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Ensuring Expertise
The SAFIR research programmes are
strongly based on chapter 7a, “Ensuring
expertise”, of the Finnish Nuclear Energy Act.
The objective is to ensure that the authorities
have available sufficient and comprehensive nuclear engineering expertise (experts,
methods, computer codes and experimental
facilities) to analyse promptly the significance
of any new factor concerning safe operation
of nuclear facilities. The expertise developed
in the programmes benefits the entire Finnish
nuclear community.
The objective of SAFIR2010 has been realised in the research work. Besides producing
top level scientific results SAFIR2010 has
been an increasingly important platform
in education of experts. SAFIR2010 has
functioned also as an important network in
Finland both in domestic and in international
nuclear matters.
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280

3

4

11
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14.4
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6
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197
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8

1
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Results of Finnish National
Programmes on NPP
Safety
The SAFIR2010 programme has taken
advantage of the results obtained and lessons learnt in the previous national research
programmes. The programmes in the area
of nuclear safety (YKÄ & RATU 1990-1994,
RETU&RATU2 1995-1998, FINNUS 19992002, SAFIR 2003-2006 and SAFIR2010
2007-2010) have had the total volume of
102.5 M€ and 886 person years. In 19951998 there was also the OHA programme
on programmable automation with minor
funding. According to the final reports of
the successive programmes they have
produced 3300 publications in various categories and 33 Doctor, 18 Licentiate and 92
Master level academic degrees. The Finnish
public nuclear safety research will continue in
the SAFIR2014 programme during the years
2011-2014.

2

The history of Finnish research programmes on NPP safety.

New Plants – New Research in SAFIR2014
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 level of € 3.0 million in SAFIR2010. The increase in research needs and
in training new personnel is well recognised in the Framework Plan of SAFIR2014.

Man, Organisation and Society
In SAFIR2010 the main research themes were methods for
developing and measuring the safety culture in organisations;
maintenance and development of expertise in the nuclear power
field, and the sharing of tacit knowledge. With the generation
change at the NPPs and in expert organisations and with the
Olkiluoto 3 project the research subjects of this area have gained
increasing importance. The research projects in 2010 were:
Safety management and organizational learning (MANOR) and
Expert work in safety critical environment (SAFEX).
In SAFIR2014 the emphasis of the research area is on safety
management in a networked operating environment, and on the
practices for developing nuclear safety competence and safety
culture. The aim is to support power plant safety at various
stages of the life cycle of a plant. During the programme, Finland
will have plants at the design, construction, commissioning and
operation phases, so extensive life cycle studies are possible to
be carried out. Another aim is to maintain and develop Finnish
expertise on the human, organizational and social factors of the
nuclear power field.

The Olkiluoto training simulator used in testing Systems usability.
O’PRACTICE-project.
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Automation and Control Room
In this area the introduction of digital automation into the existing plants in the modernisations projects as well as with the
new construction projects poses new research challenges. In
SAFIR2010 the research projects included: Model-based safety
evaluation of automation systems (MODSAFE), Certification
facilities for software (CERFAS), Operator practices and
human-system interfaces in computer-based control stations
(O’PRACTICE) and Requirements engineering in nuclear power
plant automation (VAHAYA). One of the clear success stories
of SAFIR2010 was the development of formal methods for the
verification of nuclear power plant automation. In other projects
facilities for a competent certification body were created and a
novel method for the validation of control rooms was finalised.
In SAFIR2014 the method development continues with real
application examples. The complexity of networked softwarebased digital technology has brought new opportunities but
the arising complexity also poses new challenges. In modern
nuclear power automation, the architecture of safety automation
is restricted by strict diversity and separation requirements. A
challenge is how to create an integrated and ergonomic collective interface for control room operators that covers the separate
parts. Developments in display technologies and especially
large-scale displays bring new opportunities for the presentation
of information in control rooms. Requirements specification and
management has been recognised as an important research
topic.
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The basic elements of the DISC-model; the criteria for good safety
culture (inner circle) and the organizational functions (outer circle) which
are necessary for developing good safety culture in the organization.
MANOR-project.

