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Preface 
SAFIR2010 is the current Finnish National Research Programme on Reactor Safety for the 
period 2007–2010. The objective of the national nuclear safety research programme is to 
ensure, according to the Nuclear Energy Act chapter 7a, which came into force in 2004, 
that new matters related to safe use of nuclear power plants appearing, the public regulator 
has sufficiently such technical and other faculties that the importance of these matters can 
be determined without delay. High scientific quality is required of the research projects in 
the programme and their results have to be published. The usability of the results must not 
be restricted to power plants of only one licence holder.  
 
The planning period for the national research on nuclear power plant safety up to 2010 
contains granting licences and permits for the power plants in use and that under 
construction or the overall evaluation related to licence conditions: The operation permit of 
plant units Loviisa 1 and 2 will be renewed and the periodic safety review included in the 
operation permit conditions of the plant units Olkiluoto 1 and 2 will be implemented. 
Operation permit will be applied for the plant unit Olkiluoto 3 that is under construction. 
These processes are reflected in many ways in the national safety research.  
 
Research on nuclear safety requires profound training and commitment. The research 
programme serves as an important environment providing long-term activity. During the 
planning period and years thereafter the experts who have taken part in construction and 
use of the currently operating plants are retiring. The licensing processes and the 
possibility to recruit new persons in research projects give an opportunity to experts from 
different generations to work together and thus transfer the knowledge to the younger 
generation.  
 
Globalisation and networking highlight the importance of national safety research. The 
national research programme is an important channel for information exchange, and also 
provides a chance to direct limited national resources to the most useful international 
research programmes in a more focused manner. 
 
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 2007 the realised volume of the SAFIR2010-programme was 6.5 M€ and 50 person 
years. Main funding organisations in 2007 were State Waste Management Fund VYR with 
2.7 M€ and VTT with 2.4 M€. The programme has been divided into eight research areas 
and in 2007 research was carried out in 30 projects. 
 
This report has been prepared by the programme director and project co-ordinator in co-
operation with the managers and staff of the individual research projects. 
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1 Introduction 
Finnish Ministry of Trade and Industry (KTM) launched a new national four-year research 
programme on nuclear power plant safety from 2007 to 2010, SAFIR2010. The research 
programme is strongly based on the chapter 7a, “Ensuring expertise”, of the Finnish 
Nuclear Energy Act. The research needs and challenges, as well as the organisation of the 
programme have been presented in the Framework Plan of SAFIR2010 [1]. The 
programme is the newest link in chain of public research programmes on nuclear safety 
that have proved to excel in order to maintain and develop know-how. The programme 
covers essentially the themes of the SAFIR-programme [2,3]. In addition to the State 
Nuclear Waste Management Fund (VYR), also other key organisations operating in the 
area of nuclear safety are funding the programme. The ‘VYR-funding’ is collected from 
the Finnish utilities Fortum Power& Heat Oy and Teollisuuden Voima Oy with respect of 
their MWth shares in Finnish nuclear power plants. The planned [4] and realised volumes 
of the SAFIR2010-programme in 2007 were 6.1 M€ and 6.5 M€ and 44 and 50 person 
years, respectively. The programme has been divided into eight research areas and in 2007 
research was carried out in 30 projects. 
 
The planning period for the national research on nuclear power plant safety up to 2010 
contains granting licences and permits for the power plants in use and that under 
construction or the overall evaluation related to licence conditions: The operation permit of 
plant units Loviisa 1 and 2 were renewed in 2007 and the periodic safety review included 
in the operation permit conditions of the plant units Olkiluoto 1 and 2 will be implemented. 
Operation permit will be applied for the plant unit Olkiluoto 3 that is under construction. 
These processes are reflected in many ways in the national safety research. 
 
Know-how developed in publicly funded research programmes can be applied in licensing 
processes. Simultaneously, challenges in the sufficiency of expert resources for different 
kinds of tasks are to be met. The construction of the new plant unit has increased 
international interest in nuclear safety work and research done in this area in Finland. The 
construction has also increased the attractiveness of the field as an employer, which is 
visible as well in the growing number of students of the field as in the number of 
applicants in recruiting. 
 
Research on nuclear safety requires profound training and commitment. The research 
programme serves as an important environment providing long-term activity that is 
especially important now, when also the research community is facing a change of 
generation: A new generation of researchers has to be recruited and engaged. The 
international evaluation of the SAFIR research programme stated that the high quality of 
results is partly due to long-term commitment in research by Technical Research Centre in 
Finland (VTT) and Lappeenranta University of Technology (LUT). Maintaining this kind 
of activity in different organisations in the hectic, modern world is a demanding challenge. 
For example, the post-graduate education related through-passage of personnel 
quintessential to universities is contradictory to developing a standing expertise potential. 
 
Globalisation and networking highlight the importance of national safety research. This 
also creates pressure to unify nuclear safety requirements and oversight procedures. 
Currently there are many projects related to national rules and international safety 
requirements and safety guides. 
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In 2007 the steering group of SAFIR2010 consisted of representatives from Radiation and 
Nuclear Safety Authority (STUK), Ministry of Trade and Industry (KTM), currently 
Ministry of Employment and the Economy (MEE), Technical Research Centre of Finland 
(VTT), Teollisuuden Voima Oy (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). In addition to representatives of these organisations, the Steering Group had a 
permanent expert from the Swedish Nuclear Safety Inspectorate (SKI). 
 

 
 
Figure 1.1. Finnish organisations represented in the SAFIR2010 Steering group in 2007. 
 
 
In the following, a short summary on the results of the individual projects (Chapter 2) and 
overall financial (Chapter 3) and administrative (Chapter 4) matters is given. Detailed 
project progress reports are given in Appendix 1, publication lists in Appendix 2, 
information on international co-operation in Appendix 3, list of Academic degrees 
obtained in Appendix 4, list of international travels in the projects in Appendix 5 and 
Appendix 6 contains list of the persons involved in the programme in Steering Group, 
Reference Groups, Ad hoc Groups and in the Projects. 
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2 Main results of the research projects in 2007 
The objective of the programme is, in accordance with the chapter 7a of the Finnish 
Nuclear Energy Act that came into force in 2004, to secure that new matters related to safe 
use of nuclear power plants appearing, the public regulator has sufficiently such technical 
and other faculties that the importance of these matters can be determined without delay. 
High scientific quality is required of the research projects in the programme and their 
results have to be published. The usability of the results must not be restricted to power 
plants of only one licence holder. 
 
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 inter-
disciplinary co-operation projects. 
 
The research areas with their challenges and research needs for the period 2007-2010 have 
been described in detail in the Framework Plan [1]. In 2007 there were altogether 30 
research projects going on. The total volume of the programme for 2007 was 6.5 M€ and 
50 person years. The research projects in the various areas with their planned and realised 
volumes are given in Table 2.1. The original funding decisions were made by VYR in 
March 2007. However, due to a pending decision for the CERFAS project, the VYR 
funding shares of all other research projects had to be reduced slightly in June 2007. 
 
Table 2.1. SAFIR2010 projects in 2007. 
 
Resea
rch 
area 

Project Acronym Organisa
tion(s) 

Funding 
k€ 
(plan) 

Funding 
k€ 
(realised) 

Volume 
person 
months 
(plan) 

Volume 
person 
months 
(realised) 

1.        
 Safety management 

and organisatorial 
learning 

MANOR VTT 199,5 183,6 13 12 

 Expert work in safety 
critical environment 

SAFEX HUT, 
TLL 

87,3 90,2 14 11,6 

2.        
 Model-based safety 

evaluation of 
automation systems 

MODSAFE VTT, 
HUT 

185,6 185,6 15,5 15,5 

 Certification facilities 
for software 

CERFAS VTT, 
TUT 

110 110 11,5 12,6 
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 Operator practices 
and human-system 
interfaces in 
computer-based 
control stations 

OPRACTICE VTT 226,6 226,6 17 17 

3.        
 Development and 

validation of fuel 
performance  
codes 

POKEVA VTT 339 341,4 30 34,1 

 Tridimensional core 
transient analysis 
methods 

TRICOT VTT 303,9 305,2 23,5 23,1 

 Total reactor physics 
analysis system 

TOPAS VTT 285,2 285,4 24,1 25,5 

4.        
 Numerical modelling 

of condensation pool 
NUMPOOL VTT 98,7 98,8 7 7 

 Improved thermal 
hydraulic analyses of 
nuclear reactor and 
containment  

THARE VTT 283,9 296,1 20,5 24,2 

 The integration of 
thermal-hydraulics 
(CFD) and structural 
analyses (FEA) 
computer codes in 
liquid and solid 
mechanics 

MULTIPH
YSICS 

Fortum, 
VTT 

82 82 6,5 5,4 

 Participation in 
development of 
European calculation  
environment              

ECE LUT 49,2 65,0 7 8 

 Condensation 
experiments with 
PPOOLEX facility 

CONDEX LUT 233,0 326,0 21 26,3 

 Large break loss of 
coolant accident test 
study 

LABRE LUT 33,9 54,9 5 5 

5.        
 Release of radioactive 

materials from a 
degrading core 

RADECO VTT 85,0 85,2 6,5 5,7 

 Primary circuit 
chemistry of fission 
products 

CHEMPC VTT 312,4 316,0 28,6 35,7 

 Core melt 
stabilization 

COMESTA VTT 232,5 232,9 13,2 16,1 

 Hydrogen risk in 
containments and 
particle bed issues 

HYRICI VTT 152,4 153,2 10,3 10,3 

6.        
 Risk-Informed 

Inspections of Piping 
PURISTA VTT 218,2 218,2 14,5 16,4 

 Fatigue endurance of 
critical equipment 

FATE VTT 112,2 117,3 7 7 
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 Water chemistry and 
oxidation in the 
primary circuit 

WATCHEM VTT, 
UTCM 
(Bulgaria)
TUT 

167,8 170,3 12 12 

 Monitoring of the 
structural integrity of 
reactor circuit 

RAKEMON VTT 205,2 214,7 16 16 

 Fracture assessment 
of reactor circuit 

FRAS VTT, 
TVO 

357,5 365,0 22,6 30,5 

 Influence of material, 
environment and 
strain rate on 
environmentally 
assisted cracking of 
austenitic nuclear 
materials 

DEFSPEED VTT 344,7 346,6 25,2 28,4 

7.        
 Service life 

management system 
of concrete structures 
in nuclear power 
plants 

SERVICEM
AN 

VTT, 
ÅF-
Enprima 

123,4 123,4 9 9 

 IMPACT2010 IMPACT VTT, 
IRSN & 
others 

482,5 632,2 37 47,3 

 Structures under soft 
impact   

SUSI VTT, 
TUT 

163,5 163,7 12 12 

8.        
 Challenges in risk-

informed safety 
management 

CHARISMA VTT 254,2 254,2 20,3 20,3 

 Implementation of 
quantitative fire risk 
assessment in PSA  

FIRAS VTT 163,8 164,6 10,5 12,6 

 Extreme weather and 
nuclear power plants 

EXWE FMI 58,9 89,2 7,2 10,9 

0.        
 Programme 

administration and 
information 

SAHA2007 VTT 186,7* 188,3 10* 9,5 

        
 Total   6138,644 6485,681 477,5 527,0 
* for period 1.1.2007–31.3.2008 with VAT 22% included 
 

2.1 Organisation and human factors research area 

There were two projects in this research area in 2007: Safety management and 
organizational learning (MANOR) and Expert Work in Safety Critical Environment 
(SAFEX). 
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2.1.1 Safety management and organizational learning (MANOR) 

The main objective of the research project is to study the facilitators and hindrances to 
organizational learning and development of safety culture in the nuclear power industry. 
The aim is to help the power companies and the regulator to create safety management 
practices that support the evaluation and management of the working practices and 
organizational performance based on a sound safety culture. The project contributes to the 
utilisation of operating experience, development of working practices and safety culture, 
development of job motivation and awareness of risks among the contractors as well as 
plants’ own personnel, and identification of risky habits and conceptions in the 
organizations. 
 
Specific goals in 2007 
 
Specific goals for 2007 were to evaluate and develop the operating experience practices at 
both power companies and STUK, to study experiences gathered from organizational 
safety reviews, to collect basic data on the subcontracting practices at the Finnish plants in 
order to eventually evaluate the safety culture at subcontracting, and to continue the 
theoretical work concerning the concept of safety culture and its relation to safety 
management and organizational learning. 
 
Deliverables in 2007 
 
• Review of the subcontracting practices at the Finnish nuclear power plants was made 

and the results presented to the steering group. Key issues for further research have 
been identified. 

• Study on experiences on conducting organizational safety reviews at the Nordic 
nuclear power plants has been completed and reported in the NKS publication series. 

• Survey and evaluation of accident models and accident analysis methods has been 
made and reported in the book on safety critical organizations published in February 
2008. 

• Dissertation on the methodology for the organizational assessment of complex 
sociotechnical systems such as nuclear power plants was published.  

• Several conference papers, two scientific articles and one VTT Publications -series 
report have been published in 2007 in addition to the dissertation mentioned above. 
Publications deal with various aspects of safety management and safety culture of 
nuclear power plants.   

2.1.2 Expert Work in Safety Critical Environment (SafeExpertNet)  

The SafeExpertNet project focuses on studying the nuclear experts’ work, work processes 
and how the organisation can support maintenance and development of expertise. 
 
The SafeExpertNet research project aims at: 
 

1. Providing new scientific knowledge and understanding about expert work in 
nuclear power plants and nuclear power sector, work processes of the experts in 
nuclear power plants, and knowledge and competences of the experts in nuclear 
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power plants. The aim is also in defining and developing practices for preserving 
and developing expertise in nuclear power plants. These include HR-practices such 
as recruiting, competence development and employee turnover. 

 
2. Providing new knowledge on nuclear power expertise community, and the roles of 

its different parties (including nuclear power plants, regulators, research and 
educational organisations, and authorities). Describing expertise in nuclear power 
network. Defining and developing sharing of knowledge and expertise, and 
utilization of them in the entire nuclear power community.  

 
The results of the project can be immediately used in nuclear power community. The 
knowledge on nuclear experts’ work, work processes and competences enables organisations 
and experts themselves to better understand the work environment and respond to changes in 
it. The improved knowledge on HR practices further contributes to continuous improvement 
and a more holistic view on nuclear experts’ work, knowledge and career. The modelling of 
the nuclear power community, its actors and their expertise builds a strong basis for 
collaboration, utilization of expertise and development of knowledge needed in the future.   
 
Specific goals in 2007 
 
The SafeExpertNet project is a four year research and development program whose tasks and 
subtasks during different years are closely related to each other. In 2007, the project had two 
subtasks. Subtask 1 focused on HR processes supporting expert work. The aim was to 
understand and describe the prevailing HR processes and identify challenges in their 
development. This knowledge enables organizations to better manage their human resources 
and utilize their human capital, and thereby ensure safe operation of the plants. Subtask 2 
consisted of reporting and publishing the results. 
 
Deliverables in 2007 
 
A literature review on expertise, HR processes, practises and their ownership in 
organizations was carried out. This subtasks aim was to make a model and evaluation of 
HR processes which identifies good practices as well as areas of development. The 
information gathered will be used in scientific articles during 2008. 
 
Altogether 29 experts, their superiors and HR professionals were interviewed. The results 
of the interviews were discussed in workshops arranged in the target organizations. Based 
on the information gathered the prevailing HR processes and practices concerning the 
expertise in nuclear power plants were analyzed and a development plan for interventions 
in the HR area was suggested in the reports for the target organisations. 
 
Information related to the project was distributed: 
 
1) Conference papers  
– Rintala N, Pahkin K, Leppänen A, Säämänen K and Järvenpää E: ”The Nature of 

Expertise and HR Functions Supporting Expertise in Nuclear Industry Organizations” 
IAEA:n konferenssi 19.-22.6.2007 

– Säämänen K: "A Process Approach to Creating Tacit Knowledge through 
Apprenticeship - A Case study in Nuclear Power Plants"  EAWOP konferenssissa 9.-
12.5.2007  
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2) Others 
− Pahkin K, Leppänen A, Järvenpää E, Säämänen K and Rintala N: Unpublished report 

for the target organisation (2) 

2.2 Automation and control room research area 

There were three projects in this research area in 2007: Model-based safety evaluation of 
automation systems (MODSAFE), Certification facilities for software (CERFAS) and 
Operator practices and human-system interfaces in computer-based control stations 
(OPRACTICE). 
 

2.2.1 Model-based safety evaluation of automation systems (MODSAFE) 

The assurance of automation systems and devices for use in critical applications requires 
safety assessment. In this project, methods based on formal model checking are developed 
for and applied in the safety analysis of NPP safety automation (I&C). The general 
objectives of the project are: 
• Development of methods for model based safety evaluation of NPP automation. 

• Application of the methods in selected case studies. 

• Evaluation of the suitability of formal model checking methods for NPP automation 
analysis. 

• Operationalisation of model-based safety evaluation to a part of safety case of safety 
automation systems. 

• Development of recommendations for the practical application of the methods. 

 
The model checking methodologies applicable for analysis of safety critical programmable 
systems have been developed and applied in other industries. However, these methods 
have not been applied in the safety evaluation of NPP automation systems in Finland, but 
the need for more or less formal and automated analyses has been identified in the practical 
analyses made to support licensing of programmable systems. For example, the manual 
inspection of programmable safety functions is difficult and may often be insufficient. 
 
The results of the project will be applicable in the safety analysis of NPP safety I&C in 
many ways: the inspection of automation functions (e.g. functional block diagrams) is 
easier when automated tools are available, the complex safety issues related with time 
dependent features of the systems (delays, sequential functions, memory) can be 
systematically analysed etc. In general, applications of formal methods provide useful 
information and insight about the automation systems.  
 
Specific goals in 2007 
 
The first goal in 2007 was making a review of the formal methods and models applied in 
safety evaluation of nuclear and the industrial safety systems. An important issue was also 
the compatibility of the methods with the practices and models used in different phases of 
NPP safety automation design.  
 
The second goal was to select the case studies to be modelled during the project year. The 
aim was to make the selection so that the characteristics of NPP safety automation 
(sequences of safety functions, timing issues etc) are covered to as large extend as possible. 
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Furthermore, the most important modelling challenges were to be covered, in order to 
identify the development needs of modelling methodologies. 
 
The third goal was to plan and define the case 1 for modelling. After selection of the 
suitable safety function or automation device, the task had the following phases: collection 
of the information and detailed description of the case, description of the models and 
methods applied in the design of the case, identification of the possible hazardous states 
and properties of the selected case, and planning of the modelling work. Before the actual 
modelling work, the functionalities of the selected system and how they can be described 
to model checkers had to be found out.  
 
The fourth goal was creating a model of the functionalities of the case. It included 
representing the hazardous states and properties by applying the modelling language, 
application of the model checking algorithms and interpretation of the results given by the 
model checker.  
 
Deliverables in 2007 
 
• A review of the formal methods and models applied in safety evaluation of industrial 

and nuclear safety systems was made during 2007. The reviewed methods were 
evaluated with respect to their applicability in the analysis of NPP safety automation 
systems. An important issue was also the compatibility of the methods with the 
practices and models used in different phases of NPP safety automation design. 
Furthermore, the role of model checking in the NPP automation safety case was 
discussed. 

• Two case studies were investigated during the first project year: An industrial arc 
protection system and an emergency cooling system.  

• The emergency cooling system has been running in an existing nuclear power plant for 
years. The system takes care of the reactor core’s cooling if normal cooling systems 
are out of order. The reason of making a model of the system was to test the suitability 
of the model checking technique. The objective was to validate the system’s logical 
functions and test different approaches to modelling. One interesting aspect in 
modelling was the handling of delays. The delays were implemented non-
deterministically meaning that the length of the system’s clock cycle was not 
predefined. That way there was no limit for the length of a single delay. The physical 
parts of the system were implemented in a similar way. This solution covered the 
essential behaviour of the model and even some impossible behaviour. This proved to 
be a good approach to system validation; to have the model richer than the actual 
system. That way the system’s erroneous behaviour will be found and the errors that 
are due to abstractions made in the modelling phase will be found in manual 
inspections and they can be ruled out. 
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Figure 2.1. Emergency cooling system's functional principle. 

• Falcon arc protection system by Engineering Office Urho Tuominen (UTU) can be 
used to protect switchgear and electrical instrumentation from electric arcs (see Figure 
2.2 for a switch diagram of an experimental system design of the protection system.) 
With this case the applicability of model checking was studied with respect to 
verifying the correspondence of implementation of control logic and its specification 
and verifying the correctness of system design against safety properties. The former 
task showed to be very straightforward to carry out and the more challenging research 
problems were related to verification of a system design. As Falcon system allows 
controlling of backup breakers whose control is based on the feedback information 
from the environment, there is a closed control loop between the controller and its 
environment. For this reason also the environment of the arc protection device (that is 
the protected system with relevant parts of the physical environment) had to be 
modelled. In this respect the challenge was to find the right level of abstraction for the 
environment in order to guarantee the sufficient correspondence between model and 
reality and to maintain the size of the model computationally feasible. The key issues 
in modelling technique were related to modelling of time delays of the controller and 
its environment. The results of the case study were promising. A realistic system 
design could be verified against safety properties. The chosen modelling method was 
found out to be feasible up to delay sizes which can be considered realistic. However, 
the feasibility of the method to delay sizes present in actual devices was not 
ascertained. 
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Figure 2.2. Switch diagram of an experimental application of the Falcon arc protection 
system. 

2.2.2 Certification facilities for software (CERFAS) 

Certification of software products by independent evaluation has been practiced in the 
software industry since early 1990s, especially in Europe and later in the United States. In 
Finland, a type acceptance certificate for equipments is required in highest safety class of 
I&C equipments and systems in NPP, and recommended in lowest safety classes. In the 
research project CERFAS, the objective is to develop facilities for flexible, supported, 
commercially exploitable, high quality Software Certification Service, SCS, able to 
certificate safety critical software for the demands in Finnish nuclear area. 
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Specific goals in 2007 
 
Year 2007 was the first step of the 4-year development plan of CERFAS. The first three 
subprojects during 2007 were 1) Current state of the art in software safety certification, 2) 
development of the certification tools and 3) facilities for first case study. The development 
was done iteratively, so that already during the first year the CERFAS deliverables were 
tested in the first pilot. Pilot itself was outside of CERFAS funding and use of resources. 
 
The need for software safety certification service has been explicit for a while. State of the 
art phase collected best practices both from product evaluation and process assessment 
point of view.  
 
Nuclear specific standards give direct requirements for system verification and validation. 
Especially, some standards include requirements for software in safety class 2. These 
standards were studied in details. Also generic standards and other domain-specific 
standards include same type of requirements and concepts. Many organisations (ISO, IEEE 
for example) are studying needs for safety-critical standards. 
 
Product certification is based on artefact evaluation. The artefact evaluation includes 
specifications safety evaluations, testing planning, test results evaluation, etc.  
• Make a list of potential evaluator organisations for Software Certification Services.  
• Evaluate existing and evolving methods and tools for process evaluation. 
• Select evaluated types of artefacts (according the case study if possible). 
• Define the set of methods (techniques and tools) for the use of artefact evaluation.  
• Define available coverage metrics for these methods.  
• Integrate the evaluation method for coherent demonstration of product safety.  
• Plan the validation step for product certification. 
 
First version of process certification was developed as a combination of generic quality and 
capability requirements vs. nuclear specific requirements in each lifecycle phase. The 
development consisted mainly from the following tasks: 
• Evaluation of existing and evolving methods and tools for process evaluation.  
• Definion of processes required by safety class 2 systems during development, 

maintenance and use.  
• Definition of generic and nuclear specific requirements for each required process.  
• Definition of evidences needed to evaluate process performance. 
• Integration of the evaluation method, evidence handling and other method components 

as one approach for process certification.  
 
The Figure 2.3 presents the first version of SCS for granting certificates for software 
common to all application projects. At this stage of the development of facilities, the project 
has two candidates for Certification Bodies, CB, and several potential parties for evaluators 
in supporting CBs in evaluation of safety critical software.  
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Figure 2.3. The CERFAS project gives facilities for the Software Certification Service that 
includes Certification Bodies and evaluators. The software under certification is mainly 
basic software, but also application software in those cases where it is independent of 
application projects. The certification is aimed in supporting qualification of applications 
(software and system) that for their part supports the licensing issues.  
 
Deliverables in 2007 
 
• Three reports cover CERFAS topics. The first report examines the state of the art of 

research and practice on safety certification of software product, and the second report 
describes the state of the art of the process certification. The third report proposes a 
first version of SCS on software product type approval. 

 
o The research and practice that the first report covers are related to the 

following viewpoints: liability, criteria, standards, certification process, 
certification bodies, COTS (commercial off the shelf) software product, and 
argumentation of safety. From several software safety standards, the report 
briefly introduces the following three: IEC 60880, IEC 61508, and DO-
173B. The report discusses the state of the art of the evaluation approaches 
for COTS software products. The subject is especially interesting because of 
huge research and development work done for evaluating commercially 
available and context free COTS software. Several different kinds of safety 
cases have been constructed in literature for argumentation of software 
based systems safety. In this report, three kinds of argumentation techniques 
are introduced: goal approach, requirements approach, and vulnerability 
approach safety case. 
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o Report “Software process and product quality evaluation: state of the art 
and literature summary” covered an evaluation and description of articles, 
books and published certification approaches. State-of-the-Art study 
covered mainly materials from public and government related sources, like 
ISO, IEC, IEEE, ANSI, CENELEC and IAEA. Methods are mainly 
(semi)commercial tools and packages, covering a wide range from full 
implementation of some standard/model until some highly focused single-
practice topic. State of the art report was done mainly for certification 
bodies and required partners, so that they can build their services easier, 
based on lessons learned and experiences from existing services and 
research results.  

 
Literature study covered about 300 certification related research articles and 
safety engineering books. Focus was mainly in software aspects of 
certification. The result was collected in excel to distribute it easier and 
update it during the next three years of CERFAS. 
 

o As a part of the development of SCS, the third report of CERFAS-project 
covers the following subjects of SCS: developing criteria for software 
product certification, introduction to SCS, familiarisation with the target 
system, and evaluation of certified software product in phases of life cycle.  

The concentration in developing of the first version of SCS was on specific 
features of the first case study. This is why the third report for CERFAS 
provides the facilities for pre-developed software.  
 

• Project organised a workshop for potential providers of certification service. 
Workshop discussed about certification needs and requirements. Independent testing 
(called also IV&V) was the main topic of services discussed during the workshop. The 
results will be utilised by each partner in their own service development and in 
CERFAS related pilots.  

 
• Software under the certification in the first case study includes basic software and 

application software both of which are common to all application projects. The 
certification issues are quite challenges since the domain is in the highest safety class 
of I&C equipments and systems in NPP. The facilities for this certification are given 
in the third report of CERFAS, but the case study itself is performed externally to 
CERFAS. 

2.2.3 Operator practices and human-system interfaces in computer-based 
control stations (O’PRACTICE) 

The project aims at developing practices of Human Factors Engineering for the design, 
operation and evaluation of human-system interfaces (HSIs) at nuclear power plant control 
rooms (NPP CRs). The purpose is to gather knowledge of changing operator practices and 
new HSI solutions in order to promote safety use of digital technologies and develop new 
methods and practices for the evaluation of the safety of HSIs. As results of the project, a 
realistic concept of operation for digitalized control rooms can be developed, new 
innovative concepts for presentation of process information can be designed, and more 
reliable and valid methods for the evaluation of CRs and HSIs can be presented.  
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So far in the project, studies have been conducted in which large screen displays (LSDs) and 
operating procedures have been investigated as collaborative tools, and the requirements for 
integrated use of different types of HSI elements have been outlined. One of the specific 
aims has been to outline the requirements for a LSD concept based on design workshops and 
simulator tests (see Figure 2.4). To promote dialogic communication between researchers 
and process experts, a new kind of interview method is under development. The second 
aim is to improve HFE-based planning, design and evaluation of CR and HSI 
modernizations. To that aim, VTT is developing the Usability Case method providing an 
accumulated documented body of longitudinal evidence of the degree of usability of a 
system for a given application in a given environment (see Figure 2.5). The development 
of the method is based on the observations that system validation has to be better 
integrated to the design process and operator training.  
 
The O’PRACTICE project collaborates with, and is partly funded by Halden Reactor Project 
(HRP). The project collaborates with Electricité de France (EdF), and via the EU-funded 
MMOTION-project (including in FP7-EURATOM-FISSION-program) also with other 
European stakeholders at the nuclear field. 
 
Main achievements in 2007 
 
1. New tools of collaboration for operating personnel 
 
Usage practices of human-system interface elements such as large-screen overview 
displays and computerized procedures have been studied to promote the design of 
collaborative tools for operating personnel. A report on literature survey of LSD display 
technologies and usage has been prepared. Additionally, three design workshops on the 
usage of large screen displays have been arranged, and a report on the design workshops has 
been prepared. Two workshops on operating procedure development have been arranged, 
one at Fortum, another one at EdF. A literature review on the use of computer-based 
emergency operating procedures has also been prepared. Overall, the results of this task 
suggest that that joint use of advanced digital HSI elements is challenging, and new types 
of displays are required supporting collaboration and co-operation between operators. 
 
2. Development of new concept of operation for fully-digitalized control rooms 
 
On the basis of design workshops, a new concept of operation for fully-digitalized control 
rooms is under development. As a part of this work we have outlined the general 
framework for the LSD concept for digitalized CRs, including the description of LSDs 
from the point of view of their information content and usage practices.  
 
Data of Halden experiments with different HSI design solutions (EID vs. two versions of 
“industry-standard” UI) has been further analysed, and a final report has been prepared. A 
plan for experimental tests of the use of Information Rich displays in process control has 
been prepared, and a heuristic evaluation of the prototype version and the verification of the 
Style Guide against HSI standards have been carried out. The simulator tests in which the 
IRD-concept is evaluated will be carried out at the beginning of 2008. 
 
The basic structure of the smart expert support system for outage management has been 
outlined. Two planning meetings have been arranged at the two Finnish NPPs. 
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3 Management and evaluation of control rooms and human-system interfaces 
 
The earlier developed method for the contextual assessment of systems usability (CASU) 
has been further developed by participating in an integrated system validation at the Loviisa 
plant and analyzing the validation evidence. Operators’ and trainers’ experiences with hybrid 
HSIs have also been collected, and a report has been prepared. Based on these studies, we 
have, for example, found that change of generation is a challenge for modernization, and 
system validation has to be better integrated to training.  
 
The development of Usability Case –methodology for CR and HSI evaluations has been 
started. The usefulness of the approach has been demonstrated by its application to the 
evaluation of computer systems in two application domains. 
 
4. WGHOF participation 
 
The Finnish delegate participated in one WG-meeting during 2007 and supported the idea 
of introducing new themes and tasks (related e.g., to event analysis and human-computer 
interaction) into the discussion. 
 
Deliverables in 2007 
 
• Two scientific papers were published; one as a book chapter, another one in a 

scientific journal. 
• One scientific paper in an peer-reviewed international journal was submitted. 
• Two presentations were given at the Enlarged Halden Project Meeting in March. 
• Several conference papers and presentations on systems usability, systems validation 

and HSI design were given.  
• Several working papers were prepared to be later developed into scientific papers. 
• Two comprehensive literature reviews were prepared. 
• Active participation at OECD/NEA Special Expert Group in Human and 

Organizational Factors. 
• Deepening collaboration with OECD HRP Hamlab on several topics. 
• Deepening collaboration with EdF on several topics. 
• Participation in the preparation of the MMOTION project. 
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Figure 2.4. Suggestion for the arrangement of large-screen overview displays presented at the CR 
design workshop. 
 
 
 

 
 
Figure 2.5. Demonstration of the Usability Case methodology 
 

2.3 Fuel and reactor physics 

In the fuel and reactor physics research area there were three projects going on in 2007: 
Development and Validation of Fuel Performance Codes (POKEVA), Tridimensional core 
transient analysis methods (TRICOT) and Total reactor Physics Analysis System 
(TOPAS). 
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2.3.1 Development and Validation of Fuel Performance Codes (POKEVA) 

In the project, development will be carried out to meet the demands on availability of 
methods for nuclear fuel performance assessments. A permanent goal is to create and 
maintain calculation tools, i.e., systems of computer codes for steady-state and accident 
conditions which can be utilized independently of those in the possession of the power plant 
designers and fuel vendors. Systematic validation and maintenance as well as continuous 
feed of experimental data are inseparable elements of code development. Some of the 
existing codes base on obsolete modelling and architecture, and renewal of the system partly 
consisting of completely new code development is one of the objectives. Education of next 
generation experts is to be continued. 
 
Specific goals in 2007 
 
The goals for 2007 included finalisation of the interactively coupled codes GENFLO 
(thermal hydraulics) and FRAPTRAN (fuel performance).  A smooth connection between 
the two would allow flexible accident analyses with detailed fuel performance description 
for both deterministic and probabilistic assessments. 
 
A sophisticated probabilistic whole-core evaluation tool for fuel performance and failure 
estimations was expected to be in routine use. 
 
With steady-state codes, documentation and version management of the VTT ENIGMA 
was to be carried out. Also, a working plan and actions to acquire and develop a more 
detailed new fission gas release model was desired. 
 
To fight the complications due to long development histories most of the currently applied 
codes suffer from, initiation of developing a completely new in-house fuel performance 
code was included in the original project plan. 
 
Qualification of fuel performance tests of the Halden Project was agreed upon. 
 
Deliverables in 2007 
 
Due to remarkable personnel arrangements, the project’s goals were agreed to be altered, 
postponed or removed to certain extent. Some of the interim results still include:  
• The GENFLO-FRAPTRAN connection has been further advanced. In the process, 

several inconsistencies in the two have been detected and rectified. The preparations 
perform the basic safety assessment analyses, detailed as to fuel performance have 
been approached.  

• The FRAPTRAN-GENFLO code was used to support performing the successful 
Halden IFA-650.6 LOCA test with high-burnup VVER (Loviisa) fuel. 

• The sophisticated methodology for core-wide fuel performance and failure evaluation 
has been documented. Being a novel approach in its high detail, the principles of the 
system - including an approach to make use of neural networks for constructing 
response surfaces - are being opened to wider review and discussion. The progress has 
prompted separate work to introduce properly realistic thermal hydraulic boundary 
conditions to the procedure and to find ways to reduce the vast amount of calculation 
that would still burden practical applications.  
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• The re-evaluation of the VTT ENIGMA code has been started. A concise review of 
the development history of the code was issued.  

• Submodels for fissions gas release, uranium dioxide thermal conductivity, and the 
modelled dimensional changes of the fuel rod have received attention. A pieces of 
outcome is that in optimising the high-burnup performance of the codes one must be 
careful not to ignore the low or intermediate burnup conditions 

•  A high burnup oxidation model was created to be used with the APROS process 
simulator 

• A non-standard application of the ENIGMA code was made with qualification the 
Halden IFA 652 test with innovative thoria-containing and so-called inert matrix fuels. 
Application of the code is mostly not straight-forward, still, partly quite successful 
considering the general scarceness of data.  

• A versatile qualification was performed on fuel with different types of dopants 
(including gadolinia burnable absorber and large-grain pellet types). The cases 
evaluated belong to the early phases of the Halden IFA-676 test with VVER fuel.  

• Participation in the work of the OECD/CSNI Working Group on Fuel Safety has 
continued. 

2.3.2 Tridimensional core transient analysis methods (TRICOT) 

The fundamental objective is to continue the development of reactor dynamics computer 
codes (TRAB-3D and HEXTRAN) at VTT, especially in the area of thermal hydraulics. 
The goal is to have a truly independent transient calculation system, which can be utilized 
by the safety authority and other end-users for safety analyses that are independent from 
those of power plant designers and fuel vendors. To achieve this, the codes must be 
constantly developed in order to be on the same level as other codes used for similar 
purposes internationally. 
 
In addition to the development work itself, it is essential that the new models are validated 
against measurements and the results of other codes. Much of this work can be done as 
international co-operation in the form of calculating benchmark problems. Another 
objective is to educate new experts to this field.  
 
Specific goals in 2007 
 
The project has two main areas. The first area is reactor dynamics, which contained further 
development and testing of the internally coupled TRAB-3D/SMABRE against the 
production version of TRAB-3D and the parallelly coupled TRAB-3D/SMABRE. Other 
tasks in the reactor dynamics area aimed at calculating international OECD/NEA 
benchmark cases with TRAB-3D and US NRC’s coupled neutronics/thermal hydraulics 
code TRACE/PARCS and analyzing differences between the results by performing 
variation calculations with both codes. The third task concerning reactor dynamics was to 
further develop VTT’s sensitivity and uncertainty analysis tool.  
 
The goal of the second main area was to develop tools for three-dimensional thermal 
hydraulics calculation in the nuclear reactor core using the porous medium approach. One 
of the planned applications was flow inside a BWR fuel assembly. 
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Deliverables in 2007 
 
• Coupled dynamics codes TRAB-3D/SMABRE were updated. Especially several 

modifications dealing mainly with PWR features were done for SMABRE. An EPR 
input model for the internally coupled SMABRE and TRAB-3D was prepared and 
comparisons were made between internal and parallel coupling. In Figure 2.6, steady 
state fission power comparison is shown. The coupled code TRAB-3D/SMABRE has 
been described in a conference paper and a report on comparison calculations was 
prepared.  

 
 Testing of TRAB−SMABRE internal coupling
13:51  15.2.2008  VTT

Fission power, internal coupling / parallel coupling 0.99

0.995

1

1.005

1.01

1.015

 
 

Figure 2.6. Fission power of PWR, internal coupling of TRAB-3D/SMABRE versus 
parallel coupling. 

• TRACE/PARCS was successfully installed and tested with stand-alone neutronics and 
coupled cases. Steady-state and transient comparisons against TRAB-3D calculations 
for the OECD/NEA PWR MSLB benchmark separate core exercise were performed. 
Two older NEA CRP PWR rod ejection benchmark cases were also calculated. 
Deviation in power distributions in a control rod ejection case is shown in Figure 2.7. 
There was a good agreement between the codes in all calculated cases. A report on 
TRACE/PARCS – TRAB-3D comparisons was prepared. 
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Figure 2.7. Deviation in power distribution at power maximum TRAB-3D vs. PARCS at 
NEA CRP benchmark case. 

• A new version of VTT’s sensitivity and uncertainty analysis tool was developed. The 
tool can now be used also for TRAB-3D/SMABRE calculations in addition to 
HEXTRAN/SMABRE calculations. DNB calculation with TRAB-CORE was 
included to the tool and several modifications were made to improve usability of the 
tool. Report on the development and testing of the tool with VVER and PWR 
transients was prepared. 
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Figure 2.8. Tolerance limits of relative fission power in PWR CRE transient. 

• Development of the PORFLO code has been continued. Suitability of several new 
iterative solution methods has been studied and some of them have been implemented. 
The implementation of existing algorithms has been improved. Further development 
of the PORFLO code is also facilitated by recently implemented modularization of the 
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code structure. The PORFLO code has been applied to flow inside a full BWR fuel 
bundle. Starting from a cold initial state, several seconds of real time can be simulated 
(with a 2 ms time step), but there are problems when significant void fractions (almost 
100 % in some cells) appear. These problems are related to prediction of the void 
fraction and drift of vapor voids in the lateral direction. Development and application 
of PORFLO have been described in a conference paper and a report is prepared. 

 
• Project has included the participation in the NEA Working party on the Scientific 

Issues of Reactor Systems (WPRS) and to AER working group D. VTT has 
participated in OECD/NEA’s VVER-1000 coolant transient benchmark, fuel bundle 
benchmark (BFBT) and benchmark for uncertainty analysis in best-estimate modeling 
(UAM). Report on VVER-1000 coolant transient was prepared. 

 
• Reactor dynamics codes TRAB-3D and HEXTRAN and parallelly coupled 

HEXTRAN/SMABRE and TRAB-3D/SMABRE were updated. Report on the effect 
of boundary condition data on the TRAB-3D calculation of the Olkiluoto 1 load 
rejection test was prepared. 

 
• User’s manual for reactor dynamics codes TRAB-3D and HEXTRAN was 

complemented. The manual is will be updated on-line with the code.  
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Figure 2.9. Void fraction and temperature distributions on different axial levels for the 
numerical study 2x2 bundle. 

2.3.3 Total reactor physics analysis system (TOPAS) 

The main objective has been to accomplish a unified, complete, up-to-date, easy-to-use and 
flexible entirety consisting of both programs acquired from elsewhere and programs that 
are the results of own development. Together with the reactor dynamics codes, the 
stationary reactor physics 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 models can often 
be used in both the static and the dynamic calculations. Additionally, it is of utmost 
importance in today's situation, when the use of nuclear power is increased at the same 
time as the present generation of nuclear experts is gradually retiring from work, to 

 27



 

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 also provide excellent possibilities for university 
students to perform work for their academic degrees. 
 
Specific goals in 2007 
 
Specific goals in 2007 included the following items: 
 
Participation in the activities of the NEA-organised JEFF project, in order to maintain a 
reasonably accurate cross section library and knowledge about it. VTT's new Monte Carlo 
code PSG is to be further developed and a Doctor’s thesis to be published on the subject. 
The feasibility of the presently available nodal codes, i.e. ARES and HEXBU-3D as well 
as Studsvik Scandpower's SIMULATE-3 to perform any analyses needed for the reactors 
presently in operation in Finland and the new one being constructed is continuously under 
surveillance. Comparisons between PSG-ARES and CASMO-SIMULATE calculations on 
the EPR reactor are continued. Monte Carlo calculations have been extensively used for 
cross section library comparisons, criticality safety and benchmark studies. Methods to 
reduce the variance (in particular regarding deep penetration cases, where the neutron flux 
in a fairly short distance changes by several orders of magnitude) are to be further 
investigated. MCNP5 and/or MCNPX are to be implemented into the code system during 
2007, if they become available from the NEA Data Bank. The Doctor's thesis on the 
development and validation of deterministic MultiTrans code is to be finished. 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). 
ABURN script coupling Monte Carlo simulation with depletion code calculation will be 
further developed e.g. to make the use of new boundary conditions possible and the 
stochastic accuracy of the procedure will be studied and improved. Work on a Licentiate’s 
thesis will be started. Determination of the uncertainty of different parameters and their 
importance for the final results is necessary in order to understand the accuracy of the 
reactor physics programs. One of the first practical tools is the TSUNAMI (Tools for 
Sensitivity and UNcertainty Analysis Methodology Implementation) codes of the SCALE 
5 system. A Master's thesis will be written on this subject. Taking care of Finland's 
obligations in NEA, as well as other international research co-operation and information 
exchange in the field of reactor physics, have also been important goals, as well as 
reporting research results and educating new experts through international courses. 
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Figure 2.10. Thermal neutron flux distribution calculated by ARES reactor simulator for 
EPR core test case with group constants generated using PSG (picture taken from Jaakko 
Leppänen’s DTech Thesis). 

 

 
Figure 2.11. Evaluated uncertainty of 235U, 238U, and 239Pu multigroup cross sections 
(picture taken from Maria Pusa’s MSc Thesis). 

Deliverables in 2007 
 
• Improved version of PSG (still under continuous development, burnup calculation 

being included) has been made. Code development results have also been presented at 
two international meetings. Doctor’s thesis on PSG, Monte Carlo, and reactor physics 
analyses in general, has been completed. Somewhat limited participation in the JEFF 
work on cross section libraries has also been conducted. 

 
• Comparisons between ARES and SIMULATE have been continued for the EPR. 

Studsvik Scandpower’s “Basic CMS Training” course has been attended. 
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• Doctor’s thesis on MultiTrans has been completed. MCNP5 and MCNPX codes have 

been finally received from NEA Data Bank and installed to VTT’s code system. Work 
on new “full-core” Monte Carlo code MORA has been started. Variance reduction in 
Monte Carlo calculations has been studied and results published in journal papers 
(mainly with other funding, though). 

 
• Improved version of ABURN has been made, including also coupling of ORIGEN2 

with PSG. MCNP5 coupling is under way. Two conference papers concerning 
comparisons between CASMO and ABURN have been written. Some other 
benchmark calculations are still in progress. Work on Licentiate’s thesis has been 
started. 

 
• Master’s thesis on the sensitivity and uncertainty of cross section calculations has been 

completed. Report on sensitivity and uncertainty analysis based on the TSUNAMI 
code system has been written. Practical application for CASMO has been started. 
OECD workshop has been participated, concerning uncertainty analysis in modelling 
LWR benchmark. 

2.4 Thermal Hydraulics research area 

In the thermal hydraulics research area there were six projects going on in 2007: Numerical 
modeling of condensation pool (NUMPOOL), Improved Thermal Hydraulic Analysis of 
Nuclear Reactor and Containment (THARE), The integration of thermal-hydraulics (CFD) 
and structural analyses (FEA) computer codes in liquid and solid mechanics 
(MULTIPHYSICS), Participation in Development of European Calculation Environment 
(ECE), Condensation experiments with PPOOLEX facility (CONDEX) and Large Break 
Loss of Coolant Accident test study (LABRE). 

2.4.1 Numerical modeling of condensation pool (NUMPOOL) 

In the NUMPOOL project, numerical methods for analyzing pressure suppression pools in 
boiling water reactors are developed. The numerical modeling work of the project has three 
objectives. First, supporting the CONDEX project at Lappeenranta University of 
Technology, where new pressurized PPOOLEX test facility has been constructed. Second, 
improving understanding of thermal hydraulic phenomena in the dry well and in the wet 
well compartments of the pressure suppression pool. Third, developing methods for 
estimating pressure loads originating from the condensation pool. 
 
The work in year 2007 started with construction of a computational fluid dynamics (CFD) 
model for the new PPOOLEX experimental facility, where both the dry well and the wet 
well compartments are included in the model (see Figure 2.12). CFD simulations of the 
new facility, where air flows though dry well to the wet well were performed. In the 
simulations, the Volume Of Fluid (VOF) model of FLUENT was used. 
 
ABAQUS model of the new experimental facility was also constructed. The structures of 
the pool were modeled already at this stage as accurately as possible. Analyses of the peak 
stresses in the structures were be carried out by using a hydrostatic load and a conservative 
blowdown load.  
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Figure 2.12. Models of the  PPOOLEX  test facility with dry well and wet well 
compartments. CFD model (left) and finite element model (right) are shown. 

 
 
Deliverables in 2006 
 
CFD modeling of the PPOOLEX test facility 
 
The PPOOLEX experiments have been analyzed with CFD calculations in co-operation 
with the CONDEX project. Two experiments were analyzed in the NUMPOOL project and 
two additional experiments in the CONDEX project. In the experiment, air is blown into 
the dry well compartment of the PPOOLEX facility. When pressure in the dry well 
increases, air flows through the vent pipe to water pool of the wet well compartment. 
 
The results are illustrated in Figure 2.13. On the left-hand side, the formation of the first air 
bubble in the wet well compartment is shown. The water plug has been expelled from the 
vent pipe and the first air bubble has formed and is rising towards the water surface. On the 
right-hand side, the temperature of the air and water is illustrated at a late stage of the 
experiment. In the pressurized test facility, the temperature of the air rises, when air 
pressure increases during the experiment. Then, thermal stratification of the air is found to 
occur in the wet well compartment. 
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Figure 2.13. CFD simulation of blowing of air into the PPOOLEX test facility. Volume 
fraction of air (left) and temperature of air and water (right) are shown. 

 
Abaqus modeling of the PPOOLEX test facility 
 
Frequency response analyses of the facility with an acoustic-structural FEM model with 
two-way FSI coupling were made. Pool pressure and displacement responses as a function 
of pressure source frequency and the effect of wall motion on measured pool bottom 
pressure were studied (see Figure 2.14). 
 
Determination of pool wall acceleration was tested by conducting a frequency spectrum 
analysis for measured displacement signal. The response spectrum analysis was conducted 
for determining the role of FSI on the pressure signal measured from the pool bottom. 
Cyclic pool motion can also cause fatigue in the structure. Crack propagation analysis of 
pool support welds was conducted.  

 
Figure 2.14. Pool bottom pressure response to harmonic pressure excitation. 
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Fluid-structure interactions have been analyzed by coupling commercial CFD and 
structural analysis codes. The FLUENT and Star-CD codes have been used for CFD 
calculations and the ABAQUS code has been used for structural analyses. One- and two-
way coupling of these codes has been achieved with the external MpCCI software. Two-
way FSI simulations of the CONDEX pool have been numerically unstable with an explicit 
coupling scheme, while more stable implicit scheme is so far unavailable in MpCCI. A 
method was developed previously that can be used to simulate realistically coupled FSI 
problems without stability issues. The method includes using only one-way coupling and 
taking into account the added mass effect of fluid on structural motion through a separate 
acoustic fluid. The method was examined further. 
 
Methods alternative to CFD were examined for determining pressure loads in condensation 
pools. Simplified incompressible potential flow and acoustic models were used for the pool 
water. Validity of these methods for modeling condensation pools was examined. The 
ABAQUS code was used for solving the simplified fluid equations in pool geometry. 

2.4.2 Improved Thermal Hydraulic Analysis of Nuclear Reactor and 
Containment (THARE) 

The main objectives of the project are to develop and validate calculation methods for 
safety evaluation of nuclear power plants. Both thermal hydraulic system analysis codes 
and CFD calculations are used in the analysis and their usability is studied and enhanced. 
An important objective is also to train new thermal hydraulic code users and educate young 
experts. 
 
Specific goals in 2007 
 
1 APROS validation 
1.1 The APROS model for ROSA test facility created in 2006 will be refined and the 
pressure vessel small bottom break LOCA (test 6.2) will be analysed in more detail. 
Especially the behaviour of the non-condensable gas released from accumulators will be 
studied. The test number 5, primary cooling through secondary de-pressurisation, which is 
an interesting test for OL3 operation procedures, will be calculated. A trainee will do most 
of the modelling and analysis work.  
1.2 PWR-PACTEL experiment studying the behaviour of vertical steam generator will be 
analysed with APROS. The work will be done in close co-operation with the experimental 
team in LUT and includes pre-test analysis to help in design and preparation of the tests. A 
trainee or a young scientist will participate in the analysis.  
1.3 LBLOCA experiment in PSB-VVER test facility will be calculated with APROS.  
 
2. CFD_containment 
VTT will participate in the CFD benchmark analysis in SARNET.  
 
3 International Programmes 
3.1 OECD/GAMA 
VTT’s participation in the OECD/NEA/CSNI Working Group on the Analysis and 
Management of Accidents (GAMA) is done within the project.  
3.2 OECD/PSB-VVER  
PSB_VVER is a four-year project launched in 2003. Within the project, five experiments 
will be carried out with PSB-VVER facility. The project supports validation of t/h codes 
and safety assessment of VVER-1000 reactors. Follow-up of the project covers 
participation in the meetings. 
3.3 USNRC/CAMP  
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The task covers VTT's participation in the USNRC's Thermal-Hydraulic Code 
Applications and Maintenance Program (CAMP). Participants will receive the latest 
versions of NRC codes (RELAP5, TRACE, PARCS etc.), as well as assessment results and 
experience and information gained in CAMP.  The participation fee of CAMP is included 
in the project costs  
3.4 OECD/ROSA  
The OECD ROSA Project is to resolve issues in thermal-hydraulics analyses relevant to 
LWR safety using the ROSA/LSTF facility of JAEA. In particular, it intends to focus on 
the validation of simulation models and methods for complex phenomena (thermal 
stratification during emergency core cooling injection; unstable phenomena such as water 
hammer; high power natural circulation; natural circulation with superheated steam; 
primary cooling through secondary depressurisation). Phenomena coupled with multi-
dimensional mixing, stratification, parallel flows, oscillatory flows and non-condensable 
gas flows are to be investigated. This subtask covers participation in project meetings and 
reporting of the project to Finnish organisations. 
3.5 OECD/SETH2  
OECD/SETH2 project will study steam/gas mixing and distribution with new well 
instrumented experiments in PANDA and MISTRA test facilities in 2007-2010. The 
subtask covers the annual fee of the OECD project and participation in project meetings.  
3.6 Northnet  
Northnet is a Nordic network for thermal-hydraulics and nuclear safety research. The idea 
of the network is to combine the resources of different research teams in order to carry out 
more ambitious and extensive research programs than would be possible for the individual 
teams. At the moment, most of the Finnish and Swedish organisations are involved in the 
activities of the network, either as research units or as end users of the results. This subtask 
covers the coordination of the network in Finland. 
 
4 Project coordination  
Project coordination is done within the task. The task also covers travelling expenses to 
scientific conferences etc., which can not directly be assigned to any other sub-project.  
 
5 NURESIM  
In 2007, VTT will continue work on condensation and simulate a chosen steam blow-down 
experiment performed in LUT. The simulations are made with the NEPTUNE code, and 
the purpose of the calculation is testing of the code. The task is closely related to ECE and 
CONDEX projects, and will be performed in close co-operation with Lappeenranta 
University of Technology. 
 
Deliverables in 2007 
 
APROS validation 
Subtask 1.1 ROSA.  
 
The APROS model of ROSA test facility was refined and test 6.2 (SBLOCA in pressure 
vessel bottom) was calculated. Overall behaviour of the experiment was well simulated 
(see Figure 2.15). The control rod guide tubes were divided in the model in 3 parallel 
croups, which improved upper head simulation. Heat losses in upper downcommer of the 
RPV were re-evaluated and reduced which improved DC water level prediction. Latest 
APROS version 5.08.05 improved greatly calculation speed and reduced mass error during 
non-condensable gas injection. ROSA test 5.1 (primary cooling through secondary de-
pressurisation in case of SBLOCA) was also calculated and work will continue with 
comparison to measured data, which became available only in December. 
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Figure 2.15. Measured and calculated primary pressure in ROSA tests 6.2 (data 
restricted). 

