fennovoima will be 

included in the Steering Group member organisations. 



 

 
 

Figure 3. The SAFIR programmes collect all players together. 

 

 

3. RESEARCH AND RESULTS OF SAFIR2010  

 

 

The research areas with their challenges and research needs for the period 2007-2010 have been described in 

detail in the Framework Plan of SAFIR2010 /1/. It gives the overall frame of the programme and defines the 

research subjects for which annual proposals for research projects are expected. The annual plans and annual 

reports /2-5/ giving an overview on the research projects are found at the public site of the programme at 

http://www.vtt.fi/safir2010. The publications of the programme are distributed annually to the organisation that 

are represented in the Steering Group. The Interim-Seminar publication /6/ as well as the Final Report of the 
international evaluation of SAFIR2010 /7/ are also found at the public site. 

 

SAFIR2010 research programme is divided in eight research areas, which are: 

1. Organisation and human factors 

2. Automation and control room 

3. Fuel and reactor physics 

4. Thermal hydraulics 

5. Severe accidents 

6. Structural safety of reactor circuit 

7. Construction safety 

8. Probabilistic safety analysis (PSA) 
 

These research areas include both research projects of the named topic and interdisciplinary co-operation 

projects. 

 

In Organisation and human factors research area there are two projects in 2010: The Safety culture and 

organizational learning  project (MANOR) , by VTT where safety culture studies have key role  and the Expert 

work in safety critical environment (SAFEX,) by TTL & Aalto University studying such items as “Knowledge 

sharing in interorganizational context”. In both projects some research tasks are carried out at Finnish Olkiluoto 

and Loviisa NPPs. With the generation change at the NPPs and in expert organisations and with the newbuilt of 

Olkiluoto 3 the research subjects of this area have gained increasing importance. 

 
In the Automation and control room research area there four projects in this research area in 2010: Model-based 

safety evaluation of automation systems (MODSAFE), Certification facilities for software (CERFAS), Operator 

http://www.vtt.fi/safir2010


practices and human-system interfaces in computer-based control stations (OPRACTICE) and as a new project 

starting in 2010 Requirements Engineering in Nuclear Power Plant Automation (VAHAYA).  

 

In this area the introduction of digital automation into the existing plants in the modernisations projects as well 

as with the newbuilts poses new research challenges. The  ultimate goal of the CERFAS project is to create a 

competent certification body in Finland. In the OPRACTICE project large screen displays shown in Figure 4 

have been on of the research items. 

 

 
 

Figure 4. Old and new displays at Loviisa NPP. 

 

In the fuel and reactor physics research area there are three projects going on in 2010: Development and 

Validation of Fuel Performance Codes (POKEVA), Tri-dimensional core transient analysis methods (TRICOT) 

and Total reactor Physics Analysis System   (TOPAS). All projects are carried out by VTT.   Figure 5 highligths 

some of the research tasks: the co-operation with the OECD/ NEA Halden project in the fuel research, the long 

tradition of development of own codes in the reactor dynamics area with the PORFLO code as the latest, the 

increasing importance of sensitivity and uncertainty analyses, and the development of the Serpent code currently 

used in 35 organisations in 20 countries in the reactor physics area. 
 

 

 

 

 

 

 



 
 

Figure 5. Some recent research topics in the POKEVA, TRICOT and TOPAS projects. 

 

In the thermal hydraulics research area there are seven projects going on in 2010: Numerical modeling of 

condensation pool (NUMPOOL), Improved Thermal Hydraulic Analysis of Nuclear Reactor and Containment 

(THARE), CFD modelling of NPP steam Generators (SGEN), Improvement of the PACTEL Facility Simulation 

Environment (PACSIM), Condensation experiments with PPOOLEX facility (CONDEX), the Passive system 

safety simulation (PASSIMU) and as a new project starting in 2010 OpenFOAM CFD-solver for nuclear safety 

related flow simulations (NUFOAM).  

 
In this area there is a strong coupling of calculations both with system codes (APROS, TRACE) and  with CFD 

codes to experiments carried out in Lappeenranta University of technology (LUT). Figure 6 illustrates some of 

the recent research topics: The calculations with system code APROS and CFD code Fluent,  Fluent calculation 

of VVER-440 horizontal steam generator, instrumentation at LUT for thermal stratification measurements and 

an example of the results obtained. Co-operation with large international OECD/NEA research programmes is 

also essential in this area. 

 



 
 

Figure 6. Examples of the research carried out in the thermal hydraulics in SAFIR2010. 

 

In the severe accidents area There are four projects going on in 2010 in the severe accidents research area: 

Release of radioactive materials from a degrading core (RADECO), Primary circuit chemistry of fission products 
(CHEMPC), Core Melt Stabilization (COMESTA2010) and Hydrogen Combustion Risk and Core Debris 

Coolability (HYBCIS2).  This area contains both calculations, own small scale experiments and co-operation 

with large OECD/NEA and USNRC projects. 

Figure 7 gives a few examples on the own research facilities and results. 

 

 
 

Figure 7. Research facilities for core melt coolability and corium-concrete interaction studies and results on 

aerosol measurements. 