Human Resources
Management,
e.g. in the line
manager/project manager role

Social Networks,
e.g. forming social
networks, finding and
recognizing experts and
belonging to unofficial
knowledge-sharing
organizations

Information
Management,
e.g. finding information,
distinguishing relevant
information, substance
knowledge of documents

Domain-Specific
Expertise in
Nuclear Physics

Plant-Related
Knowledge,
e.g. familiarity of different
types of plants, design
principles and technical
modifications

Computer Simulation,
e.g. designing and carrying
out computer simulations

Organizations,
e.g. the functions of
organizational units, their
areas of expertise and
organizational boundaries

The nature of nuclear expertise in the studied organizations. SAFEXproject.
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Fuel Research and Reactor Analysis
This research area is characterised by co-operation with the
OECD/NEA Halden project in the fuel research, the long tradition of development of own codes in the reactor dynamics with
the PORFLO code as the latest, the increasing importance of
sensitivity and uncertainty analyses, and the development of
the Serpent code in the reactor physics. SAFIR2010 contained
three projects in this area: Development and validation of fuel
performance codes (POKEVA), Tri-dimensional core transient
analysis methods (TRICOT) and Total reactor physics analysis
system (TOPAS).
In SAFIR2014 the development of new fuel designs, and the
increase of fuel burn-up pose challenges on the research. The
use of statistical analysis methods in fuel behaviour analysis as
well as fuel integrity in load following operation have to be considered. The important international fuel research programmes
include the Halden Reactor Project, SCIP II, CABRI and the new
Jules Horowitz International Project.
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PPOOLEX test vessel. CONDEX-project.

In reactor physics and dynamics it is crucial to maintain each link
of the chain of calculations from initial data using basic constant
nuclear libraries up to the steady state and transient analysis of
the entire reactor core. Know-how of deterministic and stochastic
(Monte Carlo) methods, expertise on nodal methods, creation of
cross-section data for the transient codes, improvements of hot
channel analyses, burn-up credit and statistical methods are key
focus areas in SAFIR2014 with the strong continuous own development of codes and methods.

Thermal Hydraulics
In thermal hydraulics there is a strong coupling of calculations both
with system codes (APROS, TRACE) and with Computational
Fluid Dynamics (CFD) codes to experiments carried out in
Lappeenranta University of Technology (LUT). Co-operation with
large international OECD/NEA research programmes is also
essential in this area. SAFIR2010 contained seven projects in this
area: Numerical modelling 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
OpenFOAM® CFD-solver for nuclear safety related flow simulations (NUFOAM).
In SAFIR2014 CFD methods as well as the application of best
estimate and statistical methods in safety analyses and even
tighter linking of the CFD and system codes have a key role. The
already tight connection of the calculations and the experiments
carried out at LUT will be enhanced. In the LUT experiments condensation pool behaviour, and behaviour of non-condensable
gases in primary circuit and in containment and the behaviour of
the passive systems of new plant types are among the research
themes for the near future. The connections to the several international research programmes carried out by OECD/NEA and
other organisations are essential for this area.
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Measured and calculated pool water temperatures in STB-21
experiment. THARE&CONDEX-projects.

Reactor power distribution simulated
with Serpent at core mid-plane of the
Hoogenboom-Martin simplified PWR fullcore benchmark. TOPAS-project.
Side view of temperature
distribution in a preliminary
PORFLO simulation of
EPR pressure vessel.
TRICOT-project.

Severe Accidents
This research area contains both calculations, own small scale experiments and co-operation
with large OECD/NEA and USNRC projects. In SAFIR2010 the area included the following
projects: Release of radioactive materials from a degrading core (RADECO), Primary circuit
chemistry of fission products (CHEMPC), Core melt stabilization (COMESTA) and Hydrogen
combustion risk and core debris coolability (HYBCIS2).
With respect to severe accidents, the situation of Finnish power plants is already good. In
SAFIR2014 the research needs arise from the possible new plant types with their passive
systems and different solutions on severe accident management and special questions on the
existing plants. The research includes both traditional and CFD computational tools and small
scale experiments. The research items include cooling of core materials in particle form, core
catcher and melt pool heat transfer, hydrogen behaviour and control, steam explosions, fission product transport and chemistry, durability of sealing materials, and as entirely new areas
severe accidents possible during the plant shutdown and the effects of increased burn-up.
In the area, international collaboration with large research projects, such as the OECD/NEA
experimental projects, is vital.

The heating arrangement of the conical
particle bed in the COOLOCE test facility.
HYBCIS2-project.

Structural Safety of Reactor Circuits
In SAFIR2010 this research area contained small, medium and large scale experiments, use of
versatile calculational tools as well as extensive international co-operation. Seven projects were
included: 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).
In SAFIR2014 the focus will be on the research needs of new plants, without forgetting the
demands of the existing plants concerning re-licensing and lifetime extensions. The essential research topics include new power plant materials, structural solutions and component
production techniques, degradation caused by environmental effects, structural failure risk
management, structural integrity monitoring, lifetime management methods, information
management and integration, and developing the professional competence of personnel and
improving equipment in the experimental research environments in the field.

EBSD map of a crack tip area in a solution
annealed and sensitised Type 304 stainless
steel after SSSR-testing. DEFSPEEDproject.