Subtask 1.2 support to PWR-PACTEL experiments 
A planned characterising natural circulation test with stepwise reduced water inventory 
was calculated with a reference plant model. This analysis supports planning of the 
experiment by providing estimation of the behaviour of the reference power plant. With 
reducing water inventory the natural circulation changes from single phase water flow to 
two phase steam and water flow and finally to boiler-condenser mode core cooling (see 
Figure 2.16). 
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Figure 2.16. Water inventory, core liquid level, hot leg liquid flow and core temperature in 
PWR-PACTEL reference analysis. 

Subtask 1.3 LBLOCA experiment in PSB-VVER test facility 
A pre-test analysis of PSB-VVER test facility large break loss of coolant accident was 
performed. The cold leg break of 200% was assumed. Three of four hydro accumulators 
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were used and two of them injected water to the upper plenum and one accumulator 
injected water to the downcomer. Two HPIS pump delivered cooling water to cold legs. 
One LPIS pump injected to cold and hot legs and the other LPIS pump to downcomer and 
upper plenum.  
 
During the reflood phase the analysis predicted that the core overheating began at 120 
seconds. The simulation was stopped at 760 seconds when the maximum cladding 
temperature exceeded 1200 ºC. Due to high upward steam velocity in the downcomer pipe 
all emergency core cooling water, injected to the downcomer inlet chamber and cold legs, 
was drained to the break and none of that water penetrated to the downcomer pipe and 
further to the lower plenum and core, Emergency core cooling water, injected to the upper 
plenum, formed a pool and only part of that water penetrated into the core.  
 
Also three sensitivity runs were performed. In the first sensitivity case the break discharge 
coefficient was increased from 0.75 to 0.99. In the second sensitivity case the core bypass 
flow was increased from 5 % to 6.5 %. In the third sensitivity case both the core bypass 
flow was reduced from the 5 % to 2.6 % and the accumulator injection duration was 
increased from 45 to 100 seconds. In the last sensitivity run, the second core heat up phase 
started far later than in other cases. 
 
Task 2. CFD calculations of containment 
A condensation benchmark in SARnet co-operation in WP 12-2 was calculated with Fluent 
CFD code. The first test case (benchmark-0) was a simple condensation on a cold wall of a 
rectangular flow channel. Altogether 10 organisations took part in the numerical 
comparison (CEA, FZJ, FZK, JRCP, JSI, NRG, UJV, UNIPI, VEIKI, VTT). The results 
were discussed in the WP meetings and a common report was compiled by University of 
Pisa. The SARnet condensation model evaluation will continue by comparison to measured 
data (benchmark-1). 
 
Task 3 International research programs. 
The results and the experimental data of the OECD research programs PSB-VVER, ROSA 
and SETH2 were transferred to Finland.  
NURESIM  
The work to simulate a steam blowdown experiment performed in LUT continued. 
Meshing and visualization capabilities of Salome were studied further and some automatic 
procedures were developed to speed up the practical numerical experimentation work. The 
suitable models in heat transfer in the gas/water inter-phase were studied. 
 
• Inkinen Pasi, ROSA-V Project Test 6-2 Simulation with APROS, Research Report 

VTT-R-01629-08, Espoo 2008, 18 p. + App. 7 p. 
 
• Hillberg Seppo, PWR-PACTEL stepped inventory reduction analysis with a reference 

plant model, Research Report VTT-R-02296-08, Espoo 2008, 17 p. 
 
• Junninen Pasi, PSB-VVER Large Break LOCA pre-test Analysis, Research Report 

VTT-R-00194-08, Espoo 2008, 30 p. + App. 12 p. 
 
• Comparison report of SARNET condensation benchmark-0 compiled by Prof. 

Ambrosini from Pisa University. The benchmark results will also be presented in 
ICAPP 2008 conference in the paper “European Research on Issues Concerning 
Hydrogen Behaviour in Containment within the SARNET Network of Excellence” by 
Ivo Kljenak. 
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2.4.3 The integration of thermal-hydraulics (CFD) and structural analyses 
(FEA) computer codes in liquid and solid mechanics (MULTIPHYSICS) 

The objective of the project is to improve the numerical modelling capabilities of physical 
systems including Fluid-Structure-Interaction (FSI), which 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 commercial codes, for CFD 
calculations STAR-CD and FLUENT and for FEA ABAQUS. In addition to CFD-FEA 
coupling the possibilities to use 1-D system code APROS with CFD for boundary 
condition calculations in multiphase cases are studied. Application studied in the 
MULTIPHYCIS project is Large Break Loss of Accident (LBLOCA), which is one of the 
Design Basis Accident (DBA) scenarios in nuclear power plant safety studies. Calculations 
are validated against experiments. The final result of the project will be validated 
calculation method for FSI cases. The method can be used for different kind of nuclear 
safety analysis, but it is suitable also for several applications in non-nuclear industry. 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 2007 
 
Specific goals in 2007 included the validation of the FSI calculation method for LBLOCA 
FSI calculation of the Loviisa Nuclear Power Plant (NPP). Validation was made against 
German HDR experiments. Physical size and thermal-hydraulic values of the HDR 
experiment facility are very near the values of the Loviisa NPP. Validation was made for 
STAR-CD – ABAQUS and FLUENT – ABAQUS FSI calculations. Estimation of the 
thermal-hydraulic phenomena in the pipe break point and inside the reactor after the 
LBLOCA was made using the APROS code. APROS simulations were also validated 
against HDR experiments. Comparison of the pressure vessel dimensions of the Loviisa 
NPP with the HDR test facility is presented in Figure 2.17. Thermal-hydraulic values are 
compared in the Table 2.2. Movements of the core barrel wall in the experiments and 
calculations are presented in Figure 2.18. Calculated results are in good accordance with 
the results of the experiments. The MULTIPHYSICS project is partly funded by TEKES, 
which has accepted 4 months extension for the project expiry date, which is now the end of 
April 2008. 
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Figure 2.17. Comparison of the pressure vessel of Loviisa NPP with HDR test facility. 

 
 
Table 2.2. Comparison of therma-hydraulic values of the Loviisa NPP and the HDR test 
facility. 
 
Quantity HDR PWR 
Pressure, MPa 11 12.5 
P0 − Psat, MPa 5.5 7 
Tcore − Tdownc, °C 0…50 30 
Break diameter, m 0.2 0.5 
Break opening time, ms 1…2 ? 
Core barrel length, m 7.6 8.1 
Core barrel thickness, mm 23 50 
Core barrel diameter, m 2.66 3.2 
Maximum stress, MPa 100 230 
Maximum displacement, mm 2 4…5 
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Figure 2.18. Comparison of the core barrel wall movements in the experiments and 
calculations. 
 
Deliverables in 2007 
• Results of the MULTIPHYSICS 2007 will be presented in the report Validation of 

coupled CFD – FEA calculations and system code boundary condition analyses. 

2.4.4 Participation in Development of European Calculation Environment 
(ECE) 

The goal of the project is to take part in the development and validation process of the new 
Common European Standard Software Platform 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.  
 
In the project suitable steam blowdown experiment data from the condensation pool test 
series carried out in SAFIR/POOLEX project are selected, evaluated and converted for the 
project needs. These selected experiment results are used for the development and 
validation of new simulation tools. 
 
The experiment results are investigated to ensure the suitability, quality and accuracy of 
the results for validation purposes. The new simulation tools are installed and tested for the 
validation purposes of the NEPTUNE_CFD package. NEPTUNE_CFD is planned to be 
used in SALOME, an open source platform for numerical simulation integration and 
supported by Linux operating system. 
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Specific goals in 2007 
 
Specific goals for 2007 included two tasks, NEPTUNE_CFD validation and the delivery of 
experimental result. The new simulation tools were installed and tested at LUT. Selected 
POOLEX test was used for validation of condensation models of NEPTUNE_CFD. Part of 
the work was done by a visiting post graduate student from LUT working at CEA, France. 
The experiment results from the SAFIR/POOLEX were to be delivered for validation 
needs. Another, more complex POOLEX test was planned to be delivered to NURESIM 
project for validation. However, the work concentrated in enhancing the simulations of the 
STB-31 test, thus no new experimental results were delivered. 

 
Figure 2.19. Vapor massflow rates recorded next to the blowdown pipe inlet in simulations 
where pressure inlet boundary (1.186 bar) is used. Results of 2D-axisymmetric and 3D 
simulations using Lakehal et al.(2008) and Hughes-Duffey condensation models (version 
modified by LUT) compared to the quasi-steady massflow rate in STB-31. 
 
Deliverables in 2007 
 
• The work was described in the final report “Validation of NURESIM-CFD against 

POOLEX condensation pool experiment”. Lappeenranta University of Technology has 
delivered the data of STB-31 condensation pool experiment to be used in validation of 
NEPTUNE_CFD code in the NURESIM project. The simulations of this case 
indicated clearly higher condensation rates than in the experiment, when using the 
Hughes-Duffey based stratified flow condensation model of NEPTUNE_CFD code. 
This over prediction was decreased remarkably by decreasing a numerical truncation 
parameter and by disabling the residual droplet condensation auxiliary model. After 
these modifications, at least one order of magnitude overestimation still existed. For 
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comparison, the condensation model of Lakehal et al.(2008) was implemented to the 
code. This model is an adapted variant of the Banerjee et al. (2004) model for passive 
scalar transport across sheared turbulent streams. Using the Lakehal et al. (2008) 
model, the condensation rates were significantly smaller, more stable and in the same 
order of magnitude as in the experiment. One reason for this is probably the fact, that 
in the Lakehal et al. (2008) model the turbulence kinetic energy is damped by the 
turbulence dissipation rate whereas in the Hughes-Duffey model it tends to dominate 
the heat transfer coefficient. 

• High uncertainties exist concerning the comparability of these models with the STB-
31 experiment, because the contribution of non-condensable gases is unknown. It is 
possible, that these condensation models would yield much lower condensation rates if 
accurate information of the amount of non-condensables had been included. 
Concerning the implemented version of the Lakehal et al.(2008) model, it would have 
been more preferable to use the inner scaling version of the model, because the steam-
water interface in STB-31 case was not significantly turbulent. Now, the outer scaling 
(surface divergence theory) version was used, because its implementation to 
NEPTUNE_CFD was simpler and possible to be done according to schedule of the 
NURESIM project. 

2.4.5 Condensation experiments with PPOOLEX facility (CONDEX) 

The objective of the project is to improve understanding and increase fidelity in 
quantification of different phenomena in the dry well and condensation pool of a boiling 
water reactor (BWR) containment during steam discharge. These phenomena could be 
connected, for example, to bubble dynamics, direct-contact condensation (DCC), 
chugging, pool swell, pressure oscillations, thermal stratification and global circulation and 
mixing in the pool. To achieve this understanding these phenomena have to be measured 
with sophisticated, high frequency instrumentation and/or captured on video 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. Strains of the pool wall at exactly defined locations have to 
be known for the verification of the structural analysis. Characteristics of thermal 
stratification and mixing need to be measured with an array of properly positioned 
thermocouples. The final result of the project will be an experimental database on 
condensation dynamics and heat transfer, which can be used for testing and developing 
computational 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 2007 
 
The new PPOOLEX test facility including both the dry well and wet well compartments of 
the containment and withstanding prototypical system pressures was taken into active use. 
An intermediate floor separates the upper dry well from the lower wet well. The facility 
further increases the applicability of the experiment results of the project as the focus of 
research moves towards integral experiments related to BWR containment issues. 
 
Specific goals in 2007 included two different experiment series with the PPOOLEX 
facility. The general behaviour of the facility and the performance of basic instrumentation 
was studied in characterizing experiments. Air or steam/air mixture was discharged from 
air accumulators and steam generators into the dry well compartment and from there via 

 42



 

the blowdown pipe to the condensation pool (wet well). Proper operation of automation, 
control and safety systems was tested. In addition, two fill-up and drain tests were carried 
out to determine the hydrostatic load caused by water. 
 
Selected air discharge experiments from the characterizing series were simulated with a 
CFD model of the facility. About 20-30 seconds of transient time from the beginning of the 
experiments were calculated with Fluent code. 
 
Specific experiments on the discharge of non-condensable gas (air) to the dry well 
compartment and from there through one blowdown pipe into the condensation pool 
related to the very first seconds of a main steam line break inside the containment was 
carried out. Thermal stratification in the dry well and effects of pressure feedback on the 
dynamics of gas bubbles were studied. Different flow rates were used. Bubble behaviour 
was filmed with high speed camera. Data from the beginning of the blowdown, i.e. when 
water is expelled from the blowdown pipe is used for the estimation of pressure loads. 
 
In the numerical modelling of the experiments, LUT and VTT co-operated closely through 
the NUMPOOL and EU/NURESIM projects. In addition, Nordic co-operation was 
enhanced significantly within the Northnet Roadmap 3 and POOL-NKS projects. 

 
Figure 2.20. Radical change from smooth condensation to oscillating one as the air 
fraction of flow drops close to zero during a discharge of air/steam mixture in the 
PPOOLEX facility. 
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Figure 2.30. Development of temperature stratification in the dry well compartment during 
an air discharge experiment in the PPOOLEX facility. 
 
 

 
 
Figure 2.31. Inlet plenum and part of the dry well compartment of the PPOOLEX facility. 
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Figure 2.32. Measurements at the outlet of the blowdown pipe of the PPOOLEX facility. 
 
Deliverables in 2007 
 
• Eight characterizing tests with air discharge were carried out to study the general 

behaviour of the facility. Each test consisted of several individual air blows. Pool 
water bulk temperature varied from 20 °C to 50 °C. The DN200 blowdown pipe was 
submerged by 2.14 m. Up to 42 °C temperature rise due to compression was measured 
in the gas space of the wet well compartment when the test vessel pressure was let to 
increase to 0.4 MPa (from initial pressure of 0.1 MPa). Repeatability of the air 
discharge experiments is good. Control and safety systems as well as instrumentation 
functioned properly. 

 
• Four characterizing tests with air/steam mixture discharge were carried out. Only pure 

air is first blown from the dry well compartment to the wet well pool and therefore 
condensation related phenomena is not present during this phase. Soon, the 
concentration of steam among the flow starts to rise and condensation of steam 
bubbles at the blowdown pipe outlet begins. Radical change from smooth 
condensation behaviour to oscillating one with pressure pulses occurs quite abruptly 
when the air fraction of the flow drops close to zero. The tests demonstrated the strong 
diminishing effect that non-condensable gases have on dynamic unsteady loadings 
experienced by submerged pool structures. 

 
• Characterizing tests CHAR-09-1 and CHAR-09-3 were simulated with Fluent code by 

using a CFD model of the facility constructed at VTT. Due to very long calculation 
times only about 20-30 seconds of transient time from the beginning of the 
experiments was simulated. Calculation of system pressure seems to be correct but 
some deviations (usually overestimation) in the temperature curves between the 
experiment and simulation can be found. Temperature calculation is affected by the 
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fact that thermal capacity of the structures and heat losses of the facility have not been 
modelled. 

 
• Five experiments on the early phase of a main steam line rupture were carried out. 

Extra temperature measurements were added to the dry well compartment before the 
experiments. Temperature distribution in the dry well compartment during the 
pressure build-up phase was measured. Strains on the pool bottom and vertical 
movement of the facility connected with the ejection of water from the blowdown pipe 
were measured in two experiments. Pressure feedback effects were studied by running 
an experiment where the test vessel counterpressure was increased in steps (between 
experiment runs) and in each step air was discharged from pressurized accumulators to 
the dry well compartment and from there to the condensation pool via the blowdown 
pipe. 

 
• NORTHNET RM3 meetings were arranged and participated. Co-operation 

possibilities related to PPOOLEX experiments and computer simulations between 
Finnish and Swedish research organisations and BWR operators were discussed. 
Combined POOL-NKS application by LUT, VTT and KTH was written and delivered. 

2.4.6 Large Break Loss of Coolant Accident Test Facility Study (LABRE) 

The first objective of the project is to find out if there exists relevant measurement data for 
CFD and structural analysis code validation during large break loss of coolant accident. 
Information on test types including parameters and other associated data will be gathered. 
 
If there are white spots in the existing experimental database, actions will be proposed to 
enhance the situation, i.e. quantities to be measured, design of an experimental facility, 
experiment types etc. The common ultimate goal is to improve nuclear reactor safety in 
large break loss of coolant accident situation. 
 
This project helps to enhance the models of existing tools for analysis of the structural 
loads in large break LOCAs. This is achieved by collecting and reviewing the existing 
relevant experimental data, and if considered necessary by designing a small scale pilot test 
facility. The project will strengthen Finnish knowledge and networking between 
experimental and analytical work in Finland, later also internationally. Education of new 
experts is an essential part of the project. 
 
Specific goals in 2007 
 
Available large break LOCA test data was widely searched for and its usefulness for 
validation of modern CFD and structural analysis codes was reviewed. The final report was 
written and special attention was paid to the measurements used in the reviewed test 
facilities. Therefore the essential information from each reviewed facilities was summarized 
in the report. Findings of the project were that the HDR tests made in early 1980’s are the 
most advanced so far. However, the effects of certain break parameters (break opening time, 
pipe length) were not studied in these tests.  
 
Deliverables in 2007 
 
• A report on available large break tests including a review of their suitability for CFD 

and structural analysis code validation was written. 
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2.5 Severe Accidents research area 

There were four projects going on in 2007 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 (COMESTA) and Hydrogen Risk in 
Containments and Particle Bed Issues (HYRICI).  

2.5.1 Release of radioactive materials from a degrading core (RADECO) 

Iodine is one of the most important fission product released in a nuclear reactor accident. 
The main reason for this is that a significant fraction of iodine may exist in a volatile form. 
The understanding of iodine behaviour in containment has advanced considerably over the 
last decades, but there are still some areas where further investigation is needed. Organic 
iodide formation in post accident containment could result from gas or aqueous phase 
homogeneous processes, or from processes initiated at the painted surfaces in containment.  
There is some data available on the production of organic iodides from painted surfaces, 
but reactions of iodine with different types of paints may be different. 
 
Volatile iodine will be adsorbed at and desorbed from surfaces above the sump area. From 
a safety perspective, painted surfaces are among the most important especially for those 
plants with small sump volumes but with very large containment painted surface areas; 
their action on iodine behaviour is two-fold: they act as a sink for I2 and as a source for 
volatile organic iodine. Radiation plays a strongly enhancing role, as it induces fast 
radiochemical reactions between iodine and the paints or paint components. 
 
Specific goals in 2007 
 
The adsorption of elemental iodine on painted surfaces and production of organic iodides 
on surfaces was studied. The paints used in finish NPP are tested in the experiments. In 
first year the construction of test facility, design of the tests and test with radioactive iodine 
in water were planned to be performed.  In addition, VTT participates OECD/BIP project, 
which started 1st July 2007. The information from the project is useful to compare our own 
experimental iodine test results, especially the modelling part could be helpful to 
understand the phenomena. 
 
The formation of organic iodine on painted surfaces in the radiation field was studied 
irradiating painted concrete blocks in bottles filled with water. The solution had the same 
chemical composition as the sump water in Loviisa reactors (pH 9.3). The second set was 
performed using this same solution after neutralisation with hydrochloric acid. The gas 
flow (Air or N2) was lead through the apparatus during the irradiation to collect the volatile 
reaction products by trapping the inorganic I2 in a solution of NaOH (2 g/l) and organic 
iodides in ethanol (Figure 2.33). The radiation doses varied from 5 kGy to 45 kGy.  
 
The results show that the adsorption of iodine on the surface is possible even without 
radiation. The adsorption increased in lower pH and especially on the newly painted 
surface with air flow. The newly painted surface was only less than one month old in the 
beginning of the experiment. Some experiments with various doses and pH will be done to 
study if some months stay after the painting of the surface has any effect on the iodine 
adsorption. According to these results some of the iodine adsorbed on the paint in the 
beginning of the irradiation may release later during the longer irradiation. 
 
In the experiments with pH 9.3 only in one experiment some release of inorganic iodine 
was noticed. In high pH no release of organic iodides was noticed. When pH was 
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decreased to 7, organic iodide is present in the ethanol traps. The tests with long 
irradiations (higher dose rate) show no release of iodine in any form. Some further tests are 
needed to ensure these results. It may be possible, that during the long experiment part of 
the organic iodine will run through the ethanol traps. This should not be possible with I2.  
One explanation is the absorption on the surfaces on traps or lines. Some experiments 
using higher amount of tracer will be needed to find out if the iodine was released or if it is 
on the surfaces. 
 
According to these experiments the formation of the organic iodine is very limited even in 
neutral solution.  
 

 
 
Figure 2.33. Gammacell 60Co source was used to irradiate the samples during the 
experiments. In this study experiments were done in Loviisa sump water having pH of 9.3. 
Some tests in Olkiluoto pH and calculated iodide concentration in water are planned for 
year 2008. The adsorption of iodine on the painted surface in different pH and different 
solution can also be of interest. 
 
The work continues with studies to measure the rate of organic iodide formation from 
iodine (as I2) adsorbed from the gas phase on dry painted surfaces and comparing these 
results with the rate of organic iodide formation from surfaces containing iodine adsorbed 
from the aqueous phase on painted surfaces.   
 
Deliverables in 2007 
 
• Kekki, T., Zilliacus, R. Formation of organic iodine in water-Progress report February 

2008, VTT Research report VTT-R-01090-08, 10p.   
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• Travel report of 1st Meeting of the BIP (Behaviour of Iodine) Project Programme 
Review Group has been sent to the reference group.  

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

2.5.2 Primary circuit chemistry of fission products (CHEMPC) 

The project is divided into four subtasks. The work on primary circuit chemistry is 
conducted in close collaboration with IRSN Caradache research centre (2006-2010). The 
objective of the study at VTT is to determine iodine compounds released due to the 
reactions on the surface of primary circuit piping. At the same time IRSN will focus in the 
gas phase chemistry of iodine in similar experimental conditions. A further objective for 
2007-2010 is to develop together with IRSN an online measurement system for fission 
product aerosols, which is capable to differentiate gaseous and vapour phase species from 
particles at a temperature of 700-1000°C. 
 
VTT will continue to follow up Phebus FP and International Source Term Programmes 
(ISTP) and participate in the interpretation of the results. VTT will also participate in an 
international experts group on the potential future uses of the Phebus facility in nuclear 
safety research. 
 
The ruthenium transport experiments conducted at VTT will be modelled using Fluent 
CFD software. The objective of the study is to quantify the transportation phenomena 
observed in the experiments. The aim of the work is to apply the data obtained with the 
small scale experimental facility into a full scale primary circuit. 
 
In ARTIST experimental program fission product retention in the structures of a steam 
generator is studied in tube rupture scenarios. The objective of the program is to provide a 
unique database to support safety assessments and analytical models. VTT conducts 
aerosol measurements and characterisation in ARTIST integral experiments at PSI. VTT 
also participates in the program by conducting aerosol deposition and resuspension 
experiments in order to develop a database for fine particle resuspension. Data will be 
applied in the validation of a resuspension model developed at VTT, University of 
Newcastle and IRSN. 
 
Specific goals in 2007 
 
Specific goals of the project include manufacturing and testing a hot and a low temperature 
sampling and dilution systems for the CHIP facility. These were assembled to the test 
facility at IRSN Cadarache research centre. A similar facility to study high temperature 
chemistry of iodine was built at VTT. A major task was also to review Phebus FPT-2 final 
report chapters related to fission product transport in the primary circuit and mass balance 
in the experiment. VTT participated in the meetings of international experts group to study 
potential future uses of the Phebus facility in nuclear safety research. The ruthenium 
transport experiments conducted at VTT during the SAFIR program were modelled with 
Fluent CFD software. In order to set the boundary conditions and to validate the 
calculations, extensive set of temperature measurements were conducted at the facility. 
The planning of ruthenium containment chemistry experiments at Chalmers University was 
participated. Experiments with aerosol deposition and resuspension in internal tube flow 
were conducted. Based on the obtained data models developed at VTT, University of 
Newcastle and IRSN will be validated. And lastly, VTT participated in the aerosol 
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measurements during ARTIST integral experiment as well as in the interpretation of the 
data. 
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Figure 2.34. Simulated deposition profiles of ruthenium oxides at different furnace 
temperatures and comparison with measurements. 
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Figure 2.35. Figure is showing good agreement between measured and estimated CO2 
concentration in a sampling line even with high dilution ratio (1/30), when pressure in the 
system is varied. 
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Deliverables in 2007 
 
• Ruthenium transport experiments conducted at VTT during years 2002-2006 were 

modelled with Fluent CFD software. Experiments gave information about ruthenium 
behaviour in air ingress accident conditions. This study complemented those 
experiments with an analysis of the flows and thermal fields in the test system as well 
as with an analysis of ruthenium transport. Thermal characterisation of the reactor 
demonstrated that buoyancy has a significant role during the cooling after the furnace. 
A hypothesis of the dominant role of RuO2 and RuO3 condensation on reactor walls 
gave simulation results that are in accordance with radiotracer measurements of 
deposition in experiments conducted with furnace at 1500 K. The comparison is 
presented in Figure 2.34. Actually, RuO3 does not condensate, but it thermal 
decomposes to RuO2. This does not seem to have effect on result. Particle formation 
around the furnace exit could be detected from the comparison of modelling results 
with the measured profiles. Thermal equilibrium indicates significant gaseous RuO4 
concentration around 1300 K. It seems that seed particles decreased the catalytic 
decomposition activity of RuO4 to RuO2 around this temperature pushing the gas 
concentration towards the equilibrium, and further give rise to gaseous RuO4 transport 
to low temperatures. At higher temperature increasing mass flow rate of RuO2 
particles is likely to catalyse (decomposition) reaction of RuO4 to RuO2. 

 
• In the qualification tests the sampling system designed for CHIP –facility was shown 

to perform adequately in the expected experimental conditions. The system was not 
sensitive to changes in test parameters, even if they went far beyond those required in 
actual experiments. Close agreement between estimated and measured dilution ratio 
can be observed in Figure 2.35. Moreover, the accuracy and relatively fast response 
time of the flow control system enable adaptation of the system to accommodate 
various other measuring instruments. One of the main objectives of the sampling 
system was to minimize losses of the hot leg sample during cooling of the flow. In 
order to accomplish that a special two stage diluter was designed for the system. In the 
integral tests it was found out that the combined losses due vapour condensation, 
thermophoresis and chemical reaction were 8% to the pre-heated inlet of the diluter 
and 0.08% to the diluter itself. As expected, losses to the cold leg sampling line were 
insignificant. 

 
• Progress in the manufacturing of facility for experimental study of iodine chemistry 

(EXSI) was reported. In the experiments the release of fission products due to reactions 
on the surfaces of the primary circuit and the radiolytic oxidation of iodine in the 
containment atmosphere will be studied. These experiments are complement research 
on gas phase chemistry of fission products conducted in CHIP program. 

 
• A masters thesis and a special assignment on fine particle resuspension in turbulent 

tube flow were completed. The work is related to study of fission product release in 
hypothetical SGTR accident. Data from the experiments is applied in validation of 
fission product transport codes. 

 
• Phebus FP and ISTP follow up meetings were participated and a report on possible 

future uses of Phebus facility for reactor safety studies was published. 
 
• Results from the project were presented in several international conferences including 

ICAPP2007, ERMSAR 2007, EAC 2007 and AAAR 2007. Manuscript on ruthenium 
research was submitted to Nuclear Engineering and Design. 
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2.5.3 Core Melt Stabilization (COMESTA) 

The objective of the project is to investigate the phenomena of molten core – concrete 
interactions and coolability of core melt and to develop competence for computational 
modeling of severe accidents. The behavior of the special sacrificial concrete in the EPR 
reactor pit under pouring of metallic melt from the reactor pressure vessel is examined in 
the HECLA experiments. The international OECD/MCCI-2 project generates new 
knowledge of the interactions between oxidic corium and concrete in 2-dimensional 
geometry and of the coolability of core melt. Via the CSARP agreement the latest versions 
of the severe accident simulation program MELCOR are got into use. In addition, 
competence to use the CORQUENCH code for calculating core melt coolability is created. 
 
Specific goals in 2007 
 
The biggest part of the project are the HECLA experiments, in which 50 kg of metallic 
melt is poured into a cylindrical concrete crucible (Figure 2.36). They aim at investigating 
the accident scenario in which metallic melt flows from the reactor pressure vessel to the 
reactor cavity, which is made of concrete. The target is to find out how the concrete 
behaves under this very rapid temperature change. It might cause so-called spalling, i.e. 
pieces cracking off from the concrete surface. Another target is to examine the behavior of 
the special sacrificial concrete type used in the EPR reactor cavity. 
 

 
 
Figure 2.36. Surface of the melt pool in the HECLA-2 experiment. 
 
OECD/MCCI-2 is an international experimental research project on corium melt 
coolability and concrete interactions. In the frame of COMESTA, Finland participates to 
the MCCI-2 project. We can influence the planning of the experiments, which are 
conducted at Argonne National Laboratory in the United States. We also get the results and 

 52



 

the measurement data of the experiments, and they can be used for analysis purposes. 
Figure 2.37 shows some results of a heat transfer analysis conducted at VTT. Participants 
of the MCCI-2 project also got a beta version of the CORQUENCH computer code that 
can be used for simulating melt–concrete interactions and melt pool coolability. In the 
COMESTA project, the usage of CORQUENCH was learned, and the code was tested in 
experiment simulations and reactor accident scenarios. 
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Figure 2.37. Results of a heat transfer analysis of three CCI experiments. Each dot marks 
the average heat transfer coefficient during one minute as a function of superficial gas 
velocity. The different colors denote data from three different experiments, and the line 
shows a new heat transfer correlation. 
 
MELCOR is an integral severe accident analysis code, developed in the USA. In the frame 
of the COMESTA project, Finland participates to CSARP (Cooperative Severe Accident 
Research Program). This gives us a license for latest versions of MELCOR and the right to 
participate to the annual CSARP meeting. 
 
Deliverables in 2007 
 
• HECLA-2 experiment was conducted. It involved pouring of 50 kg of stainless steel at 

1700 °C into a cylindrical crucible made of siliceous concrete. In the beginning, the 
axial and radial ablation rates were about equal. Later, the radial ablation stopped, but 
the axial ablation continued for about two minutes. The final ablation depths were 25–
30 mm in the basemat and about 15 mm in the sidewall. Despite the very rapid 
temperature change of the concrete, spalling did not occur. Instead, the concrete 
ablation seems to be caused by heat transfer and melting. The experiment was 
calculated with MELCOR 1.8.6 and CORQUENCH 3.0 computer codes. Neither of 
them can satisfactorily simulate the pouring phase of a melt–concrete interaction. This 
is not surprising because they do not have models for jet impingement heat transfer. 
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• A presentation of the HECLA experiments was given in the MCCI seminar in 
Cadarache. In addition, a joint paper on the HECLA and VULCANO experiments was 
submitted to the ICAPP’08 conference, in collaboration with CEA. 

• The program review group and management board meetings of the OECD/MCCI-2 
project were attended. The management board accepted Finland’s proposal for testing 
a concept of top- and bottom-cooling of a corium melt pool, similar to the EPR core 
catcher. Trip reports with brief technical descriptions of the results obtained in the 
research program were written. CCI-4 experiment confirmed that the radial/axial 
ablation ratio is very different for siliceous and LCS concrete types. 

• A heat transfer analysis of the CCI experiments 1–3 was conducted. A new method 
was developed for calculating heat transfer rates from a melt pool to concrete, utilizing 
measured temperatures inside the concrete. The new method gives better results than 
traditional methods during slow concrete ablation, and its time resolution is 
significantly better. A regression analysis was conducted for the evaluated heat 
transfer coefficients and gas release rates. As a result, three heat transfer correlations 
were obtained. For the basemat, a single correlation can be used for both siliceous and 
limestone / common sand (LCS) concrete types (see figure 2). In contrast, for the 
sidewall two different correlations are needed for the two concrete types. An article on 
the analysis was written and accepted for publication in the Nuclear Engineering and 
Design journal. 

• The CSARP agreement with the U.S.NRC was extended by three more years. Via this 
agreement, latest versions of the MELCOR code are obtained for the Finnish nuclear 
energy organizations. The annual CSARP meeting was attended. 

• CORQUENCH is a new computer code for simulating corium behavior in reactor 
cavity, developed in Argonne National Laboratory. It includes state-of-the-art models 
for melt pool coolability. The code was applied for the CCI-1 experiment and an 
Olkiluoto 1&2 severe accident scenario. A benchmark calculation exercise in the 
frame of SARNET was participated using CORQUENCH. The results appear 
promising, even though the code is still a beta version. 

2.5.4 Hydrogen risk in containments and particle bed issues (HYRICI) 

The project consists of two separate research topics in the field of severe accident analysis. 
The objective of the first part is to improve analysis capabilities and increase 
understanding of hydrogen behavior within the containment during a severe accident.  The 
objective of the second part is to study the coolability of a heat-generating particle bed 
which is formed as a result of discharge of molten corium into a water pool after pressure 
vessel failure. The work consists of computational and analytical studies and a new STYX 
test series which is to be performed in 2008. Presently, two CFD codes are applied to 
hydrogen distribution and combustion problems, namely FLUENT and TONUS.  
Validation of the codes is required to verify their suitability to predict hydrogen behavior 
in the Finnish nuclear power plant containments. The WABE code which contains a 2D 
modeling approach to coolant flow within porous materials is applied to particle bed dry-
out problems. The code is validated against the VTT STYX experiments. Two 
international research programmes are associated with the project: the follow-up of the 
OECD THAI project and the research work involved in the EU SARNET network project 
in the area of hydrogen combustion. 
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Specific goals in 2007 
 
The specific goals in 2007 were 1) to conduct a literature study for selection of appropriate 
tests for code validation, 2) to model the selected hydrogen tests by using the TONUS and 
FLUENT codes, 3) to assess and validate the code WABE for 2D-analyses of coolability of 
ex-vessel debris bed in Olkiluoto 1 and 2 by calculation of the STYX tests 4) to distribute the 
OECD THAI programme deliverables to Finnish nuclear energy partners and 6) to contribute 
analytical research work to the EU SARNET networking programme. In 2007, an ICONE-
15 conference paper describing the modeling work which was initiated in 2006 in the 
CAPHORN project in co-operation with VTT and CEA was presented and published. The 
results of the ENACCEF hydrogen deflagration benchmark calculation were summarized 
and delivered for comparison in an ERMSAR-07 paper. These calculations were performed 
using both FLUENT and TONUS with the bulk of the work conducted outside the current 
project. The FLAME F-19 hydrogen combustion test was modelled for code validation and 
user training purposes by utilizing the Arrhenius detonation model implemented in the 
TONUS code. Chemical kinetics calculations for detonation properties of the gas mixture in 
the test case were made. Two conference draft papers were submitted. The meetings of the 
OECD THAI were attended and the modelling work for the first THAI tests was initiated in 
the end of 2007 with participant from several institutions and different codes, including VTT 
with FLUENT being the primary code. The STYX experiments were modelled with the 
newly acquired WABE code. Different grids and heating profiles were tested and a 
comprehensive report, work on which had already started in the previous CAPHORN project 
was, prepared. Code user skills and experience for TONUS or WABE was gained in all the 
simulation tasks. 

 

Figure 2.38. Progress of a simulated detonation wave in a hydrogen-air mixture at 3ms 
and 5ms after the onset of detonation. 
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Deliverables in 2007 
 
• A research report of using the TONUS code for hydrogen detonation modeling was 

written. The report includes the comparison of simulation results to the test results and 
to chemical kinetics calculations. The results were in reasonable agreement with the 
results of the chemical kinetics analysis but the difficulty of comparing the results to 
old test data was highlighted.  

• A WABE validation report which compares a large selection of simulations with 
parameter variation to the test results was prepared in co-operation with the code 
owners at IKE Stuttgart.  

• Two travel reports were written of the OECD THAI project meetings and information 
distributed to the Finnish nuclear energy partners.  

• The ENACCEF benchmark calculation results were compiled and submitted to 
SARNET partners who jointly prepared a summary of the contributions of IRSN, JRC 
and VTT and presented it at the ERMSAR-07 meeting.   

• An ICONE-15 paper which describes the modelling of hydrogen deflagration tests 
which were conducted at CEA, France during a TONUS training period in 2006 was 
presented and published in the conference proceedings.   

2.6 Structural safety of reactor circuit research area 

There were six projects going on in 2007 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) and Influence of material, environment and strain rate on 
environmentally assisted cracking of austenitic nuclear materials (DEFSPEED). 

2.6.1 Risk informed inspections of piping (PURISTA) 

Risk-informed in-service inspections (RI-ISI) aim at rational in-service inspection 
management by taking into account the results of plant-specific risk analyses in defining 
the inspection programme. The fundamental idea is to identify risk-significant locations 
where the inspection efforts should be concentrated. Even if RI-ISI has been widely 
applied in US, European utilities and safety authorities feel that several issues need further 
research, and the US approaches cannot be adopted as such. The overall objective of the 
project is to support the implementation of risk-informed in-service inspection (RI-ISI) at 
Finnish nuclear power plants by studying relevant issues related to RI-ISI. Main objectives 
are the development of structural reliability methods for quantification of piping leak and 
break probabilities, the development of methods for evaluating inspection capability and 
the link between inspection qualification, detection probability and RI-ISI, and studying 
issues related to risk-ranking, selection of inspection sites and acceptance criteria of a RI-
ISI programme. 
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Specific goals in 2007 
 
Specific goals in 2007 were grouped under four subprojects. In the first one the goal was to 
develop further methods and tools to support the quantification of leak and break potential 
due to various degradation mechanisms. The goals of the second subproject, related to the 
reliability of inspections, were to investigate the inspection reliability through NDT 
simulations, and to study the quantification of inspection qualification to provide a link 
between RI-ISI, detection probability and qualification. In the third subproject, the main 
goal was to participate in the OECD/NEA-JRC co-ordinated benchmark on RI-ISI 
methodologies, RISMET, especially in the evaluation of risk ranking and selection of sites 
for inspection. The RISMET benchmark is a unique comparative study of various 
approaches to set up an ISI programme, and its results are expected to improve the 
knowledge on differences in approaches and their impact on plant safety. Further, 
sensitivity studies on the degree of detail needed for probability of detection (POD) 
assumptions in RI-ISI were studied. The goals of the fourth subproject were to participate 
in international co-operation, especially in the activities of the European Network for 
Inspection and Qualification (ENIQ).  
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Figure 2.39. A schematic presentation of the RI-ISI process. 
 
Deliverables in 2007 
 
• Research work on structural reliability analysis methods resulted in further 

development of a probabilistic fracture mechanics (PFM) tool. Assessment of 
probabilistic distributions for depth and length of the existing fabrication cracks was 
added to the analyses, assessment of initiation probability of low-cycle fatigue induced 
cracks was developed, and probabilistic treatment of cyclic loads in PFM analyses 
concerning low-cycle fatigue induced cracking was developed. The new features were 
tested in a pilot analysis of the auxiliary feedwater system of a Finnish BWR unit and 
documented in a research report. 

• A conference article entitled “Operational Displacement Shape Based Estimation of 
Vibration Borne Stress Variation in a Pipeline” was prepared for the Conference & 
Exposition on Structural Dynamics, IMAC XXVI. 

• The Civa simulation program functions to produce and control noise in defect 
response simulations of ultrasonic inspections were investigated. Also several 
simulations using different ultrasonic transducers together with varying noise levels 
were performed. The simulation results were analysed and documented in a work 
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report. Comparison of the simulation results with the information from realistic 
inspection results would enable the assessment of the POD achievable using different 
ultrasonic techniques. 

• The project participated in a European study to test a framework for quantifying the 
European inspection qualification process, providing a measure for the inspection 
detection probability. Two pilot studies were carried out and preliminary results were 
reported in a conference paper. 

• Contributions to the RISMET benchmark project on the evaluation of failure 
probability assessment and on the differences in risk ranking and inspection site 
selection were drafted and preliminary results were reported at the project meetings. 

• Analyses of the effect of POD detail on the failure probability estimates, and the 
demonstration of compensating inspection capability with shortening inspection 
interval were carried out. Sensitivity of risk reduction to probability of detection 
curves level and detail were published together with the Joint Research Centre of the 
European Commission.  

• The participation in and coordination of international work in the area of RI-ISI 
included following activities: participation in IAEA consultancy on a technical 
document on RI-ISI; participation in the work and chairing of the OECD/NEA-JRC 
benchmark exercise to compare RI-ISI methodologies; participation in the work and 
chairing of the Task Group Risk of the European Network for Inspection and 
Qualification, working towards harmonisation in the field of codes, standards and best 
practices for RI-ISI methodologies; presentation of the current status and experience 
of application of RI-ISI in Finland at the Kärnteknik seminar in Sweden. 

2.6.2 Fatigue endurance of critical equipment (FATE) 

The project aims to improve and verify models used for assessment of fatigue endurance 
and failure probability of nuclear reactor pressure boundaries and critical components. 
Quantitative, mechanism based and risk informed probabilistic evaluation of fatigue crack 
initiation and short crack growth due to thermal and/or mechanical loads is aimed. 
Applicability of design and evaluation practices will be assessed and discussed aiming to 
global enhancements. 
 
Specific goals in 2007 
 
Specific goals in 2007 included launching and networking of the project as part of a 
broader activity, upgrading of the fatigue autoclave facility suitable for transient 
simulations, transmission electron microscopy to begin a systematic research of the cyclic 
material behaviour and development of a material model applicable to numerical 
modelling in ABAQUS code.  
 
Linking of the project with parallel activities to build a broader activity was withdrawn to 
avoid administrative problems related to the originally aimed linking. The general 
ambitions were tuned accordingly.  
 
Hardware suitable for new control and measuring application was purchased and a basic 
software application for transient simulation capability was developed. Though verification 
of the facility remains to be completed in connection of relevant experiments, we consider 
the preparedness for transient simulations sufficient to propose critical experiments for 
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assessing the severity of typical plant transients in terms of environment assisted fatigue of 
primary loop pressure boundaries. This is a completely new area of research with potential 
applications for plant life management and design of new reactors.  
 
In order to design materials for fatigue-worthiness, or to better predict the behaviour of 
materials in cyclic loading and primary loop conditions, it is necessary to have an 
understanding of the underlying mechanisms of degradation. A key tool to understanding 
the mechanisms operating in various fatigue regimes is transmission electron microscopy 
(TEM). A first transmission electron microscopy (TEM) examination of low-cycle fatigue 
deformation microstructures in 316 stainless steel was performed to obtain experience and 
general insight for further studies, Figure 2.40. All examined specimens exhibited strongly 
cellularized micro-structures in their gauge region, which would be associated with the 
cyclic softening phase. However, some dislocation planarization was also observed. Strain 
planarization might be associated with a secondary hardening phase observed in this steel. 
The secondary hardening is most likely a consequence of the accumulation of stacking 
faults, which promoted the strain planarization, and thus hardened the material by 
reversing dislocation annihilation that was occurring during the cellularization process in 
the cyclic strain softening stage.  
 
Cyclic material behaviour was studied also from a completely different point of view. The 
cyclic stress strain response of the pressure boundary materials is of interest not only in 
research of damage mechanisms. Namely, one should be able to simulate the response in 
elastic plastic finite element models used for stress analysis. Strain localisation and the 
margin against fatigue crack initiation in reactor components are influenced by the cyclic 
softening/hardening behaviour of the steel. But strain history dependent changes in stress 
response are difficult to handle in FEA. Development of a specific material model 
applicable to numerical modelling in ABAQUS code it thus needed. Based on previous 
work in the area, a synthesis in form of a manuscript for a scientific journal paper was 
prepared. The synthesis was useful also for comparison of the metallurgical and continuum 
mechanics points of view and for planning of the further work. 
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Figure 2.40. Dislocation cell structure in spectrum strained (εa,max = 0.8%) 316 stainless 
steel. A relatively advanced state of strain accumulation is suggested by some evidence of 
dislocation motion within the cells. 
 
Deliverables in 2007 
 
• Hardware suitable for new control and measuring application in the fatigue autoclaves 

was selected. Programming for new capability of strain controlled transient simulation 
in constant temperature is ready waiting for software verification in connection with 
relevant experiments.  

• A TEM study was performed focussing to dislocation structures in three previously 
tested fatigue specimens. Promising results were obtained, discussed and reported as a 
research report.  

• Deformation mechanisms were considered also when evaluating the new NRC 
Regulatory Guide 1.207 (March 2007) and its background (NUREG 6909 (2007) from 
mechanism and material selection point of view.  

• Available cyclic material models applicable for ABAQUS code were discussed and 
ideas for a new cyclic material model were proposed. This work resulted to a 
manuscript of a scientific journal paper.  

2.6.3 Water chemistry and oxidation in the primary circuit (WATCHEM) 

The project aims at increasing the knowledge on material – water chemistry interactions so 
that potentially safety related effects arising from changes in plant water chemistry 
operation policies can be evaluated in before hand. 
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The first objective (Task 1) is to study how different water chemistry conditions (e.g. 
normal vs elevated alkaline concentration and optional water chemistries) affect the 
oxidation rate of different fuel cladding materials. This information is obtained with 
experimental tests in relevant conditions. The results will be used in modelling in order to 
get estimates for the relevant parameters of the oxidation processes. Through this 
modelling approach the risks involved in application of new water chemistries can be 
estimated. 
 
The second objective (Task 2) is to study the decontamination procedures available at the 
moment and options for chemistry conditions in these processes. This task consists of a 
thorough literature survey of the subject together with experimental tests in relevant 
conditions in which the different decontamination procedures are verified. With this 
approach a high enough competence level can be reached to enable selection of the best 
plant specific commercial decontamination practise.  
 
The third objective (Task 3) is pre-oxidation of component and system surfaces, which 
can have a crucial effect on the corrosion rate and activity incorporation onto the surfaces.  
Knowledge on optimisation of pre-oxidation techniques is needed both when 
decontaminated components and/or system parts are taken back into use and when new 
systems are taken into use for the first time. This will be especially important when the Hot 
Functional Test (HFT) procedure of the EPR (OL3) is evaluated. 
 
The fourth objective (Task 4) is to evaluate the effect of dissolved H2 on the stability of 
the oxide films on nickel-base alloys and their weldments during cool-down of a PWR. 
This knowledge will support the evaluations in the EAC-project within SAFIR2010 on the 
maximum H2 concentration to avoid the Low Temperature Crack Growth (LTCG) 
phenomena. 
 
Specific goals in 2007 
 
Specific goals in 2007 included a comprehensive set of experiments to verify the 
sensitivity of the developed technique to changes in water chemistry. The effect of elevated 
KOH-concentration on oxidation behaviour of two different nuclear fuel cladding alloys, 
namely E110 (Zr1%Nb –alloy) and Zircaloy-4 as a reference alloy, was used as a specific 
target for this purpose. Additionally the goals included performing two thorough literature 
studies, first one on decontamination methods and the second one on Hot Functional 
conditioning methods used in nuclear industry.   
 
The experimental test series was first of its kind in the world, utilising the Controlled 
Distance Electrochemistry (CDE) technology developed earlier in this program and its 
predecessors. The experiments proved that the CDE technique is sensitive enough to 
enable quantitative evaluation of the effect of the major pH-controlling chemical, KOH, on 
the oxidation rate of the cladding alloys. The results were confirmed by conventional 
weight loss coupon experiments carried out under similar experimental conditions. These 
results formed a major part of an M.Sc. thesis performed as part of the project. The results 
were also communicated within the IAEA Coordinated Research Project (CRP) on 
“Optimization of Water Chemistry Technologies and Management to Ensure Reliable Fuel 
Performance at High Burnup and in Ageing Plants (FUWAC)”, as well as in the form of a 
scientific journal paper (Journal of Nuclear Materials). 
 
The results from the literature studies indicated that although the LiOH and H2 
concentrations necessary for an optimal Hot Functional conditioning have been 
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established, there is no consensus on the minimum conditioning time needed or on the 
possible role of boric acid. These parameters will be experimentally studied within this 
project in 2008. 
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Figure 2.41. Effect of KOH content on the average oxidation layer thickness on two 
different fuel cladding alloys. Exposure time 100 hrs, T = 310oC, simulated VVER 
conditions. 
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Figure 2.42. Effect of increasing KOH content is seen as a corresponding decrease in 
impedance (/Z/ ~ oxide layer resistance to oxygen diffusion). 
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Deliverables in 2007 
 
• A set of more than three experimental runs, of 100 hour duration each, was carried out 

at each of the three KOH concentrations, separately for both of the cladding alloys, 
resulting in a total of more than twenty (>20) experimental runs.  

• The Mixed Conduction model (MCM) was further developed by successfully 
introducing a so-called Havriliak-Nagami –element to describe the response of the 
outer layer of the oxide growing on the fuel cladding alloys.  

• The experimental results were successfully modeled with the modified MCM-model 
and parameters describing the oxide growth process were derived from the model. 

• The work was completed and reported in the form of an M.Sc. thesis and a scientific 
journal paper was offered to be published in the Journal of Nuclear Materials. 

• The literature studies were completed and reported in VTT Research Reports –series. 

• The results from the experimental work were also communicated within the second 
Research Coordination Meeting of the IAEA’s Coordinated Research Project (CRP) 
on “Optimization of Water Chemistry Technologies and Management to Ensure 
Reliable Fuel Performance at High Burnup and in Ageing Plants (FUWAC)”, 
Chennai, India, 11-14 December, 2007. 

2.6.4 Monitoring of the structural integrity of reactor circuit (RAKEMON) 

Non-destructive testing techniques are used to monitor the condition of the structures of 
reactor circuit during the operation of nuclear power plants. The in-service inspections 
(ISI) are normally performed during the shutdown period but there is also increasing need 
to monitor the condition of components during service by on-line methods. The tendency 
worldwide and also in Finnish nuclear power plants is to improve the efficiency of in-
service inspections by applying risk-informed methods to the selection of inspection items, 
methods and timing of in-service inspections. This kind of ISI-programme is supported by 
on-line monitoring techniques that are used to focus the inspections to areas where failures 
are most probable and/or consequences are most severe.  
 
There is a specific need to improve the reliability of NDE-techniques used for the ISI of 
bimetallic welds and inspection items where access is limited.  Ultrasonic simulation can 
be used to optimize the inspection techniques for these problematic inspection areas. 
 
The aim of this project is to develop techniques and monitoring systems that can be used to 
monitor the structural integrity of the primary circuit components. The aim is to develop 
measurement systems both for detection and analysis of macroscopic flaws and 
microscopic changes in the material that are often preceding the macroscopic failure. In 
2007 the basics for the design of monitoring system have been studied. 
 
It is also necessary to develop inspection techniques that can be applied to reactor circuit 
components where the access is restricted and decreasing the reliability of inspection. This 
kind of inspection items are e.g. welds with coarse grain size and nozzle welds where the 
difficult geometry is restricting the performance of inspection.  
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Specific goals in 2007 
 
Specific goals in 2007 included three main areas. The first was the literature review which 
was also a good way to educate a new research scientist to be more familiar with different 
non destructive evaluation methods and their usability in nuclear environment. The second 
area was the simulation of difficult inspection geometries and anisotropic weld materials. 
The third area was the applicability of fibre optical sensor technology for nuclear 
environment. 
 
The different techniques of non-destructive evaluation that can be applied to on-line 
monitoring of piping and components have been thoroughly reviewed in a wide scope 
literature review. Special emphasis was put on techniques that can be used to monitor the 
whole through-thickness volume and large areas of the component and on the techniques 
that can be used without contact to the inspection item. The restrictions caused by the high 
temperature of primary circuit during operation and the effects of radiation dose on the 
transducer materials have been studied. 
 
The geometry and the material properties of the component to be inspected must always be 
considered when an ultrasonic test is planned. In many cases these factors can be 
challenging and careful examination of the case is needed to ensure reliability of the 
inspection. Simulation of the ultrasonic inspection using computer program (CIVA 8) can 
be one part of necessary work providing tools to study how the ultrasonic beam is 
propagating in structure and what kind of signals can be expected to be received from the 
reflectors in the inspection area. In this area the difficult inspection geometries (nozzles) 
and anisotropic weld metals (Figure 2.43) have been modelled with simulation program 
CIVA version 8. 
 

 
Figure 2.43. The ultrasonic beam of 55° / 2 MHz probe in anisotropic weld material. Left 
using longitudinal wave mode, right using shear wave mode. 
 
An overview of the applicability of distributed fibre optical temperature sensing and in-
fibre Bragg grating sensors in high radiation environment was made. All problems caused 
by radiation are certainly not solved, but the distributed fibre optical sensing techniques 
seems to be applicable to monitoring the primary circuit of nuclear power plants, nuclear 
waste disposal sites etc. In-fibre Bragg gratings (FBGs) seems to have potential even for 
in-core monitoring of nuclear reactors (strain, temperature, vibration, acoustic 
phenomena). SCK-CEN in Belgium tested (in the air-cooled graphite-moderated BR1 
reactor) FBGs in a low dose rate mixed gamma-neutron radiation field for about 4 years 
(total gamma dose 9.9 MGy and total neutron fluence 9.9 ×1017 n cm-2). During this time 
the drift in Bragg wavelength corresponded to temperature measurement error of 3 °C. 
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Deliverables in 2007 
 
• Education of two new research scientists, including YVL-course and courses of 

specific non destructive evaluation methods. 

• Three research institute reports and three conference papers. 

2.6.5 Fracture assessment for reactor circuit (FRAS) 

The objectives of the project for fracture risk assessment comprise (i) calculation of design 
and unforeseeable loads and their effects on a structure by applying numerical modelling; 
(ii) development of advanced fracture mechanics assessment tools and analysis methods 
based on material characterisation, damage mechanisms models and structural 
performance, in order to control structural failure both in cases of postulated initial flaw 
and environmentally assisted (internal) material damage; (iii) determination of degradation 
in material properties during service. 
 