 

There are seven projects going on in 2010 in the structural safety of reactor circuit research area: Risk-Informed 

Inspections of Piping (PURISTA), Fatigue endurance of critical equipment (FATE), Water chemistry and 

oxidation in the primary circuit (WATCHEM), Monitoring of the structural integrity of reactor circuit 

(RAKEMON), Fracture assessment for reactor circuit (FRAS), Influence of material, environment and strain rate 

on environmentally assisted cracking of austenitic nuclear materials (DEFSPEED) and Renewal of active 

materials research infrastructure (AKTUS). The area is the largest in SAFIR2010 and it includes small, medium 

and large scale experiments and versatile calculational tools and a strong component of international co-
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operation. Figure 8 gives a few examples on the wide span of research in this area with water chemistry, basic 

principle of subharmonic ultrasonic inspection,  modelling of crack propagation and results of tests on 

environmentally assisted cracking. 

 

 
 

Figure 8.  Selected results from the ample research spectra on the area 6 of SAFIR2010. 

 
There are three projects going on in 2010 in the construction safety research area: Service Life Management 

System of  Concrete Structures in Nuclear Power Plants (SERVICEMAN), IMPACT 2010 and Structures under 

Soft Impact  (SUSI). The IMPACT2010 and SUSI are a project-pair with strong coupling between the 

experiments and calculation methods. Figure 9 illustrates the IMPACT experiments and their modelling in the 

SUSI project. The ultimate goal of the IMPACT project that has obtained several international partners is to 

produce data for the calculation methods in the aircraft impact studies. 

 

 
 
Figure 9. The aircraft impact tests and one example on the analysis models in SAFIR2010. 

 

There are three projects going on in 2010 in the Probabilistic safety analysis (PSA) research area: CHAllenges in 

Risk-Informed Safety MAnagement (CHARISMA), Implementation of Quantititive Fire Risk Assessment in 

PSA (FIRAS) and Extreme weather and nuclear power plants (EXWE). This area is very interdisciplinary with 

strong couplings to many other areas. Figure 10 gives some examples on the research carried out in this area. 
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Figure 10. Examples on results in the CHARISMA, FIRAS and EXWE projects. 

 

4. THE FUTURE: SAFIR2014 

 

 

The research will continue with SAFIR2014: National Research Program on Reactor Safety 2011-2014. The 

Steering Group has been nominated with Dr. Marja-Leena Järvinen, STUK as the chairperson. Administration 

unit is VTT and Dr. Kaisa Simola will start as director of SAFIR2014. The Framework plan for 2011-2014 /8/ is 

ready and can be found at the public website http://safir2014.vtt.fi as well as all other essential information on 

the new programme. 

 

5. REFERENCES  

 

 

1. National Nuclear Power Plant Safety Research 2007 -2010, Proposal for SAFIR2010 Framework Plan. MTI 

Publications 32/2006. ISSN 1459-9376, ISBN 952-489-037-2. 87 p. 
2. Puska, Eija Karita; Suolanen, Vesa, SAFIR2010 Annual Report 2007, VTT Research Report VTT-R-02381-

08. 105 p + app. 190 p. 

3. Puska, Eija Karita; Suolanen, Vesa, SAFIR2010 Annual Report 2008, VTT Research Report VTT-R-04415-

09.102 p + app.  184 p. 

4. Puska, Eija Karita; Suolanen, Vesa, SAFIR2010 Annual Report 2009, VTT Research Report VTT-R-03922-

10.  122 p. +app. 

5. Puska, Eija Karita; Suolanen, Vesa, SAFIR2010 Annual Plan 2010, VTT Research Report VTT-R-03666-10.  

35 p. +app.  

6. Puska Eija Karita (ed.). 2006. SAFIR.The Finnish Research Programme on Nuclear Power Plant Safety 2003-

2006.Executive Summary. Espoo, VTT. 36 p. + app. 33 p. VTT Tiedotteita - Research Notes; 2364. ISBN 951-

38-6888-5; 951-38-6889-3  

http://www.vtt.fi/inf/pdf/tiedotteet/2006/T2364.pdf 
7. Bruna, G. & al. Evaluation of the Finnish Nuclear Safety Research Program ”SAFIR2010”. Publications of the 

Ministry of the Employment and the Economy 

Energy and the climate 51/2010. Printed publications ISSN 1797-3554 ISBN 978-952-227-423-6 Electronic 

publications ISSN 1797-3562 ISBN 978-952-227-424-3. 

8. National Nuclear Power Plant Safety Research 2011–2014 SAFIR2014 Framework Plan. at 

http://safir2014.vtt.fi to appear in MEE publications. 

 

 

 

 

 
 

 

Level

Flow

V14f

V17f

dpV-fail

LevM

LevM-

fail

LevC

FlowC

P1s

FCalc

P1a

LPC

V17p

V14p

V17a

V14a

V14a-

fail

V17a-

fail

V14-

man

V17-

man

P1-start

P1man

Reactor 

water level

Feedwater 

flow

Feedwater 

flow via V17

Feedwater 

flow via V14

Pump P1 

speed

Valve V17 

position

Valve V14 

position

Valve V14 

actuator 

command

Valve V17 

actuator 

commandLow power 

controller 

command

Valve V14 

actuator 

failure

Valve V17 actuator 

failure

Pump P1 

actuator 

command
Pump AUTO start 

signal from turbine 

automation

Pump P1 

AUTO/MAN?

Valve V14 

AUTO/MAN?

Flow controller 

command

Level controller 

command

Flow 

calculation

Reactor water level 

measurement

Reactor water level 

measurement 

failure

Valve V17 

AUTO/MAN?

V14-V17 

pressure diff. 

measurement 

failure

Process 

variable node

Condition 

node

http://safir2014.vtt.fi/
http://www.vtt.fi/inf/pdf/tiedotteet/2006/T2364.pdf
http://safir2014.vtt.fi/