The strong international co-operation in the field will be still enhanced with the research projects
involving the OECD Halden Reactor Project, several European Union and other international
research projects, information exchange projects as well as the international steering group
and task force working.
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Concrete ablation in the VULCANO VB-U7 experiment. COMESTAproject.
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Construction Safety
In SAFIR2010 there were three projects in this research area: Service
life management system of concrete structures in nuclear power
plants (SERVICEMAN), IMPACT2010 and Structures under soft
impact (SUSI). The IMPACT2010 and SUSI were a project-pair with
strong coupling between the experiments and calculation methods
with the ultimate goal to produce data for the calculation methods in
the aircraft impact studies. The IMPACT project had several international partners.
In SAFIR2014 a central research challenge in the methods for
reinforced concrete and pre-stressed concrete structure ageing management is to supplement the lifetime management system developed
in SAFIR2010 and to establish the methods in power plant operations. Monitoring and simulation of the assessment of the service life
of structures, the storage of inspection and repair data in electronic
and easily accessible format, systematic condition inspection, materials management and cathodic protection management are items for
further research.

View of the ServiceMan service life management system.
SERVICEMAN-project.

In SAFIR2014 methods for assessing structural integrity in exceptional
conditions are further developed with the help of the experiments
carried out with the VTT facility developed during previous research
programmes and related projects with the development of calculation
methods. Studies due to loads caused by other extreme conditions, natural loads due to extreme weather, seismic activity, external
threats, explosions and severe accidents belong to the research area.

Probabilistic Risk Analysis
This area is very interdisciplinary with strong couplings and crossdisciplinary research needs recognised with all the other research
areas of SAFIR2010 and SAFIR2014. In SAFIR2010 the area included
three projects: Challenges in risk-informed safety management
(CHARISMA), Implementation of quantitative fire risk assessment in
PRA (FIRAS) and Extreme weather and nuclear power plants (EXWE).

Observed annual mean sea levels in the 20th century and scenarios
(conservative estimate) up to 2100 at Helsinki. EXWE-project.

In SAFIR2014 the objective of the research area is to improve nuclear
power plant safety management and the regulatory body’s inspection ability by developing methods that support these activities. To
improve overall safety management, research requirements in the
following areas with regard to PRA are recognised: improvement
of risk analysis methods, programmable automation, methods for
probabilistic safety analysis of passive systems, human factors, fire
risk, weather phenomena and other external risks and environmental impacts of severe accidents. Development of new mathematically
demanding PRA methods is a new challenging area facilitated by the
increase of computing capacity.
Contacts with international projects in the area of PRA have traditionally been strong. This continues in SAFIR2014 with participation in the
work of international organisations (OECD/NEA, EU, IAEA, WENRA)
and with versatile bilateral contacts.
Examples of FFD analysis using three different fire codes. FIRASproject.
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SAFIR2014 research in 2011
The planned volume of the SAFIR2014-programme is 9.6 M€ and 63.5 person
years in 2011. Main funding organisations are State Nuclear Waste Management
Fund VYR with 5.2 M€ and VTT with 2.9 M€. The programme has been divided
into nine research areas and in 2011 research is carried out in 38 projects.

Distribution of funding in
SAFIR2014 research areas

1. Man, organisation and society
 Managing safety culture throughout the lifecycle of nuclear plants (MANSCU), 347 k€ / VTT
 Sustainable and future oriented expertise (SAFEX2014), 110 k€ / Aalto University & Finnish

6%
6%

Institute of Occupational Health

2. Automation and control room
 Coverage and rationality of the software I&C safety assurance (CORSICA), 181 k€ / VTT &
FiSMA Ry
 Human-automation collaboration in incident and accident situations (HACAS), 220 k€ / VTT
 Safety evaluation and reliability analysis of nuclear automation (SARANA), 437 k€ / VTT &
Aalto University
 Safety requirements specification and management in nuclear power plants (SAREMAN),
196 k€ / VTT & Aalto University

16 %
17 %
16 %
11 %

1. Man, organisation and society

4. Thermal hydraulics
 Application of best estimate plus uncertainty evaluation method (BEPUE), 94 k€ / VTT
 Enhancement of safety evaluation tools (ESA), 484 k€ / VTT
 Experimental studies on containment phenomena (EXCOP), 259 k€ / Lappeenranta






5. Severe accidents
 Core debris coolability (COOLOCE), 172 k€ / VTT
 Chemistry of fission products (FISKE), 189 k€ / VTT
 Thermal hydraulics of severe accidents (TERMOSAN), 299 k€ / VTT
 Transport and chemistry of fission products (TRAFI), 368 k€ / VTT
6. Structural safety of reactor circuits
 Environmental influence on cracking susceptibility and ageing of nuclear materials (ENVIS),