During recent years several structural analysis assessment methods have been established. 
Nonetheless, need for more accurate methods in load definition, true 3D flaw assessment, 
as well as irradiation embrittlement evolution assessment, still remains. Traditionally, 
numerical simulation of loads has treated different components more or less as separate 
even though they belong to the same aggregate, thereby disregarding the interaction of 
support loads on the entire system. Applicability and limits of sub-modelling techniques in 
numerical simulation of crack growth need to be investigated further. Feasible ‘engineering 
assessment tools’ cannot be reliably applied, unless they have been tailored and verified for 
the particular plant and component in question. Traditionally, material’s fracture toughness 
estimates have been determined applying deep-notched ‘high-constraint’ specimens 
enabling conservative estimates to be derived. Sophisticated constraint corrections are 
required for shallow surface cracks with lower constraint, particularly in the case of 
asymmetric crack fronts during crack growth. Present limitations for specimen’s measuring 
capacity in fracture resistance testing and under ductile crack growth are presumably 
unrealistic and hence need revision. Unified model for irradiation embrittlement is still 
lacking, despite of intensive previous research. Recently, advanced multi-scale modelling 
techniques of material damage micro-mechanism have allowed micro-scale investigation 
of relevant damage mechanisms, without a necessity to postulate a pre-existing flaw. This 
provides means for more realistic material damage assessment for environmentally assisted 
failure, such as stress corrosion cracking, irradiation embrittlement, ageing embrittlement 
and hydrogen embrittlement that do not require the existence of pre-existing flaw. In 
conjunction with modern FEM structural analysis methods, the application of these 
advanced modelling techniques enables structural integrity assessment of a component, or 
structure, over an entire ‘chain’ from micro- to macro-scale on a more realistic basis than 
previously. 
 
Specific goals in 2007 
 
The project was realised in three sub-projects: 1) Definition of loads, 2) Advanced fracture 
mechanical assessment methods and 3) Advanced surveillance techniques. In sub-project 1 
the external loads transferred to the reactor circuit components by supports were to be 
studied by simulating numerically the behaviour of a selected component under some 
unforeseeable, critical accident situation. The stiffness of pipes and its supports were 
calculated with FEM and substituted with simpler special purpose elements. A pipe break 
was chosen as a test case that was simulated with different kinds of models. For analysing 
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the fluid-structure interaction a validation case for conjugate heat transfer fluid dynamics 
(CFD) analysis was to be searched for a component from a European database 
(ERCOFTAC) for the planned validation analyses. The main emphasis in the validation 
was in comparing different turbulence models and evaluating the use of wall functions. A 
literature survey on the use of CFD in crack growth analyses of NPP components was 
made and the CFD analyses of buoyancy-driven flows were validated for two simple 
geometries by using different turbulence models and settings. The sub-project also 
included an assessment on the applicability of the used standards for crack growth analyses 
of reactor circuit components and, in the second part, assessing the need of taking into 
account the weld residual stresses in different crack growth analysis cases.  
 

 
Figure 2.44. Calculated temperature distribution near RPV inlet nozzle in a HDR 
experiment. 
 
The development work on advanced fracture mechanical assessment methods consisted of 
finite element assessment tools and fracture mechanics analysis methods based on material 
characterisation, damage mechanisms models and structural performance. The aim was to 
increase understanding on the behaviour of postulated initial flaws (surface-flaws) and, on 
the other hand, on environment assisted material damage like irradiation embrittlement and 
stress-corrosion cracking. The reactor circuit integrity was to be further studied by 
analysing cracked T-junctions with 3D FEM model. From these analyses weight/influence 
functions was to be defined at Fraunhofer-IWM and implemented in the BESIT code. The 
large 3D FEM -analysis matrix should then be planned with project partners to ensure that 
the created K-solutions will have optimal accuracy for actual components in Finnish and 
German plants. The examination of nozzle corner cracks was conducted. 
 
Transferability of fracture mechanics test data associated with different levels of 
specimen’s constraint was to be investigated by performing fracture mechanics tests using 
specimens with both deep and shallow surface notches. The task includes fracture 
mechanics tests on selected materials using surface cracked specimens at various degrees 
of tension and bending. This should provide input for future development of FEM analysis 
methods taking into account constraint effects in structural analysis. Numerical work was 
performed to assess the fracture toughness transition between standard CT and SENB -type 
specimens and 3D surface cracks for cleavage initiation and propagation using the WST 
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cleavage fracture model. The assessment clarifies how fracture toughness is affected by 
different crack types as well as 'realistic' crack features (such as asymmetric crack front). 
Micromechanical modelling of cleavage fracture was to be performed using multi-scale 
models and the Master Curve method. The WST model implementation was finalized. 
Development of models for predicting cleavage fracture toughness will be accomplished 
using micromechanical modelling methods. The development of sub-modelling techniques 
includes a comparison of crack growth results obtained with and without sub-modelling in 
some typical NPP applications, such as RPV nozzle and safe end. The limits of sub-
modelling techniques were defined in the first part of the study. 
 
Fracture resistance measurements on different materials using various specimen types were 
conducted to produce fracture resistance data in the ductile area to be applied in numerical 
calculations on stress-strain states. The overall aim is to define realistic criteria for 
specimen’s measuring capacity. Improved quantitative models were also to be developed 
for describing the microstructural changes due to irradiation using the embrittlement data 
from previous model alloy studies. As part of this work, an extensive VVER-440 
surveillance data base was analyzed applying recently developed, advanced non-linear 
methods. 
 
Deliverables in 2007 
 
• Modelling methods (ABAQUS) for different types of supports and restraints were 

delineated and critical accidents cases reviewed. Stiffness of pipes and its supports 
were calculated with FEM and substituted with simpler special purpose elements. A 
pipe break was chosen as a test case that was simulated with different kinds of models. 
The results were compared with each other and their reliabilities evaluated.  

• A literature survey on the use of CFD in crack growth analyses of NPP components 
was made. The CFD analyses of buoyancy-driven flows were validated for two simple 
geometries by using different turbulence models and settings. Buoyancy-driven flow 
around a thermal sleeve of an inlet nozzle in a German HDR experiment was used as a 
more realistic validation case. 

• The research concerning welding induced residual stresses in load bearing NPP reactor 
circuit components was mainly completed. It consists of both a literature survey and 
numerical simulations performed mainly with fracture mechanics based analysis code 
VTTBESIT, developed partly at VTT. Several weld residual stress definitions and 
distribution solutions provided in relevant procedures/standards/codes were reviewed, 
and compared against each other in cases of axial and circumferential residual stress 
profiles for pipe girth welds. In this connection also the effect of post-weld heat 
treatment and weld repairs were considered.  

• The examination of nozzle corner cracks was conducted. Numerical work was 
performed to assess the fracture toughness transition between standard CT and SENB -
type specimens and 3D surface cracks for cleavage initiation and propagation using 
the WST model. The assessment clarifies how fracture toughness is affected by 
different crack types as well as 'realistic' crack features (such as asymmetric crack 
front). The experimental work for testing semi-elliptical surface cracks in the ductile-
to-brittle transition region was prepared. 

• The experimental programme (fracture mechanical and tensile testing) and the test 
specimens for the fracture resistance measurements on different materials were in part 
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completed. First results from the numerical modelling and computations for analysing 
specimen’s measuring were obtained. 

• The analyses and a comparison between the local approach / Master Curve models for 
predicting fracture behavior were finalised. The WST model simulations with the 
refined model confirmed the general validity of the basic Master Curve method. New 
data on the limitations and application of the Master Curve approach have been 
generated in the IAEA CRP-8 project. The analysis of the extensive VVER-440 
surveillance data base was performed by applying the recently developed, advanced 
non-linear methods. 

2.6.6 Project DEF SPEED, Influence of material, environment and strain rate 
on environmentally assisted cracking of austenitic nuclear materials 

The DEF SPEED project aims to increase the understanding of environmentally assisted 
cracking (EAC) and irradiation assisted cracking (IASCC) mechanisms in austenitic 
nuclear materials. Localisation of plastic deformation and the interaction between strain 
localisation and oxide film formation/reduction are most probably playing a key role in EAC. 
Several mechanisms, such as dynamic strain ageing, recovery, environmentally enhanced 
creep and relaxation can affect localisation of deformation. Understanding of these 
phenomena is important, e.g., in order to be able to predict and quantify the risk for 
environmentally assisted cracking in non-sensitised stainless steels. These predictions can 
be used for selection of reliable criteria for NDE programs. Better mechanistic 
understanding of EAC mechanisms is particularly important in the context of ageing fleet 
of existing NPPs and of long lifetimes planned for new NPPs. 
 
To increase the understanding of EAC and IASCC the following is done during the four 
year project, initiation studies using Super Slow Strain Rate Testing technique (SSSRT) in 
LWR environments on austenitic nuclear materials, in-depth investigations on deformation 
mechanisms and localisation of deformation in EAC, characterisation of the microstructure 
of irradiated stainless steels from plant internals and investigations on the effect of 
environment on fracture toughness properties in austenitic materials. The latest 
international knowledge is brought to Finland by participating in international co-operation 
within the field of EAC and irradiation assisted stress corrosion cracking (IASCC). New 
experts in the field of nuclear materials are also educated within the project.  
 
Specific Goals in 2007 
 
The work performed in DEF SPEED in 2007 consisted of the following main tasks: 
 

1. Super slow strain rate testing of austenitic nuclear material in LWR environments, 
where the 2007 work focused on evaluation of the suitability of the SSSRT test 
technique and test set-up for investigation of EAC using sensitised stainless steel and 
oxidising environment. 

2. Characterisation of deformation mechanisms and their influence on EAC in 
austenitic nuclear materials, where the work in 2007 focussed on the investigation of 
the influence of dynamic strain ageing on the deformation structures in non-
sensitised austenitic stainless steel of Type AISI 316NG and determination of a 
calibration curve for measurement of residual strains using EBSD technique. 

3. Characterisation of irradiated stainless steel, where the work in 2007 consisted of 
FEGSTEM investigations of highly irradiated stainless steels from LWR plant 
internals. 
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4. Influence of the strain rate and environment on fracture toughness properties of 
austenitic materials, where the work in 2007 consisted of beginning such 
measurements using the nickel based weld materials Inconel 182 and Inconel 82, as 
well as austenitic stainless steel by performing J-R tests in hydrogen containing 
water. 

5. Participation in international co-operation, which in 2007 consisted of participation in 
international conferences and working groups and participating in international 
projects, especially the OECD/NEA SCAP project (stress corrosion cracking and cable 
ageing) and in the CIR-project (Co-operative IASCC Research) 

 
Deliverables in 2007 
 
1. Super slow strain rate testing of austenitic nuclear material in LWR environments  
 
VTT has developed a bellows loading system which enables very slow strain rate with truly 
constant extension rate and measurement of the strain from the specimen itself. In the DEF 
SPEED project, an autoclave system comprised of four parallel autoclaves, and earlier used 
for fatigue loading, was modified for tensile testing. The modification work included 
changes to the hardware as well as to the software. Eight SSSR tests using two strain rates 
(1 · 10-7 s-1 and 1 · 10-8 s-1) and two material conditions, i.e., sensitised AISI 304 stainless 
steel with or without 10% cold work were performed in simulated BWR environment (400 
ppb O2, 300°C). Intergranular cracking with secondary cracking was observed in all 
specimens and these specimens will be further characterised using different techniques. 
The results showed an increased sensitivity of the test technique for EAC with decreased 
strain rate. Additionally, the following was observed: 
 
• A remarkably higher amount of intergranular cracking (IG) in the cold worked material 

tested at the slower strain rate (1·10-8 s-1) compared to a specimen tested at higher 
(1·10-7 s-1) strain rate ((90% vs 40% IG). 

• A larger amount of intergranular cracking in sensitised and cold worked material 
compared to only sensitised material at same strain rate.  

• A smaller strain at fracture and a smaller reduction of area was obtained using a slower 
strain rate for sensitised AISI 304 material both with and without 10% cold deformation 
compared to that obtained using a higher strain rate, see Figure 2.45. 
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Figure 2.45. Stress-strain curves for sensitised AISI 304 stainless steel with and without 
10% cold work tested at two strain rates in simulated BWR environment. 
 
2. Characterisation of deformation mechanisms and their influence on EAC 
 
Dynamic strain aging (DSA) is a material phenomenon most commonly associated with 
the appearance of serrations in tensile test curves at particular test temperatures. DSA is 
important to structural stainless steels because it has also been associated with the 
anomalous evolution of strength and ductility with temperature, both for static tensile and 
fatigue tests. The altered mechanical behaviours observed in the regime of DSA are 
typically associated with a more planar microstructure, as opposed to a cellularized one. 
The mechanism underlying the DSA phenomenon is typically considered to be the 
impedance of dislocations glide by their interaction with diffusing solute atoms. The goal 
of the current study was to examine the deformation microstructures of AISI 316 stainless 
steel specimens which had been tested in temperature ranges in which DSA-type serrations 
were observed in the tensile curves, and compare them to the same material tested in the 
same conditions, but at temperatures which did not exhibit DSA-type behaviour, in order 
to determine any observable differences in the resulting dislocation structures. 
 
Though post-mortem TEM cannot directly observe solute interactions with dislocations, 
the observed long-range planarity in the dislocation structures at 400°C, and short-range 
planarity in at 288°C, Figure 2.46 in conjunction with the serrations observed in the tensile 
curves, gives indirect evidence that the mechanism of DSA is operating in the material. 
DSA affects the deformation behaviour of the material by restricting cross-slip and 
therefore promoting strain localization to the principle slip planes. The work has 
demonstrated that DSA is present in commercial AISI 316 SS, and may even occur at 
temperatures relevant to nuclear power plant operation. 
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Figure 2.46. TEM-pictures showing cellular dislocation structure in AISI 316NG austenitic 
stainless steel, tested at 200°C, where no serrations, typical for DSA-behaviour, was 
observed in the tensile curve, and a more planar dislocation structure in AISI 316NG 
material tested at 400°C, where DSA-typical serrations were observed in the tensile curve. 
 
3. Determination of a calibration curve for residual strain measurement in austenitic 
stainless steels 
 
Electron backscatter diffraction, EBSD, can be used to map the orientation of a crystalline 
material, such as austenitic stainless steels. Intra-grain mis-orientations can be measured 
using this technique. On the other hand, intra grain mis-orientation has been observed to 
increase with increased strain. Calibration curves were determined for AISI 304 and AISI 
316 stainless steels using specimens cold deformed to different degree of strain. These 
calibration curves are a prerequisite to measuring residual strains from e.g. plant weldments.  
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4. Characterisation of irradiated stainless steels  
 
As the world’s fleet of light-water reactor nuclear power plants age, cracks have emerged 
in components which have been exposed to neutron irradiation. An ability to predict the 
instances and extent of such cracking could enable better assessment of the performance 
and integrity of reactor structural components for safe extension of the operating lifetime 
of power plants.  Conducting transmission electron microscope (TEM) examinations of 
materials that have been removed from service in real reactors makes an important 
contribution towards understanding the phenomenon better. This project conducted 
analytical TEM examinations of specimens prepared from a type AISI 304 austenitic 
stainless steel centre filler assembly plate which had been exposed to neutron irradiation in 
the French Chooz A PWR, and from a type AISI 304L control rod blade from the 
Barsebäck 1 BWR. Three dose levels were examined, 12 dpa, 20 dpa and 30 dpa. The 
examinations centred on characterizing radiation-induced microstructural features, as well 
as measuring the extent of radiation-induced segregation at the grain boundaries. The 
presence of a high density of dislocation loops and precipitates was confirmed, both 
features which can significantly impact the mechanical properties of the material. The 
average loop diameter of the 20 dpa and 30 dpa Chooz materials was 7.2 and 8.4 nm, 
respectively, while that of the 12 dpa material was 6.4 nm. Small voids or bubbles were 
also found within the matrix, of about 3-4 nm in diameter in the control rod blade material, 
but 1-2 nm in diameter in the centre filler assembly plate material. Compositional analyses 
indicated the expected depletion of chromium at the grain boundaries, but also a strong 
tendency for co-segregation of nickel and silicon at both the grain boundaries and as 
precipitates in the matrix.   
 
 

 
 
Figure2.47. Radiation induced depletion of Cr at the grain boundaries of the two 
irradiated materials of this project compared to literature data. 
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5. Influence of the strain rate and environment on fracture toughness properties of austenitic 
materials 
 
Recent international research has indicated a clear influence of stain rate and environment on 
fracture resistance and tearing modulus in the case of nickel-based weld materials. Literature 
data on this low temperature crack propagation (LTCP) show a remarkable influence of 
hydrogen containing environment on fracture toughness properties of e.g. Inconel 182. A 
Master of Science work was initiated within DEF SPEED on this subject. Sub-size fracture 
toughness specimens were prepared from weldments made of Inconel 182, Inconel 82 and 
AISI 304 stainless steel, see Figure 2.48. The influence of environment and strain rate is 
measured using these sub-size specimens in hydrogen containing environment and the results 
are published in 2008.  
 

 
 
Figure 2.48. Schematic of sub-size specimens from a weld to be used for J-R testing in 
environment. 
 

2.7 Construction safety research area 

There were three projects going on in 2007 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).  
 

2.7.1 Service Life Management System of Concrete Structures in Nuclear 
Power Plants (SERVICEMAN) 

The objective of the project is to develop a predictive service life management system 
(SLMS) for concrete structures in nuclear power plants. The management system includes 
prediction of service life, guarding of safety and serviceability limits, prediction of 
maintenance and repair actions, calculation of life cycle costs and environmental impacts 
and evaluation of risks related to durability of concrete structures. By the SLMS the safety, 
accepted structural performance and uninterrupted service of concrete structures are 
ensured during the planned service life of a nuclear power plant. 
 
The SLMS is connected with the in-service inspection system of NPP. Thus the observed 
condition of structures is brought to the process of service life prediction and decision 
making on maintenance and repair actions. The system is provided also with qualitative 
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and quantitative risk analyses, financial and ecological life cycle analyses and detailed 
structural condition analyses. The methodological ground of the service life management 
system was developed during the EU project LIFECON (2001-2003) (GIRD-CT-2000-
00378).  
 
The cracking behaviour of concrete structures in nuclear power pants is studied by a 
special design program (IVODIM) for serviceability limit state design. The programme is 
supplemented and tested during the project.   
 
Specific goals in 2007 
 
Development and programming of the service life management system  
 
Structural databases were to be developed for the service life management system. The structures 
are divided into smaller parts which can be treated as homogenous with respect to 
materials, structural features and environmental stresses. These parts are called “modules” 
and they serve as basic structural units in the analysis and planning processes of the 
system. The databases which serve as initial data sources in the calculation processes are 
consistent with the modular breakdown of structures. The databases include identification data, 
history data (dates of manufacturing and repairs), structural data, material data, measuring data, 
exposure data and observed damage data (inspection data). Another database consisting of data 
on costs, environmental impacts, degradation rate and service life etc. pertaining to MR&R 
actions was also to be produced. 
 
The existing degradation and service life models were to be applied and, when necessary, 
developed for prediction of the service life of modules. The used degradation models were 
supposed to cover all forms of degradation that may be critical for the service life of 
modules.  
 
Development and programming of structural degradation analyses and a system for 
serviceability limit state design  
 
The system of serviceability limit state design for reinforced concrete structures is utilising 
the results of a FEM analysis (e.g. NASTRAN) and dimensioning is done according to the 
selected standard (RakMK B4, DIN 1045, SNiP-84). The system is to be applicable also 
within structural analysis and serviceability limit state design especially reinforced 
concrete structures in nuclear power plants. The responsible partner in this task was ÅF-
Enprima Oy. 
 
The theoretical part of the task was implemented as a diploma work in 2007 as financed by 
VYR and ÅF-Enprima Oy together. A separate report was written for SAFIR2010 in 
exchange for the VYR financing. 

2.7.2 Risk analyses for the service life management system, no actions in 
2007 

Participation in concrete technological research cooperation with other owners of 
infrastructure (BTS) 
 
Partners in the BTS-research cooperation in 2007 were The Finnish Road Administration, 
The Finnish Rail Administration, Radiation and Nuclear Safety Authority (financing in 
SAFIR 2003 - 2006 by National Nuclear Waste Management Fund), City of Helsinki, City 
of Tampere, and City of Turku. The research items in 2007 were the following: 
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1. SILKO-test of concrete repair materials, a two-year study (2007 - 2008) 
2. Consulting on concrete technological topics 
3. Design and practice of cathodic protection 
4. Quality requirements and verification of conformity of concrete substrate for reparation 
5. Correlation between shrinkage measurement methods 
6. The effect of formliner on the Cl-permeability of concrete, continues from 2006 

 
Literature survey in all research items was performed. SILKO-tests are in progress and will 
be finished in the spring in 2008. The first draft of the report is ready. Topics 3 and 4 have 
been completed and reported. A survey of the applicability of rebound hammer on testing 
of carbonated concrete was carried out and reported in connection with topic 3. The test 
specimens of topic 5 have been prepared and their measurements are in progress. The first 
draft of the report of topic 6 is ready. Test specimens have been prepared and their 
measurements are in progress. Immersion of the test specimens continue. 
 
In 2007 an extensive field study DURAFIELD on durability of concrete materials and 
structures was started. The results of this study can be utilised in the degradation models of 
NPP structures. Over 100 concrete specimens have been situated in two field testing areas. 
Freeze-thaw attack with and without salt, carbonation and chloride penetration will be 
studied. Protective impregnations and the use of mould textiles are also included. Optical 
fibers will be used to measure concrete temperature and water content profiles. The project 
includes also a wide laboratory testing program; e.g. concrete microstructure and the effect 
of carbonation on the concrete scaling resistance will be studied. 
 

  
 
Figure 2.49. Test field (DURAFIELD) 
International cooperation (OECD/ NEA/IAGE and COST C25) 

Participation in OECD/NEA/CSNI/IAGE (Integrity and Aging) work group. IAGE work 
group is divided into three subgroups: IAGE Seismic, IAGE Metal and IAGE Concrete. The 
IAGE Concrete group deals with aging phenomenon and aging management of concrete 
structures in nuclear power plants.  
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Deliverables in 2007 
 
Development and programming of the service life management system  
 
• Databases for structures, structural modules (substructures) and maintenance and 

repair systems were designed, implemented and connected to the service life 
management system in 2007. The finalising of the databases i.e gathering of some 
module specific and repair method specific data was left to 2008. 

 
• The modulisation of concrete structures in containments and cooling water systems of 

existing units in Olkiluoto and Loviisa plants was accomplished.  
 
• The so called “Duracrete”- models (which were developed during the 

European Union project Duracrete) were applied to determine the service life of 
modules with respect to corrosion of reinforcement. The application of these models to 
crack corrosion called for special development as also the prediction models for physical 
deterioration of concrete. Service lives of modules in Olkiluoto and Loviisa plants with 
respect to different degradation modes were determined. The degradation modes were 1. 
carbonation and corrosion of reinforcement, 2. chloride penetration and corrosion of 
reinforcement, 3. carbonation and corrosion of reinforcement at cracks of concrete, 4. 
chloride penetration and corrosion of reinforcement at cracks of concrete, and, 5. 
physical deterioration of concrete (either frost attack or radiation induced deterioration). 
A special report on the used degradation and service life models was produced. 

 
• The databases, modulisation and the degradation models were implanted to the 

framework of the SLMS program. The database data can be viewed by the displays of 
the program. The program was provided also with a system for calibration of 
degradation models based on the observed degradation during in-service inspections and 
special inspections. 

 
Development and programming of structural degradation analyses and a system for 
serviceability limit state design  
 
• Report on system of serviceability limit state design was written. The report contains a 

theory of cracking and stiffness of concrete structures. Also some calculations for 
example tension stiffening, crack spacing and crack width according to B4, EC2 and 
CEB-FIP-model code are presented. Comparisons of calculation between different 
codes B4, EC2 and CEB-FIP have been done.  

 
• A serviceability limit state dimensioning algorithm fulfilling the requirements of EC2 

has been developed for the IVODIM-program. The developed algorithm has been 
tested by a simple test program to be added to the following version of the IVODIM 
software.  

 
Participation in concrete technological research cooperation with other owners of 
infrastructure (BTS) 
 
• In Finnish climatic conditions cathodic protection is normally worth considering only 

when the risk of chloride corrosion is high, e.g. structures in contact with seawater or 
exposed to de-icing salts. 
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• Rebound hammer may be used to determine the tensile strength of concrete substrate 
in small reparation works. No correction factor is needed because of carbonation when 
rebound hammer is used to test the strength of high strength concrete. 

 
• The use of formliner or high quality hydrophobic impregnation considerably prevents 

chloride penetration hydrophobic impregnation being more effective. The compressive 
strength and especially tensile strength of concrete surface increases considerably 
when formliner is used. 

 
• An adequate and good quality air entrainment has a positive correlation with 

laboratory scaling resistance. An inappropriate air entrainment may essentially 
increase surface scaling in laboratory frost-salt testing.  

 
• Concrete chloride diffusion coefficient as well as carbonation resistance vary 

depending on the actual binder material. Proper amount of silica fume, fly ash or slag 
will have a positive effect on the measured non steady state chloride diffusion 
coefficient. Hydrophobic impregnation or the use of formliner will also decrease 
chloride diffusion coefficient as measured in an accelerated test.  

 
International cooperation (OECD/ NEA/IAGE and COST C25) 
 
• The annual meeting of the IAGE Concrete WG was held in 23rd April in Paris in 

OECD headquarters. A joint IAGE (Concrete, Metal and Seismic) meeting was held in 
24th April. Erkki Vesikari participated in both meetings. A memorandum of the 
concrete WG meeting was written in Finnish. 

2.7.3 Structures under Soft Impact  (SUSI) 

An aircraft impact on safety related structures, in spite of its low probability, has been for a 
long time recognized as a relevant loading case, especially in designing plants to areas with 
heavy air traffic. Protective concrete barrier walls of nuclear power plants are required to 
withstand the effects of impacts by projectiles, e.g. aircraft crash or accidental missiles. 
The main concern in many cases is the fate of fuel. 
 
An experimental set-up has been constructed for medium scale impact tests within the 
IMPACT-project during the SAFIR Research Program. The main objective of this effort is 
to provide data for calibration and verification of numerical methods and models. Tests 
carried out with fluid filled missiles produce invaluable findings and data also for fuel 
behaviour studies.  
 
Very little experimental information concerning the fuel dispersal from impacted projectile 
can be found from the literature. Quantitative, experimental data e.g. on extent of liquid 
dispersal, liquid release velocity from projectile, droplet size, and spray cloud density is 
vital for the validation of the applied simulation techniques, and for the determination of 
fuel spreading and fire risk following an airplane crash.  
 
Specific Goals in 2007 
 
The aim was to develop and take in use numerical methods for predicting response of 
reinforced concrete structures to impacts of deformable projectiles that may contain 
combustible liquid ("fuel"). Structural behaviour, in terms of collapse mechanism type and 
the damage grade, were predicted both by simple analytical methods and by involved non-
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linear FE-models. The applicability of these kinds of methods was studied. Experimental 
data is needed in order to verify the accuracy of numerical models.  
 
The main aim of the liquid study was to assist the IMPACT2010 project in planning the 
tests with fluid filled missiles besides assessing and analysing the test results. Other 
essential objective was the development and calibrating the suitable analytical and 
numerical methods which can be applied in real scale analyses of fuel spreading and fire 
risk. Primary, the suitability of Fire Dynamics Simulator code (FDS) for the current issue 
was studied. 
 
Deliverables in 2007 
 
• Simplified methods are very valuable when judging the reliability of both the test 

results and the extensive numerical simulations were studied, developed and taken in 
use. They describe the dynamic behaviour of a concrete slab. They can also take the 
effect of different types of reinforcement into account. The force measuring can also 
be very effectively modelled with small simplified models with only two degrees of 
freedom. 

 
• Reinforced concrete wall test results and corresponding Finite Element simulations 

with shell elements were studied and discussed. The punching capacity of concrete 
slab is analytically evaluated. Based of these studies it can be concluded that these 
simple four noded shell elements where the transverse nonlinear shear deformation is 
not considered are capable when calculating the deflection behaviour of a reinforced 
concrete wall loaded by a deformable missile. Nonlinear analyses of reinforced 
structures are quite sensitive for material parameters. Especially in this case where the 
wall is rather weakly reinforced the tensile cracking properties of concrete dominate 
the nonlinear bending behaviour of the wall.  

• Post analyses of the water missile tests indicate that this shell element model 
underestimates the deflection of the wall. In these cases the loading functions were 
steeper and nonlinear behaviour related to the transverse shear deformations should be 
taken in to consideration.  

• Modelling of shear reinforcement with FE plane models was studied. Two-
dimensional plane models are adequate for rectangular reinforced concrete walls that 
are only supported from the walls in one direction. Beam or truss elements maybe a 
more accurate and at least a more detailed way of modelling reinforcement bars, but 
they can be reliably used in models with only a small plane thickness corresponding to 
rebar spacing. Modelling rebar as internal property or as internal layers inside the 
plane element is relatively easy, but the post processing of results is poorly supported 
in Abaqus. In the global sense, the concrete wall behaviour was rather realistic and the 
deflection was in good agreement with the deflections given by other methods, but the 
rebar behaviour could not be properly assessed or evaluated. 

• In case of plane thickness corresponding to the whole wall height (2 m in this case) the 
stirrups decrease very slightly (2%) the wall deflection and the reinforcement strains in 
the centre part of the wall. 

• Some 15 test are conducted with fluid filled missile allowing valuable information on 
liquid speed, drop size, and dispersal phenomena under impact conditions. Also the 
simulation capabilities (Fire Dynamics Simulator (FDS) software) for liquid spreading 
and fire studies have been taken in use and developed.  
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• The simulation liquid fuel dispersal and burning has been performed using FDS 
software in the geometry of laboratory impact tests. The purpose of the work was to 
study the feasibility of the FDS code for the simultaneous simulation of extremely fast 
fluid release, flame formation and progress of heat and combustion products. The 
earlier results on fuel dispersal simulations showed, that sufficiently accurate 
predictions of spray propagation can be achieved, at least in the scale of the VTT’s 
Impact tests. The fire simulation results were both qualitatively and quantitatively 
plausible, although some uncertainties existed and are difficult to estimate. 

 

 
 

 
 
Figure 2.50. In-plane shear strain distribution in case with stirrups (above) and without 
stirrups (below) at 22 ms. 
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Figure 2.51. Development of the flame with 0.1 s intervals. 
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Figure 2.52. Development of the flame with 0.2 s intervals. 

 81



 

2.8 Probabilistic safety analysis (PSA) research area 

There were three projects going on in 2007 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). 

2.8.1 CHAllenges in Risk-Informed Safety MAnagement (CHARISMA) 

Challenges in risk-informed safety management are related to use of probabilistic safety 
assessment (PSA) to support decision making and to intrinsic as well as practical problems 
in PSA techniques. 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 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 safety-
critical 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 2007 
 
• To provide guidance related to the resolution of the problems identified in the use PSA 

safety goals. 

• To participate in the task group of OECD/NEA Working Group Risk regarding PSA 
safety goal, to prepare a questionnaire and to preliminary analyse the responses. 

• To develop and demonstrate a PSA-based method for the assessment of levels of 
defence-in-depth. In 2007, the work is limited to the qualitative analysis of items 
included in various levels of defence-in-depth in the cases and development of 
applicable risk metric for each item. 

• To review concerning the approaches and practices in operational management of fire 
situations at relevant European plants and the recommendations given by the 
international organizations working on NPP safety issues. 

• To participate into an international comparison study of HRA methods organised by 
the OECD/NEA Halden Reactor Project. 

• To bring the analysis of digital systems reliability to the systems architecture level. 
Different approaches for this purpose are surveyed, and one approach is selected for 
demonstration purposes. RELVEC reliability analysis programme is one of the 
candidates. The application cases are the feedwater systems of Olkiluoto 1&2 and 
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Loviisa. In the year 2007, the effort will be put on Olkiluoto case. International 
research work in this field will be followed. 

• To initiate an MSc Thesis on modelling of phenomenological uncertainties in level 2 
PSA. 

• To elucidate the design objective of YVL Guide 2.8 by off-site consequence 
calculations. 

• To develop a procedure for inputting source terms to the consequence model in a 
prescribed format needed in the consequence assessment model ARANO. 

• 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 2007 
 
• Research report on selected topics related to the probabilistic safety goals prepared (to 

be published in NKS series). 

• Research report on risk-informed assessment of defence-in-depth (to be published in 
SKI series) 

• Research report on international safety requirements as the basis for the development 
of co-operation in the management of NPP fire situations. 

• Research report on the reliability assessment of digital control systems, with the 
feedwater system of Olkiluoto 1&2 as the case. 

• Pilot study case analysed and reported in the international comparison study of HRA 
methods. 

• Selected phenomena from level 2 PSA for Loviisa NPP analysed with MELCOR code 
and preliminary event tree model created with the STUK PSA code. 

• Level 3 PSA deliverables consist of the research reports. First on the elucidation of the 
design objective of the YVL Guide 2.8 by off-site consequence calculations and 
second on the interface procedure between level 2 source term and level 3 input 
including a pseudo code for conversion. 

• Follow-up of WGRISK and CSNI activities. Participation in the annual meeting of 
WGRISK. Travel report. 

• Participation in the preparation of two new projects in the EU FP7-Fission research 
programme: ASAMPSA2: Advanced Safety Assessment Methodologies: Level PSA 
(European Best practices L2 PSA Guidelines), and MMOTION (Man-machine-
organisation through innovative orientations for nuclear). 
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Figure 2.53. Individual dose in distance points caused by the reference release (100 TBq 
Cs137 and 148 TBq Cs134) at the Olkiluoto site. Both the expected (exp) and maximum 
(max) value of the dose component are presented. External dose from the ground is 
integrated for one year period, no countermeasures. 
 

2.9 Implementation of Quantititive Fire Risk Assessment in PSA 
(FIRAS) 

The goals of the project are to develop and apply the methods of fire science and 
engineering to the quantitative risk assessment of nuclear power plants. In technical terms 
it means is making quantitative fire risk assessment based on probabilistic simulation of 
the fire incident a working part of the NPP PSA systems. This requires  
 
• significance-ranking of the factors contributing to the fire initiation and spread and 

quantifying those that principally determine the evolution of the incident  
 
• that the computational tools are verified, validated and are sufficiently efficient for the 

Monte Carlo –based simulation runs needed in the probabilistic approach 
 
• valid input data obtained in relevant test scenarios, which in the project will be 

obtained through dedicated small and medium scale experiments as well as from the 
large-scale data made available within in the OECD PRISME project. 

 
Integration of the quantitative fire risk assessment methods into the NPP PSA systems 
requires adaptation in both systems, which in practise means systematic step-by-step 
approach that constitutes a learning process to both the fire R&D scientists and the 
personnel involved in the safety and PSA work of the particular NPP. Assessment of the 
efficiency and reliability of the passive and active fire protection as well as the possibilities 
of the operational fire protection is needed.  
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Specific goals in 2007 
 
The methods for the experimental determination of input and validation data for fire spread 
modelling were developed. A graphical user interface (PyroPlot) was developed for the 
efficient analysis of small scale test data and parameter estimation. TGA/DTA experiments 
were analyzed using genetic algorithms and pyrolysis models included in FDS tool to 
provide pyrolysis model parameters for practical simulations. To obtain validation data, 
experiments were carried out in the new test rig allowing the measurement of 2-m long 
samples pre-heated up to 400 °C. During the year 2007, the focus was in simple materials 
and analysis of test rig performance in order to clearly disentangle the physically relevant 
aspects of the measurement - data-analysis – fire simulation model chain.  
 
A workshop was organized to discuss the practical aspects of the integration of quantitative 
fire risk assessment into NPP PSA. The workshop identified the differences of PRA 
approaches in the existing plants and listed some necessary development steps in the fire 
simulation tools. A probabilistic fire simulation of an existing cable room was carried out 
for comprehensive testing of the models. Existing and new information on the operational 
characteristics of fire brigades was collected and analyzed. Guidelines were developed for 
efficient information collection concerning fire-brigade operation data  
 
Simulations of the OECD PRISME experiments were be carried out to (i) guide the design 
of experiments and (ii) to validate the models developed and used in the FIRAS project. 
The PRISME experiments probe the ability of the fire models to predict large-scale 
phenomena, such as pressure rise, transport of smoke and heat and heating of electrical 
components and cables. 
 

 
Figure 2.54. General view of the new 2-m test rig for flame spread experiments. 
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Figure 2.55. Test data and model predictions of PVC pyrolysis in TGA (N2 atmosphere). 

Deliverables in 2007 
 
• Genetic Algorithms (GA) were used to estimate the kinetic parameters from 

thermogravimetric experiments. A software tool caller PyroPlot was developed for the 
analysis of thermogravimetric and other small scale data, and to serve as a graphical 
user interface for the parameter estimation. The results were promising, and indicate 
that the application of GA should be extended for the estimation of thermal parameters 
from cone calorimeter. 

• The new test instrument for measuring flame spread at different ambient temperatures 
was build and a series of air flow and heating tests were carried out to examine the 
features of the new instrument. A series of flame spread experiments on cylindrical 
birch wood samples was started. Results show the apparatus to be a promising tool for 
determining flame spread. 

• The first steps of the integration of the plant-PRA and fire risk assessment methods 
were reported. The PRA of Olkiluoto plants using FinPSA was found to be fully 
compatible with the idea of room and fire classification. The suggestion for interfacing 
the PFS and FinPSA codes were made. The PRA of Loviisa plants is affected by the 
heterogeneous nature of the plant layout, and classification is more difficult to 
perform. A proposal for the use of virtual targets in the fire simulation was made to 
assist the classification of heterogeneous room variety. The technical aspects of the 
virtual targets were outlined and the implementation in FDS code was started. 

• A survey of models and experimental data sets describing the operation times of fire 
brigades was made. Separate models were found for turnout and travel times and for 
the operations on site. A comparison of international and domestic data was 
performed. A guideline document for collecting the data in the future was prepared. 
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2.9.1 Extreme weather and nuclear power plants (EXWE) 

In the planning of nuclear power plants the risks caused by the harsh weather conditions 
are taken into account. However, some exceptional weather events or combination of 
different events may prevent normal power operation and simultaneously endanger safe 
shutdown of the plant. Extreme weather events could affect, for example, the external 
power grid connection, emergency diesel generators (blockage of air intakes), ventilation 
and cooling of electric and electronics equipment rooms and the seawater intake. The 
primary objectives of the research were to produce a comprehensive study about the 
frequency, intensity, spatial and temporal variation and impacts of the extreme weather 
events that are relevant from the point of safety of nuclear power plants. The influence of 
climate change on extreme weather events has also been examined. 
 
Specific goals in 2007 
 
Specific goals in 2007 were to examine the occurrence and likelihood of extreme weather 
events based on instrumental meteorological records available since early 1900. The other 
goal was to produce a preliminary estimate about the influence of climate change on 
extreme weather events. The earlier analyses of the occurrence of extreme weather events 
have mainly been based on measurements made after 1961. However, there are in 
manuscript format measurements available since around 1900. During this study the 
digitalization of meteorological data was aimed to stations that are most interesting from 
the point of this study (Figure 2.56).  
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Figure 2.56. The highest annual temperature in Jyväskylä since 1910. 

Based on instrumental measurements it is be possible to apply advanced statistical extreme 
analysing methods. In addition to temperatures and precipitation extremes also the 
combination of some difficult weather events, like for example, simultaneous strong wind 
and heavy snowfall were found interesting from the point of goals of this project and 
studies about the occurrence of snowstorms and freezing rain were included as goals in 
2007. 
 

 87



 

Deliverables in 2007 
 
• Based on the digitized meteorological data the variability of Finnish climate was 

analyzed. The 10, 20, 50,100 and 500 year return levels of several parameters like 
temperature, precipitation, hot and cold spells and dry spells were estimated. In case of 
temperature extremes also 1000, 10000 and 100000 year return level estimates were 
presented (Figure 2.57). Based on the calculations a research report was published. 

 
• The climatology of snow storms in southern Finland in 1965-2005 was analyzed. In 

the study the common features of snow storm cases were analyzed. The findings were 
that most often the low pressures were formed near southern Greenland. Highest 
frequency of storm cases occurred between December and February. High (>21 m/s) 
wind speed cases were accompanied with snow fall in about 1% of the cases.  

 
• The spatial and temporal variation of freezing rain was analyzed using weather 

observations made at 23 observing stations in 1961-2007. In Finland freezing rain is 
typically observed when moist and warm air from the Atlantic Ocean encounters 
colder continental air over Finland (Figure 2.58).  

 
• A review report titled “Features of hazardous weather phenomena in changing climate 

in Finland” has been written. This report can be regarded as an introduction to extreme 
weather also among non-meteorologists. The report includes e.g. lightning statistics, 
rapid snow accumulation cases and storm track analyses. Some aspects of climate 
change have been included into the report. 
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Figure 2.57. The return level estimate of daily maximum temperatures in Jyväskylä based 
on 1902-2005 measurements fitted to GPD distribution. Black line is the mean value and 
read and blue lines and 95% confidence levels. 
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Figure 2.58. The spatial variation of frequency of freezing rain in Finland 1961-2007. The 
isolines and red figures are cases/year. 
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3 Financial and statistical information 
The planned and realised volumes of the SAFIR2010-programme in 2007 were 6.14 M€ 
and 6.49 M€ and 44 and 50 person years, respectively. The major funding partners were 
VYR with € 2.710 million, VTT with € 2.44 million, Fortum with € 0.11 million, TVO 
with € 0.08 million, NKS with € 0.10 million, EU with only € 0.05 million and other 
partners with € 1.01 million. The planned and realised volume, funding and costs of 
SAFIR2010 in 2007 have been illustrated in Table 3.1. In addition to the projects with 
VYR-funding, one project with Tekes and utility funding was reported and followed up 
within SAFIR2010 programme. The planned and realised funding by major funding 
partners has been presented in Figure 3.1. The planned and realised costs by cost category 
have been presented in Figure 3.2. The personnel costs form the major share of yearly 
expenses. 
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Figure 3.1. Planned and realised  financing of the SAFIR2010 programme in 2007. 
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Figure 3.2. Planned and realised expenses of the SAFIR2010 programme in 2007. 
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SAFIR2010 research projects and administration

11.6.2007/15.5.2008
E.K. Puska/P. Suvanen

Expenses

Volume Personnel Mat&supp Travel Ext serv Other Total 2007 VYR VYR Fortum TVO NKS EU VTT Other
pers month k € k € k € k € k € k € funding % k € k € k € k € k € k € k € check

1. VTT
Safety management and organisatorial learning 12 134,679 2,978 22,16 21,442 2,366 183,625 38,837849 71,316 0 0 23,49 0 88,819 0 ##
MANOR 13 162 3 11 21,47 2 199,47 38,83792 77,470 0 0 47 0 75 0 ##
1. TKK&TTL
Expert work in safety critical environment 11,6 86,88347 0 1,29169 0 2,0042 90,17936 75,166867 67,785 0 0 0 0 0 22,39436 ##
SAFEEXPERTNET 14 85,785 0 1,5 0 0 87,285 77,65939 67,785 0 0 0 0 0 19,5 87
2. VTT&TKK&other
Model-based safety evaluation of automation systems 15,5 161,806 0,902 2,548 20,314 0 185,57 73,05599 135,570 0 0 0 0 0 50 ##
MODSAFE 15,5 158 1,57057 6 20 0 185,5706 73,05599 135,570 0 0 0 0 0 50 ##
2. VTT&TTY
Certification facilities for software 12,6 108,355 0 0,885 0 0,76 110 72,727273 80,000 10 10 0 0 10 0 ##
CERFAS 11,5 92 1 14 0 3 110 72,72727 80,000 10 10 0 0 10 0 ##
2. VTT
Operator practoces and human-system interfaces in
 computer-basd control stations 17 215,255 0,17 9,105 2,097 0 226,627 32,046932 72,627 50 0 0 0 64 40 ##
OPRACTICE 17 218,127 1,5 6 1 0 226,627 32,04693 72,627 50 0 0 0 64 40 ##
3. VTT
Development and validation of Fuel performance 34,1 324,9 0,01 10,332 1,207 5 341,449 53,884475 183,988 0 0 0 0 116,234 41,227 ##
codes, POKEVA 30 313,988 0 20 0 5 338,988 54,27567 183,988 0 0 0 0 110 45 ##
3. VTT
Tridimensional core transient analysis methods 23,1 293,012 0 6,382 0,804 5 305,198 30,777069 93,931 0 0 0 0 211,267 0 ##
TRICOT 23,5 288,931 0 10 0 5 303,931 30,90537 93,931 0 0 0 0 210 0 ##
3. VTT
Total reactor physics analysis system 25,5 263,488 0,809 11,412 6,672 3 285,381 30,538824 87,152 0 0 0 0 198,229 0 ##
TOPAS 24,1 270,152 0 10 2 3 285,152 30,56335 87,152 0 0 0 0 198 0 ##
4. VTT
Numerical modelling of condensation pool 7 88,341 0 0,414 0 10,068 98,823 39,195329 38,734 0 0 20 0 40,089 0 ##
NUMPOOL 7 82,734 0 4 0 12 98,734 39,23066 38,734 0 0 20 0 40 0 99
4. VTT
Improved thermal hydraulic analyses of nuclear 24,2 247,13 0 16,076 30,917 2 296,123 42,511727 125,887 7 0 0 25,645 137,591 0 ##
reactor and containment, THARE 20,5 222,887 0 22 37 2 283,887 44,34405 125,887 7 0 0 23 128 0 ##
4. Fortum
The integration of thermal hydraulics (CFD) and 5,4 80,5 0 1,5 0 0 82 0 0,000 41 0 0 0 0 41 ##
structural analyses (FEA)…., MULTIPHYSICS 6,5 80,5 0 1,5 0 0 82 0 0,000 41 0 0 0 0 41 82
4. LTY
Participation in development of european calculation 8 60,69348 0 4,34734 0 0 65,04082 37,22124 24,209 0 0 0 25 0 15,83182 ##
environment, ECE 7 44,209 2 3 0 0 49,209 49,19629 24,209 0 0 0 25 0 0 49
4. LTY
Condensation experiments with PPOOLEX facility 26,3 279,6998 1,31547 0,7328 44,20267 0 325,9507 65,359261 213,039 0 0 20 0 0 92,91175 ##
CONDEX 21 182,039 26 9 16 0 233,039 91,41775 213,039 0 0 20 0 0 0 ##
4. LTY
Large break loss of coolant accident test study 5 46,51747 0 2,31881 6,0663 0 54,90258 61,732982 33,893 0 0 0 0 0 21,00958 ##
LABRE 5 32,893 0 1 0 0 33,893 100 33,893 0 0 0 0 0 0 34
5. VTT
Release of radioactive materilas from a degrading core 5,7 75,824 1,109 1,225 0 7,082 85,24 35,217034 30,019 0 0 0 0 55,221 0 ##
RADECO 6,5 72,019 4 2 0 7 85,019 35,30858 30,019 0 0 0 0 55 0 85  
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5. VTT
Primary circuit chemistry of fission products 35,7 239,462 51,913 11,395 12,002 1,251 316,023 30,335767 95,868 0 0 16,468 0 123,687 80 ##
CHEMPC 28,6 223,55 50 18 20,818 0 312,368 30,69072 95,868 0 0 16,5 0 120 80 ##
5. VTT
Core melt stabilization 16,1 170,247 20,243 6,916 0 35,503 232,909 38,43046 89,508 0 0 0 0 128,401 15 ##
COMESTA 13,2 157,008 20 15,5 0 40 232,508 38,49674 89,508 0 0 0 0 128 15 ##
5. VTT
Hydrogen risk in containments and particle bed 10,34 128,385 0 4,195 0,585 20 153,165 36,669605 56,165 0 0 0 0 77 20 ##
issues, HYRICI 10,34 118,915 0 13,5 0 20 152,415 36,85005 56,165 0 0 0 0 76,25 20 ##
6. VTT
Risk-informed inspections of piping 16,4 194,828 4,189 10,585 8,55 0 218,152 39,950127 87,152 0 22 0 0 84 25 ##
PURISTA 14,5 184 12 12,152 10 0 218,152 39,95013 87,152 0 22 0 0 84 25 ##
6. VTT
Fatigue endurance of critical equipment 7 85,998 23,352 7,736 0,204 0 117,29 47,060278 55,197 0 0 0 0 57,093 5 ##
FATE 7 81 25 3 3,197 0 112,197 49,1965 55,197 0 0 0 0 57 0 ##
6.VTT
Water chemistry and oxidation in the primary circuit 12 117,589 21,927 1,985 28,749 0 170,25 39,814978 67,785 0 0 0 0 99,74 2,725 ##
WATCHEM 12 141,785 10 6 10 0 167,785 40,39992 67,785 0 0 0 0 100 0 ##
6. VTT
Monitoriing of the structural integrity of reactor circuit 16 185,42 0,301 5,421 0 23,595 214,737 40,134676 86,184 0 0 0 0 128,553 0 ##
RAKEMON 16 181,184 3 10 0 11 205,184 42,00328 86,184 0 0 0 0 119 0 ##
6.VTT
Fracture assessment of reactor circuit 30,5 333,644 12,034 5,989 9,723 3,639 365,029 37,670158 137,507 0 39 0 0 188,522 0 ##
FRAS 22,6 305,507 7 19 7 19 357,507 38,46274 137,507 0 39 0 0 181 0 ##
6. VTT
Influence of material, environment and strain rate on 28,4 245,847 31,793 19,363 46,671 2,885 346,559 38,001322 131,697 0 0 0 0 177,467 37,395 ##
environmentally asssisted cracking.. DEFSPEED 25,2 220,697 10 34 45 35 344,697 38,2066 131,697 0 0 0 0 176 ##
7.VTT
Service life management system of concrete
structures in nuclear power plants 9 113,782 0 2,417 7,219 0 123,418 39,230906 48,418 0 9 16 0 50 0 ##
SERVICEMAN 9 113,018 0 10,4 0 0 123,418 39,23091 48,418 0 9 16 0 50 0 ##
7. VTT
IMPACT2010 47,3 486,185 114,007 3,394 0 28,575 632,161 12,254631 77,469 0 0 0 0 179,692 375 ##

37 412,469 50 10 0 10 482,469 16,05678 77,469 0 0 0 0 180 225 ##
7. VTT
Structures under soft impact 12,0 141 0 4 18 0 163,657 59,170094 96,836 0 0 0 0 66,821 0 ##
SUSI 12 128,536 2 7 26 0 163,536 59,21387 96,836 0 0 0 0 66,7 0 ##
8,  VTT
Challenges in risk-informed safety management 20,3 237,904 0 14,876 1,308 0,073 254,161 43,815141 111,361 0 0 0 0 85 57,8 ##
CHARISMA 20,3 232,961 2,2 18 1 0 254,161 43,81514 111,361 0 0 0 0 85 57,8 ##
8. VTT
Implementation of quantitative fire risk assesssment 12,6 131,587 0,375 2,485 0 30,138 164,585 58,836467 96,836 0 0 0 0 67,749 0 ##
in  PSA, FIRAS 10,5 100,836 4 9 9 41 163,836 59,10545 96,836 0 0 0 0 67 0 ##
8. IL
Extreme weather and nuclear power plants 10,88 89,2 0 0 0 0 89,2 29,296551 26,146 0 0 0 0 0 63,1 ##
EXWE 7,18 58,946 0 0 0 0 58,946 44,35585 26,146 0 0 0 0 0 32,8 59
Administration. VTT
Programme administration and information 9,5 149,546 0 3,68 1,39 33,66 188,276 99,141686 186,660 0 0 0 1,569 0,047 0 ##
SAHA2007 10 142 0 3 8 33,66 186,66 100 186,660 0 0 0 0 0 0 ##
Total realised 527,0 5518,0282 287,5375 194,9136 268,603 216,5992 6485,681 41,767697 2708,939 108 80 95,958 52,214 2435,222 1005,395 ##
Total planned 477,5 5108,676 234,2706 309,552 237,485 248,66 6138,644 44,49774 2715,093 108 80 119,5 48 2379,95 651,1 ##

1) According to VYR-decision on 4.6.2007 CERFAS-project obtained VYR-funding 80 k€ for 2007, that was obtatned as a cut with equal percentage from the VYR-funding of all the other research projects.
2) Planned budjets updated according to VYR decision on 4.6.2007.
3) Administration project for period 1.1.2007-31.3.2008 with VAT 22 % included as other costs.  
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Various distributions between the research areas are shown in Figures 3.3-3.6. In these 
Figures, the following short acronyms are used instead of the official name of the research 
area: 
1. Organisation and human factors – “Human” 
2. Automation and control room – “Automation” 
3. Fuel and reactor physics – “Core” 
4. Thermal hydraulics – “Thermal” 
5. Severe accidents – “Severe” 
6. Structural safety of reactor circuit – “Materials” 
7. Construction safety – “Concrete” 
8. Probabilistic safety analysis (PSA) – “PSA” 
 
Figures 3.3 and 3.4 show the distribution of planned and realised costs and volumes in the 
eight research areas in 2007, respectively. In the thermal hydraulics and construction safety 
research areas the realised cost exceeded the planned ones remarkably. In construction 
safety this was mainly due to the growth of the IMPACT –project, which is also reflected 
in the larger than planned amount of person months in the construction safety area in 
Figure 3.4. In thermal hydraulics the amount of work to obtain the original goals exceeded 
the planned volume.  In many research areas more work was done than planned with a 
fairly small increase in the planned costs, as can be seen from Figures 3.3 and 3.4. Main 
reason for this was that young researchers and research trainees were involved in the 
projects in a somewhat larger extent than planned. 
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Figure 3.3. Planned and realised costs  in SAFIR2010 research areas in 2007. 
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Planned and realised volumes in 2007
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Figure 3.4. Planned and realised volumes in SAFIR2010 research areas in 2007. 
 

Distribution of funding in 2007

PSA
8 %

Concrete
15 %

Materials
22 %

Severe
13 %

Thermal
15 %

Core
15 %

Automation
8 %

Human
4 %

 
Figure 3.5. Distribution total funding in SAFIR2010 research areas in 2007. 
 
Figures 3.5 and 3.6 illustrate the distribution of costs and person years between the eight 
research areas of SAFIR2010 in 2007. The differences between the funding and person 
volumes are only in the order of one percent in each research area. 
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Figure 3.6.  Distribution person years in SAFIR2010 research areas in 2007. 
 
The programme produced 194 publications in 2007. 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 3.9 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 SAFIR2010 projects in 2007.   
Project Volume 

pers. year 
Scientific Conference

papers 
Res. inst.
reports 

Others Total 

MANOR 1.1 3 9 1 1 14 

SAFEX 1.1 0 2 0 1 3 

MODSAFE 1.5 0 1 2 0 3 

CERFAS 1.2 0 0 2 1 3 

OPRACTICE 1.6 2 5 1 4 12 

POKEVA 3.2 0 3 10 0 13 

TRICOT 2.2 0 2 7 0 9 

TOPAS 2.4 5 3 1 1 10 

NUMPOOL 0.7 0 0 1 0 1 

THARE 2.3 0 0 3 5  8 

MULTIPHYSICS 0.5 0 0 0 0 0* 

ECE 0.8 0 0 0 1 1 

CONDEX 2.5 1 0 3 1 5 
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LABRE 0.5 0 0 1 0 1 

RADECO 0.5 0 0 1 0 1 

CHEMPC 3.4 0 6 3 2 11 

COMESTA 1.5 0 3 3 0 6 

HYRICI 1.0 0 1 2 1 4 

PURISTA 1.6 2 4 3 1 10 

FATE 0.7 0 0 1 0 1 

WATCHEM 1.1 1 0 3 0 4 

RAKEMON 1.5 0 3 3 0 6 

FRAS 2.9 3 3 4 0 10 

DEFSPEED 2.7 0 1 6 5 12 

SERVICEMAN 0.9 1 0 2 1 4 

IMPACT2010 4.5 0 1 0 0 1 

SUSI 1.1 0 3 2 1 6 

CHARISMA 1.9 0 5 5 5 15 

FIRAS 1.2 1 0 4 6 11 

EXWE 1.0 0 4 2 0 6 

SAHA2007 0.9 0 0 3 1 4 

TOTAL 50 19 59 79 38 195 

*Tekes and industry funded project that will publish final report in 2008. 
 
Altogether 13 academic degrees were obtained in the research projects in 2007, four 
Doctoral degrees and nine Masters degrees. This information is collected in Table 3.3 and 
in Appendix 4. 
 
Table 3.3. Academic degrees obtained in the projects in 2007. 
 
Project Doctor Licentiate Master 
MANOR 1   
OPRACTICE   1 
POKEVA   1 
TOPAS 2  1 
CONDEX 1   
CHEMPC   1 
WATCHEM   1 
SERVICEMAN   1 
IMPACT2010   1 
EXWE   2 
TOTAL 4 0 9 
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4 Organisation and information  
The SAFIR2010 steering group had six meetings and the eight reference groups had five 
meetings during the administration period (January 2007-March 2008). The ad hoc groups 
that have a vital role in some areas carried on their operation and a few new groups were 
formed. The ad hoc groups have met upon the needs of the specific project. All the interest 
groups have regularly been 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 have been presented in Appendix 6.  Figure 4.1 illustrates the organisation and 
quality management in the SAFIR2010 programme. 

Steering Group

Reference Groups
and

ad hoc groups

Projects
Project realisation

Steering Group

Reference Groups
and

ad hoc groups

Projects
Project realisation

SAFIR2010
management 
handbook

According to 
Management system of
research organisation

Steering and strategic planning

Strategic planning in the
area and scientific
quidance

  
Figure 4.1 Organisation and quality management in the SAFIR2010 programme. 
 
The information on the research performed in SAFIR2010 is communicated formally via 
the quarterly progress reports yearly, the annual report of the programme and the www-
pages of the programme. Additional information will be given in seminars organised in the 
various research areas. The detailed scientific results are published as articles in scientific 
journals, conference papers, and separate reports.  
 
In addition to conducting the actual research according to the yearly plans, SAFIR2010 
functions as an efficient conveyor of information to all organisations operating in the 
nuclear energy sector in Finland and as an open discussion forum for participation in 
international projects, allocation of resources and planning of new projects.  
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NOTE: 
 
Table 3.1 in the main text gives the final cost information according to the final bills 
delivered by the organisations to TEM for the year 2007 (1.1.2007-31.1.2008). In progress 
reports the costs have been reported by the project manager prior to the final accounting. 
For a few projects, the final costs have been updated according to Table 3.1, which is 
indicated in those reports.
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SAFIR2010   15.2.2008 PROGRESS REPORT 4/07 
 
Safety management and organizational learning (Manor) 
Turvallisuuden johtaminen ja organisatorinen oppiminen 
 
Duration 2007 – 2010 
Project manager Dr Teemu Reiman, VTT 
Volume in 2007 (person y.) Plan: 1.3  Realised 31.1.2008            1.15  
Cost in 2007 (k€) Plan: 199,5  Realised 31.1.2008             183,6   
 
Main Objectives 
 
The main objective of the research project is to study the facilitators and hindrances to 
organizational learning and development of safety culture in the nuclear power industry. The aim is 
to help the power companies and the regulator to create safety management practices that support 
the evaluation and management of the working practices and organizational performance based on 
a sound safety culture. The project contributes to the utilisation of operating experience, development 
of working practices and safety culture, development of job motivation and awareness of risks among 
the contractors as well as plants’ own personnel, and identification of risky habits and conceptions in 
the organizations. 
 
 
Objectives in 2007 Realised 

 
1 Event investigations and utilisation of operating experience (50 k€, 4 person months) 

Review of existing accident models 
and accident analysis methods 

Review of the OE practices at TVO, 
Loviisa power plant and STUK 
concerning e.g. organising, resources 
and event investigation methods  

Interviews of the key persons about 
the realization of the OE practices, 
identifying the well and poorly 
functioning parts of the processes    

Evaluating the OE process from the 
organizational learning point of 
view. 

Working report and research plan for 
2008 

(VYR, VTT)   

The task remains incomplete and has been postponed to 
2008.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Task completion: 60 % 

2 Organizational reviews (57 k€, 2.5 person months) 

Collection of experiences from 
organizational reviews that have 
been performed in Finland and 
Sweden. 

Formulation of guidance for defining 
scope and content of organizational 
reviews.  

Final report (NKS) 12/2007 

(NKS, VTT) 

Task has been completed. Final report is in press.  
 
 
 
 
 
 
 
 
 
Task completion: 100 % 

3 Safety culture at subcontracting (32,5 k€, 2 person months) 
To collect basic data on the The task has been completed. 
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subcontracting practices at the 
Finnish plants in operation and 
under construction 

To review international literature 
from other safety critical areas on the 
subject of safety implications of the 
use of subcontractors 

To make a detailed plan for 2008 
research. 

(VYR, VTT)  

 
Relevant source material has been collected. Interviews have 
been conducted at STUK, Fortum and TVO and preliminary 
analysis has been done.  
 
Review of international literature from other safety critical 
areas on the subject of safety culture and safety implications 
of the use of subcontractors has been done and used in the 
preliminary analysis. 

Plan for 2008 has been made.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Task completion: 100 % 

4 Safety culture and organizational learning (60 k€, 4,5 person months) 
clarification of the theoretical 
competence requirements of the 
maintenance personnel and the 
possible safety consequences of the 
lack of theoretical knowledge 

communicating the results of the 
project in seminars and workshops 

2 scientific articles  

ManOr-project administration 

(VTT, VYR) 
 

The task has been completed. 
 
One dissertation has been published: 
Reiman, T. (2007). Assessing organizational culture in complex 
sociotechnical systems – Methodological evidence from studies in 
nuclear power plant maintenance organizations. VTT Publications 
627. Espoo: VTT. 
 
Two scientific articles has been published: 
Reiman, T. & Oedewald, P. (2007). Assessment of Complex 
Sociotechnical Systems – Theoretical issues concerning the use of 
organizational culture and organizational core task concepts. 
Safety Science 45 (7), 745-768. 
 
Kettunen, J., Reiman, T. & Wahlström, B. (2007). Safety 
management challenges and tensions in the European nuclear 
power industry. Scandinavian Journal of Management, 23, 424-
444. 
 
One Finnish language book is in press: 
Reiman, T. & Oedewald, P. (Painossa). Turvallisuuskriittiset 
organisaatiot – Onnettomuudet, kulttuuri ja johtaminen. Edita. 
 
Nine conference papers have been written:  
Reiman, T. (2007). Safety Culture in Nuclear Power Plant 
Maintenance Organizations. 13th EAWOP Congress in 
Stockholm, Sweden, May 2007. 
 
Oedewald, P. & Reiman, T. (2007). Turvallisuuskriittisten 
organisaatioiden yhteisiä erityishaasteita. Human Factors & Safety 
II seminaari, Espoo, 12.4.2007. 
 
Oedewald, P. & Reiman. T. (2007). Measuring conceptual 
knowledge among NPP maintenance personnel – a tool for 
knowledge management. 8th Conference on Human Factors and 
Power Plants. Monterey, California, August 26-31, 2007. 
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Reiman, T. & Oedewald, P. (2007). Modelling organizational 
culture and its effects on operational safety. 17th Nordic Research 
Conference on Safety, Tampere, Finland, June 13-15, 2007. 
 
Reiman, T. & Oedewald, P. (2007). Organizational factors and 
safe human performance – work psychological model. 8th 
Conference on Human Factors and Power Plants. Monterey, 
California, August 26-31, 2007. 
 
Wahlström, B. (2007). The LearnSafe project; a three year 
perspective. 8th Conference on Human Factors and Power Plants. 
Monterey, California, August 26-31, 2007. 
 
Wahlström, B. & Rollenhagen, C. (2007). Organisational factors 
and nuclear safety - issues to address in research and development. 
8th Conference on Human Factors and Power Plants. Monterey, 
California, August 26-31, 2007.  
 
Rollenhagen, C. & Wahlström, B. (2007). Management systems 
and safety culture; reflections and suggestions for research. 8th 
Conference on Human Factors and Power Plants. Monterey, 
California, August 26-31, 2007. 
 
Wahlström, B., J. Hämäläinen, K. Juslin, J.-E. Holmberg, H. 
Harju, L. Norros, U. Pulkkinen, T. Reiman, J. Laarni, K. Simola. 
(2007). Research in Automation, Risk Analysis, Control Rooms, 
and Organizational Factors; Applications to Plant Life 
Management. Second International Symposium on Nuclear Power 
Plant Life Management to be held from 15 to 18 October 2007 in 
Shanghai, China. 
 
One research note concerning the general and unique 
challenges of safety critical organizations has been published:
Oedewald, P. & Reiman. T. (2007). Special characteristics of 
safety critical organizations. Work psychological perspective. 
VTT Publications 633. Espoo: VTT. 
 
Two researchers from the Manor project attended the HUSC 
(MTO and Safety Culture) network meeting at Ringhals 17-
19.4.2007. Results of the Manor project were presented for 
the network. Reiman will act as VTT’s contact person and a 
member of the steering board in the network consisting of 
human factors experts from VTT, Oskarshamn, Ringhals, 
Vattenfall PC, Westinghouse, SKB, KSU and TVO. 
 
Literature review of safety culture studies in various safety 
critical domains has been made. 
 
Task completion: 100 % 

Comments 

The 2,5 k€ cut to VYR funding has been reduced from task 3. Resources have been moved from task 
1 to task 3 and the task objectives have been changed accordingly.   

 
Education of experts 
 
One dissertation has been published. Trainee research scientist has been recruited into Manor 
project. One dissertation is in preparation. 
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SAFIR2010   31.1.2008 PROGRESS REPORT 4/07 
 
Expert Work in Safety Critical Environment (SafeExpertNet)  
Asiantuntijatyö turvallisuuskriittisessä ympäristössä  
 
Duration 2007 – 2010 
Project manager YTM Krista Pahkin (TTL) 
Volume in 2007  (1,15 person years) Realised 31.1.2008  

(1.12.07.-31.1.08) 
1,1 person years (0,1) 

Cost in 2007 (k€) VYR 67,785 k€, TTL 14 k€ 
k€, TKK 5,5 k€  
Total 87,285 k€ 

Realised 31.1.2008  
(1.12.07.-31.1.08) 
90,179€ (9,397k€) 
103% (11%) 

 
Main Objectives 
The SafeExpertNet research project aims at 1) providing new scientific knowledge and 
understanding about a) expert work in nuclear power plants and nuclear power sector, b) work 
processes of the experts in nuclear power plants, and c) knowledge and competences of the 
experts in nuclear power plants; 2) Defining and developing practices for preserving and creating 
expertise in nuclear power plants. These include HR-practices such as recruiting, competence 
development and employee turnover; 3) Providing new knowledge on nuclear power expertise 
network and the roles of different parties (including nuclear power plants, regulators, research and 
educational organizations); 4) Describing expertise in nuclear power network; and 5) Defining and 
developing collaboration and communication in the nuclear power network. 
 
Objectives in 2007 Realised 

 
1 HR Practices (62 k€, 9,84 person months) 

1.1 A literature review on HR 
processes, practises and their 
ownership in organizations. 
This subtasks aims at to make a 
model and evaluation of HR 
processes which identifies good 
practices as well as areas of 
development. 

A literature review is ongoing and preliminary modelling has 
been done. 
 
Task completion: 100 % 

1.2 A model and evaluation of HR 
processes and practices on the 
area of nuclear power plants. 
This subtask analyzes and 
evaluates the prevailing HR 
processes and practices 
concerning the expertise in nuclear 
power plants. (Funding: VYR, TTL)  

Data gathering: interviews have been done (TVO 9; FNS 
20).  
Workshops have been carried out in October both in TVO 
and in FNS. Analysis and modeling has been done. Reports 
for TVO and FNS have been sent. 
 
 
Task completion: 100 % 

1.1 A development plan for 
interventions in the HR area 

Plan of activities in 2008 have been done. 

2 Publishing and dissemination of results 
 (23,8 k€, 3,79 person months) 

2.1 Publishing and dissemination 
of results  
This task focuses on publishing the 
results of the study in the academic 
field as well as the national industrial 
field. 

An article on expertise and its development in Nuclear 
Facilities has been started (in Finnish), but needs to be 
finalized. 
 
An article on HR practices and its role in supporting 
knowledge management has been started (in Finnish), but 
needs to be finalized. 
 
Krista Pahkin has presented a poster presentation from  the 
extended Abstract "The Nature of Expertise and HR 
Functions Supporting Expertise in Nuclear Industry 
Organizations" in the International Conference on 
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Knowledge Management in Nuclear Facilities, which was 
held in 18-21.6.2007 in Vienna, Austria. 
 
Katri Säämänen has presented an abstract "A Process 
Approach to Creating Tacit Knowledge through 
Apprenticeship - A Case study in Nuclear Power Plants" in 
EAWOP Conference in Sweden 9.-12.5.2007. 
 
Task completion: 90 % 

 

Comments 

Katri Säämänen stopped working in the project in December 2007. 
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Education of experts 
SAFIR2010   20.2.2007 PROGRESS REPORT 4/07 
 
Model-based safety evaluation of automation systems (MODSAFE) 
Malleihin perustuva automaation turvallisuuden arviointi 
 
Duration 2007 – 2010 
Project manager Research Scientist Janne Valkonen 
Volume in 2007 (person y.) Plan: 1,48 Realised 31.1.2008   1,48 
Cost in 2007 (k€) Plan: 185,6 Realised 31.1.2008   185,6 
 
Main objectives 
 
In this project, methods based on formal model checking are developed and applied in the safety 
analysis of NPP safety automation. The general objectives of the project are: 

- development of methods for model based safety evaluation of NPP automation 
- application of the methods in selected case studies 
- evaluation of the suitability of formal model checking methods for NPP automation analysis 
- operationalisation of model based safety evaluation to a part of  safety case of safety 

automation systems 
- development of recommendations for the practical application of the methods 

 
 
Objectives in 2007 Realised 

 
1 State of the art of model checking methods (35k€   2,9 person months) 

A review of the formal methods and 
models applied in safety evaluation 
of industrial and nuclear safety 
systems. (VYR, VTT) 

The most interesting branches of safety automation analysis 
and model checking identified (from the project’s viewpoint).  
 
Deliverable: NPP Safety Automation Systems Analysis – 
State of the Art will be published in the VTT Working Reports 
series. 
 
Task completion: 100 % 

2 Selection of case studies (36,5k€   2,4 person months) 
The aim is to select the case studies 
in such a way that the characteristics 
of NPP safety automation 
(sequences of safety functions, 
timing issues etc.) are covered to as 
large extend as possible. (VYR, 
VTT) 

Several candidates of cases investigated during the project 
year. Two case studies selected for implementation in 2007: 
 

1) Urho Tuominen Oy, Arc protection system 
2) TVO, Emergency cooling system 

 
Several candidates of cases investigated also for the 
becoming project years (e.g. Eaton, Fortum, TVO).  
 
Deliverable (common to tasks 2, 3, and 4): Selection 
process described in Model-Based Analysis of an Arc 
Protection and an Emergency Cooling System - MODSAFE 
2007 Work Report that will be published in the VTT Working 
Reports series.   
 
Task completion: 100 % 

3 Planning of case study 1 (51,5k€   3,9 person months) 
The aim is to plan and define the 
case study. Selection of the suitable 
safety function or automation device. 
What are the functionalities of the 
selected system and how they can 
be described with the models 
applied in model checking, and how 
the modelling method must be 
supplemented? What are the 

Instead of planning only one case study in 2007, both selected 
cases were planned for modelling. Important part of planning 
was defining the boundaries of systems to be modelled. Also 
the level of details to be included in the models was vital part 
of the planning phase.  
 
In the arc protection case, imaginary operation environment 
was created around the system’s control logic.  
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requirements for the model checking 
method and how the model checking 
algorithms must be supplemented? 
(VYR, VTT) 

Deliverable (common to tasks 2, 3, and 4): Description of 
planning and defining the case studies is described in Model-
Based Analysis of an Arc Protection and an Emergency 
Cooling System - MODSAFE 2007 Work Report that will be 
published in the VTT Working Reports series. 
 
Task completion: 100 % 

4 Modelling of the case study (67k€   6,4 person months) 
The model checking approach is 
applied to the chosen cases.  (VYR, 
VTT) 

Model checking software NuSMV has been selected and 
familiarised prior to modelling.  
The model checking approach has been applied to the chosen 
cases including the following steps: modelling of the 
functionalities of the study cases, representation of the 
hazardous states and properties in the modelling language 
and preliminary study of the applicability of a chosen model 
checking technique to the study cases. 
Project group organised an ad hoc meeting for reference 
group members to introduce the progress of the modelling 
work (in more detailed level than in the reference group 
meetings) and to get feedback.  
Modelling of the arc protection case (UTU Falcon) finished.  
Modelling of the emergency cooling case (TVO) finished.  

 
Deliverable (common to tasks 2, 3, and 4): Description of 
the selected case studies and their modelling are reported in 
Model-Based Analysis of an Arc Protection and an Emergency 
Cooling System - MODSAFE 2007 Work Report that will be 
published in the VTT Working Reports series. 
 
Task completion: 100 %  

 

Comments 

Instead of modelling only one case in 2007 (the original plan), two cases were finished during the first 
project year. Several potential future cases were identified.  
 
 
Education of experts 
 
Matti Koskimies will finish his Master’s thesis at TKK in spring 2008 (started in May 2007).  
 
Jussi Lahtinen worked as a summer trainee at TKK and studied how to enhance the usability of the 
model checking tool employed in the case studies (NuSMV). He started his Master's thesis work in 
the project in September 2007.   
 
Ville Pettersson worked as a summer trainee at VTT. His tasks included getting familiar with model 
checking methods and nuclear I&C applications and using NuSMV in modelling a case study. 
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SAFIR 2010   25.2.2008 PROGRESS REPORT 4/07 
 
Certification facilities for software (CERFAS) 
Ohjelmistojen sertifiointivalmiuksien kehittäminen 
Duration 2007 – 2010 
Project manager Tec. Lic. Hannu Harju, VTT 
Volume in 2007 (person m.) Plan: 11,5   Realised 31.1.2008          13 
Cost in 2007 (k€) Plan: 110  Realised 31.1.2008          110  
 
Main Objectives 
 
The strategic objective of CERFAS is to develop facilities for flexible, supported, commercially 
exploitable, high quality Software Certification Service able to certificate safety critical and safety 
related software. The main other features to support the Service are the following: 

• advanced methods for evaluation of software process and artefacts, that is, documents, 
code, test plans, etc. 

• competence development to provide facilities for Software Certification Service. 
 
Objectives in 2007 Realised 

 
1 State of the Art (55 k€, 6,5 person months) 

1.1 Previous research projects 
Evaluates the current situation and 
best available knowledge among 
partners and globally as a basis for 
further development  

• A workshop between partners in September 2007 is kept 
• A large number of research reports and articles of models 

and certification schemes is studied and reported 
• The evaluation of the use of results of the previous 

SAFIR-projects (QETES, ASDES), of the previous 
TEKES-project Kettu3 is done 

• The first research report VTT-R-09699-07 “State of the Art 
of Software Certification: Type approval of system 
software product” is delivered 

• The second research report “State of the Art in software 
process and product quality evaluation: Summary report” 
is written and distributed for comments. 

 
Task completion: 100  % 

1.2 Standards 
Quality and certification 
requirements in generic and nuclear 
software/systems engineering 
standards. 

• Material is collected from IEC, ISO, IEEE and nuclear 
specific sources (V&V, reviews, testing, generic product 
evaluation and quality measurement standards 
evaluation, etc.) (report 1 and 2) 

• IEC 61508 (Part3: software safety), IEC 61513 (software 
related parts) and IEC 60880 have been studied for the 
development of Software Certification Service. Facilities 
for the first case study are prepared for the area of the 
pre-developed software parts of the standard IEC 60880  
(report 1).  

• Software safety metric and COTS evaluation of the ISO 
25000 series of software product quality are studied for 
further refinement (report 2) 

• ISO 15026 Software Quality Assurance is under 
monitoring (report 2) 

• IEEE 1012 (reworked version 2004) of software V&V 
(Facilities for the CADET case) 

 
Task completion: 100 % 

1.3 Features of software certification 
service 
General framework and a set of 
requirements for software 
certification 
• Find out what services Software 

• Workshop in September covered most relevant needs for 
certification service from the following views:  

o licensing and licensee 
o quality assurance and testing (potential partners) 
o certification bodies  

• Certification programs of exida and TÜV have been 
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Objectives in 2007 Realised 
 

Certification Service should possess 
on the basis of consideration of the 
national and international high level 
certifiers.  
• Find out potential partners on 
Software Certification Service in 
Finland (independent verification 
and validation, testing laboratory, 
process evaluators, etc.). 

familiarized (report 1) 
• Certification in US and EU has been studied (reports 1 

and 2) 
• Certification programs of other safety related domains 

(space, aviation, automotive, electro medical) (reports 1 
and 2) 

• See reports mentioned in 1.1 
 
Task completion: 100 % 

2 Development of the certification methods and techniques Strawtool (55 k€, 6,5 person 
months) 

2.1 Process certification 
Process certification will be 
developed as a combination of 
generic quality and capability 
requirements vs. nuclear specific 
requirements in each lifecycle phase 
 

• GNOSIS method is updated to facilitate the CADET case 
to cover process assessment (Master thesis under work). 

• Some other methods and toolsets for process 
assessment and rating are identified and are under 
evaluation (etc. automotive SPICE, CMMI for safety) 
(report 2) 

 
Task completion: 100 % 

2.2 Product certification 
• Make a list of potential evaluator 

organisations for Software 
Certification Services 

• Evaluate existing and evolving 
methods and tools for product 
evaluation. 

• Select types of artefacts.  
• Define the set of methods 

(techniques and tools) for the 
use of artefact evaluation.  

• Certification bodies and some main evaluators are 
identified 

• Safety case tool has been provided for the project. 
Evaluation of V&V methods is done 

• Basic artefacts are selected to facilitate the CADET case 

• The set of methods is defined to facilitate the CADET 
case 

Task completion: 100 % 

2.3 Integrated toolset for software 
certification 
• Develop a first detailed 

description for software 
certification service SCS.  

• Analyse carefully the needs for 
the first case study and consider 
how the results. 

The Cadetcase has been selected and the certification plan is 
done. Externally to CERFAS the first assessment phase has 
been done 
The first general version of the Software Certification Service 
is ready for use in Cadetcase and written in the third report of 
CERFAS “Software Certification Service: Facilities for type 
approval of system software product”.  
The analysis of needs of the Cadetcase has been done and is 
continued with stakeholders and the manufacturer.  
Task completion:100 % 

3 Cadet case study Cancelled (0 k€, 0 person months) 

 
 

Comments 

The planned funding was cut of 50 k€. The third subproject of the original plan is cancelled.  

 

Education of experts 

Mika Johansson has started his Master’s thesis at TTY in the beginning of September. Topic is mainly 
related to subsections 2.1 and 2.3.  
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SAFIR2010   20.02.2008 PROGRESS REPORT 4/07 
 
Operator practices and human-system interfaces in computer-based control stations 
(O’PRACTICE) 
Operointikäytännöt ja käyttöliittymät digitaalisissa valvomoissa 
 
Duration 2007 – 2010 
Project manager Dr. Jari Laarni / Dr. Leena Norros VTT Systems Research 
Volume in 2007 (person y.) Plan: 17.0 person-months Realised 31.01.2008  17.0 pms        
Cost in 2007 (k€) Plan: 227 k€  Realised 31.01.2008 227 k€             
 
Main Objectives 
 
The project aims at developing practices of Human Factors Engineering (HFE) for the design, 
operation and evaluation of human-system interfaces at nuclear power plant (NPP) control rooms. 
In the project we will gather knowledge of changing operator practices and new human-system 
interface (HSI) solutions in order to promote safety use of digital technologies and develop new 
methods and practices for the management of design process and evaluation of the safety of HSIs. 
The aim is also to develop expertise on user-centred design of complex industrial systems in 
Finland, further promote international collaboration with research and expert organizations, and 
institutions and strengthen delivery of expertise in the field of user-centred design. 
 
 
Objectives in 2007 Realised 

 
1 New tools of collaboration for operating personnel (100 k€, 7.0 person months) 

1.1 Large screen display as a 
collaborative tool 

The aim is to survey user needs for 
large screen displays and study their 
usage practices. (VYR, HRP-In-kind, 
VTT) 
 

Task completion: 100% 

A report on literature survey of large screen display 
technologies and usage has been completed. 

Final reports on the usage of large screen displays at 
conventional power plants have been completed. 

Three design workshops on the usage of large screen 
displays were arranged. 

A report on the design workshops has been completed. 

The first version of the dialogic interview method has been 
developed. 

Deliverables:  
1) Literature review on the use of 
large screen displays for 
collaborative purposes 

2) Report on French experiences on 
large screen displays at N4 plants 

3) Survey of user needs for overview 
information and experiences from 
large screen displays 
4) First version of the dialogic 
interview method.  

Deliverable completion: 100% 

Salo, L.: Haastattelututkimus valvomomuutoksesta ja 
digitaalisten työvälineiden käytöstä. (4 research reports). 

Laarni, J.: Suurkuvanäytöt prosessiteollisuuden valvomoissa – 
Kirjallisuuskatsaus. Research report. 

Laarni, J., Norros, L., Koskinen, H. & Salo, L.: Suurkuvanäytöt 
ydinvoimalaitosten valvomoissa – suunnittelutyöpajojen 
tulokset. Research report. 

A presentation by L. Salo with the title “Operaattorien 
kokemuksia suurkuvanäytöistä ja muista digitaalisista 
työvälineistä” at Valvomopäivät 21.-22.3.2007. 

A presentation by L. Norros and L. Salo with the title 
“Ydinvoimalaitoksen valvomotoimintojen digitalisointi - mitä 
tapahtuu toimintaympäristössä ja työkäytännöissä?” at Reuna 
07: Tila ja Tilanteet, 10.5.2007. 

A presentation by L. Salo with the title "Operaattorien 
kokemuksia suurkuvanäytöistä ja muista digitaalisista 
työvälineistä" at Valvomopäivät 21.11.2007. 
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1.2 Computer-based procedures as 
a collaborative tool  

The aim is to survey user needs for 
operating procedures and study their 
usage practices. (VYR, HRP-In-kind, 
VTT) 

Task completion: 100% 

A training workshop was arranged at the Loviisa plant. 
A workshop on operating procedure development with 
representatives of EdF, Framatome, CEA and Fortum was 
arranged. 

The first draft of a literature review on the use of computer-
based emergency operating procedures has been completed. 
The report will be finalized in 2008. 

Deliverables: 
1) Literature review on the use of 
computer-based procedures 

2) Report on French experiences on 
computerized procedures at N4 
plants 
3) Report on the operational test of 
the use of computer-based 
procedures. 

Deliverable completion: 100% 

A presentation by L. Norros and L. Salo with the title 
“Operating with procedures in complex process control: 
literature review” at Procedure Guidance Workshop, October 
11th-12th, EDF – R&D Clamart. 

Norros, L., Salo, L., & Laarni, J. Acting with procedures in 
complex work – A challenge for work design: an abstract 
accepted for the International Symposium ACTIVITY2008.  

2 Development of new concept of operation for fully-digitalized control rooms  
(66 k€, 5.0 person months) 

2.1 Information Rich displays in 
process control 

The aim is study the use of 
Information Rich large screen 
displays for process control 
purposes. (VYR, Fortum, HRP-In-
kind, VTT) 
 

Task completion: 100% 

New information presentation concepts for collaborative 
operation of nuclear power process have been outlined and 
analysed. 

Data of Halden experiments with different HSI design 
solutions (EID vs. two versions of “industry-standard” UI) has 
been further analysed; a final report, to be published within the 
Halden Work Report series, has been completed. 

A plan for experimental tests of the use of Information Rich 
Design displays in process control has been completed. A 
heuristic evaluation of the IRD-displays has been conducted. 

Marja Liinasuo and Hanna Koskinen participated in the 
International MTO Summer School “Design and evaluation of 
human system interfaces”, Halden August 27-30, 2007.  

 
Deliverable: Research report on the 
comparative test of information 
presentation concepts. 

Deliverable completion: 100% 

Norros, L., Salo, L., Savioja, P. & Laarni, J.: Communicating 
the meaning of process information - comparison between 
three forms of information presentation. In Proceedings of 
EHPG-Meeting Storefjell, March 12-15, 2007. 

Laarni, J., Norros, L. & Koskinen, H.: Affordance Table – A 
collaborative smart interface for process control. In 
Proceedings of HCI International 2007. 

Norros, L. & Salo, L. Design of practices – a challenge for 
cognitive systems engineering, submitted to Cognition, 
Technology & Work. 

A presentation by L. Salo and L. Norros with the title 
“Ekologinen käyttöliittymäsuunnittelu” at Havaitseminen ja 
toiminta uuden tietotekniikan maailmassa -seminaari 
16.5.2007. 
 

2.2 Formation of new structures of 
process knowledge for the user 

The aim is to begin to develop a 

Task completion: 100% 
The basic structure of the smart expert support system for 
outage management has been outlined. 



 
 

 13

novel operating support system 
prototype based on methods of 
semantic modelling, dialogic 
interviews and user studies. (VTT) 
 

Two planning meetings have been arranged, one at TVO, the 
other one at Fortum. 
The first version of the dialogic interview method has been 
developed. 
 

Deliverables:  
1) Operator support system concept 
2) First version of the dialogic 
interview method. 

Deliverable completion: 100% 
 
Laarni, J., Koskinen, H. & Norros, L.: Activity-driven design 
of collaborative tools for nuclear power plant control rooms, 
an abstract accepted for the International Symposium 
ACTIVITY2008. 

3 Evaluation of control rooms and human-system interfaces ( 60 k€, 4.5 person months) 
The aim is to study the adequacy, 
effectiveness and safety of hybrid 
human-system interfaces. (Fortum, 
VTT) 
 
 

Task completion: 100% 
The first version of the usability case approach has been 
developed and tested. The development of the methodology 
will continue in 2008. 

Operators’ and trainers’ experiences with hybrid HSIs have 
been collected; data has been analysed, and a report has 
been completed. 
 

Deliverables: 
1) Two reports on simulator tests of 
the use of hybrid HSIs 
2) Survey of operator, trainer and 
designer experiences of hybrid HSIs. 

Deliverable completion: 100% 

Laarni, J., Salo, L . & Norros, L.: A step towards more agile 
and adaptive management of nuclear power plant control 
room renewals – lessons learned from a project in Finland. 
In Proceedings of EHPG-Meeting Storefjell, March 12-15, 
2007. 

Laarni, J., Norros, L. & Salo, L.: Loviisan 
automaatiouudistuksen 1. vaiheen validointi: 
operaattorikoulutuksen aikainen palaute. Research report. 

Liinasuo, M. & Norros, L.: Usability Case - integrating 
usability evaluations in design. In Proceedings of COST294-
MAUSE Workshop on Downstream Utility, 6 Nov 2007, 
Toulouse, France, 11-13.  
Savioja, P. & Norros, L.: System usability – promoting core-
task oriented work practices. In Law, E. et al. (eds.) Maturing 
Usability: Quality in Software, Interaction and Value. 
Springer. 

Norros, L. & Savioja, P.: Towards a theory and method for 
usability evaluation of complex human-technology systems. 
@ctivités, 4(2) pp. 143-150. 

A presentation by L. Norros with the title “Evaluation of 
operator procedures and control rooms” at Radiation and 
Nuclear Safety Research in Finland; Information Meeting, 
September 5-7, 2007. 

4 WGHOF (1 k€, 0.5 person months) 
Participation on WG-meetings in 
2007 and some work within the work 
tasks adopted by the WGHOF. 
(VYR) 

Task completion: 100% 
Leena Norros participated in the WGHOF meeting held in 
Prague, October 17-19. 
 

Deliverable: Attending at meetings.  
 

Deliverable completion: 100% 

A presentation by L. Norros at Safir2010 Human Factors SKI 
MTO Reference Group, 8.5.2007. 
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Comments 

The portion to be financed by VYR has been decreased from 75k€ to 72.627€. Due to this decrease 
the volume of the project has been changed from 17.5 person months to 17.0 person months. The 
decrease has been allocated to the subtask 1.2.  

A support action proposal called “Man-Machine-Organization Through Innovative Orientations for 
Nuclear” (MMOTION) co-ordinated by EdF to the 7th Framework Programme of the European Atomic 
Energy Community (Euratom) for nuclear research and training activities (2007 to 2011) has been 
received funding. 

 

Education of experts 

The project staff includes presently three post-graduate scientists. One master’s thesis has been 
finished and approved, and one doctoral thesis (PhD) has been finalized in 2007. 
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SAFIR2010   31.1.2008 PROGRESS REPORT 4/07 
 
Development and Validation of Fuel Performance Codes (POKEVA) 
Polttoainemallien kehittäminen ja validointi 
 
Duration 2007 - 2010 
Project manager Seppo Kelppe, VTT 
Volume in 2007 (person y.) Plan: 2.86 Realised 31.1.2008           3.25 
Cost in 2007 (k€) Plan:               339 Realised 31.1.2008           341 
 
Main Objectives 
 
In the project, development will be carried out to meet the demands on availability of methods for 
nuclear fuel performance assessments. A permanent goal is to create and maintain calculation tools, 
i.e., systems of computer codes for steady-state and accident conditions, which can be utilized 
independently of those in the possession of the power plant designers and fuel vendors. Systematic 
validation and maintenance as well as continuous feed of experimental data are inseparable elements 
of code development. Some of the existing codes base on obsolete modelling and architecture, and 
renewal of the system partly is one of the objectives. Education of the next generation of experts is to 
be continued. 
 
Objectives in 2007 Realised 

 

1 Transient codes 
 
1.1 Probabilistic fuel failure mapping 

The introduced probabilistic 
procedure will be finalised and taken 
into use in FRAPTRAN and 
extended to FRAPTRAN-GENFLO 

 
1.2 FRAPTRAN-GENFLO 
Development 

Coupling of a thermal hydraulic 
model and two-phase thermal 
hydrayliscs in general with fuel 
performance codes will be 
elaborated. 

1.3 Cladding accident performance 

Fuel rod and cladding behaviour in 
accident is reviewed. Necessary 
improvements on models will be 
suggested and initiated. The 
phenomena addressed will include 
oxidation, hydriding, ballooning, fuel 
stack relocation and others. 

1.4 Dynamic time step lenth change 
procedure 

Coding a feature that will be 
particularly helpful with probabilistic 
processing where automated 
running of large numbers of 
analyses should be optimised 

 
 
 
The procedure has been demostrated with assumed boundary 
conditions. Demonstration with GENFLO thermal hydraulic 
boundary conditions to follow. Development report issued. 
 
 95  % completed 
 
 
 
 
Coupling of GENFLO with FRAPTRAN is incomplete. 
Application with probabilistic procedure under way. 
Two-phase thermal hydraulics in transient conditions being 
reviewed and . APROS runs were completed on LOCA 
transients   that will serve in testing the GENFLO-FRAPTRAN 
interface 
 
90 % completed 
 
 
Review on cladding oxidation correlations has been done. 
Modelling work on APROS. 
100  % completed 
 
 
 
 
 
Exemplar solution are being sought and reviewed. Task will be 
integrated with SCANAIR collaboration; agreed to be 
continued in 2008 
100 % completed 
 

2. Steady State codes 
2.1 State-of -the-art report 

A summary report on the current 
understanding of fuel operational 

 
 
 
Collection of material. To be continued in 2008. 
40% completed 
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phenomena and status of their 
modelling will be edited. Deficiencies 
will be pointed out. 
 

2.2 ENIGMA documentation, 
version management and validation 

Following the local development 
history, documentation of the code 
versions with recommendation of 
the usage will be performed. 
Systematic validation of separate 
phenomena models and the 
integral code will be continued. 

 

2.3 Fission gas release model 
development 

 
 

2.4 Development of a new code 

 
 
 
 
 
2.5 Dynamic time step length 
procedure 
 

 
 
 
 
 
 
 
 
 
Collection of database. Task partly relaced by review of 
thermal conductivity and submodels. 
 
100% completed 
 
 
 
 
International collaboration on fission gas behaviour modelling 
development is sought  
 
100 % completed 
 
 
Task postponed indefinitely due to resource problems. Effort 
suggested to be directed to fission gas model development 
sub task.  
 
0% completed (suppressed) 
 
 
Determined to be of minor importance; discontinued  
0% completed (suppressed) 
 

3 Halden Project collaboration 

Separate task of mutual interest 
agreed upon with HP and VTT: 

-Support on IFA-650 LOCA tests 

-Thorium and inert matrix test 
qualification; IFA-652 

-Qualification of VVER Gd and Large 
Grain tests IFA-676.1 

 

 
 
Parameter selection of the VVER LOCA test IFA 650.6 
supported with good success. Pre-test analyses of 
subsequent LOCA test to be made. Modelling of rod 
elongation and the effects of Gd absorber and pellet dopants 
will be addressed.  
ENIGMA code was applied to simulate the Thorium and Inert 
Matrix test fuels in past IFA-625 irradiation with satisfactory 
success. Material properties need to be complemented.  
 
Qualification of  Thorium and Inert Matrix Fuel Test Halden 
IFA 652 Completed. 
100% completed 
 

4. International collaboration and 
project management 

Participating in selected working 
groups of the IAEA and NEA 

Participating in selected international 
conferences 

 
Participating in the OECD Paks Fuel Project analytical work, 
final meeting and seminar; jointly funded with Fortum and VTT.
The CSNI Working Group on Fuel Safety: Plenary meeting 
and seminar attended in Tokai Japan in May. 
JAEA Fuel Safety research Meeting 2007 attended. 
Discussions to identify topics of common interest have been 
carried out with Swidish SKI and Swiss PSI. 
IAEA Seminar on In-pile Instrumentation attended. 
 
 
100% completed 
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Comments 

In the volume figure, one person year is taken to equal 10.5 person months. 

 

 

 

Personnel and education of experts 

Laura Kekkonen graduated in 2007. After having served as a Halden Project secondee for 18 months 
she has continued with VTT and POKEVA since August 2007. MSc Arttu Knuutila left the group in 
February after seven years of most productive service at VTT. Jukka Rintala is continuing full time, 
now with his diploma thesis, however, somewhat aside of the POKEVA project subjects. Asko 
Arffman, a student trainee, has been working part time.  
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SAFIR2010   31.1.2008 PROGRESS REPORT 4/07 
 
Tridimensional core transient analysis methods (TRICOT) 
Kolmiulotteiset transienttianalyysimenetelmät 
 
Duration 2007 – 2010 
Project manager Elina Syrjälahti,  VTT 
Volume in 2007 (person y.) Plan: 2.24 person y. Realised 2.2 person y.(31.1.2008)   
Cost in 2007 (k€) Plan: 303 k€  Realised   305 k€       (31.1.2008)    
 
Main Objectives 
 
The objective of the project is to continue development of reactor dynamics computer codes (TRAB-
3D and HEXTRAN) at VTT, especially in the area of thermal hydraulics. The goal is to have a truly 
independent transient calculation system, which can be utilized by the safety authority and other end-
users for safety analyses that are independent from those of power plant designers and fuel vendors, 
To achieve this, the codes must be constantly developed in order to be in a same level as other 
codes used for similar purpose internationally. 
 
In addition to development work itself, it is essential that the new models are validated against 
measurements and the results of other codes, Much of this work can be done as international co-
operation in the form of calculating benchmark problems. Another objective is to educate new experts 
to this field.  
 
 
 
Objectives in 2007 Realised 

 
1 Dynamics codes  (144 k€, 11,5 person months) 

1.1 TRAB-3D/SMABRE 
A first internally coupled EPR model 
will be prepared and tested against 
the production version of TRAB-
3D/SMABRE, The BWR circuit 
model in SMABRE will be updated, 
and the coupled code will be tested 
against TRAB-3D in BWR transients  
 (VYR, VTT) 
 

 
EPR input model for SMABRE and TRAB prepared for 
internal coupling so that comparison with parallel code version 
is possible. Several modifications dealing mainly with PWR 
features done for SMABRE. Input model is completed and 
comparisons have been prepared. The discrepancies in 
SMABRE between the parallel and internally coupled models 
have been focused to deviating processing of friction loss 
coefficients. Report completed. 
 
Task completion: 85 % 

1.2 TRAB-3D validation 
This task aims at calculating 
international OECD/NEA benchmark 
cases with TRAB-3D and 
TRACE/PARCS and analyzing 
differences between the results by 
performing variation calculations 
with both codes. The investigated 
cases will be the OECD/NEA Main 
steam line benchmark (PWR MSLB) 
and Turbine Trip benchmark (BWR 
TT) (VYR,VTT) 
 

US NRC’s coupled neutronics/thermal hydraulics code 
TRACE/PARCS successfully installed, and tested with stand-
alone neutronic and coupled cases. Possible cases and 
existing input decks for further investigation identified. Steady-
state and transient comparisons against TRAB-3D 
calculations for the OECD/NEA PWR MSLB benchmark 
separate core exercise performed with good agreement 
between the codes. Some differences in output definitions 
between the codes clarified. Two older NEA CRP PWR rod 
ejection benchmark cases also calculated with 
TRACE/PARCS and TRAB-3D with good agreement between 
the codes. Report completed. 
 
Task completion: 100 % 

1.3 Uncertainty analysis 
Sensitivity and uncertainty analysis 
tools and methods will be developed 
and tested towards practical 
application in safety analyses and 
capability to answer the 
requirements posed by safety 

Recent developments on the field of sensitivity and 
uncertainty analysis studied. The development of the VTT’s 
sensitivity and uncertainty analysis tool continued by including 
DNB calculation to the procedure. Added possibility to use tool 
also for TRAB-3D/SMABRE calculations in addition to 
HEXTRAN/SMABRE calculations. Tool tested with VVER-440 
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authority. (VYR,VTT) 
 

and PWR transients. Report completed. 
First Workshop on OECD/NEA benchmark of Uncertainty 
Analysis in Modelling, in May 10-11, Issy-les-Moulinex, 
France.  
 
Task completion: 100 % 

2 Three dimensional core hydraulics (76 k€, 6 person months) 
2.1 PORFLO code development 
The general porous media solution 
code PORFLO will be further 
developed for three-dimensional 
two-phase flow by describing the 
process facility in Cartesian or 
cylindrical coordinates. The 
numerical matrix solution method will 
be improved in order to decrease 
calculation times and the number of 
defined arrays, which would allow 
larger problem sizes. The definition 
of the calculation geometry, the user 
interface, and program 
documentation will be improved as 
well.  
 (VYR, VTT) 
 

The main strategy in PORFLO development has been to 
reach a numerically robust and stable version. A reference 
result produced by direct solution of the matrix equations (with 
up to 20000 cells) is used to compare with results by iterative 
solution methods. For realistic results, one million or more 
cells are desired. At the moment, the reference solution works 
when convection terms are left out of the momentum 
equation. Diffusion terms do not cause a problem. Special 
consideration has been devoted to keeping the horizontal and 
vertical flow areas from differing too much, even when the grid 
has cells that are longer in the vertical direction. 
 
The necessary step towards finer grids is the use of iterative 
solvers. There are still convergence problems with the CGS 
algorithm, but it turned out that an older solver (ADI) works 
even for a problematic case of pressure / flow solution, 
provided that the convection term of the momentum equation 
is neglected. The BFBT benchmark has thus been simulated 
with as many as one million cells. It is attempted next to solve 
with the convection terms, and to support further development 
of the SIMPLE algorithm. 
 
The present implementation of the SIMPLE algorithm 
converges quite slowly, but it has the complete terms of the 
momentum equation. As soon as convergence can be 
accelerated, a practically usable 3D two-phase solution is at 
hand. Work is also continued in the area of CGS and other 
iterative solvers. 
 
The implementation of SIMPLE algorithm has been debugged 
and improved: 
 

• During each SIMPLE iteration round, momentum has 
to be calculated / solved. It used to be calculated 
pointwise, using old (explicit, known) values of 
velocity in the neighboring cells. Now momentum is 
actually solved from a system of equations, one of the 
three components at a time.  

• Under-relaxation of velocities has been implemented 
and is now performed at the end of each SIMPLE 
iteration for the corrected velocities, one at a time. 
There was an older approach of performing the 
under-relaxation in connection with solving the 
momentum equations. Separated under-relaxation 
makes it easier and clearer to set the momentum 
equations and monitor the SIMPLE iterative 
procedure. The relaxation coefficients of velocities are 
not (or, are only optionally) fed into the pressure 
correction equation, as decreasing them could 
increase the pressure correction inappropriately.  

• The criterion of accepted convergence in SIMPLE is 
the maximum proposed pressure correction (typically 
0.2 Pa). Other possibilities include velocity or 
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pressure changes from one iteration round to another. 
 
A new indexing scheme of grid cells and faces was 
implemented throughout the PORFLO code, making future 
developments easier. 
 
Further development of the PORFLO code is also facilitated 
by recently implemented modularization of the code structure. 
As a result of long evolution (rather than strict software 
architectural planning), the main program contained 
thousands of lines of relatively low-level operations, which are 
now encapsulated in their specific subroutines, making the 
code clearer and making it easier to switch calculation 
options. Such modification of code is always risk-prone, and 
the correctness of calculation after modularization has been 
checked. 
 
In the pressure-velocity solution procedure, several coding 
errors have been detected and corrected. These include 
values of viscosity, lengths of different time steps, handling of 
various cell types (all structure, all fluid, or both), and 
consideration of the mass balance error remaining from the 
previous time step. Typically, all coding inevitably introduces 
some errors, and detecting them after suspicious results is 
time-consuming. 
 
Despite the time spent in debugging, several new studies and 
developments were made. The convergence strategy of the 
SIMPLE pressure-velocity iteration and linear iterative solution 
was considered to find the best balance. Artificial increase of 
the diagonal dominance of the pressure correction equation 
was studied. Reasons for generating excessive void fraction 
in the partially-fluid cells near the fuel rods were investigated. 
Several computations (void fraction, heat fluxes, drift-flux 
velocities, mass balance error), which used be outside of the 
SIMPLE iteration, were moved inside for their better 
consideration. 
 
Report of tasks 2.1 and 2.2 completed. 
 
Task completion: 100 % 

2.2 Flow in BWR bundle 
The work in connection with the 
OECD/NEA fuel bundle benchmark 
(BFBT) will be continued. Through 
the benchmark activity, experimental 
data is available for validating the 
subchannel and CFD codes for 
calculating the complete void 
fraction and fuel temperature 
distribution inside the full BWR fuel 
bundle in the stationary and 
transient conditions. For the 
traditional porosity approach, the 
drift-flux model has to be expanded 
by including e.g. the EPRI model, as 
an option in the PORFLO code, and 
the possibility of predicting the 
critical power ratio studied. As a 
second approach a CFD code input 
generator is used for making a body 
fitted nodalization for the bundle. 
The transformation of body fitted 

 An easy-to-use preprocessor program for fuel bundle 
geometry data import, meshing and geometry-related 
initialization of the porosity model has been extensively 
applied in the testing. Various fuel designs with different 
channel boxes, arrangements of fuel rods and water rods, and 
power distributions are easily imported. Meshing is not exactly 
body-fitted, but nevertheless always fitted to the rods and sub-
channels in the best possible way. Mesh size can be varied 
easily. Various data on heated / unheated areas and volumes 
of the structures are delivered for each mesh cell to be used in 
the PORFLO simulation. 
 
The BFBT problem tackled in TRICOT so far is that of Phase 
1 (void distribution benchmark), Exercise 1 (steady-state sub-
channel grade benchmark). In this problem, the boiling flow 
does not change in time, except of course for the two-phase 
turbulent fluctuations. The simulated void fraction field is, in 
the end, expressed as average values in a mesh whose 
elements correspond to the sub-channels between fuel rods. 
 
A minor modification of the code was implemented in order to 
have a more realistic momentum-type boundary condition for 
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coordinates is implemented into 
PORFLO, and the code is used for 
the CFD-type modelling. This 
approach is compared against 
FLUENT-6.0 results for the similar 
nodalizations. 
(VYR, VTT) 
 
 

the incoming flow. Phase separation is calculated from the 
drift flux model and seems to be realistic. 
 
It is essential in the BFBT calculations to be able to use in the 
order of one million cells in the grid. Presently, this has been 
accomplished with one iterative solver, albeit with an 
incomplete momentum equation. It is thus already possible to 
explore the realm of BFBT bundle tests at same time as the 
numerical methods are further developed to make possible 
the solution of the complete momentum equation with at least 
one million grid cells. Unfortunately, the hefty development 
efforts described above did not yet yield a satisfactory 
simulation of boiling flow in the BWR fuel bundle. Starting 
from a cold initial state, several seconds of real time can be 
simulated (with a 2 ms time step) until significant void 
fractions (almost 100 % in some cells) appear, but then new 
problems make the code crash. These are related to 
prediction of the void fraction and drift of vapor voids in the 
lateral direction. Debugging and development continues in 
2008 to simulate further in real time, until a maintainable 
steady state of boiling flow is reached. 
 
 
Jaakko Miettinen participated in the BFBT workshop in Paris 
in May 2007. 
  
 
Task completion: 85 % 
 

2.3 Open core geometry 
In 2007, the first study towards 
applying the PORFLO code for 
three-dimensional core analysis will 
be taken. (VYR, VTT) 
 
 
 

 
Not started. Resources used to tasks 2.1 and 2.2.  
The open core simulation requires inversion of a large matrix, 
which has a very weak diagonal dominance. The present 
progression in the PORFLO development indicates that two 
alternative matrix inversion methodology exists: 1. separating 
the 3D flow distribution in the core from the channelled 
solutions or 2. inverting matrix completely iteratively with a 
ADI-type or CGS-method. The present numerical algorithm 
tested related to the PORFLO code are written in such a form 
that as soon as their functioning is good enough, they can be 
put as an optional numerical solution into SMABRE. 
 
 
 

3 Management and co-operation (84 k€, 6 person months) 
3.1 International co-operation 
Participation in the OECD Nuclear 
Energy Agency (NEA) working 
groups and benchmarks. This 
project will include the participation 
in the meetings of the NEA Working 
Party on the Scientific Issues of 
Reactor Systems (WPRS), VTT’s 
contribution to the OECD/NEA 
VVER-1000 Coolant Transient 
benchmark with 
HEXTRAN/SMABRE code will be 
finalized. The cooperation and 
information exchange on VVER 
safety within the AER framework 

OECD/NEA VVER-1000 Coolant Transient benchmark 
calculation with HEXTRAN/SMABRE completed.   
 
Meeting of NEA Working Party on Scientific Issues of Reactor 
Systems (WPRS), together with Working Party on Scientific 
Issues of Fuel Cycle (WPFC), and Expert Group on Reactor-
Based Plutonium Disposition (TFRPD) in January 29-31, Issy-
les-Moulineaux, France. (A. Daavittila) 
 
5th Workshop on OECD/NEA VVER-1000 Coolant Transient 
benchmark, First Workshop on OECD/NEA benchmark of 
Uncertainty Analysis in Modelling, and meeting of AER 
working group D, in May 7-11, Paris and Issy-les-Moulineaux, 
France. (E. Syrjälahti). 
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together with other countries that 
use VVER reactors will also be 
continued. (VYR, VTT) 
 
 

Workshop on OECD/NEA BFBT benchmark, in May 8-9, 
Paris. (J. Miettinen) 
 
ICONE-15, in April 22-29, Japan. (J. Miettinen) 
 
Jan-Erik Lindbäck and Jan In de Betou from SKI, Sweden 
visited VTT 20.4.2007 to get information about the POKEVA, 
TOPAS and TRICOT projects as well as to discuss possible 
future cooperation.  
 