11 %

12 %

3. Fuel research and reactor analysis
 Criticality safety and transport methods in reactor analysis (CRISTAL), 298 k€ / VTT
 Three-dimensional reactor analyses (KOURA), 400 k€ /VTT
 Development of Finnish Monte Carlo reactor physics code (KÄÄRME), 230 k€ /VTT
 Neutronics, nuclear fuel and burnup (NEPAL), 180 k€ / Aalto University
 Extensive fuel modelling (PALAMA), 405 k€ / VTT

University of Technology
OpenFOAM® CFD-solver for nuclear safety related flow simulations (NUFOAM), 165 k€ /
VTT, Lappeenranta University of Technology, Aalto University & Fortum
Numerical modelling of condensation pool (NUMPOOL), 120 k€ / VTT
Improvement of PACTEL facility simulation environment (PACSIM), 50 k€ / Lappeenranta
University of Technology
PWR PACTEL experiments (PAX), 383 k€ / Lappeenranta University of Technology
Modelling of pressure transients in steam generators (SGEN), 70 k€ / VTT

5%

2. Automation and control room
3. Fuel research and reactor analysis
4. Thermal hydraulics
5. Severe accidents
6. Structural safety of reactor circuits
7. Construction safety
8. Probabilistic risk analysis (PRA)
9. Development of research infrastructure

Funding shares in SAFIR2014
research programme (k€)
NKS; 197
TVO; 93

Other;
943

Fortum; 218

617 k€ / VTT

 Fracture assessment of reactor circuit (FAR), 255 k€ / VTT
 Monitoring of the structural integrity of materials and components in reactor circuit
(MAKOMON), 238 k€ / VTT

 RI-ISI analyses and inspection reliability of piping systems (RAIPSYS), 155 k€ / VTT
 Advanced surveillance technique and embrittlement modelling (SURVIVE), 118 k€ / VTT
 Water chemistry and plant operating reliability (WAPA), 197 k€ / VTT

VTT; 2939

VYR; 5248

7. Construction safety
 Impact 2014 (IMPACT2014), 530 k€ / VTT
 Aging management of concrete structures in nuclear power plants (MANAGE), 224 k€ /
VTT & Aalto University

 Structural mechanics analyses of soft and hard missiles (SMASH), 250 k€ / VTT
 Sesmic safety of nuclear power plants. Targets for research and education (SESA),
111 k€ / VTT, Aalto University & University of Helsinki

8. Probabilistic risk analysis (PRA)
 Extreme weather and nuclear power plants (EXWE), 120 k€ / Finnish Meteorological
Institute

 Risk assessment of large fire loads (LARGO), 207 k€, VTT
 PRA development and application (PRADA), 232 k€, VTT & Aalto University
9. Development of research infrastructure
 Enhancement of Lappeenranta instrumentation of nuclear safety experiments (ELAINE),

SAFIR2014 research programme consists currently of
38 research projects in the nine research areas. The
volume of the projects in 2011 varies from some person
months up to several person years, and the planned
total duration from one to four years. In 2011 the
planned volume of the programme is 64 person years
and 9.6 M€.

380 k€ / Lappeenranta University of Technology

 Renewal of hot cell infrastructure (REHOT), 154 k€ / VTT
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SAFIRs collect all players
together
The steering group of SAFIR2010 consisted 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), Aalto University (Aalto) and Lappeenranta
University of Technology (LUT). The Steering Group
had permanent experts from the Swedish Radiation
Safety Authority (SSM) and Fennovoima Oy
(Fennovoima). In SAFIR2014 Fennovoima and Finnish
Institute of Occupational Health are included in the
Steering Group member organisations.

SAFIR2014 research programme is divided in nine
areas, which are:
1. Man, Organisation and Society
2. Automation and Control Room
3. Fuel Research and Reactor Analysis
4. Thermal Hydraulics
5. Severe Accidents
6. Structural Safety of Reactor Circuits
7. Construction Safety
8. Probabilistic Risk Analysis (PRA)
9. Development of Research Infrastructure

Contacts and further information:
Contact person of the Ministry of
Employment and the Economy:
Mr. Jorma Aurela
Ministry of Employment and the Economy
jorma.aurela@tem.fi

SAFIR2010 director:
Dr. Eija Karita Puska
VTT Technical Research Centre of Finland
eija-karita.puska@vtt.fi

Chairperson of the Steering Group:
Dr. Marja-Leena Järvinen
Radiation and Nuclear Safety Authority (STUK)
marja-leena.jarvinen@stuk.fi

SAFIR2014 director:
Dr. Kaisa Simola
VTT Technical Research Centre of Finland
kaisa.simola@vtt.fi

http://www.vtt.fi/safir2010
http://safir2014.vtt.fi
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