The final documentation of VTT’s calculations of old AER 
dynamics benchmarks 1-4 from 1992-1997 is missing from 
AER’s benchmark site. Part of this documentation is fully 
available on specified format, but some distributions are 
missing. The material is being supplemented and will then be 
submitted to Hungary. 
 
Task completion: 100 % 

3.2 Documentation and QA 
The subproject aims at reporting the 
research results of the project, 
improving the usability of the code 
system e.g. through proper 
documentation and auxiliary codes, 
as well as making it possible to 
perform some other necessary 
development work that cannot be 
foreseen. The results of the work 
done during the SAFIR2010 
program and its predecessors are 
published as VTT project reports as 
well as in international journals and 
conferences. (VYR, VTT) 
 

User’s Manual for VTT’s three-dimensional dynamics codes 
TRAB-3D and HEXTRAN has been complemented, updated 
edited and reviewed. The manual is written in LaTeX and will 
be updated on-line with the code. The manual is published 
and distributed in pdf-format only. 
 
Reports on validation of HEXTRAN/SMABRE code with the 
VVER-1000 coolant transient benchmark and TRAB-3D with 
the Olkiluoto load rejection test have been written. A short 
report of updating of reactor dynamics codes has been 
written. 
 
Task completion: 100 % 

3.3 Project management and 
information exchange 
(VYR, VTT) 

Task completion: 100 % 

 

 
Education of experts:  
The project staff includes presently two young persons (YG<35 y.) 
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SAFIR2010   31.1.2008 PROGRESS REPORT 1/08 
 
Total reactor physics analysis system (TOPAS) 
Kattava reaktorifysikaalinen laskentaohjelmisto 
 
Duration 2007 - 2010 
Project manager Mr Randolph Höglund, VTT  
Volume in 2007 (person y.) Plan: 2.30 Realised 31.01.2008           2.43      
Cost in 2007 (k€) Plan:              285 Realised 31.01.2008            285 
 
Main Objectives 
 
The objective of the project is to further develop VTT Processes´ computer code system for reactor 
analysis into a 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. 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 2007 Realised 

 
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 JEFF-3.1 data library 
(and possibly ENDF/B-VII) is tested 
through MCNP and PSG 
calculations, using NJOY 
 
Further development of VTT's new 
code PSG (from "Probabilistic 
Scattering Game") is part of the 
Monte Carlo work in subproject 3 
as well as the cross section 
subproject.  
A Doctor’s thesis is being prepared 
on the subject and the work is 
presently 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, 
modelling of stochastic HTGR fuels, 
implicit Monte Carlo methods and 
statistical analyses performed on 
the result estimates. Important 
items are furthermore the inclusion 
of leakage models for lattice 
calculation and the simulation of 
fuel burnup. More data for EPR 
fuels will be produced and tested, 
and an interesting application would 
be the calculation of SRM detector 
response in subcritical situations.  
 

 
A doctoral dissertation (Jaakko Leppänen), “Development of 
a new Monte Carlo reactor physics code”, has been 
completed. The disputation took place on June 18, 2007 at 
the Helsinki University of Technology, Department of 
Engineering Physics and Mathematics, with Eduard 
Hoogenboom from the Delft University of Technology acting 
as the opponent. The work has been published as VTT 
Publications 640 (228 p. + app. 8 p.). The study is focused on 
the development of the PSG Monte Carlo neutron transport 
code between 2004 and 2006. The code is especially 
intended for reactor physics calculations at the fuel assembly 
level. PSG takes full advantage of modern computer 
resources and extends the calculation method beyond the 
traditional applications of general-purpose Monte Carlo 
codes.  
 
One of the new applications is the generation of input 
parameters for deterministic reactor simulator calculations. 
Similar to deterministic fuel assembly codes, PSG can 
calculate homogenized few-group reaction cross sections, 
scattering matrices, diffusion coefficients, assembly 
discontinuity factors and delayed neutron parameters in an 
infinite-lattice geometry, although the geometry description is 
not restricted to two dimensions. Currently the use of PSG 
as a group constant generator is limited by the incapability to 
perform burnup calculation, along with the extended 
calculation time due to the Monte Carlo method. 
 
In the dissertation, the theoretical background of general 
transport theory, nodal diffusion calculation and the Monte 
Carlo method is discussed. The basic methodology used in 
PSG is introduced and previous studies related to the topic 
are briefly reviewed. PSG is validated by comparison with 
reference results produced by MCNP4C and CASMO-4E in 
infinite two-dimensional LWR lattice calculations. Group 
constants generated by PSG are used in ARES reactor 
simulator calculations and the results compared to reference 
calculations using CASMO-4E data. 
 
The development of the PSG code is currently focused on 
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Keeping the CASMO codes up-to-
date always involves the installation 
and testing of any new program or 
library versions as well as further 
validation of versions already in 
use. During the first quarter of 
2007, the CASMO-5 code will be 
released. 
  

burnup calculation. The first stage is to couple the neutronics 
calculation routine of PSG to the ORIGEN fuel depletion 
code using ABURN. Some calculations on BWR bundles 
have been performed using the first preliminary version of 
the combination. 
 
The next step to develop a built-in burnup calculation routine 
for PSG has been started, and some preliminary results 
have been obtained. This task requires some major 
modifications in the source code and should be considered a 
long-term goal in code development. The main motivation for 
a built-in calculation routine is to track the statistical 
uncertainties in the isotopic compositions through the 
depletion chain. This research topic is relatively new in the 
Monte Carlo community. 
 
Jaakko Leppänen participated in the NJOY user group 
meeting and the JEFF meeting arranged by NEA in 
November 2007. 
 
Task completion: 90 % 
 

2 Development and validation of 
nodal methods 
 
Here the knowledge of the 
calculation models and the correct 
use of the computer codes is 
especially badly jeopardised 
through the retirement of specialists 
in the near past and near future.  
 
The BWR core simulator ARES, 
originally developed at VTT within 
the EMERALD project and its 
predecessor has lately been further 
developed outside the EMERALD 
project, at STUK. However, the 
feasibility of the presently available 
nodal codes, i.e. ARES and 
HEXBU-3D as well as Studsvik 
Scandpower's SIMULATE-3 to 
perform any analyses needed for 
the reactors presently in operation 
in Finland and the new one being 
constructed is continuously under 
surveillance. Although the 
programming is SSP's duty, the 
needs have first to be identified and 
located. Any necessary 
development and improvements of 
the codes are to be carried out as 
soon as possible. As an example, 
the description of the (upper, lower, 
and radial) reflectors in the nodal 
codes needs to be studied and 
developed. Comparisons between 
PSG-ARES and CASMO-
SIMULATE calculations on the EPR 
reactor are continued.  
 
1-dimensional calculations are still 
often useful. The accuracy will 

 
More comparisons are being made on the EPR between 
different combinations of the CASMO and PSG cross section 
codes and the SIMULATE and ARES core simulators. The 
first cycle planned for Olkiluoto-3 was simulated using both 
ARES and SIMULATE (although with some small differences 
in fuel bundle design between the two calculations). The 
critical boron concentration was slightly smaller using ARES. 
At BOC, ARES gives about 1 % lower power than 
SIMULATE near the periphery, and 2 % higher in the centre 
of the core. Work on a short user’s manual for ARES has 
started. 
 
Use of SIMULATE-3 was an essential part of the “Basic 
CMS Training” course, arranged in Helsinki 16.-20.4.2007, in 
which Anssu Ranta-aho participated.  
 
Validation material, where the “exact” irradiation history of a 
spent fuel bundle as computed by SIMULATE-3 is taken into 
account, can be obtained from the SNF code. 
 
Testing of the new “Variational Nodal Expansion Method” 
(VNEM) developed at IFE in Halden has been planned. The 
tests would include calculations on the Olkiluoto and 
Ringhals reactors. 
 
Task completion: 30 % 
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naturally always suffer from the 
condensation of the necessary 
input data into 1-dimensional form 
using the results of 3-dimensional 
nodal calculations. It is, however, 
necessary to ensure that the 
condensation is carried out using 
models that give the best possible 
results with a minimum amount of 
manual work. 
 
3 Development and validation of 
Monte Carlo and other transport 
methods 
 
Monte Carlo calculations have been 
extensively used for cross section 
library comparisons, criticality 
safety and benchmark studies. 
Methods to reduce the variance (in 
particular regarding deep 
penetration cases, where the 
neutron flux in a fairly short 
distance changes by several orders 
of magnitude) should be further 
investigated. Different situations 
require different methods for 
variance reduction.  
 
The Monte Carlo program MCNP 
developed in Los Alamos is used in 
a wide range of neutron and photon 
transport applications. MCNP5 
and/or MCNPX are to be 
implemented into the code system 
during 2007, if they become 
available from the Data Bank. 
 
The DOORS package developed in 
Oak Ridge has been widely used in 
deterministic solution of transport 
problems. e.g. for flux calculations 
outside the reactor core. It includes 
the 1D ANISN, 2D DORT and 3D 
TORT codes. BOT3P has made it 
considerably easier to prepare and 
check the input data files as well as 
to study the results of the transport 
codes in question. The latest 
versions of BOT3P need to be 
maintained and tested. The 
capability to carry out 3D out-of-
core flux calculations using BOT3P 
in connection with TORT should be 
further enhanced. At the Georgia 
Institute of Technology another tool 
for efficient utilisation of transport 
codes, GERALD, is developed in a 
NEA sponsored project.  
 
The linux version of MultiTrans 
requires further testing and 
improvement. Some suitable fuel 

 
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 has made it possible to finally order 
the new versions of the MCNP5 (version 1.40) and MCNPX 
(version 2.5.0) codes from the Data Bank. According to the 
present rules every single user of the programs has to get a 
separate licence. Both the MCNP5 and MCNPX codes have 
now been implemented in VTT's code system. Efficient use of 
codes in the MCNP family has also been studied by project 
personnel within other projects, outside TOPAS. 
 
The Doctor’s thesis on the development and validation of 
MultiTrans (Petri Kotiluoto, “Adaptive tree multigrids and 
simplified spherical harmonics approximation in deterministic 
neutral and charged particle transport”) was delivered to 
academic reviewers named at the December meeting of the 
Faculty of Science of the University of Helsinki. After the 
constructive comments of the reviewers, the manuscript was 
further edited. The reviewers gave their approving 
pronouncements till the end of March, and the official 
publishing permission for the doctoral dissertation was given 
by the Faculty of Science of the University of Helsinki on April 
12. Kimmo Kaski from the Helsinki University of Technology 
was named as an opponent. The work has been published as 
VTT Publications 639 (106 p. + app. 46 p.). In the thesis, an 
overview of different numerical radiation transport methods is 
first given. Special features of the simplified spherical 
harmonics method and the adaptive tree multigrid technique 
are then reviewed. The usefulness of the new MultiTrans code 
has been indicated by verifying and validating the code 
performance for different types of neutral and charged particle 
transport problems, reported in separate publications. The 
disputation was on June 9, 2007 at the Department of Physical 
Sciences of the University of Helsinki in Kumpula.  
 
The development of a new Monte Carlo neutron transport 
code has been initiated under the working title "Monte Carlo 
Reactor Analysis" or "MORA". The code uses homogenised 
multi-group cross sections and scattering matrices produced 
by PSG. The MORA code is intended for full-core reactor 
physics calculations and has the potential to run significantly 
faster than any continuous-energy code, such as PSG or 
MCNP. The MORA project may also be viewed as the first 
step towards a coupled reactor simulator based on the Monte 
Carlo method. A first presentation of the method will be given 
at the PHYSOR’08 conference in Switzerland in September 
2008. 
 
A presentation of PSG was given at the JEFF meeting in 
November 2007. 
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bundle benchmark will be 
conducted. Flexibility in reading 
different nuclear data cross section 
files by MultiTrans will be improved. 
The Doctor's thesis on the 
development and validation of 
MultiTrans will be finished in the 
beginning of 2007. 
 
In order to maintain and to further 
improve the preparedness to 
perform complicated 3D 
calculations with both deterministic 
and Monte Carlo methods, suitable 
international benchmark problems 
e.g. OECD/NEA benchmarks will 
be attended.  
 

Research into variance reduction in shielding calculations has 
continued (partly with TOPAS funding, partly with other 
funding), resulting in two articles in Annals of Nuclear Energy. 
One of them deals with methods of choosing importances or 
weight windows for calculations on a shield containing a 
planar slit with a dogleg. The other describes an example of 
using the so-called tally source method for calculations on a 
shield containing ducts of circular cross section with bends. 
This method entails tallying the flux at the beginning of a long 
straight stretch of duct, then on the basis of this tally devising a 
surface source for continuing the calculation, repeating the 
process until the end of the shield is reached. This source can 
be biased in angle, so that particles streaming along the duct 
are sampled preferentially. 
 
Task completion: 100  % 
 
 
 
  

4 Criticality safety, isotopic 
concentrations 
 
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). Phase 2 of the 
"Depletion calculation benchmark 
devoted to MOX fuel cycles" is 
under way. A new expert group 
within WPNCS was recently 
created. It will work on "Isotopic 
composition data of spent nuclear 
fuel by post irradiation 
examinations (PIE)" for the next two 
years and VTT is participating. 
Some years ago, a spent fuel 
composition database (SFCOMPO) 
was established by JAERI and later 
on transferred to NEA.  
 
International criteria for the use of 
burnup credit (BUC), i.e. taking into 
account the reduced reactivity of 
the fuel in criticality safety analyses 
for spent fuel storage and 
transportation, have to be studied. 
 
The ABURN code was developed 
at VTT within the SAFIR 
programme. ABURN couples the 
MCNP4C Monte Carlo code and the 
ORIGEN2 isotopic depletion code. 
The aim is to make burnup credit 
calculations easier and more 
accurate. ABURN will be further 
developed e.g. to make the use of 
new boundary conditions possible 
and the stochastic accuracy of the 
procedure will be studied and 
improved. Work on a Licentiate’s 

 
A comparison between Studsvik Scandpower’s new code SNF 
(from “Spent Nuclear Fuel”) and older ORIGEN calculations 
showed surprisingly similar values for the total power density 
of different fuel bundles of the same burnup (50 MWd/kg) with 
differences of only 0-3 % for cooling times from 10 to 100 
years. The relative importance of actinides and fission 
products varied somewhat more, however, and the irradiation 
history of the fuel can certainly be expected to be considerably 
more important in many cases than in this one. 
 
Comparisons have been made between burnup calculations 
for an EPR type fuel assembly using either CASMO-4E or 
ABURN and the results were reported at the 13th Nordic 
reactor physics meeting in Västerås. Regarding many of the 
isotopes important for criticality safety, decay heat and 
shielding, the differences were quite small. At higher burnups, 
however, ABURN predicts somewhat higher multiplication 
factors than CASMO. 
 
The ABURN burnup code has been further developed to 
reduce the limitations related to the maximum number of 
burnable regions. This allows more accurate calculation of the 
irradiated fuel composition. 
 
An input conversion script has been developed that transfers 
the CASMO input file into an ABURN input file to simplify the 
input generation and to enable precise (geometry and 
materials exactly the same) comparison of the codes. This 
should also allow use of ABURN directly in criticality safety 
analysis in parallel with CASMO. However, some output 
features must be added to ABURN. 
 
The participation in the OECD/NEA/WPNCS/EGBUG 
benchmark based on the ISTC2670 data on spent VVER-440 
fuel is under way. For this purpose the possibility to define the 
power of single rod(s) was provided in ABURN. 
 
Within the framework of the ABURN system, the coupling of 
PSG with ORIGEN2 has been initiated. Based on some 
preliminary calculations, this coupling may provide significant 
time savings compared with the coupling of MCNP and 
ORIGEN2. Also the coupling of MCNP5 and ORIGEN2 is in 
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thesis will be started. 
  

progress. 
 
A report on the calculation of criticality safety and isotopic 
compositions in Finland was written for the ICNC2007 
conference in St. Petersburg. A paper on such calculations 
has also been proposed for the PHYSOR’08 conference in 
Switzerland in September 2008. Work on a Licentiate’s thesis 
is under way. 
 
Task completion: 90  % 
 

5 Development of sensitivity 
analysis methodology 
 
Determination of the uncertainty of 
different parameters and their 
importance for the final results is 
necessary in order to understand 
the accuracy of the reactor physics 
programs. This kind of analysis is 
nowadays 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 is in progress and the 
application of the best estimate 
methodology with the evaluation of 
uncertainty (BE+U) in the nuclear 
licensing process is studied in 
several countries. One of the first 
practical tools is the TSUNAMI 
(Tools for Sensitivity and 
UNcertainty Analysis Methodology 
Implementation) codes of the 
SCALE 5 system, developed at 
Oak Ridge National Laboratory. A 
Master's thesis on this subject is 
well under way at VTT and 
expected to be completed in 2007. 
 
Covariance analysis is used to 
determine the accuracy of cross 
section data and the propagation of 
errors in MC-based burnup 
calculations is studied. 
 

 
Work on the MScTech thesis “Mathematical methods for 
evaluating cross-sections and the impact of their uncertainty in 
reactor physics” (Maria Pusa) has been completed. The topic 
is sensitivity and uncertainty of cross section calculation in 
reactor physics analysis. The purpose of this master's thesis 
is to study the mathematical methods on which the 
evaluation and uncertainty analysis of neutron cross-sections 
are currently based in reactor physics. The propagation of 
cross-section uncertainty to responses such as the system 
multiplication factor is also considered. The mathematical 
foundation of the treatment of uncertainty and its effects in 
modeling a physical system is introduced. It is shown that 
the uncertainty of an observation can be naturally defined 
using Bayesian probability interpretation. Cross-section 
evaluation is currently based on Bayesian data fit and 
Gaussian probability model and this framework is considered 
in detail. The significance of cross-sectional covariances and 
their correct interpretation are also discussed. A well-known 
problem related to the treatment of covariance data known 
as "Peelle's pertinent puzzle" is also examined and 
explained. The thesis is concluded by studying the 
application of the presented mathematical methods to the 
sensitivity and uncertainty analysis of the criticality equation. 
 
A report on sensitivity and uncertainty analysis based on the 
TSUNAMI code system has been written. Practical use of  
sensitivity analysis (disturbance theory) together with 
different reactor physics codes, e.g. CASMO, is being 
studied. A few new subroutines have been written and some 
old ones have been modified in CASMO-4 in order to 
calculate the adjoint flux and sensitivity coefficients. The 
modified code seems to work. 
 
Task completion: 100  % 

6 Documentation, publications and 
results of code development 
 
The subproject aims at reporting the 
research results of the project, 
improving the usability of the code 
system e.g. through proper 
documentation and auxiliary codes, 
as well as making it possible to 
perform some other necessary 
development work that cannot be 
foreseen. 
 
The results of the work done during 
the SAFIR2010 program and its 

 
Work on two Doctor’s theses and one Master’s thesis has 
been completed: Jaakko Leppänen, cf. task 1, Petri Kotiluoto, 
cf. task 3 and Maria Pusa, cf. task 5. A LicTech thesis is being 
planned (Anssu Ranta-aho, task 4). 
 
Results of the project work have been presented at several 
international conferences. A short user’s guide for ARES is 
being developed. 
 
Two articles on variance reduction methods in MCNP 
shielding calculations have been accepted for publication in 
Annals of Nuclear Energy. 
 
Task completion: 80  % 
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predecessors are published as VTT 
project reports as well as in 
international journals and 
conferences.  
 
An essential part of the 
development of reactor physics 
analysis tools consists of the 
documentation of programs, their 
methods as well as user's guides 
including the scripts necessary for 
running the codes. Two Doctor’s 
theses on the development and 
validation of new codes are being 
completed in 2007. 
 

 

7 International research co-operation 
and training courses 
 
The subproject aims at taking care 
of Finland's obligations in NEA as 
well as other international research 
co-operation and information 
exchange in the field of reactor 
physics, reporting research results 
and educating new experts through 
international courses. 
 
The Finnish representation in the 
OECD Nuclear Energy Agency's 
(NEA) Nuclear Science Committee 
(NSC) and Nuclear Development 
Committee (NDC) is at least partly 
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 used in reactor 
analysis. Project members intend to 
take part in the work on nuclear 
data libraries and criticality safety 
studies. The project is also 
represented in the NEA/NSC 
"Working Party on the Scientific 
Issues of Reactor Systems" 
(WPRS) and “Working Party on 
Nuclear Criticality Safety”. 
 
Moreover, the results of the project 
research are presented at other 
suitable international conferences. 
In 2007, the 13th “Meeting on 
Reactor Physics Calculations in the 
Nordic Countries” will be arranged 
in Västerås, Sweden. Results of the 
project work are also to be 
presented e.g. at the “Joint 
International Topical Meeting on 
Mathematics & Computations and 
Supercomputing in Nuclear 
Applications” (M&C+SNA2007) in 
Monterey, CA, USA and IAEA’s 
“International Conference on 

 
Jaakko Leppänen participated in the meetings of the 
OECD/NEA Nuclear Science Committee’s (NSC) working 
groups WPRS (Working Party on Scientific Issues of Reactor 
Systems) and WPFC (Working Party on Scientific Issues on 
Fuel Cycle) as well as the “Expert Group on Reactor-based 
Plutonium Disposition” TFRPD and the 3rd workshop on a 
PBMR coupled neutronics/thermal hydraulics transient bench-
mark related to the PBMR-400 core design. All meetings were 
arranged together in Issy-les-Moulineaux, France 29.1-
2.2.2007. 
 
Anssu Ranta-aho participated in the 13th Meeting on “Reactor 
Physics Calculations in the Nordic Countries” in Västerås, 
Sweden 29.-30.3.2007, Markku Anttila in the 12th Meeting of 
the AER Working Group E in Modra, Slovakia 16.-18.4.2007 
and Jaakko Leppänen in the Joint International Topical 
Meeting on Mathematics & Computation and Supercomputing 
in Nuclear Applications (M&C + SNA 2007) in Monterey, 
California, USA 15.-19.4.2007. 
 
A “Basic CMS Training” course was held at TVO’s office in 
Helsinki 16.-20.4.2007. The emphasis was on CASMO-4, 
SIMULATE-3 and SIMULATE-3K with instructors from 
Studsvik Scandpower’s Swedish offices. Anssu Ranta-aho 
attended. 
 
Jan-Erik Lindbäck and Jan In de Betou from SKI, Sweden 
visited VTT 20.4.2007 to get information about the POKEVA, 
TOPAS and TRICOT projects as well as to discuss possible 
future cooperation. Within TOPAS, SKI is especially interested 
in the criticality safety analysis studies.  
 
Maria Pusa has attended the first workshop for the OECD 
Uncertainty Analysis in Modelling Light Water Reactor 
Benchmark (UAM-1) in Paris, France 10.-11.5.2007. and 
Anssu Ranta-aho attended the ICNC 2007 – International 
conference on nuclear criticality safety in St. Petersburg, 
Russia 28.5-1.6.2007. 
 
As part of the OECD/NEA co-operation, Markku Anttila took 
part in the meeting of the Science Committee and its 
Executive Group 12.-15.6.2007 and Anssu Ranta-aho in the 
11th meeting of the Working Party on Nuclear Criticality Safety 
and its separate Expert Groups at NEA Headquarters in 
France 29.-31.8.2007. 
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Nuclear Data for Science and 
Technology” in Nice, France, both 
in April 2007. 
 
Education of new nuclear reactor 
and fuel experts and broadening 
the area of expertise of the current 
ones will be continued through 
international training courses 
related to certain computer 
programs, problems or techniques 
as well as summer schools in 
reactor analysis.  
 

Jaakko Leppänen attended the JEFF meeting and the NJOY 
user group meeting at NEA Headquarters in France 26.-
28.11.2007. 
 
The testing of the IFE’s VNEM method was accepted as a 
NKS-R project for 2008 with participation of VTT and 
Vattenfall. 
 
Task completion: 100  % 
 

8 Project management and 
information exchange 
 
The subproject includes making 
plans for and supervising the project, 
collecting progress reports, 
arranging meetings and information 
exchange for the project's reference 
group, possible ad hoc groups, etc. 
 

  
Status reports, project meetings and project plans.  
 
Task completion: 100  % 
 

 

Comments 

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

 
Education of experts 
 
The project work has resulted in two new Doctor’s degrees during 2007 (Petri Kotiluoto, Jaakko 
Leppänen). Including research trainees, the project staff has included three young persons (YG, ≤ 35 
y). Maria Pusa has been working as a research trainee on her MScTech thesis part time during the 
winter, but full time after her graduation in the early summer. A new research trainee Pauli Juutilainen 
has been working in the reactor physics team since the beginning of the summer 2007, but with 
funding outside the TOPAS project. 

 
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 TOPAS project or continued in future 
projects, only interim versions and reports can be available on a year-by-year basis. 
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SAFIR2010   31.1.2008 PROGRESS REPORT 4/07 
 
Numerical modeling of condensation pool (NUMPOOL) 
Lauhdutusaltaan numeerinen mallintaminen 
 
Duration 2007 – 2010 
Project manager Dr Timo Pättikangas,  VTT 
Volume in 2007 (person y.) Plan: 0.7 Realised 31.1.2008             0.7 
Cost in 2007 (k€) Plan: 99 Realised 31.1.2008             99 
 
Main Objectives 
 
CFD model of the new CONDEX facility is constructed. CFD simulations of the experiments with 
air are performed by using Volume Of Fluid model of FLUENT. The loads on the pool walls in the 
initial phase of the discharge are analyzed in detail. Direct-contact condensation model is tested 
with the Euler-Euler multiphase model. 
 
ABAQUS model of the new CONDEX facility is constructed and analyses of the peak stresses in 
the structures will be carried out. A method suitable for analyzing two-way FSI problems with small 
displacements of the structure is verified further. The stability of the calculation when using full two-
way FSI coupling will be tested in the case of the new facility. Swedish work on using acoustic model 
for the calculation of the loads in pressure suppression pools is reviewed. 
 
 
Objectives in 2007 Realised 

 
1 CFD modeling of the CONDEX facility (49 k€, 3.5 person months) 

1.1 Pre-calculations of experiments 
CFD model of the CONDEX facility 
is constructed. Volume Of Fluid 
(VOF) model of FLUENT is used for 
pre-calculation of two experiments, 
where air is blown into the CONDEX 
containment (VYR, NKS, VTT). 
 

 
CFD model of the new CONDEX facility has been 
constructed. Pre-tests have been analysed for obtaining 
boundary conditions for the CFD simulations. First simulations 
have been performed. Computing time is between one to two 
months per case with three processors. 
 
In the simulations, the formation of bubbles at the outlet of the 
vent pipe seems to be in good agreement with experiments. 
The temperatures found in calculations are too high. The 
numerical mesh is modified for post-calculations of the 
experiments in order to properly take into account the heat 
stored in the structures in transient simulations. 
 
Task completion: 90 % 

1.2 Post-calculations of experiments 
Post-calculations of selected two 
experiments performed. Effect of 
turbulence model on the results is 
investigated. Loads on pool 
structures are analysed. (VYR, NKS, 
VTT). 
 

 
Test calculations are (still) being performed for testing 
possibilities for improving simulation results for the gas 
temperature. Writing report is in progress. 
 
Task completion: 80 % 

1.3 Modeling of direct contact 
condensation 
Simple direct-contact condensation 
model is adapted to Euler-Euler 
multiphase model. Two-dimensional 
test simulation is performed (VYR, 
NKS, VTT). 
 

 
 
Will be postponed to next year. 
 
 
Task completion: 0 % 

2 ABAQUS modeling of the CONDEX facility (49 k€, 3.5 person months) 
2.1 Structural analysis of the test  
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facility 
Structural model of the new test 
facility is constructed. Analysis of the 
peak stresses in the structures will 
be carried out by using a hydrostatic 
load and a conservative blowdown 
load. The frequency and amplitude 
of stress fluctuations during a typical 
test are also assessed. (VYR, NKS, 
VTT) 
 

 
Structural model of the CONDEX facility has been 
constructed. Stresses in pool structures have been examined 
by using a hydrostatic load. Location and orientation of 
maximum stresses on pool wall have been determined for 
strain gages. Crack propagation analysis of pool support 
welds has been conducted. 
 
 
Task completion: 90 % 

2.2 Modeling of fluid-structure 
interaction 
A method suitable for analyzing two-
way FSI problems with small 
displacements of the structure is 
verified further. Stability of full two-
way FSI calculation is tested in the 
case of the new facility (VYR, NKS, 
VTT) 
 

 
Validity of the method has been examined by an order of 
magnitude analysis. For non-dimensionalization, reference 
magnitudes were estimated for the CONDEX facility and for a 
real pressure suppression pool. 
A full two-way FSI calculation was not attempted as the 
dynamic behaviour of the CONDEX facility is very similar to 
that of the old one. 
 
Task completion: 90 % 

2.3 Study of acoustic modeling of 
pressure suppression pools 
Swedish work on using acoustic 
model for the calculation of the loads 
in pressure suppression pools is 
reviewed. Pressure loads are 
calculated with ABAQUS by using 
acoustic and incompressible 
potential flow models (VYR, NKS, 
VTT) 
 

 
The Swedish work on calculation of loads in pressure 
suppression pools has been briefly reviewed. Calculation of 
pressure loads have been examined by using acoustic and 
incompressible potential flow models. Determination of pool 
wall acceleration has been tested by conducting a frequency 
spectrum analysis for measured displacement signal. 
Frequency response analyses of the CONDEX facility with an 
acoustic-structural FEM model have been made. 
 
Task completion: 90 % 

 

Comments 

Subtask 1.3 has been postponed  to next year as was discussed in the previous meeting. 

Some of the resources of subtask 2.2 were moved to subtask 2.3. 

 
Education of experts 
 
Juha Kuutti has graduated. The project staff includes presently two young post-graduate students. 
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SAFIR   8.2.2008 PROGRESS REPORT 4/07 
 
Improved thermal hydraulic analysis of nuclear reactors and containment (THARE) 
Kehittyvät termohydrauliikka-analyysit 
 
Duration 2007 – 2010 
Project manager Ismo Karppinen, VTT Processes  
Volume in 2007 (person y.) Plan: 2 Realised 31.1.2008                  2.3 
Cost in 2007 (k€) Plan: 284 Realised 31.1.2008                  299 
 
Main Objectives 
The main objectives of the project are to develop and validate calculation methods for 
safety evaluation of nuclear power plants. Both thermal hydraulic system analysis codes 
and CFD calculations are used in the analysis and their usability is studied and enhanced. 
An important objective is also to train new thermal hydraulic code users and educate 
young experts. 
 
Objectives in 2007 Realised 

1 APROS improvements 
Costs: 91 k€ (plan 88)

1.1 The APROS model for ROSA 
test facility created in 2006 will be 
refined and the pressure vessel 
small bottom break LOCA (test 6.2) 
will be analysed in more detail. 
Especially the behaviour of the non-
condensable gas released from 
accumulators will be studied. The 
test number 5, primary cooling 
through secondary de-
pressurisation, which is an 
interesting test for OL3 operation 
procedures, will be calculated. 
Another alternative is test number 
3, high power natural circulation. A 
trainee will do most of the modelling 
and analysis work.  The actual test 
case will be chosen according test 
data availability and reference 
group preferences. 

(Financing: VYR, VTT) 

Test 6.2 has been calculated. The APROS model has been refined. 
Overall behaviour is well simulated. Natural circulation in some 
middle high SG U-tubes stopped during the experiment. Dividing the 
control rod guide tubes in 3 parallel croups improved upper head 
simulation. Heat losses in upper downcommer of the RPV were 
reduced which improved DC water level prediction. However, flow 
rate during natural circulation is still too high.  
Latest APROS version 5.08.05 improved greatly calculation speed 
and reduced mass error during non-condensable gas injection.  
Report is ready.   
 
First calculation of the Test 5.1 has been performed. The data of the 
test was received in December.  
 
 
 
 
 
 
 

Person moths 6.4 (plan 4); Task completion 90%
1.2 PWR-PACTEL experiment 
studying the behaviour of vertical 
steam generator will be analysed 
with APROS. The work will be done 
in close co-operation with the 
experimental team in LUT and 
includes pre-test analysis to help in 
design and preparation of the tests. 
A trainee or a young scientist will 
participate in the analysis. The test 
to be analysed will be chosen later, 
when the tests have been defined in 
PWR-PACTEL project. 

(Financing: VYR, VTT) 

To avoid duplication of the work of LUT it was agreed in the 
reference group that VTT will calculate a “reference case” with EPR 
model 

Calculation of planned characterising natural circulation test with 
stepwise reduced water inventory has been done. One loop of the 
EPR model was used to simulate the planned experiment. Report is 
ready. 

 

 

 

Person moths: 1.8 (plan 1.5); Task completion:100%

1.3 LBLOCA experiment in PSB-
VVER test facility will be calculated 
with APROS. The detailed 
measurements of break void fraction 
and pressure wave propagation 

The first calculations with 1 channel core model resulted in core 
overheating.  

The model of core area was refined by modelling the new fuel rod 
simulators with top weighted power profile in separate channel. The 
ECC water penetrations grooves were also include in the model. In 
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allow validation of the critical flow 
model. 18 new pressure transducers 
have been installed in the test facility 
with a measuring frequency of 1kHz. 
ECC water will be injected also in 
the upper plenum. Thus ECC water 
penetration to open core and 
possible core area flow distribution 
will be studied. The APROS CCFL 
model will be validated in LBLOCA 
conditions. The work will be done in 
co-operation with MULTIPHYSICS-
project were APROS models for 
break flow will be tested and 
improved, if necessary, using 
separate effect tests. In this project 
code validation concentrates more 
on the integral behaviour of the test. 

(Financing: VYR, VTT) 

performed calculation the core was overheated again.  

The test has not been carried out yet and no info of data usability for 
CCFL model validation and for evaluation of core flow distribution 
has been received. However interesting test results with realistic 
core power are foreseen. 

 

 

 

 

 

 

 

 

Person moths: 2.5 (plan 1.5); Task completion:100 %

1.4 APROS validation methodology 
will be reviewed based on OECD 
validation matrix and relevant 
NEA/CSNI reports on code 
validation. 

(Financing: VYR, VTT) 

The OECD validation matrix reports have been reviewed. Also NRC 
code scaling, applicability and uncertainty (CSAU) and phenomena 
identification and ranking table (PIRT) have been looked trough. 

The person dedicated to the work fell sick and was sent for a long 
sick leave. Therefore the recourses were re directed to other tasks. 

Person moths: 0.8 (plan 1.5); Task completion:30 %

2 CFD, containment 
Costs: 30 k€ (plan 43)

VTT will participate in the CFD 
benchmark analysis in SARNET. A 
benchmark case on the effect of 
hydrogen recombiners (PAR) on 
hydrogen distribution will be 
calculated. A benchmark on wall 
condensation is planned. Current 
SARNET WP12-2 work plan will 
cover the time until March 2007. 
The plans for the next period are 
not yet fixed and therefore the test 
details will be defined later. The 
work in subtask will include 
necessary model improvements 
and coding of user functions as well 
as benchmark calculations and 
comparison with other CFD codes. 

(Financing: VTT) 

VTT has participated in SARnet co-operation in WP 12-2 by 
calculating the condensation benchmark.  
First case was a simple condensation on a cold wall.  Altogether 10 
organisations took part in the numerical comparison (CEA, FZJ, 
FZK, JRCP, JSI, NRG, UJV, UNIPI, VEIKI, VTT). The results were 
discussed in the WP meetings. However, the experimental data has 
not been released yet, because inlet boundary conditions were not 
exactly as specified. 
Common report with University of Pisa and other participants has 
been prepared.  
 
The PAR benchmark was specified in autumn. The deadline for 
submitting calculation results was in December 2007. Due to other 
commitments, the calculation could not be performed. 
 
 
 
 

Person moths: 2.4 (plan 3.5);  Task completion: 70 %
3 International research programmes 

Costs: 109 k€ (plan 96)
3.1 OECD/GAMA 
Participation in the OECD/NEA/ 
CSNI Working Group on the 
Analysis and Management of 
Accidents (GAMA).  

(Financing: VYR, VTT) 

GAMA meeting was held 25-26.9. in Paris.  
Report distributed. 

 

 

Person moths: 0.8 (plan 0.5); Task completion: 100 %
3.2 OECD/PSB-VVER 
To follow OECD/PSB-VVER 
research programme.  
 
 

Last experiment, LBLOCA, was postponed. The full power (10MW) 
will be used for the first time and preparation took more time than 
expected. Some component failures (2 main circulation pumps) 
and problems in local financing coursed additional problems. A 
preparatory LBLOCA test with 1.5 MW power was performed 
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(Financing: VYR,VTT) 

24.1.2008.  

The final test with full power will be done in May. Final PRG and 
workshop is planned to be held 29-30 September 2008 in Pisa.  

Person moths: 0.7 (plan 0.5); Task completion:100% 

3.3 USNRC/CAMP 
To participate USNRC/CAMP code 
assessment and maintenance 
programme. 
 
 
 
 

(Financing: VYR, VTT) 

Participation fee 2007 has been paid. 
Seppo Hillberg participated in TRACE workshop 5-7.9. in Maryland. 
The latest code versions are TRACE V5.0 RC3 and SNAP 26.6 has 
been received. 
5 year extension of CAMP agreement has been signed (effective 
from 31.8.2007 to 31.8.2012). The agreement includes annual 
payment 25 k$ and in-kind contribution (2 assessment reports during 
the 5 year period) 

Person moths: 1.1 (plan 0.5);  Task completion: 100 %
3.4 OECD/ROSA 
To follow the OECD/ROSA 
research programme.  

 

(Financing: VYR, VTT) 

ROSA PRG meeting was held 7-8.11 in Tokai. 
Tests 6-1 (PV Top SBLOCA+AM), 6-2 (PV bottom SBLOCA+AM), 
1-1 (Mix – Nat.c.) 3-1 (HPw.Nat.c. SBLOCA), 2 (CIWH) 1-2 (Mix – 
SBLOCA), 5-1, 5-2 (SG Dep. SBLOCA) and 3-2 (HPw.Nat.c. 
ATWS) has been performed.  

Person moths 0.7 (plan 0.5); Task completion:100 %
3.5 OECD/SETH2 
To follow the OECD/SETH2 
research programme.  

(Financing: VYR, VTT) 

Participation fee has been paid. 
PRG meeting was held 21.-22.11. in Villigen. 
 

Person moths 0.5 (plan 0.5); Task completion:100 %

Northnet 
The subtask covers coordination of 
the network in Finland.  
The work plan was 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) 

(Financing: Fortum, VTT) 

RM1: 
EU project proposal of CFD modeling of boiling (Anglart et all.) was 
merged in “NURESIM-2” proposal. 
RM2: 
Vattenfall Utveckling has proposed participation in NKS project: 
“State-of-the-art review in stratification analysis with CFD in RPV” 
Work meeting was held February 7th 2008 in Stockholm. 
RM3: 
In Roadmap 3 meeting (Lappeenranta 31.8.07) it was agreed that 
KTH, LUT and VTT will refine the common project proposal for NKS. 
The proposal was presented to NORTHNET Steering Committee 
12.9. in Stockholm. 
RM3 meeting was held January 11th 2008 in Espoo. 
Project progress and work plan was discussed in NORTHNET 
Steering Committee, January 1st 2008, in Stockholm.   
 

Person moths 1.0  (plan 1); Task completion: 100 % 
4 Coordination and international co-operation 

Costs: 15 k€ (plan 11)
To coordinate THEA–project  

(Financing: VYR,VTT) 

 

Person moths 1.0  (plan 1); Task completion: 95 %
5 NURESIM 

Costs for year 2007: 54 k€ (plan 46)
for the hole project (Feb 2004 – Feb 2008): 134 k€ (plan 150)

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

 

 

 

 

Meshing and visualization capabilities of Salome were studied 
further and some handy automatic procedures were developed 
that speed up the practical numerical experimentation work. 
Experiences were communicated to other Nuresim people at the 
Paris SP2 meeting in June. Unfortunately, it seems that the vast 
majority is not using Salome (the official Nuresim platform), but 
rather stick to their own mesh generators and visualization 
software. 
Work on heat transfer in gas/water inter-phase has continued. 
The latest NEPTUNE 1.0.6. version has been installed. 
The NURESIM project has extended until September 2008, which 
allows finalizing the work. 
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(Financing: EU, VTT) 

Resources for year 2007 
Person moths 4.25  (4) ;  Task completion: 100  %

Resources for the whole project (Feb 2004 - Jan.2008) 
Person moths 10.8  (plan 14);  Task completion: 80  % 
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SAFIR2010   7.2.2008 PROGRESS REPORT 4/07 
 
The integration of thermal-hydraulics (CFD) and structural analyses (FEA) computer codes 
in liquid and solid mechanics (MULTIPHYSICS) 
 
Duration 2007 
Project manager Mr Ville Lestinen, Fortum Nuclear Services Ltd 
Volume in 2007 (person y.) Plan: 0.55 Realised 14.9.2007             0.51 
Cost in 2007 (k€) Plan: 82 Realised 14.9.2007             76 
 
Main Objectives 
 
The objective of the project is to improve the numerical modeling capabilities of physical systems 
including fluid-structure-interaction (FSI), which is a relevant phenomenon in many economically 
and technically important industrial applications. The practical objective of the project is to develop 
a useful and validated method for coupling of the computational fluid dynamics (CFD) and the 
finite element stress and strain analysis (FEA) codes. The codes used for development and 
simulations are for CFD calculations STAR-CD and FLUENT and for FEA ABAQUS. In addition 
to CFD-FEA linking the possibilities to use 1-D system codes with CFD for boundary condition 
calculations in multiphase cases are studied. The objective of the project for year 2007 is to 
validate the developed FSI-simulation method for LBLOCA analysis.. 
 
 
Objectives in 2007 Realised 

 
1 Validation of coupled CFD - FEA calculations (63 k€, 5.0 person months) 

1.1 Validation of STAR-CD - 
ABAQUS calculations 
Fully coupled STAR-CD - 
ABAQUS calculations of the 
LBLOCA will be validated against 
the experimental data. VTT has a 
large amount of original data from 
HDR experiments carried out in 
Germany. These experiments are 
well suited for validation in this case 
since in the experiments LBLOCA 
was studied with a facility having 
realistic dimensions. The test 
material will be studied, some 
experiments will be chosen for 
validation and validation 
calculations will be made. 

 
- HDR experiment materials from archive of VTT have 

been studied and other sources of information have 
been investigated. 

- Modelling information has been searched from the 
materials and experiment to be modelled has been 
chosen. 

- CFD model of HDR test facility has been made based 
on FEA model made in subtask 1.2. 

- FSI calculations of HDR experiment V32 have been 
performed and comparisons with the experiment have 
been made. 

- A draft article of the work for the 2008 International 
Conference on Nuclear Engineering (ICONE) has been 
written. 

 
 
Task completion: 100 % 

1.2 Validation of FLUENT - 
ABAQUS calculations 
In 2007 the coupled calculations 
with FLUENT and ABAQUS will 
be validated against the experimental 
data similarly with STAR-CD - 
ABAQUS calculations. 

 
- FEA model of HDR test facility is made. 
- CFD calculation with solid walls is made. 
- FSI calculations of HDR experiment V32 are started and 

first results are received. 
 
 
Task completion: 80 % 
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2 Validation of boudary condition calculations with 1-D system codes (12 k€, 1.0 pers. months)

2.1 Estimation of the thermal-
hydraulic phenomena in the pipe 
break point and inside the reactor 
after the LBLOCA 
In this subtask APROS model of the 
HDR experiment will be prepared. 
LBLOCA transient until 200 ms will 
be calculated and the calculations 
will be validated against the HDR 
experiments. 

 
- Pressure boundary condition of HDR experiment V32 

has been calculated using APROS code. Effect of 
nodalization on the results has been examined. 

 
 
 
 
Task completion: 100 % 

 

Comments 

Project has applied 4 months prolongation to the project schedule from TEKES and this prolongation 
has been accepted. 

 
Education of experts 
 
The project employs PhD student (Antti Timperi from VTT). 
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SAFIR2010   08.02.2008 PROGRESS REPORT 4/07 
 
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 2007 (person y.) Plan: 0.3 Realised 31.1.2008     0.4 
Cost in 2007 (k€) Plan: 25 (+25 EU*) Realised 31.1.2008    65.0 
 
*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 2007 Realised 

 
1. Calculations with new simulation tools 

 
1.1 Simulation tool testing and calculation of POOLEX test (25 k€, 4 person months) 
NEPTUNE-CFD is updated to the 
latest version and the latest model 
modifications from CEA are obtained 
when available. The condensation 
and turbulence model modifications, 
developed by CEA or 
LUT+ASCOMP(Lakehal), are tested 
against selected POOLEX test(s). 
Simulations using estimated non-
condensable gas amounts are 
computed. Final reporting of the 
project has to be started. 

NEPTUNE-CFD has been tested using STB-31 values and 
2D and 3D grids. The problematic assumptions in standard 
condensation model of NEPTUNE-CFD have been modified, 
but the condensation rates are still high compared to 
experimental results. Condensation rate is quite reasonable 
at the beginning of the simulation, but seems to increase 
later due to condensation related turbulence. Modification of 
turbulence model would be necessary, which was planned 
to be done as co-operation with CEA Grenoble. Some 
simulations with the non-condensable gas model have been 
computed, but the first objective is still to do improvements 
for the condensation model. NEPTUNE-CFD module has 
been updated, no major changes found in calculation results. 
Surface divergence theory based correlation proposed by 
Djamel Lakehal was implemented to NEPTUNE-CFD as 
another condensation model. In comparison to STB-31 
experiment, this model was able to produce results of the 
same order of magnitude. Because of non-condensable 
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gases in experiment and turbulent validity area of the model 
of Lakehal, a chugging case (STB-24-2?) calculation has 
been prepared (by VTT/LUT). Final report (NURESIM) will 
be delivered by 15.2. Task completion: 100 % 
 

2. Delivery of experiment data 
 
2.1 Data conversion and delivery (25 k€, 3 person months) 
Select an existing additional 
experiment and to postprocess it for 
validation. Part of the task can also 
be used for validation work. 

Resources of this task are being used for validation work 
described in task 1.1. (Chugging) Task completion: 100 % 

 

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, Sixth NURESIM SP2 meeting, 19.-20.06.2007, Paris, France 
Vesa Tanskanen, Seventh NURESIM SP2 meeting, 24.-25.10.2007, Budapest, Hungary 
 
Vesa Tanskanen, researcher visit, 6.11.2006-9.2.2007, CEA, Grenoble, France 
 
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 
 
Vesa Tanskanen, Markku Puustinen, Jani Laine: "Deliverable D2.1.15.2a: Validation of NURESIM-
CFD Against POOLEX Condensation Pool Experiment: Progress Report" Progress report, European 
Commission, 6th EURATOM Framework Programme 2005-2008, Integrated Project: NURESIM 
Nuclear Reactor Simulations, Sub-Project 2: Thermal hydraulics 
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SAFIR2010   7.2.2008 PROGRESS REPORT 4/07 
 
Condensation experiments with PPOOLEX facility (CONDEX) 
Lauhdutuskokeet PPOOLEX laitteistolla 
 
Duration 2007 – 2010 
Project manager Mr Markku Puustinen,  Lappeenranta University of Technology 
Volume in 2007 (person y.) Plan: 2.0 Realised 31.1.2008             2.5* 
Cost in 2007 (k€) Plan: 233 Realised 31.1.2008             326* 
* Updated according to Table 3.1 
Main Objectives 
 
The main goal of the project is to increase the understanding of different phenomena in the dry well 
and wet well compartments of boiling water reactor (BWR) containment during steam discharge. 
These phenomena are connected to bubble dynamics, direct-contact condensation (DCC), heat 
transfer, pool swell and pressure oscillations. Sophisticated, high frequency instrumentation and 
high-speed video cameras or corresponding equipment has to be used due to the fast nature of the 
investigated phenomena. The final result of the project will be an experimental database on 
condensation dynamics and heat transfer, which can be used as such or for testing and developing 
computational methods used for nuclear safety analysis. 
 
 
Objectives in 2007 Realised 

 
1 PPOOLEX tests (214 k€, 19.5 person months) 

1.1 Characterizing tests 
Characterizing tests with cautious air 
and steam discharge will be carried 
out in the PPOOLEX facility. The 
general behaviour of the facility will 
be observed and compared to that of 
the preceding POOLEX facility. 
Automation and control systems as 
well as instrumentation will be 
tested. Possibilities for advanced 
instrumentation to be used in the 
experiments focusing on the whole 
sequence of a main steam line 
rupture (in 2008) will be studied. 
(VYR, NKS) 

Eight characterizing tests with air discharge and four tests with 
air/steam mixture discharge have been carried out. Each test 
has consisted of several individual steam/air blows. Pool 
water temperatures between 20-50 °C have been used. 
 
Up to 42 °C temperature rise due to compression has been 
measured in the gas space of the wet well compartment in the 
air discharge tests. In the dry well, the  rise has been about 
30 °C at the most. These values are registered when the test 
vessel pressure is let to increase to 0.4 MPa (from initial 
pressure of 0.1 MPa) and the pool water temperature is about 
20 °C. Repeatability of the (air discharge) experiments is 
good. 
 
In the air/steam mixture discharge tests, only pure air is first 
blown from the dry well compartment to the wet well pool and 
therefore condensation related phenomena is not present 
during this phase. Soon, the concentration of steam among 
the flow starts to rise and condensation of steam bubbles at 
the blowdown pipe outlet begins. Radical change from smooth 
condensation behaviour to oscillating one occurs quite 
abruptly when the air fraction of the flow drops close to zero. 
 
Two wet well fill-up and drain tests have been carried out to 
determine the hydrostatic load caused by water. Strain gauge 
and linear potentiometer measurements have been used. 
 
Control and safety systems as well as instrumentation have 
functioned properly. Some problems with moisture adsorbing 
on the inner surface of the viewing windows and thus 
preventing the observation of the interior have been 
encountered. Ventilation of the test vessel with compressed 
air between individual blows improves the situation notably. 
 
Task completion: 90 % 

1.2 Pre-test CFD analysis of 
experiments on the early phase of a 

A CFD model of the test facility constructed at VTT has been  
taken into use also at LUT. Two experiment runs (CHAR-09-1 
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main steam line rupture 
A CFD model of the PPOOLEX test 
facility will be constructed and pre-
test calculations on the discharge of 
non-condensable gas (air) to the dry 
well compartment and from there 
through one blowdown pipe into the 
condensation pool will be performed. 
Main focus will be on helping the 
planning of the experiments 
simulating the early phase of a main 
steam line rupture.  (VYR, NKS) 

and CHAR-09-3) from the characterizing tests have been 
selected for the modelling exercise. About 20-30 seconds of 
transient time from the beginning of the experiment have been 
simulated. Calculation of system pressure seems to be correct 
but some deviations (usually overestimation) in the 
temperature curves between the experiment and simulation 
can be found. Temperature calculation is affected by the fact 
that thermal capacity of structures and heat losses of the 
facility have not been modelled. Very long calculation times 
have delayed the progress of the sub-task. 
 
Task completion: 90 % 

1.3 Experiments on the early phase 
of a main steam line rupture 
Specific experiments on the 
discharge of non-condensable gas 
(air) to the dry well compartment and 
from there through one blowdown 
pipe into the condensation pool 
related to the very first seconds of a 
main steam line break inside the 
containment will be carried out. 
Effects of pressure feedback on the 
dynamics of gas bubbles will be 
studied and comparison to the 
existing POOLEX data on gas 
discharge will be made. Data from 
the beginning of the blowdown, i.e. 
when water is expelled from the 
blowdown pipe, will be delivered to 
VTT for the verification of CFD 
simulations related to the estimation 
of pressure loads. (VYR, NKS) 

Five experiments on the early phase of a main steam line 
rupture (labelled from SLR-01 to SLR-05) have been carried 
out. Feedback from CFD simulations (sub-task 1.2) 
concerning the test procedures and instrumentation have 
been taken into account by adding extra temperature 
measurements into the dry well compartment to get a more 
precise picture of temperature distribution during the pressure 
build-up phase. Furthermore, the locations of the strain gauge 
measurements have been selected on the basis of 
recommendations from structural analysts at VTT. The Citius 
C10 high speed camera have also been used in  the latest 
experiments. 
 
Pressure feedback effects have been studied by running an 
experiment where the test vessel counterpressure has been 
increased in steps (between experiment runs) and in each 
step air has been discharged from pressurized accumulators 
to the dry well compartment and from there to the 
condensation pool via the blowdown pipe. Air line valve 
position has been changed to produce different flow rates. 
 
Strains and pressure pulses in the pool bottom connected with 
the ejection of water from the blowdown pipe have been 
measured in two experiments. 
 
Higher maximum flow of gas than before was achieved in the 
last experiment by increasing the initial pressure (1.2 MPa) of 
accumulators with the help of a nitrogen bottle. 
 
Task completion: 90 % 

2 Project management and international contacts (19 k€, 1.5 person months) 
2.1 Project management and 
international contacts 
Participation in the international 
bodies or working groups ensures 
the international connections needed 
for the research unit. Activities will 
be reported to Finland. (VYR) 

PWR PACTEL Experts Meeting was arranged on April 24th in 
Lappeenranta. 
 
NORTHNET Roadmap 3 Information Exchange Meeting was 
participated on June 19th in Stockholm. Joint application for 
funding of condensation pool related research from NKS by 
KTH, VTT and LUT was agreed upon. 
 
NORTHNET Roadmap 3 Meetings were arranged on August 
31st in Lappeenranta and on January 11th (2008) in Espoo. 
Status of condensation pool research  (LUT, VTT, KTH) was 
presented and plans for 2008 and beyond were discussed. 
 
Task completion: 100 % 

 

Comments 

 
Education of experts 
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The project staff includes presently four young persons (YG): Three post-graduate scientists and a 
research trainee. Mr. Vesa Tanskanen and Mr Arto Ylönen have participated in Short Courses on 
Modelling and Computation of Multiphase Flows, hosted by ETH, Zurich, Switzerland, March 12-16, 
2007. Mr. Tanskanen has also participated in Fifth Basic Professional Training Course on Nuclear 
Safety (YK5) 
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SAFIR2010   08.02.2008 PROGRESS REPORT 4/07 
 
Large Break Loss of Coolant Accident test study (LABRE) 
Ison vuodon kokeiden tutkimus 
 
Duration 2007-2008 
Project manager Mr. Heikki Purhonen, Lappeenranta University of Technology 
Volume in 2007 (person y.) Plan: 0.7 Realised 31.1.2008     0.5* 
Cost in 2007 (k€) Plan: 34 Realised 31.1.2008    55* 
*Updated according to Table 3.1 
 
Main Objectives 

The first objective of the project is to find out if there exists relevant measurement data for CFD 
and structural analysis code validation during large break LOCA. Information on test types 
including parameters and other associated data will be gathered. 

If there are white spots in the existing experimental database, actions will be proposed to enhance 
the situation, i.e. quantities to be measured, design of an experimental facility, experiment types 
etc. The common ultimate goal is to improve nuclear reactor safety in large break loss of coolant 
accident situation. 

This project helps to enhance the models of existing tools for analysis of the structural loads in 
large break LOCAs. This is achieved by collecting and reviewing the existing relevant experimental 
data, and if considered necessary by designing a small scale pilot test facility. The project will 
strengthen Finnish knowledge and networking between experimental and analytical work in 
Finland, later also internationally. Education of new experts is an essential part of the project. 
 
 
Objectives in 2007 Realised 

 
1. Available large break LOCA tests 

 
1.1 Search and review of available tests (34 k€, 7 person months) 
Available large break LOCA test 
data will be searched for and its 
usefulness for validation of modern 
CFD and structural analysis codes 
will be reviewed. Special attention 
will be paid to the measurements 
used in the reviewed tests. Based on 
the needs of experimental data and 
on the adequacy of existing data, 
preliminary plans for a small scale 
test facility will be made. 

Information on the topic has been widely searched. Overall 
view of LBLOCA test history (especially the blowdown phase) 
has been achieved. Overall description of the accident and 
phenomena as well as the descriptions of LBLOCA blowdown 
phase test facilities have been written. Some possible 
research topics have been found by reviewing the most 
comprehensive tests so far. Ideas and issues regarding the 
possible new test facility have been considered. Preliminary 
simulations of the simple CFD simulation cases (outside 
LABRE) has been perfotmed.Final report has been delivered. 
Task completion: 100 % 

 

Comments 
 
 
 
 
Education of experts 
 
PLAN: 
Master of Science thesis will be written based on the work in the project.. 
 
 
Travels 
 
- 
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Reports 
Arto Ylönen, Large Break Blowdown Test Facility Study, LABRE 1/2007, LUT 2007. 
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SAFIR2010   7.2.2008 PROGRESS REPORT 4/07 
 
Release of radioactive materials from a degrading core (RADECO) 
Radioaktiiviset päästöt vakavissa reaktorionnettomuuksissa 
 
Duration 2007 – 2008 
Project manager Tommi Kekki,  VTT 
Volume in 2007 (person y.) Plan: 0.61 Realised 7.2.2008             0.54 
Cost in 2007 (k€) Plan: 85 Realised 7.2.2008             85 
 
Main Objectives 

The adsorption of elemental iodine on painted surfaces and production of organic iodides on surfaces 
will be studied. The paints used in Finnish NPP will be tested in the experiments. The scoping study 
of SA phenomena during shutdown conditions will support the PSA level 2 efforts. The importance of 
different phenomena will be examined to discover the possible issues needing more detailed 
analyses or analyses involving e.g. structural analyses. 
  
 
Objectives in 2007 Realised 

 
1 Iodine (85 k€, 6.5 person months) 

1.1 The production of organic iodides from 
painted surfaces 

In first year the construction of test 
facility, design of the tests and one 
test with radioactive iodine are 
planned to be performed.  The tests 
will start with the adsorption of 
elemental iodine on painted surfaces 
in water. The tests are done in 
radiation field and without radiation. 
The work continues with studies to 
measure the rate of organic iodide 
formation from iodine (as I2) 
adsorbed from the gas phase on dry 
painted surfaces and comparing 
these results with the rate of organic 
iodide formation from surfaces 
containing iodine adsorbed from the 
aqueous phase on painted surfaces 
(VYR, VTT) 
 

 
 
Test series using the Loviisa old test samples (year 2000) are 
completed. The formation of organic iodine on painted 
surfaces in the radiation field was studied by irradiating 
painted concrete blocks in water having the same chemical 
composition as the sump water in Loviisa reactor. The water 
pH was changed. The results are available.  Test samples of 
Olkiluoto have been manufactured. First test series using the 
Olkiluoto new samples are completed. Test report will be 
finished in February 2008.   
 
 
 
 
 
 
Task completion: 99 % 

1.2 OECD/BIP 

The information from the project is 
useful to compare our own 
experimental iodine test results, 
especially the modelling part could 
be helpful to understand the 
phenomena. (VYR, VTT). 
 

 
The first meeting of the Programme Review Group (PGR) was 
held 17-18 Sep 2007 at the OECD/NEA Headquarter. Travel 
report of the 1st meeting has been sent to the reference group.
 
 
Task completion: 100 % 

2 Shutdown conditions (0 k€, 0 person months) 
2.1 Severe accident progression during shutdown 
conditions 

First literature survey of this area will 
be done. A rough estimate of the 
possibility and consequences of a 
hydrogen burn in air-filled 
containment will be performed using 
MELCOR code.  (VYR, VTT) 
 

 
Task was cancelled (TR5/03); the money was transferred to 
task 1 to complete the tests of iodine in water phase.   
 
 
 
Task completion: 0 % 
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Comments 
 
Education of experts 
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SAFIR2010   7.2.2008 PROGRESS REPORT 4/07 
 
Primary circuit chemistry of fission products (CHEMPC) 
Fissiotuotteiden primääripiirin kemia 
 
Duration 2007 – 2010 
Project manager Mr Ari Auvinen,  VTT 
Volume in 2007 (person y.) Plan: 2.7 Realised 31.12.2007           3.4     
Cost in 2007 (k€) Plan: 312 Realised 31.12.2007           327 
 
Main Objectives 
 
The objective of the first subtask is to build facilities at VTT and at IRSN Cadarache for determination 
of iodine chemistry in the primary circuit. In the second subtask the aim is to help in the interpretation 
of results from Phebus FP and ISTP programs. In the third subtask the ruthenium transport 
experiments conducted previously at VTT are to be modelled. The objective in the last subtask is to 
build a database for fine particle resuspension, by participating in ARTIST experimental program and 
by conducting separate small scale experiments. The aim of the studies is to assess fission product 
retention in the structures of a steam generator in hypothetical tube rupture scenarios.  
 
Objectives in 2007 Realised 

 
1 Primary circuit chemistry of iodine (194 k€, 13.3 person months) 

1.1 Manufacturing of CHIP sampling 
system 
A hot and a low temperature 
sampling systems for the CHIP 
facility will be manufactured and 
tested. M.Sc.Tech Teemu Kärkelä 
will assemble the sampling systems 
at IRSN Cadarache research centre 
and participate in the commissioning 
tests of the facility. (IRSN) 
 

Final report on testing of the sampling system issued 
29.12.2007. 
 
Sampling systems was assembled by Teemu Kärkelä at IRSN 
Cadarache research centre. 
 
Final changes to the system were approved in a meeting with 
IRSN 7-8.5.2007. 
 
Testing of the system was approved in a meeting with IRSN 
14-15.11.2007. 
 
Task completion: 100 % 

1.2 Manufacturing of facility for PC 
chemistry 
A facility to study high temperature 
chemistry of iodine will be built at 
VTT. The sampling system in the 
facility will be identical to that of the 
CHIP facility. (VYR, VTT) 
 

Technical report on the facility written. 
 
Testing of the sampling system and filtration is completed. 
 
Task completion: 100 % 

1.3 Experiments with gaseous iodine 
feed 
Retention of gaseous iodine into the 
facility, in sampling lines and in the 
filters will be studied by feeding 
radiolabelled gaseous iodine into the 
system in five experiments. (VYR, 
VTT) 

An abstract on fission product revaporisation was written for 
ERMSAR 2007 meeting. 
 
 
 
Task completion: 5 % 

2 Phebus FP and ISTP follow up (20 k€, 1.2 person months) 
2.1 Reviewing the FPT-2 final report 
VTT will review Phebus FPT-2 final 
report chapters related to fission 
product transport in the primary 
circuit and mass balance in the 
experiment. (VYR, VTT) 
 

FPT-2 final report has been reviewed. 
 
Draft review report sent for comments at end of December 
2007. 
 
Final report issued in April 2008. 
 
Task completion: 95 % 
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2.2 Participation in the Phebus FP 
and ISTP meetings 
VTT will participate in Phebus FP 
and ISTP interpretation circle 
meetings as well as in the meetings 
of international experts group to 
study potential future uses of the 
Phebus facility in nuclear safety 
research. (VYR, VTT) 
 

Phebus FP and ISTP program meetings as well as Phebus 
Experts Group meetings were participated. 
 
Travel report of the 1st meeting has been sent to the reference 
group. 
 
Travel report of the 2nd meeting will be sent to the reference 
group. 
 
PEG Final Summary Report has been issued. 
Task completion: 90 % 

3 Modelling of ruthenium transport (56 k€, 5.5 person months) 
3.1 Modelling of ruthenium transport 
The ruthenium transport 
experiments conducted at VTT 
during the SAFIR program will be 
modelled with Fluent CFD software. 
In order to set the boundary 
conditions and to validate the 
calculations, extensive set of 
temperature measurements will be 
conducted at the facility. (VYR, 
NKS, VTT) 
 

Flow and temperature fields as well as ruthenium transport 
was modelled with Fluent. Final report issued 1.2.2008. 
 
Detailed temperature measurements of the experimental 
facilities completed. 
 
Abstracts on ruthenium experiments were written to ICAPP, 
ERMSAR, EAC and AAAR meetings. 
 
Scientific paper based on ERMSAR abstract is written. 
 
Scientific paper of ruthenium experiments at VTT is to be 
commented. 
 
Task completion: 100 % 

3.2 Participation in the ruthenium 
chemistry experiments 
VTT will participate in the planning 
of ruthenium containment chemistry 
experiments at Chalmers 
University. Especially the 
measurement techniques to be 
applied will be reviewed. (VYR, 
NKS, VTT) 
 

A meeting on ruthenium experimental programs was held at 
Chalmers on 28.3.2007 
 
Second meeting on measurement techniques for FP gas 
phase chemistry held at VTT 5.6.2007 
 
 
 
Task completion: 100 % 

4 ARTIST-resuspension experiments (42 k€, 8.6 person months) 
4.1 Experiments on particle 
resuspension 
VTT will conduct experiments with 
aerosol deposition and resuspension 
in internal tube flow. In the 
experiments resuspension of 
particles will be measured online 
using technique based on light 
transmission. Based on the obtained 
data a model developed at VTT for 
particle resuspension in turbulent 
flow will be validated. (VYR, VTT) 
 

12 experiments on particle deposition and resuspension have 
been performed. 
 
Special assignment: “Particle characterisation in resuspension 
experiments” written. 
 
Masters thesis: “Experimental study on fine particle 
resuspension in nuclear reactor safety” completed. 
 
 
 
Task completion: 100 % 
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4.2 ARTIST integral experiments 
VTT will participate in the aerosol 
measurements during ARTIST 
integral experiment as well as in the 
interpretation of the data. VTT will 
also determine the shape factor of 
the aerosol, which is considered by 
NRC to be a major uncertainty in 
modelling ARTIST experiments. 
(VYR, VTT) 
 

A tool for particle shape distribution analysis has been 
updated. 
 
An abstract was written to ICAPP 2007 conference. 
 
 
Task completion: 100 % 

 

Comments 

Research scientist Yuko Enqvist moved to the service of another employer. Research scientist Juha 
Kurkela has started job alternation leave 15.9. Senior research scientist Jouni Pyykönen will complete 
modelling of ruthenium transport experiments. During 2007 Teemu Kärkelä works 1 month as a 
visiting scientist at IRSN Cadarache research centre. The second period of his visit is to take place as 
experiments at CHIP facility will start in the first quarter of 2008. There was a significant delay in 
acquiring high temperature furnace for the CHIP-facility sampling system (15 weeks). NKS funding for 
participation in the ruthenium chemistry experiments have been granted. SARNET funding for 
exchange in the primary circuit chemistry of iodine has been granted. IRSN funding for manufacturing 
of CHIP sampling system has been increased. 

 
Education of experts 
 
The project personnel include presently two young persons (YG): one post-graduate scientists and 
one research trainee. Mr. Teemu Kärkelä participated in SARNET Course on Severe Accident 
Progression: Data, Analysis and Uncertainties organised by IRSN Cadarache. Mr. Ari Auvinen 
lectured on the course about fission product transport in primary circuit. Research trainee Tapani 
Raunio is completing his masters thesis on “Experimental studies on fine particle resuspension in 
nuclear reactor safety” in November. 
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Core Melt Stabilization (COMESTA) 
Sydänsulan stabilointi 
 
Duration 2007 – 2008 
Project manager Mr. Tuomo Sevón, VTT 
Volume in 2007 (person y.) Plan: 1.26 Realised 31.1.2008             1.53 
Cost in 2007 (k€) Plan: 232.5 Realised 31.1.2008             232.9 
 
Main Objectives 
 
The objective of the project is to investigate the phenomena of molten core – concrete interactions 
and coolability of core melt and to develop competence for computational modeling of severe 
accidents. The behavior of the special sacrificial concrete in the EPR reactor pit under pouring of 
metallic melt from the reactor pressure vessel will be examined in the HECLA experiments. The 
international OECD/MCCI-2 project will generate new knowledge of the interactions between oxidic 
corium and concrete in 2-dimensional geometry and of the coolability of core melt. Via the CSARP 
agreement the latest versions of the severe accident simulation program MELCOR will be got into 
use. In addition, the competence to use the CORQUENCH code for calculating the coolability of 
core melt will be created. 
 
Objectives in 2007 Realised 

 
1 HECLA Experiments (113.4 k€, 7.5 person months) 

1.1 Experiments 
Perform HECLA-2 and -3 transient 
metallic melt–concrete interaction 
experiments (VTT, VYR) 
 

Post test analysis of the HECLA-2 experiment was finished. 
 
HECLA-3 mold was prepared and thermocouples installed. 
The concrete crucible was cast, and it is currently hardening. 
Casting of the concrete crucible was delayed because of 
renovation work in the research hall and unavailability of 
equipment. The experiment is delayed to March. 
 
Task completion: 75 % 

1.2 Reporting and analyses 
HECLA experiments are analyzed 
and reports and publications are 
created (VTT, VYR) 
 

HECLA-2 report was finished and sent to the reference group.
 
A joint paper together with CEA on the HECLA and 
VULCANO experiments was submitted to ICAPP’08 
conference. 
 
HECLA-3 report is delayed to May 
 
Task completion: 55 % 

2 OECD/MCCI-2 (56.7 k€, 2.9 person months) 
2.1 Follow-on and information 
exchange 
The program review group and 
management board meetings are 
attended. Experiment reports are 
distributed to STUK, TVO and FNS. 
(KTM, VYR, VTT) 
 

Design reports of SSWICS-9 and -10 and CCI-5 experiments 
were reviewed. The SSWICS tests will be very small scale 
quenching tests with two different melt compositions, with the 
aim of producing thin ingots for strength testing without cutting 
the ingots. CCI-5 will use siliceous concrete with a thin LCS 
liner on the basemat and larger melt pool aspect ratio. 
 
Task completion: 100 % 

2.2 Experiment analysis and 
workshop 
CCI experiments are analyzed. 
MCCI workshop is attended and 
presentations on the HECLA 
experiments and the WATING water 
ingression model are given. (VTT, 
VYR) 
 

A paper on heat transfer analysis of the CCI 1–3 experiments 
was submitted to the Nuclear Engineering and Design journal.
 
The MCCI benchmark calculation exercise in the frame of 
SARNET was done. IRSN will prepare a summary report of 
the benchmark in due course. 
 
Task completion: 100 % 
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3 CSARP (33.7 k€, 0.5 person months) 
Latest versions of MELCOR are 
obtained. CSARP/MCAP meeting is 
attended. (VYR, VTT) 
 

No action since the previous meeting 
 
Task completion: 100 % 

4 CORQUENCH (20.5 k€, 1.8 person months) 
CORQUENCH code is learned and 
its applicability is assessed (VTT, 
VYR) 
 

No action since the previous meeting. 
 
Task completion: 100 % 

6 Project management and information exchange (8.2 k€, 0.5 person months) 
COMESTA project management, 
reference group meetings (VTT, 
VYR) 
 

The fourth reference group meeting was attended. Reports 
and plans requested by the SAFIR2010 management have 
been written. The plans for 2008 were updated after the 
funding cuts by the management board. COMESTA2008 
project was started up. 
 
Task completion: 100 % 

 

 
Education of experts 
 
The project staff includes presently one young person (YG), the project manager. 
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SAFIR2010   8.2.2008 PROGRESS REPORT 4/07 
 
Hydrogen Risk in Containments and Particle Bed Issues (HYRICI) 
Suojarakennusten vetyriski ja partikkelikeot 
 
Duration 2007 – 2008 
Project manager Ms. Eveliina Takasuo , VTT 
Volume in 2007 (person y.) Plan:  0.985  Realised 31.1.2008: 1.063           
Cost in 2007 (k€) Plan: 152.415 Realised 31.1.2008: 153.165           
 
Main Objectives 
 
The first subproject of the project is modeling of hydrogen distribution and combustion in order to 
assess the capability of the TONUS and FLUENT computational fluid dynamics codes to predict 
hydrogen risk at Olkiluoto 3 nuclear power plant. The second subproject is to study particle bed 
coolability. The goal of the studies is to assess newly acquired analysis tools, especially the WABE 
code, for Finnish nuclear power plants. The third subproject includes the follow-up of the OECD 
research program THAI and the research work associated with the participation to the EU research 
program SARNET. 
 
Objectives in 2007 Realised 

 
1 Hydrogen distribution and combustion (57.625 k€, 4.75 person months) 

 
Performing CFD simulations of 
selected hydrogen combustion and 
distribution tests in order to validate 
TONUS CFD and FLUENT codes 
for hydrogen risk analysis at Finnish 
NPPs. Gaining more experience on 
using the codes and knowledge on 
hydrogen behaviour. 
 

 
The FLAME F-19 hydrogen detonation test has been 
modelled using the TONUS code. A report has been written 
and evaluated by E. Raiko. A conference draft paper on the 
topic has been submitted to ICONE16 which is to be held in 
Orlando, FL, USA in May 2008. 
 
The funding of this task was partially combined with the 
analysis of the THAI tests in task 3.1. TONUS analysis of the 
THAI test HM-2 has been started and FLUENT analysis is 
currently being initiated. 
 
Task completion: 80 % 

2 Particle bed coolability (20.25 k€, 1.5 person months) 
 
Validation of the 2D code WABE for 
analysis of coolability of ex-vessel 
debris in Olkiluoto 1 and 2 by 
modelling the STYX tests. Gaining 
experience on using the code.  
 
 

 
The WABE 2D calculations of the STYX tests have been 
performed and the report is being finalized by J. Miettinen. E. 
Takasuo has started WABE training for the future need of 
more WABE users.  
 
 
Task completion: 100 % 

3 International research programs (66.29 k€, 3.59 person months) 
3.1 OECD/THAI 
Participating in follow-up meetings 
and distribution of the program 
deliverables to the Finnish nuclear 
energy partners. 

 
E. Takasuo attended the kick-off meeting of the programme   
(consisting of PRG and MB meetings) which was held June 
25-26 in Eschborn, Germany. E. Takasuo and R. Sairanen 
attended the 2nd THAI meeting at NEA near Paris, November 
26-27. Travel reports of the meetings have been distributed. 
 
The operating agent (Becker Technologies) has performed 
the Material Scaling (HM) tests and the 20 hydrogen 
deflagration tests (HD) are being conducted. The analytical 
work for the HM-2 test blind calculation has been started with 
TONUS (E.Takasuo). FLUENT modelling work has been 
started in Jan 2008  (J. Kyttälä and R. Huhtanen).  
 
The invoice for contributions of 2007 has been paid.  
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Task completion: 100 % 

3.2 EU/SARNET 
Conducting research work such as 
benchmark calculations associated 
with the SARNET program. The 
results will be presented in SARNET 
workshops and meetings. 
 

 
An ERMSAR-07 paper about the ENACCEF benchmark has 
been prepared as a joint publication by IRSN, JRC and VTT 
(E. Takasuo and R. Huhtanen). The ERMSAR meeting was 
held June 12-14 (no participation by the project). Preliminary 
plans are made for a journal article on the topic. TPA5 
activities until September 2008 consist of combustion model 
and mesh improvement for the ENACCEF benchmark case. 
The need of benchmark review was discussed in the 4th 
Annual SARNET Review Meeting Jan 23-25 in Bled, Slovenia, 
which was attended by E. Takasuo (trip funded by the EU 
SARNET project). The TONUS detonation calculations of task 
1 were presented to SARNET partners. Development of PAR 
and wall condensation modeling in FLUENT is also included 
in SARNET TPA activities jointly with the SAFIR2010/THARE 
project. 
 
A joint abstract about the recent SARNET containment 
activities by WP 12.1 and 12.2 participants has been accepted 
to ICAPP’08 conference.  
 
Task completion: 100 % 

4 Project management and information exchange (8.25 k€, 0.5 person months) 
 
Project management, administration 
and information exchange. 

 
The third meeting of the Reference Group 5 has been 
arranged on September 6. 
 
The travel funding of this subproject (“extra conference”) has 
been used for ICONE15 participation and presentation of the 
paper “Takasuo, Kudriakov: Numerical simulation of the 
FLAME hydrogen combustion tests F-8 and F-22 using 
CREBCOM and Eddy Break-up combustion models”. The 
conference was held April 22-26 in Nagoya.  
 
Task completion: 100 % 

 
 

Comments 

The participation fee of the OECD/THAI programme (20k€/year) included in the total cost is paid 
directly by Ministry of Trade and industry.  
 
Education of experts 
 
The project manager is a young research scientist whose training in project management is 
advancing during the course of the project. User training of the TONUS and WABE codes is 
proceeding along with the progress of Tasks 1 and 2. During 2007 the project manager has studied 
how to use TONUS for hydrogen detonation calculations and problems involving turbulent mixing. In 
Jan 2008 also the project manager has started WABE training.  
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SAFIR2010   11.2.2008 PROGRESS REPORT 4/07 
 
Risk informed inspections of piping (PURISTA) 
Putkistojen riskitietoiset tarkastukset 
 
Duration 2007 – 2010 
Project manager Dr Kaisa Simola,  VTT 
Volume in 2007 (person y.) Plan: 1.46  Realised 31.1.2008   1.56           
Cost in 2007 (k€) Plan: 218  Realised 31.1.2008  218.1              
 
Main Objectives 
 
The overall objective of the project is to support the implementation of risk-informed in-service 
inspection (RI-ISI) at Finnish nuclear power plants by studying relevant issues related to RI-ISI. Main 
objectives are the development of structural reliability methods for quantification of piping leak and 
break probabilities, the development of methods for evaluating inspection capability and the link 
between inspection qualification, detection probability and RI-ISI, and studying issues related to risk-
ranking, selection of inspection sites and acceptance criteria of a RI-ISI programme. 
 
 
Objectives in 2007 Realised 

 
1 Evaluation of piping failure potential (78 k€, 6.3 person months) 

1.1 Probabilistic analysis methods 
for piping leaks and breaks  
Test and compare various structural 
reliability analysis applications, e.g. 
probabilistic fracture mechanics 
(PFM) analysis codes, and limit state 
functions combined with finite 
element analysis (FEA), and to apply 
the structural reliability methods to 
an actual nuclear power plant (NPP) 
piping system. Participation in the 
OECD/NEA-JRC RISMET project in 
the evaluation of failure probability 
assessment approaches. (VYR, 
VTT, TVO) 
 

 
Research work concerning structural reliability analysis 
methods for the first project year has been completed. The 
main emphasis was on PFM based methods. Pilot analyses 
for OL1 piping system 327 of TVO were carried out. 
Assessment of probabilistic distributions for depth and length 
of the existing fabrication cracks was added to the analysis 
scope. Assessment of initiation probability of low-cycle fatigue 
induced cracks was developed. Probabilistic treatment of 
cyclic loads in PFM analyses concerning low-cycle fatigue 
induced cracking was developed. The Monte Carlo simulation 
ability of the applied PFM fracture mechanics based analysis 
tool VTTBESIT was improved by developing it to a Latin 
hypercube simulation (LHS) application. Project report has 
been completed, and is now in the publication process. 
 
A contribution to the report on evaluation of failure probability 
assessment in RISMET project was written. An ENIQ 
recommended practice report on verification and validation of 
structural reliability models and associated software to be 
used in RI-ISI programmes was finalised together with JRC 
and Tecnatom. 
 
Task completion: 108 % 

1.2 Vibrations 
Verification of the computed 
estimates for the stress amplitudes. 
Strain gage measurements are 
carried out at the Loviisa NPP, and 
the computed stresses are 
compared to the results obtained 
from the strain gage measurements. 
(VYR, VTT, TVO) 
 

 
Strain gage measurements were performed by Fortum 
Condition management in December 2007 and the results 
have been delivered. A conference article entitled 
“Operational Displacement Shape Based Estimation of 
Vibration Borne Stress Variation in a Pipeline” and the 
presentation have been prepared for the IMAC XXVI 
conference: Conference & Exposition on Structural Dynamics 
(Orlando, Florida 4-7.2.2008) 
 
Task completion: 88 % 
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2 Reliability of inspection (63 k€, 4.2 person months) 

2.1 NDT simulation 
Study through simulation pilot case 
the ways that could be used to 
assess the performance and 
reliability of NDT techniques. (VYR, 
VTT) 
 

 
The Civa simulation program functions to produce and control 
noise in defect response simulations of ultrasonic inspections 
have been investigated. Also several simulations using 
different ultrasonic transducers (single element/phased array, 
unfocused/focused and operating at different frequencies) 
together with varying noise levels have been performed. The 
simulation results have been analysed. A short work report 
has been compiled.  
Simulation provides tools for investigation of ultrasonic probe 
properties and achievable signal-to-noise ratio in noisy 
material conditions thus the optimisation of the UT technique 
is possible. 
 
Task completion: 100 % 

2.2 Link between inspection 
qualification and probability of 
detection 
Participation in a pilot study to test a 
framework for quantifying the ENIQ 
inspection qualification process. 
Sensitivity studies to evaluate the 
importance of the precision of the 
probability of detection (POD) to risk 
change evaluations when comparing 
the traditional and a risk-informed ISI 
programme. 
(VYR, Doosan Babcock) 

 
Training material has been prepared for an expert training day 
for the pilot qualification exercise, and the training has been 
held in April. The pilot exercise to obtain POD from 
qualification dossier by expert judgement has been carried out 
in August. The second pilot study has been held in December.
The technical report “A Bayesian framework for the 
quantitative modelling of the ENIQ methodology for 
qualification of non-destructive testing” has been finalised and 
published by JRC in EUR-report series. A conference paper 
has been prepared and presented at the ESReDA seminar in 
May. A conference paper on the results of the 1st pilot study 
has been written together with JRC for the NDE conference 
held in October in Budapest. 
 
Task completion: 100 % 

3 Preparation, acceptance, follow-up and updating of RI inspection programme (50 k€, 3.8 
person months) 

3.1 Risk ranking and inspection site 
selection  
Participation in the OECD/NEA-JRC 
RISMET project in the evaluation of 
risk ranking and selection of sites for 
inspection. Finalisation of ENIQ 
guidelines for expert panels in RI-ISI. 
(VYR, VTT) 
 

 
The RISMET RI-ISI benchmark meetings have been 
participated and chaired. Investigations on the differences in 
risk ranking and inspection site selection have been done, and 
preliminary results have been reported at the RISMET 
meeting. 
 
The ENIQ guidelines for expert panels have been finalised 
and sent out for comments for the TGR. 
 
Task completion: 100 % 

3.2 RI-ISI programme acceptance, 
follow-up and updating 
Continuation of development of a 
robust semi-quantitative risk matrix 
for supporting the risk ranking and 
delta risk evaluations. Investigation 
of the degree of detail needed for 
detection probability (POD) 
assumptions in RI-ISI application. 
(VYR, VTT) 

 
Analyses of the effect of POD detail on the failure probability, 
and the demonstration of compensating inspection capability 
with shortening inspection interval have been carried out. 
A report on “Sensitivity of risk reduction to probability of 
detection curves level and detail” has been finalised and 
published by JRC in EUR-report series. 
VTT has contributed to the edition of ENIQ TGR discussion 
document on the role of ISI within the philosophy of defence in 
depth. 
Plans for drafting a report on RI-ISI updating have been made.
A NKS-project proposal “Studies on the importance of 
inspection reliability assumptions on the assessed risk 
reduction for RI-ISI” has been prepared together with Inspecta 
Sweden. 
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Task completion: 100 % 
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4 International co-operation and project management (27 k€, 1.0 person months) 

 
Project management and 
participation in international working 
groups and meetings: OECD/NEA-
JRC Benchmark Study on Risk-
Informed In-Service Inspection 
Methodologies, ENIQ Task Group 
on Risk and Steering Committee,  
IAEA Consultancy on RI-ISI 
TECDOC, European Safety, 
Reliability and Data Association 
(ESReDA). (VYR, VTT) 

 
Following meetings have been attended: 
IAEA Consultancy on RI-ISI TECDOC (March) 
ENIQ Task Group on Qualification (TGQ) meeting in 
connection to the expert training day (task 2.2) (April) 
RISMET project and ENIQ TGR meetings (April, Oct & Nov) 
ESReDA seminar on maintenance modelling and applications 
(May) 
ENIQ Steering Committee (June & December) 
Pilot exercises for quantification of inspection qualification 
(task 2.2) (August & December) 
Kärnteknik seminar (November) 
 
VTT research notes publication on the earlier SAFIR RI-ISI 
studies has been finalised and published. 
An ad-hoc meeting concerning the project was held in 
February. A new ad-hoc group meeting was held in August. 
The participants were VTT researchers and representatives of 
TVO, FORTUM and STUK. 
A conference paper on ENIQ/TGR activities has been written 
together with JRC for the NDE conference held in October. 
A presentation on the current status and experience of 
application of RI-ISI in Finland has been prepared for the 
Kärnteknik seminar in November. 
 
Task completion: 100 % 

 
 
Education of experts 
 
The project staff includes presently two young post-graduate scientists. 
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SAFIR2010  4.2.2008  PROGRESS REPORT 4/07 
 
Fatigue endurance of critical equipment (FATE) 
Kriittisten laitteistojen väsymiskestävyys 
 
Duration 2007 – 2010 
Project manager Mr Jussi Solin, VTT 
Volume in 2007 (person y.) Plan: 0,6 Realised 31.1.2008             0,6 
Cost in 2007 (k€) Plan: 117 1 Realised 31.1.2008             117  
 
Main Objectives 
 
The project aims to improve and verify models used for assessment of fatigue endurance and failure 
probability of nuclear reactor pressure boundaries and critical components. Quantitative, mechanism 
based and risk informed probabilistic evaluation of fatigue crack initiation and short crack growth due 
to thermal and/or mechanical loads is aimed. Applicability of design and evaluation practices will be 
assessed and discussed aiming to global enhancements.  
 
Objectives in 2007 
 

Realised 
 

1 Definition of work plans (xx k€, 0,5 person months) 
1.1 Project launch and networking  
Research and international co-
operation plans for four years. 
Exchange of results and access to 
NRC+JNES – hot water fatigue data 
is targeted.  
(Aimed funding: Tekes, VTT)  
 

 
Meetings in Japan indicated interests for mutual co-operation, 
but JNES data base will not be available. It was recently 
closed even for NRC. However, summaries of the in March 
closed 30 year Japanese experimental program were 
obtained.  
International networking for harmonisation of approaches for 
environmental effects in fatigue is aimed in OECD/NEA/IAGE 
working group for metallic components. Project manager 
attended the April 2007 meeting for this purpose. US NRC 
and some other delegates reported on their positions, but no 
concrete actions were launched so far.  
 
Task completion: 100 %  

1.2 Seminar  
A seminar with representatives of 
Fortum, TVO, STUK, eventually also 
EDF, Areva, SKI, Vattenfall to review 
state of the art and research needs. 
(Funding: VYR, VTT)  
 

 
A separate fatigue seminar would have been relevant only for 
coordination of the intended broader project unity – the 
original plan, which was withdrawn during 2007. Technical 
presentations were given in two ad hoc meetings.  
 
Task completion: 100 %  

2 Materials cyclic performance (xx k€, 0 person months) 
(note: this Task was planned completely beyond SAFIR2010) 

2.1 Fatigue properties of different 
stainless steel grades  
Review on stainless steel grades 
and sub-grades, their fatigue 
properties and possibilities to 
characterise fatigue resistance 
based on commonly available 
information.  
(Funding: external)  
 

 
It seems that intermediate and high cycle (Nf>105) fatigue 
strengths of some modern nuclear grade stainless steels are 
below conventional grades used in current plants. Based on 
laboratory data including such grades, ASME SS air curve 
has been questioned for new designs. Critical tests on alloy 
316 in RT air were performed for checking this hypothesis. 
Irrational problems with MTS100 Teststar result severe cost 
overflow and termination of experiments. The controller was 
finally fixed by the manufacturer and tests were completed in 
December with kind economical support of Fortum Nuclear 
Services. and reported in ad hoc. See also task 3.4.  
Task completion: 150 % ( 2.1 + 3.4 together )  

                                                           
1  Increased to117 k€ through additional funding of 5 k€ by Fortum to allow completion of laboratory work,  
   which had been terminated in lack of funding.  
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3 Fatigue in hot water (xx k€, 4,5 person months) 

3.1 Transient simulation  
Upgrade of autoclave facility suitable 
for transient simulations  
(Funding: VYR, VTT) 
 

 
Hardware suitable for new control and measuring application 
has been adopted. Programming for new capability is ready, 
but software verification has been postponed to 2008 project 
to be done in connection with relevant experiments.  
 
Task completion: 80 %  

3.2 Autoclave experiments in hot 
water  
Basic tests to check applicability of 
available Fen models, for comparison 
with previously tested material 
batches and for reference to fatigue 
assessments. (Funding: external)  
 

 
This was planned as activity beyond Safir funding as part of a 
broader project unity – the original concept, which was 
withdrawn during 2007. According to steering group decision, 
eventual tests by external funding will not be reported to Safir. 
Thus, autoclave tests will be suspended until a new budgetary 
frame is applicable.  
Task completion: 0 %  

3.3 Microscopy  
Electron microscopy and systematic 
research of the cyclic behaviour in 
relevant temperatures with and 
without environment.  
(Funding: VYR, VTT)  
 

 
Study was focussed to 3 specimens tested in air. Promising 
results were obtained, discussed in ad hoc and reported as a 
research report.  
 
Task completion: 100 %  

3.4 Fatigue mechanisms  
Preparing for later study on fatigue 
mechanism for stainless steels in 
LWR’s. (Funding: VYR, VTT) 
 

 
Research is planned to start in 2008. However, NRC 
Regulatory Guide 1.207 (march 2007) gave reasons for faster 
start. The guide background (NUREG 6909 (2007) was 
evaluated from mechanism and material selection point of 
view and need for experimental checks were identified.  
See also task 2.1.  
Task completion: 150 % ( 2.1 + 3.4 together )  

4 Fatigue design (xx k€, 1 person months) 
4.3 Material modelling for cyclic FEA 
Development and implementation of 
applicable material model to 
ABAQUS code.  
(Funding: VYR, VTT) 
 

 
Manuscript of a scientific journal paper was prepared as 
planned. Pre-review by the project manager revealed some 
interest to further work and modification before submitting for 
external review.  
 
Task completion: 100 %  

 
 

Comments 
 
A major change in plans has been adopted. Original plans to include the current project as a part of a 
larger fatigue research entity have been withdrawn based on guidance by the steering group and 
partial reduction and/or postponing in plans for supporting external funding. This change of general 
scope will have a major impact in the aimed experimental research on environment assisted fatigue in 
primary coolant waters. A set of autoclave experiments could be envisaged e.g. in 2009, if the other 
tasks are completed by 2008 to a suitable status allowing a new priority perspective. The plans for 
year 2008 are based on the new scope and will hopefully turn out to be realistic for execution.  
 

 
Education of experts 
 
Mr. Alhainen was introduced to experimental fatigue research to take partial responsibility of the new 
hard/software for transient simulation control and data processing in future autoclave fatigue tests.  
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Deliverables in 2007, Realisation of the original plans  

 
Task Deliverable 

1.2 A seminar with representatives of Fortum, TVO, STUK, eventually also EDF, Areva, 
SKI, Vattenfall to review state of the art and research needs.  

Not applicable for Safir part alone. A separate fatigue seminar would have been relevant 
only for coordination of the intended broader project unity – the original plan, which was 
withdrawn during 2007. Technical presentations were given in two ad hoc meetings.  

3.1 Capability for strain controlled transient simulation in constant temperature.  

Hardware suitable for new control and measuring application has been adopted. 
Programming for new capability is ready, but software verification has been postponed to 
2008 project to be done in connection with relevant experiments.  

3.3 

 

Laboratory notes on dislocation structures in selected fatigue samples.  

A TEM study was performed focussing to 3 previously tested specimens. Promising results 
were obtained, discussed in ad hoc and reported as a research report.  

3.4 A pre-study on fatigue mechanism for stainless steels in PWR.  

Not separately performed. Deformation mechanisms were considered as part of the previous 
deliverable (3.3). On the other hand, NRC Regulatory Guide 1.207 (march 2007) 
background (NUREG 6909 (2007) was evaluated from mechanism and material selection 
point of view.  

4.3 Proposal of cyclic material model for ABAQUS code.  

This work was focussed to preparation of a manuscript of a scientific journal paper, where 
cyclic material models applicable for ABAQUS code are discussed. It was ready in January 
2008, but pre-review by the project manager and comparison of the novel ideas for 
numerical models to material deformation mechanisms revealed some interest to language 
modification before submitting to a journal.  
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SAFIR2010   05.02.2008 PROGRESS REPORT 4/07 
 
Water chemistry and oxidation in the primary circuit  (WATCHEM) 
Vesikemia ja hapettuminen reaktoripiirin olosuhteissa 
 
Duration 2007 – 2010 
Project manager Dr Timo Saario, VTT 
Volume in 2007 (person y.) Plan: 1.1  Realised 31.01.2008  1.1          
Cost in 2007 (k€) Plan: 168  Realised 31.01.2008 168 k€            
 
Main Objectives 
 
To determine experimentally the effects of increased LiOH and KOH concentrations on the oxidation 
rate of cladding alloys. To model these effects with the MCM –model and to compare the expected 
effect of different water chemistry types on cladding oxidation. Make a literature study on 
decontamination methods and on procedures used for pre-oxidation of fresh surfaces. 
 
 
Objectives in 2007 Realised 

 
1 Modelling the properties of oxides growing on fuel cladding 

materials. (110 k€, 6.4 person months) 
Measurements in VVER –
water with E110 and Zr-4 at 
normal and elevated KOH. 
Modelling of results and 
reporting. M.Sc. thesis work. 
 

All measurements with both Zr-4 and E110 
in 11 ppm, 28 ppm and 56 ppm KOH 
performed, M.Sc. –thesis ready. Reported 
at IAEA workshop in Chennai India in Dec 
2007. Manuscript of a scientific journal 
paper sent for Journal of Nuclear 
Materials.  
Task completion: 100 % 
 

2 Decontamination methods. (40 k€, 2.6 person months) 
A literature study on 
decontamination procedures 
especially in VVER-plants. 
 

Literature study made and reported. 
 
Task completion: 100 % 

3 Preoxidation (18 k€, 3 person months) 
A literature study on suitable 
preoxidation procedures of 
fresh surfaces in order to 
minimize future activity 
incorporation. 
 

 
 
Report ready. 
 
 
 
Task completion: 100 % 

 
 

Comments 

 
Education of experts 
 
One MScTech –thesis work (Mr. Cai Wei from Tampere Technical University) ready.  
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SAFIR2010   11.02.2008 PROGRESS REPORT 4/07 
 
Project name Monitoring of the structural integrity of reactor circuit (RAKEMON) 
Rakenteiden eheyden monitorointi 
 
Duration 2007 – 2010 
Project manager Dr Pentti Kauppinen, VTT 
Volume in 2007 (person y.) Plan:1.4  Realised 31.1.2008          1.4    
Cost in 2007 (k€) Plan: 205  Realised 31.1.2008       214.8       
 
Main Objectives 
 
The aim of this project is to develop techniques and monitoring systems that can be used to monitor 
the structural integrity of the primary circuit components. The aim is to develop measurement systems 
both for detection and analysis of macroscopic flaws and microscopic changes in the material that are 
often preceding the macroscopic failure.  
 
 
Objectives in 2007 Realised 

 
1 Task 1  Monitoring of the structural integrity of reactor circuit  

(142k€,  12.5 person months) 
1.1 Subtask 1 
Literature review of on-line 
monitoring NDE-techniques 

 
Ari Koskinen, VTT: "POSSIBILITIES OF THE NON 
DESTRUCTIVE TESTING METHODS FOR NUCLEAR 
POWER PLANTS" is under review 
 
Task completion: 100 % 

1.2 Subtask 2 
Data transfer and archive  

 
Not in 2007 
 
Task completion: 0 % 

1.3 Subtask 3 
Selection of inspection items for 
pilot monitoring system 
 

 
Discussion with utilities started in the AdHoc meeting in 
August and items have been chosen. 
Task completion: 100 % 

2 Task 2 Inspection of items with limited access, difficult geometry or unfavourable grain 
structure ( 45k€, 2.5 person months) 
2.1 Subtask 1 
Inspection techniques for items with 
access limitations 
 

 
Conference paper Pentti Kauppinen, Harri Jeskanen, VTT, 
Raimo Paussu, Fortum Nuclear Services, Bernhard Elsing, 
Fortum Power and Heat: “ULTRASONIC INSPECTION OF 
THE NOZZLES OF CONTROL RODS AND WELD IN 
REACTOR CORE AREA OF  PRESSURE VESSEL OF 
LOVIISA NPP (VVER440)" 
and 
“EXPERIENCE ON THE ULTRASONIC INSPECTION OF 
CONTROL ROD NOZZLES OF REACTOR PRESSURE 
VESSEL” 
 
Matti Sarkimo, VTT: "STUDY ABOUT THE APPLICABILITY 
OF CIVA VERSION 8 IN DIFFICULT INSPECTION 
GEOMETRIES" 
 
Task completion: 100 % 

2.2 Subtask 2 
Phased Array -techniques 
optimization for demanding 
inspection geometries 

 
Not in 2007 
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Task completion: 0 % 

3 Task 3   Task 3 Choice of fibre optical monitoring methods (18 k€, 1 person month) 
 

3.1 Subtask 1 
Short description (funding 
organisations) 
 

 
Conference paper: S. Sandlin, A. Hokkanen, T. Varis; 
“COATING INTEGRATED OPTICAL FIBRES FOR 
MONITORING OF BOILER HEAT TRANSFER SURFACES” 
 
Stefan Sandlin, VTT: "APPLICABILITY OF DISTRIBUTED 
FIBRE OPTICAL TEMPERATURE SENSING AND FIBRE 
BRAGG GRATINGS IN NUCLEAR RADIATION 
ENVIRONMENTS" 
 
Task completion: 100 % 

4 Task 4 Development of data archiving system for results   
 

  
Not in 2007 
 
 
Task completion: 0 % 

 
 

Comments 

A new 3-year PERDI-project (Performance and aging of dissimilar metal joints) was started in 2007. 
This project includes the participation in the US-NRC PINC-project (Programme for Inspection of 
Nickel-alloy components) where an international round robin-exercise on inspection techniques will be 
organized. 

 
Education of experts 
 
The project staff includes presently two young persons (YG): Two post-graduate scientists that both 
have participated in training courses on NDE and one of the new scientists is participating YVL-
course.  
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SAFIR2010   11.02.2008 PROGRESS REPORT 4/07 
 
“Fracture assessment for reactor circuit” (FRAS) 
“Reaktoripiirin murtumisriskin arviointi” 
 
Duration 2007 – 2010 
Project manager Dr Pekka Nevasmaa,  VTT 
Volume in 2007 (person 
months) 

Plan: 22,6 Realised 31.01.2008      30,5      

Cost in 2007 (k€) Plan: 357,5 Realised 31.01.2008     365,0         
 
 
Main Objectives 
 
The objectives for fracture risk assessment comprise (1) calculation of design and unforeseeable 
loads and their effects on a structure by applying numerical modelling; (2) development of 
advanced fracture mechanics assessment tools and analysis methods based on material 
characterisation, damage mechanisms models and structural performance, in order to control 
structural failure both in cases of postulated initial flaw and environmentally assisted (internal) 
material damage; (3) determination of degradation in material properties during service. 
 
 
Objectives in 2007 Realised 

 
1 Definition of loads (79 k€, 7 person months) 

1.1 Loads transferred by supports 
The main objective is to define the 
external loads transferred to the 
reactor circuit components by 
supports. The objective of the year 
2007 is to concentrate on a certain 
component and to simulate its 
behaviour under some unfore-
seeable, critical accident loads 
numerically with finite element 
method. (VYR, VTT) 

 
Modelling methods (ABAQUS) for different types of supports 
and restraints were delineated. Some possible critical 
accidents to reactor circuit components were briefly 
reviewed. Stiffness of pipes and its supports were calculated 
with FEM and substituted with simpler special purpose 
elements. A pipe break was chosen as a test case that was 
simulated with different kinds of models. The results were 
compared with each other and their reliabilities evaluated. 
 
Reporting is in the final stages. 
 
Task completion: 98 / 94 % 

1.2 Fluid-structure interaction 
CFD calculations are validated for 
conjugate heat transfer analysis of 
an NPP component. Validation 
cases are searched from the 
ERCOFTAC database and other 
sources. The main emphasis will be 
on comparing different turbulence 
models. Results of the work will be 
employed in thermal fluid-structure 
interaction calculations in the coming 
years. (VYR, TVO, VTT) 

 
A brief literature survey on the use of CFD in crack growth 
analyses of NPP components was made. CFD analyses of 
buoyancy-driven flows were validated for two simple 
geometries by using different turbulence models and settings. 
Buoyancy-driven flow around a thermal sleeve of an inlet 
nozzle in a German HDR experiment was used as a more 
realistic validation case. 
Reporting of the work has been completed. 
Task completion: 100 / 100 % 

1.3 Residual stresses 
A literature survey on welding 
induced residual stresses with the 
main emphasis on NPP reactor 
circuit components will be made. 
The applicability of the used 
standards for crack growth analyses 
of reactor circuit components is to be 
assessed. The work is continued by 
assessing the need of taking into 
account the weld residual stresses in 
different crack growth analysis 

 
The research concerning welding induced residual stresses in 
load bearing NPP reactor circuit components is completed. It 
consists of both a literature survey and numerical simulations 
performed mainly with fracture mechanics based analysis 
code VTTBESIT, developed partly in VTT. Several weld 
residual stress definitions & distribution solutions provided in 
relevant procedures/standards/codes have been reviewed, 
and compared against each other in cases of axial and 
circumferential residual stress profiles for pipe girth welds. In 
this connection also the effect of post weld heat treatment 
(PWHT) and weld repairs were considered. 
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cases, the main parameters being 
the geometry of the case, location 
and orientation of the crack, crack 
growth mechanism and post weld 
heat treatment. (VYR, TVO, VTT) 

Reporting of the results is completed; the report will be 
released in February 2008. 
Task completion: 99 / 90 % 

2 Advanced fracture mechanical assessment methods (130 k€, 10 person months) 
2.1 Engineering assessment tools 
3D FEM analyses for cracked T-ju- 
nctions will be performed. Based on 
results of these analyses, weight/ 
influence functions will be defined 
at Fh-IWM and implemented in the 
BESIT code. (VYR, VTT, TVO) 
 

The work with IWM will not be realised in the planned scope. 
An updated version of the BESIT code including the nozzle 
corner cracks is planned to be delivered by IWM in 2008. The 
examination of nozzle corner cracks was conducted during 
2007. 
 
Reporting is to be completed during 2008. 
 
Task completion: 90 / 72 % 
 

2.2 Assessment of 3D flaws 
Transferability of fracture mecha-
nics test data associated with differ-
ent levels of specimen’s constraint 
will be investigated by performing 
tests using specimens with both 
deep and shallow surface notches. 
Fracture resistance curve and T0 
reference temperature testing will 
be carried out for selected materials 
using surface cracked specimens at 
different degrees of tension and 
bending. (VYR, VTT) 

 
Numerical work was performed to assess the fracture 
toughness transition between standard CT and SENB -type 
specimens and 3D surface cracks for cleavage initiation and 
propagation using the WST model (EUROCURVE, 
VOCALIST and PERFECT data from Areva). The work 
assesses how fracture toughness is affected by different crack 
types as well as 'realistic' crack features (such as asymmetric 
crack front). Experimental work for testing of semi-elliptical 
surface cracks in the ductile-to-brittle transition region is in 
preparatory stage. 
 
Reporting of numerical analyses results is ongoing and will be 
published in connection with PERFECT project during 2008. 
 
Task completion: 80 / 79 % 

2.3 Micromechanical modelling 
Micromechanical modelling of 
cleavage fracture will be performed 
using multi-scale models and the 
Master Curve method. 
Development of models for 
cleavage fracture toughness will be 
accomplished using 
micromechanical modelling 
methods; this includes continuation 
of the development of the ‘WST 
cleavage fracture model’ using local 
approach accounting for dislocation 
dynamics and crystal plasticity. 
(VYR, VTT) 

 
The WST cleavage fracture model implementation has been 
finalised in co-operation with the ‘Perfect’–IP. The model 
was applied to numerically compute the shape of the 
fracture toughness ductile-to-brittle transition, i.e., the 
‘Master Curve’. Work as of late was focusing on 
determination of WST model parameters, which resulted in 
computational demonstration of both the (i) statistical size 
effect and (ii) temperature dependence to be in line with the 
experimentally determined Master Curve. Computational 
work regarding how different parameters affect cleavage 
fracture toughness in the DBT and its modelling is 
underway. 
Reporting of the results is ongoing within the framework of 
the PERFECT project during 2008. 
 
Task completion: 90 / 76 % 
 

2.4 Development of sub-modelling 
technique 
Size limits of cracks of which 
growth rate can be determined 
solely on the basis of 3D FEM 
stress analysis (without the use of 
sub-models) will be assessed. As 
an alternative to sub-modelling, the 
crack growth rate will be 
determined by using an analysis 

 
 
The limits of sub-modelling have been examined and will be 
continued. 
 
Reporting concerning the initiation and growth of a sub-clad 
crack (with sub-modelling) has been completed. 
 
A summary report is in the final stages. 
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code based on weight functions 
(c.f. Subtask 2.1) or by using some 
other computationally economic 
method. Crack growth results 
obtained with, and without, sub-
modelling are compared with each 
other in some typical NPP 
application, e.g. RPV nozzle and 
safe end. (VYR, VTT, TVO) 
 
 

 
 
Task completion: 100 / 111 % 
 

3 Advanced surveillance techniques (97 k€, 6 person months) 
3.1 Ductile crack growth measuring 
capacity 
Fracture mechanics tests will be 
made consisting of fracture resis-
tance measurements of different 
‘ductile’ materials using various spe-
cimen types (CT, SENB). Scheme 
will be outlined for defining realistic 
criteria for specimen’s measuring 
capacity. (VYR, VTT) 

 
Experimental programme (i.e., fracture mechanical & tensile 
testing) of the diploma-work is ongoing and will continue 
beyond 2007. Manuscript for theoretical part has been written. 
Machining of CT, SENB and WOW specimen types has been 
completed. Numerical modelling & computations for analysing 
specimen’s measuring capacity is ongoing. 
 
Due to setbacks and delays in experimental testing originating 
from equipment malfunction, the work will not be realised in 
the planned scope in 2007. Experiments and modelling will 
continue during 2008. 
 
Results will be reported as MSc(Tech) Thesis in 2008. 
 
Task completion: 90 / 140 % 
 

3.2 Irradiation embrittlement. 
Embrittlement data from model alloy 
studies (FRAME, IAEA VVER-440 
database) will be re-analysed. 
Fracture toughness data will be 
collected and analysed with Master 
Curve in CRP-8. In PERFECT, final 
results on fracture models and 
advanced tools to predict irradiation 
damage will be reported. (VYR, 
VTT) 

All PERFECT analyses and a comparison between the local 
approach/Master Curve (MC) models for predicting fracture 
behaviour had been finalised. Analyses of the CRP-8 data on 
limitations and application of the MC, as well as the data-base 
collection, are underway. Analysis of extensive data-base of 
VVER-440 surveillance data was performed applying recently 
developed, advanced non-linear methods. Non-linear 
analyses of VVER-440 surveillance data were completed. 
 
Application of the MC and results of the PERFECT project 
were presented and published as conference papers within 
ASME PVP-2007. 
 
Reporting of results on non-linear analysis of VVER-440 
surveillance data is in the final stages. 
 
Task completion: 95 / 124 % 

 

Comments 

The original budget was firstly reduced by 103 k€ and, later, again by 4.5 k€. These reductions have 
been covered by cutting down the work months within all three tasks, mostly Task 1 and 2, as well as 
postponing part of the originally planned work to coming years. As a whole, progress of the FRAS 
project is quite well in balance with respect to work and costs (about 102 % of the 1st year’s total 
budget was spent). Disparity exists, however, among progress of the different sub-tasks; whilst the 
majority have proceeded comparatively well within the schedule, two sub-tasks (3.1 & 3.2) have 
clearly exceeded their original budget. Re-balancing of FRAS budget between the sub-tasks now 
running behind and those already run dry, needs to be considered during the 2nd year (2008). 

 
Education of experts 
 
One MScTech –thesis work (Mr. Lauri Elers from Helsinki University of Technology) within Sub-Task 
3.1 has been started and is ongoing until the year 2008. 
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*Note: Task completions are given as % of accomplished work / % of used finance. 
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Deliverables in 2007, Realisation of the original plans  

 
Task Deliverable 

1.1 Research report on the calculation of external loads transferred to the reactor circuit 
components by supports. 

VTT Research Report (in the final stages; to be released by the end of February 2008) 

1.2 Research report on the analyses of thermal fluid-structure interaction in NPP 
applications. 

VTT Research Report No VTT-R-11339-07: ‘Numerical Simulations of Turbulent Buoyancy-
Driven Flows’ , A. Timperi. VTT 2007. 

1.3 Research report on the assessment of the effect of weld residual stresses on crack 
growth calculations. 

VTT Research Report No VTT-R-xxxxx-08: ‘Review and Comparison of Welding Residual 
Stress Definitions’, O. Cronvall. VTT 2008. 

2.1 A feasible engineering assement tool tailored and verified for relevant component, to 
be applied in structural integrity analysis. 

VTT Research Report (to be released during 2008) 

2.2 Research report on the results of the 3D flaw experimental work as well as FEM 
analysis of selected cases. 
Report of numerical analyses results on 3D surface flaws (will be published in connection 
with PERFECT project during 2008). 

2.3 Outline of material damage micromechanism based multi-scale model allowing for 
performing structural integrity evaluation against the modelled fracture micro-
mechanisms. Report on brittle fracture case. 

Report on the determination of WST model parameters (will be published in connection 
with PERFECT project during 2008). 

2.4 Research report on the development of alternatives to submodelling technique. 
Method for determining crack growth rate on the basis of stress analysis performed 
for an intact component. 

VTT Research Report No VTT-R-09462-07: ‘Benchmark analyses for fracture mechanics 
methods for assessing of sub-clad flaws. Computation of "abnormal" large specimen 
"1E7’, H. Keinänen. VTT 2007. 

3.1 Research report (Master’s thesis) on true specimen’s measuring capacity in fracture 
resistance testing and under ductile crack growth. 

MSc(Tech) Thesis will be published by the end of May 2008. 

3.2 Microstructure-based model for material’s irradiation embrittlement. Guidelines for 
applicability and restrictions of the Master Curve method for irradiation embrittled 
material. 
 

Lidbury, David; Diard, Olivier; Marini, Bernard; Bugat, S.; Keim, E.; Wallin, Kim; Planman, 
Tapio. 2007. PERFECT (Prediction of irradiation damage effects in reactor 
components):update of progress in RPV mechanics sub-project. Proceedings of ASME 
PVP 2007/CREEP 8 Conference: 2007 ASME Pressure Vessels and Piping Conference, 
San Antonio, Texas, July 22-26, 2007. ASME, ss. PVP2007-26076  
   
Planman, Tapio; Onizawa, K.; Server, W.; Rosinski, S.. 2007. IAEA coordinated research 
project on Master Curve approach to monitor fracture toughness of RPV steels: 
applicability for highly embrittled materials. Proceedings of ASME PVP 2007/CREEP 8 
Conference:2007 ASME Pressure Vessels and Piping Conference, San Antonio, Texas, 
July 22-26, 2007. ASME, ss. PVP2007-26097  
 
Planman, Tapio; Server, William; Wallin, Kim; Rosinski, Stan. 2007. Application of the 
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Master Curve approach for abnormal material conditions. Proceedings of ASME PVP 
2007/CREEP 8 Conference:2007 ASME Pressure Vessels and Piping Conference, San 
Antonio, Texas, July 22-26, 2007. ASME, ss. PVP2007-26257  
 
VTT research Report on Non-linear analyses of VVER-440 surveillance data (in the final 
stages, to be realesed in 2008) 
 
International journal or conference paper on non-linear analyses of VVER-440 surveillance 
data (to be published during 2008/2009). 
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SAFIR2010   6.02.2008 PROGRESS REPORT 4/2007 
 
Project name in English: Influence of material, environment and strain rate on 
environmentally assisted cracking of austenitic nuclear materials (DEF SPEED) 
 
Suomenkielinen nimi: Materiaalin tilan, ympäristön ja muodonmuutosnopeuden vaikutus 
austeniittisten ydinvoimalaitosmateriaalien ympäristövaikutteiseen murtumiseen 
 
Duration 2007 – 2010 
Project manager MSc U. Ehrnstén, VTT Materials Performance 
Volume in 2007 (person y.) Plan: 2.4 py  

(25 pm) 
Realised 30.01.2008: 2.7 py  
(28.8 pm, 127%)  

Cost in 2007 (k€) Plan: 345 k€  Realised 31.1.2008: 345 k€ 
(100%)              

 
Main Objectives 
 
The DEF SPEED project aims to increase the understanding of environmentally assisted cracking 
(EAC) mechanisms in austenitic nuclear materials by identification of precursor events for EAC. 
The role of deformation mechanisms and localisation of deformation in EAC of deformed, non-
sensitised stainless steels, nickel-based materials and their weld metals as well as irradiated 
stainless steels are investigated in depth during the four year project. Investigations are performed 
on different types of materials as a function of cold work, environment (BWR and PWR) and strain 
rate. Crack initiation investigations are carried out on stainless steels during the first year, 
continued on nickel-based materials and their weld metals during the second and partly third year 
and on irradiated stainless steels during the third and fourth year. The influence of strain rate and 
environment on the fracture toughness properties of austenitic nuclear materials are also measured 
during the first year. The latest international knowledge is brought to Finland by participating in 
international co-operation within the field of EAC and irradiation assisted stress corrosion cracking 
(IASCC). 
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Objectives in 2007 Realised* 

1 Task 1 The role of deformation mechanisms in EAC of austenitic nuclear materials  
budget 197 k€, 8.9 pm (VTT)+ 2 (HUT) pm, realised 210 k€, 16 pm (14 (VTT) + 2 pm (HUT)) 

1.1 Initiation tests in simulated LWR 
environments (VYR, VTT) 
Verification of crack initiation test 
set-up using super slow strain rate 
tests to be used is future 
investigations on initiation as a 
function of material, strain rate and 
environment. 

 
Stainless steel of type AISI 304 selected. Material 
sensitisation heat treated and pre-deformed for the first set of 
tests. Test specimens manufactured. 
Eight SSSR tests using two strain rates (1 · 10-7 s-1 and 1 · 10-

8 s-1) and two material conditions, i.e., sensitised AISI 304 
stainless steel with or without 10% cold work were performed 
in simulated BWR environment (400 ppb O2, 300°C). 
Intergranular cracking with secondary cracking was observed 
in performed SEM-investigations in all specimens and these 
specimens will be used for further characterisation 
investigations. The results showed : 
• A remarkably higher amount of intergranular cracking 

(90%) in the cold worked material tested at the slower 
strain rate (1·10-8 s-1) compared to a specimen tested at 
higher (1·10-7 s-1) strain rate (40%) 

• A larger amount of intergranular cracking in sensitised and 
cold worked material compared to only sensitised material 
at same strain rate  

• A smaller strain at fracture and a smaller reduction of area 
using a slower strain rate for sensitised AISI 304 material 
both with and without 10% cold deformation compared to 
that obtained using a higher strain rate 

• Secondary cracks show steps on the outer surface, 
probably due to Mode II shear displacement at the crack 
tip. 

• A very slow strain rate results in an increased sensitivity of 
the test technique for EAC and the Super Slow Strain Rate 
Test technique using bellows loading is considered 
suitable for investigating susceptibility of different 
austenitic materials in LWR environments (delivery D1) 

• Results reported in Research Report VTT-R-00795-08: 
Interim report on Super Slow Strain Rate Tests (SSSRT) 
of austenitic materials in LWR environments - Results on 
work performed in 2007 (Delivery D2) 

 
Task completion: 100% / 117% 

*Task completions are given as % of doing compared to task completion/ % of money compared to 
the budget.  



 
 

 72

 
1.2 Characterisation of deformation 
(VYR, VTT) 
Detailed characterisation of 
deformation mechanisms and their 
influence on EAC using FEG SEM, 
TEM, internal friction, etc. 
 
 

• Test materials for residual strain measurement calibration 
curve using EBSD prepared for AISI 304 and AISI 316 
strained to 0 - 30% by tensile as well as for AISI 316. 
Calibration curves for both materials measured.  

Reporting in form of an article for Microscopy conference 
under preparation (D4 pending). 

• Degree of grain boundary chromium depletion of the 
stainless steel used in the SSRT tests measured using 
FEG STEM technique and reported in: 
‘Taivalaho, L. Nanoprobe work on sensitized AISI 304 
material used in the DEFSPEED project’, (final draft 
available) 

• FEG TEM investigations performed on the deformation 
structures in AISI 316 specimens showing/not showing 
dynamic strain ageing behaviour performed. Results 
indicate more planar deformation in specimen showing 
DSA behaviour. Results reported in:  
 
Karlsen, W. Examination of Dynamic Strain Aging Micro-
structures in AISI 316 Stainless Steel by TEM. Report VTT-
R-10235-07 

Scientific article under preparation (D4 pending). 
Task completion: 95% / 97 % 

1.3 Characterisation of irradiated 
stainless steels (VYR, VTT, Halden) 
Characterisation of irradiated 
stainless steel using FEG-STEM as 
in-kind contribution for the Halden 
project. Participate in CIRII 
extension project. 

• Reporting of 2006 in-kind contribution finalised. 
• Participation and presentation at the Halden IASCC 

workshop (W. Karlsen) 
• Agreement on 2007 Halden in-kind contribution achieved. 
• Specimens intended for 2007 further delayed. In IASCC 

workshop it was requested, that VTT perform more grain 
boundary analyses on material investigated in 2006. These 
investigations have been performed, billed and reported to 
Halden. Novel results on defect structure and radiation 
induced segregation in very high dose (up to 30 dpa) 
stainless steel materials irradiated in LWR conditions. 

• Karlsen, W, Aaltonen P.: FEGSTEM Study of 12 dpa 
Barsebäck 304L and 20dpa and 30dpa Chooz A 304 SS. 
Report VTT-R-01215-07 (D5) 

• Karlsen W. Grain Boundary Analyses of 30 dpa Chooz A 
304 SS centre filler assembly. VTT-R-01344-08. 
 
Task completion: 100% / 98 % 

2 Influence of strain  rate and environment on fracture toughness properties of austenitic 
nuclear materials 

Budget 69 k€, 2.3 pm (VTT)+ 10 (NN) pm, realised 1.9 pm (VTT) + 7pm (M. Ahonen, contract) 
2.1 J-R tests in environment 
Determination of the influence of 
environment and strain rate on the 
fracture properties of nuclear 
austenitic materials to be performed 
as a diploma work  

• Matias Ahonen started his diploma work June 1st, 2007 
under a contract valid until 31.1.2008. Due to delays 
caused by VTT, MA is now hired by VTT until end of March, 
by which work will be finished. 

• Sub-size specimens for J-R testing prepared from Ni-based 
weld metals Inconel 182, Inconel 52 and AISI 304.  

• Tests performed at different strain rates in air and hydrogen 
containing environment.  

• Preliminary results show reduction of JIC values in Inconel 
182 welds in hydrogen containing water compared to 
values obtained in air, but to a lesser extent than reported in 
literature (D5) 

• Some interdendritic cracking observed in first Inconel 182 
specimens. Specimen investigations ongoing. 



 
 

 73

• Further tests ongoing as part of DEF SPEED 2008. 
Task completion: 100% / 81 % 
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3 International co-operation  

Budget 79 k€, 3.5 pm, realised 79 k€, 3.8 pm 
3.1 International co-operation 
The latest knowledge in the field of 
EAC is brought to Finland by active 
participation in international co-
operative projects and groups. 
 

• Participation in the Enlarged Halden meeting. Presentation 
given (W. Karlsen). Travel report delivered. 

• Participation in ICG-EAC meeting in Taiwan 15-22.4.2007, 
travel report delivered. Presentation given (U. Ehrnstén, H. 
Hänninen) 

• Participation in Symposium on Cold Work in Iron-and Nickel 
Base in June in Toronto (U. Ehrnstén, 2 presentations). 
Travel report delivered.  

• 13th environmental degradation conference 
-Participation in the organising committee by review of 
IASCC abstracts and papers (on IASCC and LAS (U. 
Ehrnstén).  
- Paper prepared and presented at the conference as part 
of the PERFECT project (W. Karlsen) 
- Participation in the conference and presentation given (U. 
Ehrnstén, W. Karlsen). Travel report delivered. 

• Participation at Kärnteknik 2007 in Stockholm, Sweden 
• Presentation of the TR6 projects to SKI, 2.8.2008 (U. 

Ehrnstén) 
• SCAP: 

-Participation in the 2nd SCAP-project meeting 24-
25.1.2007, NEA, France as STUK-representative (P. 
Aaltonen). 
- Participation in the 3rd SCAP meeting in May in Garching, 
Germany (U. Ehrnstén) 
- Participation at the 4th meeting in Paris 26-27.11.2007 (L- 
Taivalaho) 
- Cases of SCC entered into the SCAP SCC-database 

• CIR (Co-operative IASCC Research group) project meeting 
at Studsvik 2-4.10.2007, P. Aaltonen 

• TR6 informed at TR6 meetings on development in 
international projects (CIR, Nulife, Pinc, Perfect) 

 
Together 4 travel reports and 5 presentations (D6 and D7) 
 
Task completion: 100% / 100% 

 
Education of experts 
 
The project staff comprises presently mainly experienced researchers. One young technician 
participates in the demanding autoclave testing. Two young scientists perform the FEG STEM work. 
One Master of Science work was started in June. VTT has achieved a recognised position within the 
Halden project to perform FEGSTEM research through in-kind carried out.  
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SAFIR2010   31. 1.2008 PROGRESS REPORT 4/07 
 
Service Life Management System of  Concrete Structures in Nuclear Power Plants 
(SERVICEMAN) 
Ydinvoimaloiden betonirakenteiden käyttöiän hallintajärjestelmä   
Duration 2007 – 2010 
Project manager Mr Erkki Vesikari, VTT 
Volume in 2007 (person y.) Plan: 0.8 person-years Realised 31.1.2008      0.8 per-y      
Cost in 2007 (k€) Plan: 123.4 k€  Realised 31.1.2008     123.4 k€        
 
Main Objectives 
 
Here the main objectives from the research plan should be presented in compressed form (some 6-8 
lines of text).. 
 
 
Objectives in 2007 Realised 

 
1 Task 1 Development of service life management system (88 k€, 7 person months) 

1.1 Subtask 1 
Development of databases for 
structures, structural modules and 
maintenance and repair systems 
(VYR,VTT,TVO,Fortum)  

 
A database for MR&R systems has been produced so that the 
consistency with the management system has been proved.  
 
Division of safety related structures (containment building and 
cooling water systems) into modules (structural parts) has 
been performed for Loviisa and Olkiluoto plants. The mudules 
serve as principal units of structures in the management 
system. 
 
Structural and  modular databases have been prepared.  
 
Some data pertaining to the databases lack conformation 
which has been left to 2008. 
 
Task completion: 100 % 

1.2 Subtask 2 
Development of degradation and 
service life models 
(VYR,VTT,TVO,Fortum) 
 

 
Report on service life and degradation models has been 
finalised. The report contains a Failure Mode and Effect 
Analysis of all the modules of Olkiluoto and Loviisa plants. 
Degradation models for carbonation, chloride penetration and 
corrosion of reinforcement are presented. Also models for 
crack corrosion were developed. Tentative models for neutron 
irradiation and frost attack have been presented.  
A table of service life calculations for each module in the 
containment buildings and the cooling water systems of 
Olkiluoto and Loviisa plants has been prepared. Specific 
service lives for each module have been calculated with 
respect to carbonation initiated corrosion, chloride initiated 
corrosion. Calculations address both general corrosion and 
corrosion at cracks. A separate report containing explanations 
for the parameters of service life calculations has been 
written.  
 
Task completion: 100 % 

2 Task 2 Development and programming of structural degradation analyses and a system for 
serviceability limit state design (financing by VYR 7 k€) 

2.2 Subtask 2 
System of serviceability limit state 
design. The theoretical part of the 

 
Report on system of serviceability limit state design has been 
written. (draft) The report contains a theory of cracking and 
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task is implemented as a diploma 
work (VYR, ÅF-Enprima) 
 

stiffness of concrete structures. Also some calculations for 
example tension stiffening, crack spacing and crack width 
according to B4, EC2 and CEB-FIP-model code are 
presented.   
A serviceability limit state design algorithm for IVODIM-
program has been developed according to rules of Eurocode. 
The developed design algorithm has been tested by 
calculations. Comparisons of crack width calculation between 
B4, EC2 and CEB-FIP have been done.   
Task completion: 100 % 

4 Task 4 Participation in concrete technological research cooperation with other owners of 
infrastructure (financing by VYR 20 k€) 

4.1 Subtask 1 
BTS projects  
(VYR, Road Administration, Finnish Rail 
Administration, City of Helsinki , City of 
Tampere, City of Turku) 

1. SILKO-test of concrete repair 
materials, a two-year study (2007 - 
2008) 

2. Consulting on concrete 
technological topics 

3. Design and practice of cathodic 
protection 

4. Quality requirements and 
verification of conformity of 
concrete substrate for reparation 

5. Correlation between shrinkage 
measurement methods (In 
preparation) 

6. The effect of formliner on the Cl-
permeability of concrete, continues 
from 2006 

 
Field study DURAFIELD  
 

 
Literature survey in all research items is under progress. 
 
1. Draft of the report is redy. 
 
3. The study has been reported. 
 
4. The study has been reported. 
 
5. All of the test specimens have been prepared and their 
measurements are in progress.  
 
6. Draft of the report is ready. 

Over 100 concrete specimens have been situated in two field 
testing areas of DURAFIELD. Freeze-thaw attack with and 
without salt, carbonation and chloride penetration will be 
studied. 
 
Task completion: 100 % 

5 Task 5 International cooperation (OECD/ NEA/IAGE and COST C25) (10.4 k€) 
5.1 Subtask 1 
Participation in the activity of 
OECD/NEA/IAGE Concrete WG 
(VYR, VTT) 
 

 
The annual meeting of the IAGE Concrete WG was held in 
23rd April in Paris in OECD headquarters. A memorandum in 
Finnish was made. A joint IAGE (Concrete, Metal and 
Seismic) meeting was held in 24th April. 
 
Task completion: 100 % 

 
 

Comments 

Here changes versus original plan and their reasons are presented. Comment if funding that been 
pending has finally been confirmed or extra funding has been received or if the planned funding was 
cut of. Comments on work/remarkable achievements in areas outside research program if closely 
related to the research program. 

 
Education of experts 
 
Here the situation from the beginning of the year up to the present is given. Such as: The project staff 
includes presently six young persons (YG): Two post-graduate scientists and four research trainees. 
Two MScTech theses have been published. Ms. Abcde has participated in International Training 
Course on Reactor Physics organised by University Y at country X. 
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SAFIR2010   31.1.2008 PROGRESS REPORT 4/07 
 
Project name in English (IMPACT2010) 
Suomenkielinen nimi IMPACT2010 
 
Duration 2007 – 2008 (duration to 2010) 
Project manager Mr Ilkka Hakola, VTT Material and Building 
Volume in 2007 (person y.) Plan: 3.0 Realised 31.1.2008             4.5        
Cost in 2007 (k€) Plan: 6351) Realised 31.1.2008             635    
1) VYR 50 k€, VTT 140 k€, partners 445 k€, HSE has joined the project in December 2007. The 
durations of partners agreements is not the same as duration of Impact project. 
 
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 nuclear facility. The missiles used in 
impact tests are describing wings, engines and carriages of aeroplane and also model of fuselage. 
Three specific aims of the project include firstly new data on the time-varying forces that arise 
during such an impact. Secondly, it is believed that high hydrodynamic 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 and spreading of liquid (fuel) from the disintegrated 
tanks by the impact are also requested. Fourth, response of reinforced and/or pre-stressed 
concrete wall (deflection, penetration) to aircraft-like impact loads will also be tested. 
 
 
 
 
 
Objectives in 2007 Realised 

 
1 Test apparatus (36 k€, 1 person months) 

-Improving of force plate 
 
 
-New explosion system 
 
-New supporting frame for pre-
stressed walls 

The apparatus has been improved by new force transducers 
with capacity of 2 MN. New force plate (width 1.5 m) has 
designed and tested. 
New explosion system has been modified and 2 sheathings 
has been used in the tests  
New frame has designed and tested with pre-stressed walls, 
Task completion: 100 % 

2 Improvement of measuring system ( 21 k€, 1 person months) 
-Increasing the number of 
measuring channels 
-Cover for the deflection transducers 
- 
Extra laser equipment  

The number of channels has been increased to 32. An extra 
data acquisition card has installed. 
New cover system for displacement transducers and for strain 
gages wires has design and tested. 
The third laser has installed. 
Task completion:  100 % 

3 Preliminary design of missiles and walls (33 k€, 3.0 person months) 
-New type of missile 
 
-Simplified model of aeroplane 
-Design of concrete walls 

9 Al missile and 4 hard missile have been design and 
manufactured 
9 Al missile models have been designed and manufactured 
They include also engines 
2 concrete walls with rebars and 4 pre-stressed walls have 
been designed and manufactured, The rest will be 
manufactures at the end of the June 2008. 
Task completion: 100 % (SAFIR tests) 

4 Testing of missiles and walls (445 k€, 30 person moths) 
-Testing of missiles 

 

-Testing of concrete walls 

12 Force plate tests have been done (3 at the end of year 
2006), 5 tests with a new model of aeroplane fuselage and 4 
test with hard missile. 

12 concrete walls have been made and tested (two of them 
are made in 2006) and 4 stressed walls have been 
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manufactured. The tests will end at the end of February 2008 

Task completion:  100 % (SAFIR tests) 

 
 

Comments 

Due the decreasing of funding in SAFIR program, the TR7 meeting has also decreased the number of 
concrete walls by one. The total number of tests will be designed in July in the next TAG meeting. 

The rests (6) of pre-stressed wall tests have been ordered in November, and will be tested in 2008.  

 

Ad Hoc meetings 

Ad Hoc group has had 5 meetings (27.02.2007, 17.04.2007, 08.06.2007, 02.10.2007 and 
14.12.2007). 

 
Education of experts 
 



 
 

 79

SAFIR2010   22.2.2008 PROGRESS REPORT 4/07 
 
Structures under Soft Impact  (SUSI) 
 
 
Duration 2007 – 2010 
Project manager Arja Saarenheimo, VTT 
Volume in 2007 (person y.) Plan: 1.1  Realised 30.1.2008 1.1 
Cost in 2007 (k€) Plan: 164 k€  Realised 30.1.2008 164 k€ 
 
Main Objectives 
 
The aim is to develop and take in use numerical methods for predicting response of 
reinforced concrete structures to impacts of deformable projectiles that may contain 
combustible liquid ("fuel"). Structural behaviour, in terms of collapse mechanism type and 
the damage grade, will be predicted both by simple analytical methods and by involved 
non-linear FE-models.  
The main aim of the liquid study is to assist the IMPACT2010 project in planning the tests 
with fluid filled missiles besides assessing and analyzing the test results. Other essential 
objective is the development and calibrating the suitable analytical and numerical methods 
which can be applied in real scale analyses of fuel spreading and fire risk.  
 
Objectives in 2007 Realised 

 
1 Task Loading function 1 name (38 k€, 3 person months) 

1.1 Subtask 1 
Fracture mechanical material 
properties of aluminium   

Related material collected and reviewed. Fracture mechanical 
material test results studied. No information on unexpected 
tearing behaviour could be found.  

1.2 Subtask 2 
Appropriateness and possibilities to 
extend the existing loading function 
calculation procedures will be 
assessed. 
Post analyses for some selected GRS 
tests will be carried out.  

Simplified methods developed, programmed and taken in use. 
Features of the force measuring system used for wet and dry 
aluminium missile tests analyzed by simplified methods. 
Reaction forces measured during the slab tests were also 
studied by 2-dof and FEM models. Results will be reported in 
the public research report. 
Task completion: 100 % 

2 Task Structural integrity (77 k€, 6,5 person months) 

Post analyses for the tests carried out 
in 2006 will be finalized. 
Development of simplified methods 
will be planned and initiated. Tools, 
methods and models for simulation 
of penetration will be tested.  

A two degree model (CEB) programmed and verified against 
available test results.  
LS-DYNA analyses carried out. 
Numerical studies on “15 cm wall tests” carried out and 
reported separately. 
Conference papers presented at 19th SMiRT and 
CONSEC´07 Conferenses (Saarenheimo & al.) 
Task completion: 100 % 

3 Task Jet fuel dispersion outside the building (49 k€, 2,5 person months) 
The task supports the planning of 
the IMPACT2010 test arrangement 
in order to quantify how liquid 
disperses in impact. 
A droplet breakup model will be 
implemented in the FDS code. The 
validity of the model will be 
assessed e.g. against the high-speed 
spray data available from literature.  

Post simulation of one IMPACT test with accurate boundary 
conditions has been performed using FDS to validate the 
predictions of water front velocity. Good results for the front 
velocity and information on the parameter sensitivity were 
obtained. 
Paper concerning the liquid study presented at 19th SMiRT 
Conferense (Silde & al.)  
Preparation for full-scale applicability testing by simulation of 
an Impact test using heptane liquid instead of water. 
Simulation worked as a good demonstration and gave 
plausible results. Code stability using small droplets has been 
improved. 
A public summary report (VTT research report no. VTT-R-
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12084-06) on liquid study has been published.   
 
Task completion: 100 % 
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SAFIR   8.2.2008 PROGRESS REPORT 4/07 
 
CHAllenges in Risk-Informed Safety MAnagement (CHARISMA) 
Riskitietoisen turvallisuudenhallinnan haasteet 
 
Duration 2007 – 2010 
Project manager Dr. Jan-Erik Holmberg, VTT 
Volume in 2007 (person y.) Plan: 1.9 Realised 31.1.2008            1.9 
Cost in 2007 (k€) Plan: 254 Realised 31.1.2008            253  
 
Main Objectives 
 
Challenges in risk-informed safety management are related to use of probabilistic safety 
assessment (PSA) to support decision making and to intrinsic as well as practical problems in PSA 
techniques. 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 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 safety-critical 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 2007 Realised 

 
1 Risk-informed decision making  

1.1 Validity of safety goals 
The second phase (2007) of the 
NKS-project will be more concerned 
with providing guidance related to 
the resolution of some of the 
problems identified. In parallel, 
additional context information will be 
provided. This will be achieved by 
extending the international overview, 
which is in a very cost-effective 
manner by contributing to and 
benefiting from a new activity related 
to Safety Goals. The activity will be 
initiated in late 2006 within the 
OECD/NEA Working Group Risk.  
 (VYR, VTT) 

 
Participation in the annual meeting of WGRISK and in the first 
task group meeting of the new task “Probabilistic risk criteria.” 
The working plan for the task has been revised. Questionnaire 
has been sent to world, and 16 responses received and 
preliminary analysed in a task group meeting (November 21-
22, 2007) 
 
The contract for the NKS-project has been settled. The 
working plan for the year 2007 has been specified. Three 
working meetings held with RelconScandpower. Project 
seminar held in Arlanda November 20, 2007. Two papers sent 
to PSAM9. Finalizing of the report is in progress. 
 
Task completion: 100 % 

1.2 Risk-informed defence-in-depth 
The aim of this project is by using a 
few cases (initiating events) to 
develop and demonstrate a PSA-
based method for the assessment of 
levels of defence-in-depth. The work 
includes qualitative analysis of items 
included in various levels of 
defence-in-depth in the cases and 
development of applicable risk 
metric for each item. (VPC) 

 
The contract for the project has been settled. The working 
plan for the year 2007 has been revised. Two working 
meetings held with VPC. Defence-in-depth measures and 
related indicators have been preliminary identified in the full 
power and shutdown LOCA cases. 
 
Results presented in the Safety Goal seminarium. Results 
presented to SKI. Final report sent to SKI for acceptance. 
 
Task completion: 100 % 
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2 Human reliability 

2.1 Risk-informed ways of 
management of fire situations 
An explorative review concerning  
the approaches and practices in 
operational management of fire 
situations at relevant European 
plants and the recommendations 
given by the international 
organizations working on NPP 
safety issues. Report on the review.  
(VYR, VTT) 
 

Finalizing of the report is in progress.  A presentation of the 
studies concerning development of risk-informed 
management of fire situations and carried out in FINNUS and 
SAFIR programs has been given in the NBSG (Nationella 
brandsäkerhetsgruppen) conference at Ringhals in May 2007. 
The work has also been introduced in the 8th IEEE 
Conference on Human Factors in Power Plants in Monterey, 
California in August 26-31 and in WANO Fire Protection 
Workshop in Aix-les-Bains, France, in September 24-27, 
2007. 
 
Task completion: 100 % 

2.2 Emerging human reliability 
analysis 
Participation into an international 
comparison study of HRA methods 
organised by the OECD/NEA 
Halden Reactor Project. VTT 
participates as an HRA team. A 
VTT’s expert participates also in the 
comparison team. 
 (VYR, VTT, Halden in-kind) 

Participation in the EHPG meeting and presentation of the 
VTT’s HRA method. 
 
HRA assessments made in the Halden pilot case. VTT’s 
expert has participated in the evaluation of answers given by 
other HRA teams. Participation in the HRA method 
comparison study workshop Washington D.C. in October 
2007. Working report written about the VTT’s analysis in the 
HRA method comparison study. Paper sent to PSAM9 
 
Task completion: 100 % 

3 Reliability of automation 
3.1 Reliability of distributed control 
systems 
The subtask aims at bringing the 
analysis of digital systems reliability 
to the systems architecture level. 
Different approaches for this 
purpose are surveyed, and one 
approach is selected for 
demonstration purposes. RELVEC 
reliability analysis programme is one 
of the candidates. The application 
cases are the feedwater systems of 
Olkiluoto 1&2 and Loviisa. In the 
year 2007, the effort will be put on 
Olkiluoto case. International 
research work in this field will be 
followed. 
(VYR, VTT) 

 
The feedwater system of Olkiluoto 1&2 plant has been studied 
for the purpose of case study. The current PSA model and 
other partial models of FW system have been acquainted 
with.  Different approaches of modelling methodologies for 
digital systems have been preliminarily surveyed, and a 
modeling schema, based on Markov chains, has been 
outlined. Also an approach based on dynamic flowgraph 
methodology (DFM) has been outlined, where the role of DFM 
is to construct fault trees that can then be analyzed by other 
means. A demonstration utilizing DFM is under construction. 
A failure modes and effects analysis for the Olkiluoto 
feedwater system has been carried out, and some of its 
results have been sent to NPP experts for evaluation. 
Finalizing of the report is in progress. 
 
Task completion: 100 % 
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4 Level 2 and level 3 PSA 
4.1 Level 2 PSA 
A comparison will be made with the 
conventional event tree-fault tree 
method and the dynamic event tree 
modelling facilitated by the Finnish 
PSA code STUK PSA. A few cases 
from the level 2 PSA for Loviisa will 
be analysed using STUK PSA. In 
2007, the cases will be selected and 
the case-related phenomenological 
uncertainties will be analysed and 
quantified using applicable tools e.g. 
MELCOR code. (VYR, VTT) 

 
An MSc student started the work in September 2007. The 
phenomena selected are depressurization of the primary 
circuit, hydrogen combustion, and focusing effect of metallic 
layer. A part of Loviisa containment event tree will be 
constructed using STUK PSA code. 
 
Accident simulations are going on. The results will aid in 
SPSA event tree quantification. The accident scenarios under 
investigation are delays in SAM-procedures, depressurization, 
and ice condenser door opening.  
 
Task completion: 60 % (MSc Thesis) 

4.2 Level 3 PSA 
The design objective of YVL Guide 
2.8 is elucidated by off-site 
consequence calculations. Further a 
brief review and comparison of 
respective safety goals in other 
countries is carried out. 
 
 
 
 
 
Development of a procedure for 
inputting source terms to the 
consequence model in a prescribed 
format needed in tThe consequence 
assessment model ARANO. 
(VYR, VTT) 

The safety goal of YVL Guide 2.8 is elucidated by 
performing a suite of consequence calculations and 
presenting relevant results. Focus is set to off-site dose 
predictions due to prolonged exposure omitting release 
probability. Evaluation indicates that the source term 
representing the safety goal doesn’t result in too broad off-
site hazards. However, if the release would happen during 
growing season, agricultural foodstuffs would be 
contaminated at remarkably large areas. Public exposure 
could be reduced or even avoided by introducing 
countermeasures on food consumption which causes 
monetary losses. 
 
A procedure for integration of an interface between level 2 
and level 3 PSA is introduced. The proposed method is 
based on the output data from the MELCOR and ORIGEN 
calculations and the conversion program basically outputs 
isotope specific releases at time intervals. 
Task completion: 100 % 

5 Project management, co-operation and information exchange 
5.1 Project management and 
information exchange 
Management of CHARISMA, 
participation in the reference groups, 
planning joint projects and related 
activities in SAFIR-2010. 
 
Resources for publishing results, 
and international co-operation. VTT 
represents Finland in the Working 
Group RISK. 
 
International co-operation: 
OECD/NEA/CSNI/WGRISK, 
ESREL/PSAM/PSA conferences, 
IAEA, OECD/NEA, ANS and 
ESReDA meetings related to topics 
of CHARISMA, co-operation with 
Nordic PSA-group (NPSAG), NKS 
work and the Halden Reactor 
Project, preparation of proposals for 
the EU FP7 programme. 
(VYR, VTT) 

 
Four reference group meetings, revision of the project plan, 
contract work. 
 
Two working reports of the PPRISMA project published. 
 
Participation into two proposals for the EU FP7-Fission: 
- ASAMPSA2: Advanced Safety Assessment 

Methodologies: Level PSA (European Best practices L2 
PSA Guidelines). This proposal has a close link to the 
task 4.1. 

- MMOTION (Man-machine-organisation through 
innovative orientations for nuclear). This proposal has a 
close link to the task 2.2. 

Both the proposals have lead to a project in 2008. 
 
Task completion: 100 % 

 

Comments 

VYR financing was cut by 3,2% (115 k€ -> 111,4 k€). Minor changes made in the working plan (v. 
2.2) since the January version (v. 2.1). 
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Education of experts 
 
The project staff includes presently 3 post-graduate scientists. An MSc student is working in the task 
4.1. 
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SAFIR2010   13.2.2008 PROGRESS REPORT 4/07 
 
Implementation of Quantitatve Fire Risk Assessment in PSA (FIRAS) 
Kvantitatiivisen paloriskiarvioinnin soveltaminen PSA-järjestelmissä  
 
Duration 2007 – 2010 
Project manager Simo Hostikka,  VTT 
Volume in 2007 (person y.) Plan: 1.0  Realised 31.1.2008         1.2  
Cost in 2007 (k€) Plan: 163.8  Realised 31.1.2008         164.6     
 
Main Objectives 
 
Here the main objectives from the research plan should be presented in compressed form (some 6-8 
lines of text).. 
 
 
Objectives in 2007 Realised 

 
1. Fire spread modelling (56 k€, 3,5 person months) 

1.1 Experiments providing input and 
validation data for fire spread 
simulations 
TGA/DTA experiments to obtain 
physical input data for the fire 
modelling; data from a new test rig 
with ability to measure 2-m long 
samples pre-heated up to 400 oC will 
be used as validation results (VYR, 
VTT) 
 

 
PyroPlot tool for processing of small scale experimental data. 
Fast visual analysis of TGA/DSC data. 
Next: user interface for genetic algorithms 
 
User interface for genetic algoritm and FDS fire model has 
been created. Pyrolysis reaction models have been created 
for materials measured in previous FIRAS. 
 
Start-up tests the new test rig are going on. 
Vertical flame spread experiments on wood specimen 
started. Start-up tests finished. Report on work 2007 
finished. 
 
 
Task completion: 100 % 

1.2 Validation of the fire simulation 
Comparison of the simulated results 
to experimental data (VYR, VTT) 
 

 
Adaptation of the the new version (no. 5) of the Fire Dynamics 
Simulator with e.g. improved heat-transfer models has been 
completed 
Application of the Pyrolysis model parameter estimation using 
Genetic Algoritms:  

• Flame retardant cable sheath material. 

• Validation: First attempsts on cone calorimeter 

• Note: TGA data is only available on sheath, not filler 
and insulation materials. 

Pyrolysis models validated based on cone-calorimeter tests 
for various cellulosic, wood, plastic and cable materials. 
 
Task completion: 80 % 
Report prepared on 2007 work. 
Task completion 100 % 

2 Integration of quantitative fire risk assessment into NPP PSA systems  (51 k€, 3,5 person 
months) 

2.1 Probabilistic fire simulation of fire 
risk-relevant rooms in NPPs  
A series of probabilistic fire 
simulation studies will be carried out 

 
A report is being compiled on “How does an NPP look from 
the fire perpective - what is relevant and  what is not“ 
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is rooms with characteristics 
enabling comprehensive testing of 
the models (VYR, VTT 
organisations) 
 

PFS software has been modified to allow initial fire sources on 
random locations in complicated cable tray geometry.  
 
PFS software has been modified for compatibility with FDS 5. 
New version of PFS (PFS 4) has been released. Preparation 
of PFS web pages has started. 

 
Preparation of TVO cable room simulations (cable fires) has 
been started. 
 
Assessment of Monte Carlo (LHS) sample size requirements 
is started. 
  
Task completion: 35 % 

2.2 Development of guidance 
material to facilitate the adaptation of 
the quantitative fire-PSA in NPPs 
To enable the fire researchers and 
the NPP personnel to understand 
each other (VYR, VTT) 
 

 
Workshop was held at STUK in August 2007. 
The classification needs of the plant PSAs turned out to be 
quite different. 
Main conclusions: 

• TVO PSA is already based on the classification. 
Progress will be straightforward. 

• Fortum PSA does not exploit classification due to the 
strongly heterogenous nature of the plants. This is 
going to cause problems for PSA maintaining, review 
and applicability of PFS. 

• Idea of virtual targets was presented at the workshop 
to allow the use of same fire scenarios for several 
rooms. Steps towards implementation have been 
started. 

• Workshop report is in preparation.  
Implementation of Virtual Targets in FDS: 

• Implementation is in progress in co-op. with NIST. 
• The idea is to be able to simulate target (i.e. cable) 

response in any location of the room. 
• The data will be collected by PFS. 
• The result will be a  
• space-time map of failure probability 
• Requires additional post-processing sub-routines for 

PFS. Implementation by early 2008. 
• Fixed to certain failure-temperature 
• OR space-time map of target temperature 
• More general for use after the simulation, but even 

more complicated to post-process. 
• Allows different interpretations based on different 

failure temperatures. 
Integration report based on the workshop has been prepared. 
Integration report was finished. 
Task completion: 100 % 

2.3 Classification of the NPP rooms 
according to quantitative fire-PSA 
Classification NPP rooms to enable 
their treatment by the 
computationally demanding 
probabilistic fire simulation (VYR, 
VTT) 
 

 
The STUK workshop in August revealed the this subtasks is 
very closely linked to subtask 2.2 
Included in report of subtask 2.2. 
Task completion: 100 % 

3 Development of a model to assess the efficiency of operational fire fighting in NPP fires 
(16,8 k€, 1,2 person months) 
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3.1 Collecting and analysis of 
information from NPP fire brigade 
drills as well as from fire statistics  
collection and analysis of existing 
and new information on the 
operational characteristics of fire 
brigades (VYR, VTT) 
 

 
During the reporting period, focus has been on internationally 
available results (the earlier work focussed on national data): 
a report is being finalised that summarises the data available 
on the key factors of fire brigade (FB) operations, i.e., the 
timeline of FB operations and the ability of the FB to fight the 
fire. 
 
Task completion: 90 % 

3.2 Development guidelines for 
efficient information collection 
concerning fire-brigade operation 
guidelines will be developed for 
efficient information collection 
concerning fire-brigade operation 
data and their practicality will be 
tested (VYR, VTT) 
 

 
Guidelines will be drafted after the data analysis in Task 3.1. 
 
Guidelines are based on the data collected from the Espoo 
voluntary fire brigade and Pelastusopisto (Kuopio). 
Task completion: 100 % 

3.3 Model fire-brigade operations at 
NPPs 

 
Will be stated in 2008. 
 
 
Task completion: 0 % 

4 International activities (40 k€, 1 person months) 
4.1 PRISME project utilisation 
Fire simulations related to the OECD 
PRISME project results  and 
attending the board meetings of 
(VTT) 
 

 
Simo Hostikka participated as the Finnish representative in 
the OECD PRISME meeting in Aix-en-Provence April 23-25 
2007. Hostikka chairs the Management Board of the project. 
 
Travel report still pending. 
Travel reports submitted. 
 
Task completion: 100 % 

4.2 OECD PRISME project 
The Finnish participation fee of the 
OECD PRISME project (VYR) 
 

 
- 
 
Task completion: 100 % 

 
 
Education of experts 
 
Here the situation from the beginning of the year up to the present is given. Such as: The project staff 
includes one young person Anna Matala: a research trainee, who has completed Special Assignment 
on FIRAS Task 1 for TKK, an has now started her MScTech thesis with the main themes being ones 
related to FIRAS Task 1r. Mr. Simo Hostikka is expected to complete hid Doctor’s thesis with the 
FIREAS themes forming one of the major topics in his thesis.. 



 
 

 88

SAFIR2010   18.2.2008 PROGRESS REPORT 4/07 
 
Extreme weather and nuclear power plants (EXWE) 
Sään ääri-ilmiöt ja ydinvoimalaitokset 
 
Duration 2007 – 2010 
Project manager Dr Ari Venäläinen,  Finnish Meteorological Institute 
Volume in 2007 (person y.) Plan: 0.6 Realised 31.1.2008    1.0*          
Cost in 2007 (k€) Plan: 57 Realised 31.1.2008     89*         
* Updated according to Table 3.1 
Main Objectives 
The primary objectives of the research are to produce a comprehensive study about the 
frequency, intensity, spatial and temporal variation and impacts of the extreme weather 
events that are relevant from the point of safety of nuclear power plants. The study 
includes also an estimate of the impacts of climate safe on the extreme weather. Study is 
based both on measured data as well as on simulations made using climate  
 
Objectives in 2007 Realised 

 
1 Estimation of extreme weather events based on observed data (32.7 k€, 4 person months) 

1.1 Digitizing of data 
Digitize historical climatological data 
from manuscripts 

 
Progress in short. 
Most relevant stations available in climate database.  
 
 
Task completion: 100 % 

1.2 Analyzing extremes 
Based on measured meteorological 
data estimate the return periods of 
relevant extreme weather conditions 

 
Progress in short 
Most interesting analyzed. 
Task completion: 100 % 

1.3 Publishing results 
Publish the results 

Progress in short 
One report published. The next report manuscript is being 
reviewed 
Task completion: 100 % 

2 Estimation of extreme weather events based on climate scenarios (18.9 k€, 2.3 person 
months) 

2.1 Selection and downloading 
scenarios 
Selection most appropriates climate 
scenarios to be used in the study 
 

 
Progress in short. 
Done 
 
 
Task completion: 100 % 

2.2 Preliminary analyzing extremes 
Based on the scenarios make very 
preliminary estimates how climate 
change will influence on climate 
extremes 

 
Progress in short 
First estimates made 
Task completion: 100 % 

2.3 Publishing results 
Publish the results 

 
Progress in short 
Will be included in the second report that is currently been 
reviewed 
Task completion: 100 % 

3 Estimation of tromb, down burst or low level jet hit (8.2 k€, 1 person months) 
3.1 Updating and collection of data 
Update tromb and down burst 
statistics 

 
Progress in short. 
Down burst statistics collected 
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Task completion: 100 % 

 
 

Comments 

VYR financing was cut slightly and very minor changes made in the working plan.  
 
Education of experts 
 
Two MSc students have finalized their MSc thesis (meteorology, Univ. of Helsinki).  
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SAFIR2010   31.3.2008 PROGRESS REPORT 4/07updated 
 
Administration and information of the research programme (SAHA2007) 
Tutkimusohjelman hallinto ja tiedotus 
 
Duration 2007 – 2010 (31.3.2011) 
Project manager Dr. Eija Karita Puska, VTT   
Volume in 2007* (person y.) Plan: 0,95 Realised 31.3.2008      0,96         
Cost in 2007* (k€) Plan:       186,66** Realised 31.3.2008**     188,63     
 
* Periods: plan 1.1.2007-31.3.2008 realised 1.1.-31.12.2007 
* *with 22 % value added tax in the total VYR funding for the period 1.1.2007-31.3.2008. 
 
 
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 prepares the brochure of SAFIR2010 and 
performs other tasks assigned by the steering group. 
 
 
Objectives in 2007 (31.3.2008) Realised 

 
1 Programme administration and information (178,56 k€, 9,5 person months) 

Preparation of 3-4 steering group 
meetings (for 2007) 

1. steering group meeting 1.3.2007 
2. steering group meeting 12.6.2007 
3. steering group meeting 20.9.2007 
4. steering group meeting 13.12.2007 
5. steering group meeting 24.1.2008 
6. steering group meeting 11.3.2008 

 
Task completion: 150  % 

Preparation of programme progress 
reports for the steering group and for 
the ministry  
 

Progress reports 1/07, 2/07, 3/07 and 4/07prepared. 
 
 
Task completion:100  % 

Participation in the project reference 
group meetings and possible mini 
seminars 
 

Participation in 8 out of the 8 meetings 1/07. 
Participation in 8 out of the 8 meetings 2/07. 
Participation in 8 out of the 8 meetings 3/07 
Participation in 8 out of the 8 meetings 4/07 
Participation in 8 out of the 8 meetings 1/08 
 
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. SAFIR2010 Internal site with 
password updated. Power point presentation of SAFIR2010. 
 
Task completion: 100  % 
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Maintenance of administration, 
invoicing and information routines for 
SAFIR2010 
 

Administration and invoicing routines maintained. Information 
via email and www-pages. 
 
Task completion: 100  % 

Programme QA manual Version 1 in March 2007. Updated June 2007. At www-pages.
Task completion 100 % 

Programme brochure To be prepared in 2007. Picture contributions collected. Text 
in preparation. 
Task completion: 60 % 

Preparation of annual plan 2007 
 

Version 1 prepared in March 2007. Updated in June 2007. At 
www-pages. 
Task completion: 100  % 

Arrangement of project selection 
process for 2008 

Carried out in November 2007. 
Task completion: 100 % 

Preparation of annual report 2007 Prepared in March 2008, waiting for final cost data from 
various organisations.( To www-pages in April 2008) 
Task completion: 80 % 

Preparation of annual plan 2008 Prepared in March 2008. (To www-pages in April 2008). 
Task completion: 100 % 

2 EU FP 7 activities ( 8,1 k€, 0,5 person months) 
Participation in the EU FP7 CCE-
Fission Committee) 

First meeting participated on June 28th, 2007 in Brussels. 
Second meeting participated on October 2, 2007. 
Task completion:  100  % 

Update of the JSRI-II database Information to be updated for 2006 release in June. (This data 
base project non existing in EU any more). 
Task completion: 0 % 

 

Comments 

 
Education of experts 
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Publications of the projects in 2007 
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Safety management and organizational learning (MANOR):  
 
Scientific publications 
 
Reiman, T. (2007). Assessing organizational culture in complex sociotechnical systems – Methodological 
evidence from studies in nuclear power plant maintenance organizations. VTT Publications 627. Espoo: 
VTT. 
 
Reiman, T. & Oedewald, P. (2007). Assessment of Complex Sociotechnical Systems – Theoretical issues 
concerning the use of organizational culture and organizational core task concepts. Safety Science 45 (7), 
745-768. 
 
Kettunen, J., Reiman, T. & Wahlström, B. (2007). Safety management challenges and tensions in the 
European nuclear power industry. Scandinavian Journal of Management, 23, 424-444. 
 
Conference papers  
 
Reiman, T. (2007). Safety Culture in Nuclear Power Plant Maintenance Organizations. 13th EAWOP 
Congress in Stockholm, Sweden, May 2007. 
 
Oedewald, P. & Reiman, T. (2007). Turvallisuuskriittisten organisaatioiden yhteisiä erityishaasteita. 
Human Factors & Safety II seminaari, Espoo, 12.4.2007. 
 
Oedewald, P. & Reiman. T. (2007). Measuring conceptual knowledge among NPP maintenance 
personnel – a tool for knowledge management. 8th Conference on Human Factors and Power Plants. 
Monterey, California, August 26-31, 2007. 
 
Reiman, T. & Oedewald, P. (2007). Modelling organizational culture and its effects on operational safety. 
17th Nordic Research Conference on Safety, Tampere, Finland, June 13-15, 2007. 
 
Reiman, T. & Oedewald, P. (2007). Organizational factors and safe human performance – work 
psychological model. 8th Conference on Human Factors and Power Plants. Monterey, California, August 
26-31, 2007. 
 
Wahlström, B. (2007). The LearnSafe project; a three year perspective. 8th Conference on Human 
Factors and Power Plants. Monterey, California, August 26-31, 2007. 
 
Wahlström, B. & Rollenhagen, C. (2007). Organisational factors and nuclear safety - issues to address in 
research and development. 8th Conference on Human Factors and Power Plants. Monterey, California, 
August 26-31, 2007.  
 
Rollenhagen, C. & Wahlström, B. (2007). Management systems and safety culture; reflections and 
suggestions for research. 8th Conference on Human Factors and Power Plants. Monterey, California, 
August 26-31, 2007. 
 
Wahlström, B., J. Hämäläinen, K. Juslin, J.-E. Holmberg, H. Harju, L. Norros, U. Pulkkinen, T. Reiman, 
J. Laarni, K. Simola. (2007). Research in Automation, Risk Analysis, Control Rooms, and Organizational 
Factors; Applications to Plant Life Management. Second International Symposium on Nuclear Power 
Plant Life Management to be held from 15 to 18 October 2007 in Shanghai, China. 
 
Research institute reports  
 
Oedewald, P. & Reiman. T. (2007). Special characteristics of safety critical organizations. Work 
psychological perspective. VTT Publications 633. Espoo: VTT. 
 
 



Others 
 
Reiman, T., Rollenhagen, C., Kahlbom, U., Oedewald, P. & Wahlström, B. (in press). Conducting 
organizational safety reviews – requirements, methods and experience. NKS. 
 



 
Expert Work in Safety Critical Environment (SafeExpertNet):  
 
 
 
 
Conference papers  
 
Rintala N, Pahkin K, Leppänen A, Säämänen K and Järvenpää E: ”The Nature of Expertise and HR 
Functions Supporting Expertise in Nuclear Industry Organizations” IAEA:n konferenssi 19.-22.6.2007 
 
Säämänen K: "A Process Approach to Creating Tacit Knowledge through Apprenticeship - A Case study 
in Nuclear Power Plants"  EAWOP konferenssissa 9.-12.5.2007  
 
Research institute reports  
 
 
Others 
 
Pahkin K, Leppänen A, Järvenpää E, Säämänen K and Rintala N: Unpublished report for the target 
organisation (2) 
 
 



 
Model-based safety evaluation of automation systems (MODSAFE)  
Malleihin perustuva automaation turvallisuuden arviointi  
 
 
 
 
Conference papers  
 
Valkonen, J., Koskimies, M., Pettersson, V., Heljanko, K., Holmberg, J.-E., Niemelä, I. & Hämäläinen, 
J.J., Formal Verification of Safety I&C System Designs - Two NPP Related Applications, Enlarged 
Halden Programme Group meeting, Proceedings of the Man-Technology-Organisation Sessions, 18th – 
23rd May, Loen, Norway 
 
Research institute reports  
 
Valkonen, Janne; Pettersson, Ville; Björkman, Kim; Holmberg, Jan-Erik; Koskimies, Matti; Heljanko, 
Keijo; Niemelä, Ilkka; Model-Based Analysis of an Arc Protection and an Emergency Cooling System.  
MODSAFE 2007 Work Report. VTT Working Papers 93, VTT, Espoo, 2008, 10 p. + App. 38 p. 
 
Valkonen, J., Karanta, I., Koskimies, M., Heljanko, K., Niemelä, I., Sheridan, D., and Bloomfield, R.E. 
NPP Safety Automation Systems Analysis - State of the Art. VTT Working Papers 94, VTT, Espoo, 
2008, 62p. 
 
 
 
 



 
Certification facilities for software (CERFAS):  
 
 
Research institute reports  
 
Software Certification Service: State of the Art of Software Certification. Type approval of system 
software product. SAFIR2010, CERFAS-project. VTT System Research, Research report VTT-R-09699-
07, H.Harju, A.Pakonen. 2007.  
 
Software Certification Service: Facilities for type approval of system software product. SAFIR2010, 
CERFAS-project. VTT System Research, Research report VTT-R-09700-07, H.Harju. 2007.  
 
Others 
 
Software process and product quality evaluation –state of the art –literature summary. Risto Nevalainen 
and Mika Johansson, Tampere University of Technology, ISSN 1795-2174, 2007. 
 
 
 



Operator practices and human-system interfaces in computer-based 
control stations (O’PRACTICE):  
 
 
Scientific publications 
 
Norros, L. & Savioja, P., Towards a theory and method for usability evaluation of complex human-
technology systems. @ctivités, 4(2), 2007, pp. 143-150. 

Savioja, P. & Norros, L., System usability – promoting core-task oriented work practices. In Law, E. et 
al. (eds.) Maturing Usability: Quality in Software, Interaction and Value. Springer, 2007. 

 
Conference papers  
 
Laarni, J., Norros, L. & Koskinen, H., Affordance Table – A collaborative smart interface for process 
control. In Proceedings of HCI International 2007. 

Laarni, J., Salo, L . & Norros, L., A step towards more agile and adaptive management of nuclear power 
plant control room renewals – lessons learned from a project in Finland. In Proceedings of EHPG-
Meeting Storefjell, March 12-15, 2007. 

Liinasuo, M. & Norros, L., Usability Case - integrating usability evaluations in design. In Proceedings of 
COST294-MAUSE Workshop on Downstream Utility, 6th November 2007, Toulouse, France, pp. 11-13.  
Norros, L., Salo, L., Savioja, P. & Laarni, J., Communicating the meaning of process information - 
comparison between three forms of information presentation. In Proceedings of EHPG-Meeting 
Storefjell, March 12-15, 2007. 

Wahlström, B., J. Hämäläinen, K. Juslin, J.-E. Holmberg, H. Harju, L. Norros, U. Pulkkinen, T. Reiman, 
J. Laarni, K. Simola, Research in automation, risk analysis, control rooms, and organizational factors; 
applications to plant life management. Second International Symposium on Nuclear Power Plant Life 
Management, October 15-18, 2007, Shanghai, China.  

 
Research institute reports  
 
Norros, L. Savioja, P., Integrated validation of complex human-technology systems – development of a 
new method. In Räty, H. & Puska, E.K. (ed.). 2006. SAFIR. The Finnish Research Programme on 
Nuclear Power Plant Safety 2003 - 2006. Final Report. VTT Research Notes 2363. VTT, Espoo, 2007, 
pp. 275 – 285. http://www.vtt.fi/inf/pdf/tiedotteet/2006/T2363.pdf   

 
Others 
 
Laarni, J., Suurkuvanäytöt prosessiteollisuuden valvomoissa – Kirjallisuuskatsaus. Working Paper, 2007. 

Laarni, J., Norros, L., Koskinen, H. & Salo, L.: Suurkuvanäytöt ydinvoimalaitosten valvomoissa – 
Suunnittelutyöpajojen tulokset. Working Paper, 2007. 

Laarni, J., Norros, L. & Salo, L.: Loviisan automaatiouudistuksen 1. vaiheen validointi: 
operaattorikoulutuksen aikainen palaute. Working Paper, 2007. 

Salo, L.: Haastattelututkimus valvomomuutoksesta ja digitaalisten työvälineiden käytöstä. Working Paper, 
2007. (4 reports) 

 
Papers in review  
 
Norros, L. & Salo, L., Design of practices - a challenge for cognitive systems engineering. Submitted to 
Cognition, Technology & Work.  

http://www.vtt.fi/inf/pdf/tiedotteet/2006/T2363.pdf


Development and Validation of Fuel Performance Codes (POKEVA): 
 
Conference papers 
 
Knuutila, A., Miettinen, J.,  Stengård,  J-O, Kelppe, S.,  
Development of FRAPTRAN-GENFLO and its application to IFA-650 LOCA test series. 
Enlarged Halden Programmen Group Meeting, Storefjell, Norway, 11.-16.3.2007. 
 
Pietarinen, K.,  Qualification of the VVER Fission Gas Release Experiment Halden IFA-700.1. The 4-th 
Russian-Hungarian-Finnish seminar VVER-440 (type V-213) Fuel Operational Experience and Prospects for 
Development of fuel and Fuel cycles, Elektrostal, Kokontaevo, Russia, 19 - 20.6.2007. 
 
Stengård, J-O., Qualification of the VVER LOCA Test Halden IFA-560.6.  The 4-th Russian-Hungarian-
Finnish seminar VVER-440 (type V-213) Fuel Operational Experience and Prospects for Development of fuel 
and Fuel cycles, Elektrostal, Kokontaevo, Russia, 19 - 20.6.2007. 
 
Conference papers in preparation 
 
 
Research institute reports 
 
Rintala, J.,   Polttoainevaurioiden määrän tilastollinen arviointi: laskentamenetelmien selvitys. VTT-R-
08163-06. 31.1.2007. (In Finnish). 25 p. 
 
Rintala, J., Polttoainevaurioiden määrän tilastollinen arviointi: demonstraation tilanne. VTT-R-01161-07. 
31.1.2007. (In Finnish). 4 p. 
 
Knuutila, A.,  Pietarinen, K., FUMEX-II cases with VTT modified ENIGMA fuel performance code . 
VTT-R-01113-07. 30.1.2007. 22 p. 
 
Stengård, J-O., Pre-test analyses on the Halden VVER LOCA test IFA-650.6 with FRAPTRAN-
GENFLO. VTT-R-04069-07, Tehcnical Reseach Centre of Finland, 3.5.2007. 10 p. 
 
Rintala, J., Probabilistic Analyses for Fuel Rod Failure: Demonstarion,  VTT-R-10519-07, 30.11.2007, 
Draft. 
 
Arffman, A., Preliminary Qualification and Calculation of Thorium and Inert Matrix Fuel (IFA-652.1-3) 
with the VTT ENIGMA Code. VTT-R-01874-08, Technical Researh Centre of Finland, 22.2.2008. 48 p. 
 
Kekkonen, L., ENIGMA Calculation on Halden VVER Test IFA-676.1. VTT-R-010530-07, Technical 
Research Centre of Finland, 22.2.2008. 21 p. 
 
Kekkonen, L., Outline of the Past Deveopment of the ENIGMA Code at VTT, VTT-R-01905-08, 
Technical Research Centre of Finland, 22.2.2008. 7 p. 
 
Pietarinen, K., High Temperature Zirconium Oxidation Model for the APROS Code. VTT-R-1857-08, 
Technical Research Centre of Finland, 25.2.2008. 9 p. +  App. 15 p. 
 
Rintala, J., Probabilistic Analyses for Rod Behaviour in Accident Conditions: Demonstarion, VTT-R-
10519-07, Technical Research Centre of Finland, 25.2.2008. 20 p.  
 
 



 
Tridimensional core transient analysis methods (TRICOT):  
 
 
Conference papers  
 
Miettinen, J., Räty, H., Daavittila, A.  The 3D core thermohydraulics and neutronics solution in the 
TRAB-SMABRE accident and transient code. Proceedings of ICONE 16 16th International conference on 
Nuclear Engineering. April 22-28, 2007. Nagoya, Japan 
 
Miettinen, J., Ilvonen, M. Solving porous media flow for LWR components. Proceedings of ICONE-16 
16th International conference on Nuclear Engineering. April 22-28, 2007. Nagoya, Japan 
 
Research institute reports  
 
Daavittila, A. TRAB-3D Validation through comparison calculations with TRACE/PARCS. VTT 
Research Report  VTT-R-00124-08, Espoo 2008. 
  
Miettinen, J., Hämäläinen, A., Räty, H. Status of internal coupling of TRAB-3D and SMABRE for PWR 
core. VTT Research report VTT-R-00718-08. Espoo 2008. 
 
Miettinen, J., Ilvonen, M., Hovi, V. Status of PORFLO code development and simulation of the BFBT 
benchmark problem. VTT Research Report VTT-R-01678-08. Espoo 2008. 
 
Räty, H. User’s manual for reactor dynamics codes TRAB-3D and HEXTRAN. VTT Research Report 
VTT-R-04724-07. Espoo 2007. 
 
Seppälä, M. HEXTRAN-SMABRE calculation of the VVER-1000 Transient benchmark, Main steam 
line break. VTT Research report VTT-R-08573-07. Espoo 2007. 
 
Seppälä, M. Adjusting the valve boundary condition in Olkiluoto 1 load rejection test calculated using 
TRAB-3D. VTT Research report VTT-R-08574-07. Espoo 2007. 
 
Syrjälahti, E. Development of sensitivity analysis tool for reactor dynamics codes. VTT Research Report 
VTT-R-00843-08. Espoo 2008. 
 
 
 
 
 
 



 
Total reactor physics analysis system (TOPAS):  
 
Scientific publications 
 
Kotiluoto, P., Adaptive tree multigrids and simplified spherical harmonics approximation in deterministic 
neutral and charged particle transport. VTT Publications 639, Espoo 2007. Doctor´s thesis (University of 
Helsinki). 106 p. + app. 46 p. 
 
Leppänen, J., Development of a new Monte Carlo reactor physics code. VTT Publications 640, Espoo 
2007. Doctor´s thesis (Helsinki University of Technology). 228 p. + app. 8 p.. 
 
Kotiluoto, P., Pyyry, J. & Helminen, H., MultiTrans SP3 code in coupled photon-electron transport 
problems. Radiation Physics and Chemistry 76 (2007), Pp. 9-14. 
 
 
Conference papers  
 
Leppänen, J., Randomly dispersed particle fuel model in the PSG Monte Carlo neutron transport code. 
Joint international topical meeting on mathematics & computation and supercomputing in nuclear 
applications (M&C + SNA 2007). April 15-19, 2007, Monterey, California, USA, 12 p. 
 
Ranta-aho, A., Burnup calculations for an EPR-type assembly – Comparison of CASMO-4E and 
ABURN. 13th meeting on reactor physics calculations in the Nordic countries. March 29-30, Västerås, 
Sweden, 16 p. 
 
Ranta-aho, A., On the need of high quality radiochemical data. A Finnish perspective. ICNC 2007 – 8th 
international conference on nuclear criticality safety. May 28 – June 1, St. Petersburg, Russia, 5 p. 
 
 
Research institute reports  
 
Pusa, M., "Herkkyys- ja epävarmuuslaskenta TSUNAMI-ohjelmissa", VTT 2007, 39 p. 
 
 
Others 
 
Pusa, M., Vaikutusalojen tarkentamiseen ja niiden epävarmuuden vaikutusten arviointiin käytetyt 
matemaattiset menetelmät reaktorifysiikassa. (”Mathematical methods for evaluating cross-sections and 
the impact of their uncertainty in reactor physics”). Master´s thesis (Helsinki University of Technology). 
Espoo 2007. 121 p. (In Finnish) 
 
 
Publications by the project group on related topics with funding outside the TOPAS project 
 
Wasastjerna, F., Calculating streaming with the “tally source” method, as applied to IFMIF. Annals of 
Nuclear Energy 35 (2008), Pp. 438-445. 
 
Wasastjerna, F., Application of importances or weight windows in MCNP4C to a geometry similar to an 
ITER equatorial port. Annals of Nuclear Energy 35 (2008), Pp. 425-431. 
 



 
Numerical modeling of condensation pool (NUMPOOL):  
 
 
Research institute reports  
 
Pättikangas, T., Timperi, A., Niemi, J. and Kuutti J., Modeling of blowdown of air in the pressurized 
PPOOLEX facility, VTT Report, VTT-R-02233-08, VTT Espoo, 2008. 
 
 



Improved Thermal Hydraulic Analysis of Nuclear Reactor and Containment 
(THARE):  
 
Research institute reports  
 
Inkinen Pasi, ROSA-V Project Test 6-2 Simulation with APROS, Research Report VTT-R-01629-08, 
Espoo 2008, 18 p. + App. 7 p. 
 
Hillberg Seppo, PWR-PACTEL stepped inventory reduction analysis with a reference plant model, 
Research Report VTT-R-02296-08, Espoo 2008, 17 p. 
 
Junninen Pasi, PSB-VVER Large Break LOCA pre-test Analysis, Research Report VTT-R-00194-08, 
Espoo 2008, 30 p. + App. 12 p.  
 
Others     
 
Junninen Pasi, 7th Meetings of the PRG and the MB of the OECD-PKL Project, Berlin, 
Germany, 15–16.5.2007 (In Finnish) 
 
Hillber Seppo, TRACE/SNAP Users Workshop 4-7.9.2007, travel report (In Finnish) 
 
Karppinen Ismo, Matkakertomus, OECD/NEA/CSNI/GAMA–työryhmän 10. kokous, 25-28.9.2007, 
Pariisi (In Finnish)  
 
Karppinen Ismo, OECD ROSA PRG ja MB kokoukset, Tokaimura, 
Japani (7-8.11.2007) ja ATLAS workshop, Daejon, Korea (4-5.11.2007) (In Finnish) 
 
Holmström Heikki, Junninen Pasi, 7th Meeting of the PRG of the OECD-PSB-VVER project, NEA Paris 
29.-30.1.2008 (In Finnish) 
 
 



 
Project full name (MULTIPHYSICS):  
 
 
 
Papers in review or in print 
 
Timperi, A., Pättikangas, T., Karppinen I., Lestinen, V., Kähkönen J., Toppila, T., Validation of Fluid-
Structure Interaction Calculations in a Large-Break Loss of Coolant Accident, 16th International 
Conference on Nuclear Engineering (ICONE 16), 11-15 May, 2008, Orlando, Florida. 
 
Lestinen, V., Kähkönen J., Toppila, T., Brandt, T., Timperi, A., Pättikangas, T., Karppinen I., Fluid-
Structure Interaction Analysis of Large-Break Loss of Coolant Accident, XCFD4CFD Workshop, 10-12 
September, 2008, Grenoble, France. 



 
Participation in Development of European Calculation Environment (ECE):  
 
 
Others 
 
Tanskanen, V., Puustinen, M. & Laine, J. Deliverable D2.1.15.2a: Validation of NURESIM-CFD against 
POOLEX condensation pool experiment: Progress report, , European Commission, 6th EURATOM 
Framework Programme 2005-2008, Integrated Project: NURESIM Nuclear Reactor Simulations, Sub-
Project 2: Thermal hydraulics. 30 p. 
 
 
 
 
 



Condensation Experiments with PPOOLEX Facility (CONDEX):  
 
Scientific publications 
 
Purhonen, H., Experimental Thermal Hydraulic Studies on the Enhancement of Safety of LWRs. Acta 
Universitatis Lappeenrantaensis 293, Lappeenranta 2007, 73 p. + app. 124 p., ISBN 978-952-214-500-0, 
ISBN 978-952-214-505-5 (PDF), ISSN 1456-4491. Doctor’s thesis (Lappeenranta University of 
Technology, Department of Energy and Environmental Technology). 
 
Research institute reports  
 
Puustinen, M., Laine, J., Characterizing Experiments of the PPOOLEX Test Facility. Lappeenranta 
University of Technology, Nuclear Safety Research Unit, Research Report CONDEX 1/2007, 
Lappeenranta, 2008., 23 p. + app. 6 p. 
 
Laine, J., Puustinen, M., Steam Line Rupture Experiments with the PPOOLEX Test Facility. 
Lappeenranta University of Technology, Nuclear Safety Research Unit, Research Report CONDEX 
2/2007, Lappeenranta, 2008., 23 p. + app. 7 p. 
 
Tanskanen, V., Puustinen, M., CFD Simulation of Air Discharge Tests in the PPOOLEX Facility. 
Lappeenranta University of Technology, Nuclear Safety Research Unit, Research Report CONDEX 
3/2007, Lappeenranta, 2008., 30 p. + app. 8 p. 
 
Others 
 
Tanskanen, V. Puustinen, M., Purhonen, H., Validation of Neptune-CFD Against Condensation Pool 
Experiment, in T. Tynjälä & P. Sarkomaa (eds.), Summer School in Heat and Mass Transfer 2007, 14-15 
June, Lappeenranta, Finland, Lappeenranta University of Technology, Lecture Notes EN C-185, 
Lappeenranta, 2007, Pp. 59-70. ISBN 978-952-214-400-3, ISSN 1459-2649. 



 
Large Break Loss of Coolant Accident Test Facility Study (LABRE):  
 
Research institute reports  
 
Ylönen, Arto, Large Break Blowdown Test Facility Study, p. 32, 2007, LABRE 1/2007, Nuclear Safety 
Research Unit, Lappeenranta University of Technology  
 
 
 



 
Release of radioactive materials from a degrading core (RADECO): 
 
Research institute reports  
 
Kekki, T., Zilliacus, R. Formation of organic iodine in water-Progress report February 2008, VTT 
Research report VTT-R-01090-08, 10p.   



 
Primary circuit chemistry of fission products (CHEMPC):  
 
 
Conference papers  
 
Kärkelä, T., Backman, U., Auvinen, A., Tapper, U., Jokiniemi, J., Zilliacus, R., Lipponen, M., Kekki, T. 
Ruthenium Transport Experiments in Air Ingress Accident Conditions. Proceedings of 2007 International 
Conference on Advanced Power Plants – ICAPP. Nice Acropolis, France, 13-18.5.2007. The French 
Nuclear Energy Society – SFEN (2007). Paper 7090.  
 
Lind, T., Danner, S., Suckow, D., Guentay, S., Tapper, U., Auvinen, A. Characterization of TiO2 
agglomerates for the investigation of aerosol behaviour in a steam generator tube rupture event. 
Proceedings of 2007 International Conference on Advanced Power Plants – ICAPP. Nice Acropolis, 
France, 13-18.5.2007. The French Nuclear Energy Society – SFEN (2007). Paper 7170.  
 
Auvinen, A., Brillant, G., Davidovich, N., Dickson, R., Ducros, G., Dutheillet, Y., Giordano, P., Kunstar, 
M., Kärkelä, T., Mladin, M., Pontillon, Y., Seropian, C., Ver, N. Progress on Ruthenium Release and 
Transport under Air Ingress Conditions. Proceedings of the 2nd European Review Meeting on Severe 
Accident Research, ERMSAR 2007. Karlsruhe, Germany, 12-14.6.2007. Forschungszentrum Karlsruhe 
(FZK), Karlsruhe (2007), S4-4. 
 
Bottomley, D., Dickson, R., Routamo, T., Dienstbier, J., Auvinen, A., Girault, N. Revaporisation issues: 
an Overview. Proceedings of the 2nd European Review Meeting on Severe Accident Research, ERMSAR 
2007. Karlsruhe, Germany, 12-14.6.2007. Forschungszentrum Karlsruhe (FZK), Karlsruhe (2007), S4-6. 
 
Kärkelä, T., Backman, U., Auvinen, A., Enqvist, Y., Zilliacus, R., Lipponen, M., Kekki, T., Tapper, U., 
Jokiniemi, J. Experiments and modelling on the transport and speciation of ruthenium oxides. 
Proceedings of European Aerosol Conference 2007. Salzburg, Austria, 9-14.9.2007. Gesellschaft für 
Aerosolforschung (GAef) – Association for Aerosol Research (2007), T10A006. 
 
Kärkelä, T., Backman, U., Auvinen, A., Enqvist, Y., Zilliacus, R., Lipponen, M., Kekki, T., Tapper, U., 
Jokiniemi, J., Lahtinen, J. Experiments and modelling on the behaviour of ruthenium oxides at high 
temperature. Proceedings of AAAR 26th Annual Conference, Reno, USA, 24-28.9.2007, AAAR 2007 
Abstracts CD 2V.1. 
 
 
Research institute reports  
 
Auvinen, A., Lyyränen, J., Kärkelä, T., Kåll, L., Järvinen, R., Roine, J., Vänttinen, S. (2007) 
Qualification of the sampling systems for CHIP test facility – Final report. VTT-R-11382-07, VTT, 
Espoo, 29.12.2007, 30 p. + App. 22 p. 
 
Kärkelä, T., Pyykönen, J., Auvinen, A., Jokiniemi, J. (2008) Analysis of flow fields, temperatures and 
ruthenium transport in the test facility. VTT-R-00947-08, VTT, Espoo 7.2.2008, 14 p. + App. 5 p. 
  
Kärkelä, T., Auvinen, A. (2008) Facility for experimental study on iodine chemistry (EXSI) – Progress 
report. VTT-R-01385-08, VTT, Espoo 8.2.2008, 8 p. 
 
 
Others 
 
Yadigaroglu, G. (ed.) Phebus Experts Group (PEG) Final summary report and Recommendations, 
September 2007, 7 p. + App. 13 p. 
 
Raunio, T. Particle characterisation for resuspension experiments. Helsinki University of Technology 
Special assignment, 31.5.2007. 30 p



 
Core Melt Stabilization (COMESTA):  
 
Conference papers 
 
Miettinen, J., Evaluation of the SSWICS Tests. MCCI Seminar. Cadarache, France, October 10 - 11, 
2007. 
 
Sevón, T., HECLA Experiments on Melt–Concrete Interactions. MCCI Seminar. Cadarache, France, 
October 10 - 11, 2007. 
 
Spindler, P., Atkhen, K., Cranga, M., Foit, J., Garcia, M., Schmidt, W., Sevón, T. & Spengler, C., 
Simulation of Molten Corium Concrete Interaction in a Stratified Configuration: the COMET-L2-L3 
Benchmark. The 2nd European Review Meeting on Severe Accident Research (ERMSAR-2007). 
Forschungszentrum Karlsruhe, Germany, June 12 - 14, 2007. 
 
 
Research institute reports 
 
Sevón, T., A Heat Transfer Analysis of the CCI Experiments 1–3. Research Report VTT-R-09816-07, 
VTT, Espoo, 2007, 29 p. 
 
Sevon, T., Applicability of the CORQUENCH 3.0 Code for Calculating Core Melt Coolability. Research 
Report VTT-R-04144-07, VTT, Espoo, 2007, 16 p. 
 
Sevón, T., Pankakoski, P.H., Holmström, S., Virta, J., Kinnunen, T., Ikonen, K., Pesonen, P., Koskinen, 
P. & Kekki, T., HECLA-2 Experiment on Melt–Concrete Interactions, Research Report 
VTT-R-11203-07, VTT, Espoo, 2007, 38 p. 



 
Hydrogen risk in containments and particle bed issues (HYRICI):  
 
 
Conference papers  
 
Takasuo, E., Kudriakov, S. Numerical simulation of the FLAME hydrogen combustion tests F-8 and F-22 
using CREBCOM and Eddy Break-up combustion models. 15th International Conference on Nuclear 
Engineering, Nagoya, Japan, 22-26 April 2007. 
 
 
Research institute reports  
 
Takasuo, E. Modeling of hydrogen detonations in the TONUS code: Test case FLAME F-19. VTT Research 
Report VTT-R-10652-07, 2007. 
 
Miettinen, J., Lindholm, I., Bürger, M., Buck, M., Pohlner, G. WABE calculations for STYX experiments. 
VTT Research Report VTT-R-01360-07, 2007.  
 
 
Others 
 
Bentaib, A., Bleyer, A., Wilkening, H., Baraldi, D., Takasuo, E., Huhtanen, R. Hydrogen combustion with 
concentration gradients in experiments and simulation: preliminary results of ENACCEF benchmark. 
ERMSAR-07, Karlsruhe, Germany, 12-14 June 2007. 
 
 
 



 
Risk informed inspections of piping (PURISTA):  
 
Scientific publications 
 
Gandossi, L. & Simola, K. (2007). A Bayesian framework for the quantitative modelling of the ENIQ 
methodology for qualification of non-destructive testing. European Commission, report EUR 22675 EN, 
54 p. 
 
Gandossi, L. & Simola, K. (2007). Sensitivity of risk reduction to probability of detection curves (POD) 
level and detail. European Commission, report  EUR 21902 EN, 30 p.  
 
 
Conference papers  
 
Simola, K. & Gandossi, L. Linking in-service inspection capability and NDT qualification. 32nd 
ESReDA Seminar, 1st ESReDA-ESRA Seminar on Maintenance Modelling and Applications, 8-9 May 
2007, Sardinia, Italy. 13 p. 
 
Gandossi, L., Simola K. & Shepherd, B. Results of the pilot study on the quantitative modelling of the 
ENIQ methodology for NDT qualification. The 6th International Conference on NDE in Relation to 
Structural Integrity for Nuclear and Pressurised Components, 8 – 10 October 2007, Budapest, Hungary. 
11 p. 
 
Gandossi, L., Eriksson, A. & Simola, K. ENIQ international activities on risk informed in-service 
inspection. The 6th International Conference on NDE in Relation to Structural Integrity for Nuclear and 
Pressurised Components, 8 – 10 October 2007, Budapest, Hungary. 9 p. 
 
Vepsä, A.  Operational Displacement Shape Based Estimation of Vibration Borne Stress Variation in a 
Pipeline. IMAC XXVI A Conference and Exposition on Structural Dynamics, 4 – 7 February 2008, 
Orlando, USA. 14 p. 
 
  
Research institute reports  
 
Cronvall, O., Männistö, I. & Simola, K. (2007). Development and testing of VTT approach to risk-
informed in-service inspection methodology. Final report of SAFIR INTELI INPUT Project RI-
ISI. VTT, Espoo. VTT Research Notes : 2382. 43 p. 
 
Sarkimo, M. (2008). Application of noise in the ultrasonic inspection simulation. VTT Research Report 
VTT-R-00628-08. 13 p. 
 
Cronvall, O., Simola, K., Vepsä, A. & Alhainen, J. (2008). RI-ISI pilot study of the Auxiliary feed water 
system of the Olkiluoto OL1 NPP unit. VTT, Espoo. VTT Research Report VTT-R-01414-08. 47 p. + 12 
p. appendix. 
 
 
Others 
 
Cueto-Felgueroso, C., Simola, K. & Gandossi, L. ENIQ Recommended Practice 9: Verification and 
validation of structural reliability models and associated software to be used in risk-informed in-service 
inspection programmes. European Commission, report EUR 22228 EN. 12 p. 
 



Fatigue endurance of critical equipment (FATE) 
 
Research institute reports  
 
Karlsen, W. & Solin, J.   …examination of low cycle fatigue … 



Water chemistry and oxidation in the primary circuit (WATCHEM) 
 
Scientific publications 
Bojinov, M., Wei, C., Kinnunen, P. and Saario, T., Kinetic parameters of the oxidation of zirconium 
alloys in simulated WWER water – effect of KOH content. Journal of Nuclear Materials (under review 
process). 
 
Research institute reports  
 
Cai Wei, Oxidation behaviour of zirconium cladding alloys in high temperature high pressure aqueous 
environments. Tampere University of Technology, Master’s Thesis, xx xxxxx 2008. 74 p.  
 
Saario, T. and Kinnunen, P., Literature survey on chemical decontamination procedures. VTT Research 
Report VTT-R-09000-07, 38 p. 
 
Saario, T. and Kinnunen, P., Literature survey on optimisation of Hot Functional Test procedure. VTT 
Research Report VTT-R-08070-07, 15 p. 
 
 
 
 
 
 



 
Monitoring of the structural integrity of reactor circuit (RAKEMON):  
 
Conference papers  
 
Kauppinen, P., Jeskanen, H., Paussu, R., Elsing, B., Ultrasonic Inspection of the Nozzles of Control Rods 
and Weld in Reactor Core Area of Pressure Vessel of Loviisa NPP (VVER440), The 5th International 
Conference "Safety Assurance of NPP with WWER". Podolsk, Russia 29.5 - 1.6.2007. FSUE EDO 
“GIDROPRESS” (2007), 8 p. 
 
Kauppinen, P., Jeskanen, H., Paussu, R., Elsing, B., Experience on the Ultrasonic Inspection of Control 
Rod Nozzles of Reactor Pressure Vessel, BALTICA VII. Life Management and Maintenance for Power 
Plants. Vol. 2. VTT Symposium 247. VTT. Espoo (2007), pp. 235 - 241. 
 
Sandlin, S., Hokkanen, A., Varis, T., Coating Integrated Optical Fibres for Monitoring of Boiler Heat 
Transfer Surfaces, BALTICA VII. Life Management and Maintenance for Power Plants. Vol. 2. VTT 
Symposium 247. VTT. Espoo (2007), pp. 164 - 179. 
 
Research institute reports  
 
Koskinen, A., Possibilities of the Non Destructive Testing Methods for Nuclear Power Plants, VTT-R-
01999-08, VTT Research Report, VTT, Espoo, 2008, 34 p. 
 
Sarkimo, M., Study about the Applicability of Civa Version 8 in Difficult Inspection Geometries, VTT-R-
01108-08, VTT Research Report, VTT, Espoo, 2008, 15 p. 
 
Sandlin, S., Applicability of Distributed Fibre Optical Temperature Sensing and Fibre Bragg Gratings in 
Nuclear Radiation Environments, VTT-R-13509-07, VTT Research Report, VTT, Espoo, 2007, 16 p. 
 
 
 
 
 
 



 
Fracture assessment for reactor circuit (FRAS):  
 
 
Scientific publications 
 
Wallin, K. & Laukkanen, A. Aspects of cleavage fracture initiation – relative influence of stress and 
strain. Fatigue & Fracture of Engineering Materials & Structures, Vol 29, No 9-10, pp. 788-798. 
 
Valo, M. Study on the microstructural characterisation of VVER-440 weld in the I-, IA- and IAI-conditions. 
Philosophical Magazine Vol 87 (2007) No 12. pp. 1855-1870. 
 
Wallin, K. & Laukkanen, A. New Developments of the WST cleavage fracture model. Engineering 
Fracture Mechanics (in press, to be published in 2008) 
 
 
Conference papers  
 
Lidbury, D.; Diard, O.; Marini, B.; Bugat, S.; Keim, E.; Wallin, K.; Planman, T. PERFECT (Prediction of 
irradiation damage effects in reactor components): update of progress in RPV mechanics sub-project. 
Proceedings of ASME PVP 2007/ CREEP 8 Conference: 2007 ASME Pressure Vessels and Piping 
Conference, San Antonio, Texas, July 22-26, 2007. ASME (2007), pp. PVP2007-26076. 
   
Planman, T.; Onizawa, K.; Server, W.; Rosinski, S. IAEA coordinated research project on Master Curve 
approach to monitor fracture toughness of RPV steels: applicability for highly embrittled materials. 
Proceedings of ASME PVP 2007/CREEP 8 Conference:2007 ASME Pressure Vessels and Piping 
Conference, San Antonio, Texas, July 22-26, 2007. ASME (2007), pp. PVP2007-26097. 
 
Planman, T.; Server, W.; Wallin, K.; Rosinski, S. Application of the Master Curve approach for abnormal 
material conditions. Proceedings of ASME PVP 2007/CREEP 8 Conference:2007 ASME Pressure 
Vessels and Piping Conference, San Antonio, Texas, July 22-26, 2007. ASME (2007), pp. PVP2007-
26257. 
 
 
Research institute reports  
 
Calonius, K. Finite Element Modelling of Pipelines and Supports. VTT Research Report No VTT-R-
01637-08, Espoo 2008. 
 
Timperi, A. Numerical Simulations of Turbulent Buoyancy-Driven Flows.VTT Research Report No VTT-
R-11339-07. Espoo 2007. 
 
Cronvall, O. Review and Comparison of Welding Residual Stress Definitions. VTT Research Report No 
VTT-R-01415-08. Espoo 2008. 
 
Keinänen, H. Benchmark analyses for fracture mechanics methods for assessing of sub-clad flaws. 
Computation of "abnormal" large specimen “1E7”. VTT Research Report No VTT-R-09462-07. Espoo 
2007. 
 
 
 
 



 
Project full name (DEF SPEED):  
 
Conference papers  
 
Karlsen, W. Dohi, K., Onchi. T. Observation of channel deformation in mildly-deformed, low-dose 304L 
austenitic stainless steel. Proceedings of 13th Symposium on Environmentally Degradation on Materials 
in Nuclear Power Systems-Water Reactors. Whistler, B.C., Canada, August 19 - 23, 2007. Canadian 
Nuclear Society, CNS(2007). 
 
Research institute reports  
 

Ehrnstén, U. Interim report on Super Slow Strain Rate Tests of austenitic materials in nuclear 
environments - Report on work performed in 2007. Research Report VTT-R-00795-08.  

Karlsen W. Examination of Dynamic Strain Ageing Microstructures in 316 Stainless steel by TEM, 
Research Report VTT-R-10235-07.  

Karlsen, W, Aaltonen P. FEGSTEM Study of 12 dpa Barsebäck 304L and 20dpa and 30dpa Chooz A 
304 SS. VTT Research Report VTT-R-01215-07.  

Karlsen W. Characterisation of LWR irradiated stainless steel internal components by FEG-STEM. VTT 
Research Report No VTT R-07773-07. 

Karlsen W. Grain Boundary Analyses of 30 dpa Chooz A 304 SS centre filler assembly. VTT Research 
ReportVTT-R-01344-08. 

Taivalaho, L. Nanoprobe work on sensitized AISI 304 material used in the DEFSPEED project. VTT 
Research Report VTT-R-01544-08.  

 
Others 
Karlsen, W. FEG STEM study of 20 and 30 dpa Chooz A 304 stainless steel. Presentation given at the 
Halden IASCC WG meeting and at the Enlarged Halden programme group meeting, 11-16.3, 2007 
Storefjell Resort Hotel, 2007.  
 
Saukkonen, T. Hänninen, H. Determination of Calibration Curves for Measuring Plastic Strain by EBSD 
in AISI 316 and AISI 304 Stainless Steel Power Plant materials. Work report for the DEF SPEED 
project. 
 
Hänninen H., Brederholm, A., Saukkonen, T. . Microstructure and hot cracking of dissimilar metal welds. 
Presentation given at the 2007 ICG-EAC meeting, Taiwan, April 2007. Confidential.  
 
Efsing P., Ehrnstén U. Effects on post weld machining on IGSCC initiation and growth from a plant 
perspective'. Presentation given at EPRI Cold Work Meeting, Toronto, Canada, June 3-8, 2007. 
 
Hänninen H., Ehrnstén, U. Environmentally assisted cracking of cold-worked stainless steels – 
mechanistic point of view. Presentation given at EPRI Cold Work Meeting, Toronto, Canada, June 3-8, 
2007.  



 
Service Life Management System of Concrete Structures in Nuclear Power Plants 
(SERVICEMAN):  
 
 
Scientific publications 
 
Vesikari E., Service life management system of concrete structures in nuclear power plants. VTT 
Technical research Centre of Finland. Espoo 2007. VTT Publications 648. 82 p. 
http://www.vtt.fi/inf/pdf/publications/2007/P648.pdf 
 
Research institute reports  
 
Vesikari E., Degradation and service life of concrete structures in nuclear power plants. The Finnish 
Research Programme on Nuclear Power Plant Safety 2007 - 2010. Research Report VTT-R-02323-08. 40 
p. 
 
Turunen, E.,  Halkeilevan teräsbetonirakenteen mitoitusalgoritmi toteuttaen Eurokoodin määräykset (A 
design algorithm of cracking concrete structures in compliance with Eurocode regulations). 14 December 
2007. 104 p. + app. 14 p.  
 
Others 
 
Vesikari E., Matkakertomus OECD/NEA/CSNI/IAGE Concrete WG kokous 23.4.2007, Pariisi. 3 p. (In 
Finnish)   
 



 

IMPACT 2010, Impact of an aircraft against a structure 

Conference papers  
 
Auli Lastunen, Ilkka Hakola, Erkki Järvinen, and Kim Calonius, Juhani Hyvärinen. Impact Test Facility. 
SMIRT-19 August 12-17, 2007 Toronto. 
 
 
 
 
 
 
 



 
Structures Under Soft Impacts (SUSI):  
 
 
Conference papers  
 
Saarenheimo A., Tuomala M., Calonius K., Lastunen A., Hyvärinen J. and Myllymäki J.: Numerical 
Studies on Impact Loaded Reinforced Concrete Walls Proceedings of the 19th International Conference 
on Structural Mechanics in Reactor Technology. SMiRT 19. Toronto, Canada. 
 
Silde A., Hostikka S., Kankkunen A., Hyvärinen J. and Hakola I.: Experimental and Numerical Studies 
of Liquid Dispersal from a Soft Projectile Impacting a Wall. Proceedings of the 19th International 
Conference on Structural Mechanics in Reactor Technology. SMiRT 19. Toronto, Canada.  
 
Saarenheimo A., Tuomala M., Hakola I., Hyvärinen J., Aalto A and Myllymäki J.: Impact of Deformable 
Missiles on reinforced Concrete Walls. Proceedings of Consec´07. Concrete under severe conditions: 
Environment & Loading. F. Toutlemonde et al. (eds). Tours, France.  
 
 
Research institute reports  
 
Calonius Kim, Tuomala Markku, Hakola Ilkka, Saarenheimo Arja, Hostikka Simo, Silde Ari and 
Lastunen Auli. IMPACT Tests: Test Facilities and Application Methods, Part 1. VTT-R-00731-08. 150 
p. 
 
Saarenheimo Arja, Tuomala Markku and Calonius Kim. Numerical Studies on Reinforced concrete walls 
Subjected to Impact. VTT-R- 001922-08. 
 
Others 
 
J. Hyvärinen (STUK), I. Hakola (VTT), A. Saarenheimo (VTT), D. Ruch (MPA Karlsruhe), N. 
Herrmann (MPA Karlsruhe), T. Schimpfke (GRS), J. Sievers (GRS). Structure Mechanics Simulation of 
Phenomena During High Energetic Impact. 23 p. Forum 2007 "Securing Nuclear Safety in Future Years", 
Cologne, GermanyEUROSAFE . 

 



 
CHAllenges in Risk-Informed Safety MAnagement (CHARISMA):  
 
Conference papers  
 
Bladh, K., Holmberg, J.-E., Kahlbom, U., Nirmark, J. Sparre, E. An approach to analyse human 
reliability during refuelling outage of a nuclear power plant. In Proc. of Enlarged Halden Programme 
Group Meeting — 2007, March 11–16, 2007, Gol, Norway, IFE Halden, Halden, Norway, Paper C2.2. 
 
Holmberg, J.-E., Knochenhauer, M., Probabilistic Safety Goals for Nuclear Power Plants – Status in 
Sweden and Finland. In Risk, Reliability and Societal Safety, Aven & Vinnem (eds), Proc. of ESREL 
2007, Stavanger, Norway, June 25–27, 2007, Taylor & Francis Group, London, pp. 1383–1390. 
 
Hukki, K., Holmberg, J.E. Development of co-operation between on-site and off-site fire brigades, 
control room crew and other parties of fire situations. WANO Fire Protection Workshop, 24–27 
September, 2007, Aix-les-Bains, France. 
 
Hukki, K., Holmberg, J.-E. Systemic approach to development of risk-informed management of fire 
situations at nuclear power plants. 8th IEEE Conference on Human Factors and Power Plants, August 
26–31, 2007, Monterey CA. 
 
Wahlström, B., Hämäläinen, J., Juslin, K., Holmberg, J-E., Harju, H., Norros, L., Pulkkinen, U., Reiman, 
T., Laarni, J., Simola, K. Research in automation, risk analysis, control rooms and organizational factors; 
Applications to plant life management. Second International Symposium on Nuclear Power Plant Life 
Management, Shanghai, China , 15–18 Oct. 2007. (2007) 
 
Research institute reports  
 
Hukki, K. Risk-informed management of NPP fire situations. International requirements as the basis of 
development of co-operation. Espoo, VTT, 2008 (Report VTT-R-01699-08) (In Finnish) 
 
Karanta, I., Maskuniitty, M. Reliability of digital control systems in nuclear power plants - Modelling the 
feedwater system of Olkiluoto. Espoo, VTT, 2008 (Report VTT-R-01749-08) 
 
Holmberg, J.-E., Bladh, K., Oxstrand, J., Pyy, P. Empirical testing of HRA methods, HAMMLAB PWR 
pilot case — analysis of the VTT’s HRA team. Espoo: VTT, 2008, 23 p. (Report VTT-R-11366-07) 
 
Rossi, J. Evaluation of the level 3 PSA safety goal. Espoo: VTT, 2007, 16 p.  (Report VTT-R-04585-07) 
 
Rossi, J. Interface between level 2 and 3 PSA. Espoo: VTT, 2008, 11 p.  (VTT-R-06926-07) 
 
Others 
 
Holmberg, J.-E., Knochenhauer, M. Probabilistic Safety Goals. Phase 1 — Status and Experiences in 
Sweden and Finland. SKI Report 2007:06, Statens kärnkraftinspektion (SKI), Stockholm, 2007. 
 
Holmberg, J.-E., Knochenhauer, M. Probabilistic Safety Goals. Phase 1 — Status and Experiences in 
Sweden and Finland. NKS-153, Nordic nuclear safety research (NKS), Roskilde, 2007. 
 
Pulkkinen, U. Software-based System Reliability. Technical Note. NEA/SEN/SIN/WGRISK(2007)1, 
OECD Nuclear Energy Agency, Paris, 2007. 
 
Holmberg, J.-E., Sandberg, J., Virolainen, R. Matkakertomus OECD/NEA/CSNI/WGRISKin 
vuosikokouksesta ja alatyöryhmien kokouksista Pariisissa 16–20.4.2007. Espoo: VTT, 2007, 8 p. (Report 
VTT-R-05430-07)    
 



Holmberg, J.-E., Nirmark, J., Männistö, I. Risk-informed assessment of defence in depth, LOCA 
example. Phase 1: Mapping of conditions and definition of quantitative measures for the defence in depth 
levels. SKI Report 2008:xx. 
 
 
 
 



 
Implementation of Quantititive Fire Risk Assessment in PSA (FIRAS):  
 
Scientific publications 
 
Keski-Rahkonen, O., Mangs, J., Hostikka, S. and Korhonen, T. 2007. Quantitative application of Monte 
Carlo simulation in Fire-PSA. Kerntechnik, vol. 72, 3, pp. 149-155 
 
Research institute reports  
 
Matala, A. and Hostikka, S. 2008. Determination of pyrolysis model parameters from TGA/DSC data. 
Espoo: 28.1.2008. VTT Research Report VTT-R-00856-08. 17 p. + 29 p. 
 
Mangs, J. 2008. A new 2 m apparatus for vertical flame spread experiments. Espoo: 8.2.2008. VTT 
Research Report VTT-R-01351-08. 37 p. + 14 p. 
 
Karhula, T. and Hietaniemi, J. 2008. Palokunnan operatiivisen toimien vaatimien aikojen selvittäminen- 
esitutkimus. Espoo: 30.1.2008. VTT Tutkimusraportti VTT-R-01060-08. 30 p. 
 
Hietaniemi, J. 2008. Performance of fire brigades – literature study. Espoo: 15.2.2008. VTT Research 
Report VTT-R-01744-08.  
 
Others 
 
McGrattan, K.B., Hostikka, S., Floyd, J. E., Baum, H.; Rehm, R. 2007. Fire Dynamics Simulator 
(Version 5): Technical Reference Guide. NIST SP 1018-5. NIST Special Publication 1018-5. October 
2007. Building and Fire Research Laboratory. National Institute of Standards and Technology. 
 
McGrattan, K. B.; Klein, B.; Hostikka, Simo; Floyd, J. E.. 2007. Fire Dynamics Simulator (Version 5): 
User's Guide. NIST SP 1019-5; NIST Special Publication 1019-5. October 2007.. Building and Fire 
Research Laboratory. National Institute of Standards and Technology 
 
Hostikka, Simo. 2007. FDS-ohjelman uusia ominaisuuksia. Pelastustieto. Palo- ja pelastustieto ry, vol. 
58, Erikoisnumero, ss. 106 - 108. Palotutkimuksen päivät 2007. Espoo, 27. - 28.8.2007. (In Finnish) 
 
Hostikka, S. 2007. New NPP Fire Simulation Applications. The Six-Country Information Exchange  
Meeting on Fire Safety, 29-31 May 2007, Helsinki. Radiation and Nuclear Safety Authority (STUK) 
 
Hostikka, S. 2007. Fire Safety Research –  Development of deterministic and stochastic submodels for 
fire PSA. Nuclear and Radiation Safety Research in Finland. Information Meeting at STUK on 5-7. 
September 2007. Radiation and Nuclear Safety Authority (STUK) 
 
Hostikka, S. 2007. Solid Phase Pyrolysis Modeling for Fire Dynamics Simulator (FDS v5). The 2007 
Annual Fire Conference, April 4-5, 2007, NIST, Gaithersburg, Maryland. National Institute of Standards 
and Technology. 
 
 
 
 



Extreme weather and nuclear power plants (EXWE) 
 
Conference papers  
 
Jylhä, K., Kilpeläinen, T., Venäläinen, A., Saku, S., Tuomenvirta, H., Ruosteenoja, K. and Vajda, A., 
2007a. Prolonged periods with little rain during summer in Finland - observations and future projections. 
Conference Proceedings, 5th Study Conference on BALTEX, 4-8 June 2007, 60-61.  
 
Jylhä, K., K. Ruosteenoja, P. Räisänen and S. Järvenoja. 2007b. Projected changes in heavy precipitation 
and snow cover in Finland. 2007b. Climate change impacts and adaptation in the hydrology of urban 
areas. Third International Conference on Climate and Water, Helsinki, Finland, 3-6 September 2007. 
Proceedings, p. 227-232.  
 
Ruosteenoja K. and K. Jylhä, 2007: Temperature and precipitation projections for Finland based on 
climate models employed in the IPCC 4th Assessment Report. Third International Conference on Climate 
and Water, Helsinki, Finland, 3-6 September 2007. Proceedings, p. 404-406.  
 
Venäläinen, A., A. Vajda, S. Saku, K. Jylhä, T. Kilpeläinen, H. Tuomenvirta, J. Helminen, 2007b: 
Drought and extreme precipitation in Finland. Third International Conference on Climate and Water, 
Helsinki, Finland, 3-6 September 2007. Proceedings, p. 512-517. 
 
Research institute reports  
 
Venäläinen A., Saku S., Kilpeläinen T., Jylhä K., Tuomenvirta H., Vajda A., Räisänen J. & Ruosteenoja 
K., 2007a: Sään ääri-ilmiöistä Suomessa (Aspects about climate extremes in Finland). Finnish 
Meteorological Institute, Reports (In Finnish with abstract in English). Ilmatieteen laitos Raportteja 
2007/4.  
 
Gregow, H., Venäläinen, A., Laine, M., Niinimäki, N., Tuomevirta, H., Jylhä, K., Tuomi, T. ja Mäkelä, 
A., 2008. Vaaraa aiheuttavien sääilmiöiden ominaisuuksia ja niiden esiintymisestä muuttuvassa 
ilmastossa Suomessa. (Features of hazardous weather phenomena in changing climatic conditions in 
Finland, in Finnish, English Abstract). Finnish Meteorological Institute, Reports 2008 (manuscript under 
review). 
 

http://www.gkss.de/baltex/conf2007/5thBALTEX_ConfProc_web.pdf


 
SAFIR2010 Administration and information (SAHA2007):  
 
Research institute reports  
 
Puska, E.K. and Suolanen, V., SAFIR2010 Annual Plan 2007, VTT Research Report VTT-R-06442-07, 
2007, 36 p. + app. 177 p. 
 
Puska, E.K. and Suolanen, V., SAFIR2010 Annual Report 2007, VTT Research Report VTT-R-02381-
08, 2008, xxx p. + app. yyy p. 
 
Puska, E.K. and Suolanen, V., SAFIR2010 Annual Plan 2008, VTT Research Report VTT-R-02382-08, 
2008, xx p. + app. yyy p. 
 
 
 
Others 
 
Puska, E. K., Kansallisten ohjelmien aika. ATS Ydintekniikka, vol. 36, 3/2007, pp. 42 – 43 (In Finnish) 
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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, P. Varpasuo, Fortum Nuclear Services, 

R. Keskinen, STUK 
* Group on Integrity of Metal Components and Structures, J. Solin, VTT, R. Keskinen, STUK 
* Subgroup Group on Ageing of Concrete Structures, E. Vesikari, VTT 
* Subgroup Seismic Behaviour, P. Varpasuo, FNS 
* Working Group on Human and Organisatorial Factors (WGHOF), L. Norros, VTT, N. Koivula, STUK 
* Special Expert Group on Fuel Safety Margins, S. Kelppe, VTT, R. Sairanen, STUK 
* Writing Group of the CSNI State-of-the-Art Report on Nuclear Aerosols in Reactor Safety, J. Jokiniemi and A. Auvinen, VTT 
 

Committee on Radiation Protection and Public Health (CRPPH), O. Vilkamo, STUK 

Nuclear Development Committee (NDC), J. Aurela, KTM, M. Anttila, VTT 

* Working Party on Multi-scale Modeling of Fuels and Structural Materials for Nuclear Systems, WPMM, L. Heikinheimo, 
VTT 

* 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 



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 

* Irradiation Assisted Stress Corrosion Cracking, P. Aaltonen, VTT 
* Fuel performance analysis, S. Kelppe, VTT 
* Reliability of software based control systems, J. Hämäläinen, VTT 
* Integrated system validation, Innovative Displays, L. Norros & P. Savioja, VTT 

SCIP Project on Fuel Integrity 

* Management Board, J. Halinen, Fortum Nuclear Services 

* Programme Review Group, S. Kelppe, 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-2 Project on Severe Accidents (ex-vessel), Management Board, Programme Review Group, I. Lindholm, VTT 

PRISME Project on Fire Propagation 

* Management Board, S. Hostikka (Chairman), VTT, J. Marttila (member), STUK 

* Programme Review Group, S. Hostikka, VTT 

COMPSIS Project, Database on computerised system events, H. Takala, STUK 

FIRE Project, Database on Fire Events, J. Pesonen, TVO 

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, LTY 

Supercritical-Water-Cooled Reactor Chemistry and Materials Project Management Board (SCWR), L. Heikinheimo, VTT 

Senior regulators’ Working Group, J. Laaksonen, STUK 



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), , T. Planman, VTT 
* Optimisation of Water Chemistry to ensure Reliable Water Reactor Fuel Performance at High Burnup and in Ageing Plant 

(FUWAC) 2006-2010, P. Kinnunen, VTT 
* CRP Coordinated Research Programme “Assuring Structural Integrity of Reactor Pressure Vessels”, T. Planman, VTT 
* CRP Coordinated Research Programme “Good Practice for Reactor Pressure Vessel (RPV) Deterministic Integrity 

Evaluation during Pressurized Thermal Shock (PTS)”, A. Neuvonen, Fortum Nuclear Services 
* 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 Nuclear 

Services, S. Kelppe, VTT 

Commission of the European Communities 

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, J. Kohopää, Fortum Nuclear Services 
* European Network for Inspection Qualification (ENIQ) Steering committee, K. Hukkanen, TVO 
* European Network for Inspection Qualification (ENIQ) TGR, ENIQ task group for Risks, M. Sarkimo and K. Simola 

VTT 
Scientific and Technical Committee Euratom (STC), R. Salomaa, TKK  

Nuclear Fission Safety in the Sixth Framework Programme 

Consultative Committee Euratom-Fission (CCE-Fission), J. Aurela and A. Väätäinen, KTM 

Western European Nuclear Regulators Association (WENRA) 

* Task Force on Safety Critical Software − Licensing Issues, P. Suvanto and M. Koskela, STUK 

Group of Experts under Article 31 of the Euratom Treaty, O. Vilkamo, STUK 

Group of Experts under Article 37 of the Euratom Treaty, E. Kettunen, 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). 



Euratom Fusion Programme in the 7th Framework Programme 

Consultative Committee for the Euratom Specific Research and Training Programme in the Field of Nuclear Energy – Fusion 
(CCE-FU), S. Karttunen, VTT, R. Munther, Tekes  

European Fusion Development Agreement (EFDA) Steering Committee, S. Karttunen, VTT, J. Lindén, Tekes 

Science and Technology Advisory Committee (STAC), R. Salomaa, TKK 

The European Joint Undertaking for ITER and the Development of Fusion Energy (“Fusion for Energy – F4E”, Governing 
Board, S. Karttunen, VTT, R. Munther, Tekes 

The European Joint Undertaking for ITER and the Development of Fusion Energy (“Fusion for Energy – F4E”, Executive 
Committee, K. Törrönen, Energywave Ltd 

IEA Fusion Power Co-ordinating Committee (FPCC), S. Karttunen, VTT, R. Munther, Tekes 

Programme Committee of the ASDEX-Upgrade, Max Planck Gesellschaft, T. Kurki-Suonio, TKK. 

Steering Committee of the Association Euratom-Tekes, R. Munther, Tekes, J. Suokas, VTT, H. Tuomisto, Fortum Nuclear 
Services 

 

Cooperation on VVER Reactor Physics and Dynamics (AER) 

Scientific council, H. Räty, VTT, M. Antila, Fortum Nuclear Services 

 

Nordic Nuclear Safety Research (NKS) 

Steering group, U. Ehrnstén, VTT, J. Aurela, KTM, Marja-Leena Järvinen, STUK, N. Bergroth, Fortum Nuclear Services 

TUD (Informationsystem för Tillförlitlighet, Underhåll och Drift), A. Helminen, TVO 

NPSAG (Nordiska PSA gruppen), R. Himanen, J. Pesonen, TVO 

 

Nordic Thermal-Hydraulic Network (NORTNET) 

Steering group, T. Toppila, Fortum Nuclear Services 

RM 1 Fuel assembly T/H, T. Toppila, Fortum Nuclear Services 

RM 2 Primary system T/H, T. Toppila, Fortum Nuclear Services 

RM 3 Containment T/H, T. Routamo, Fortum Nuclear Services 

 

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 

International Group for Radiation Damage Mechanisms in Pressure Vessel Steels (IGRDM), K. Wallin and M. Valo, VTT, 
J. Kohopää, Fortum Nuclear Services 

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. 

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, LTY 

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 
* US NRC Program for the Inspection of Nickel Alloy Components (PINC), Pentti Kauppinen, 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, Fennovoima 

Swedish Nuclear Power Inspectorate (SKI), Sydkraft, OKG and Vattenfall Ab, Sweden 

* SKI Forskningnämnd, U. Ehrnstén, VTT 
* SKI Reaktorsäkerhetsnämd, L. Reiman, STUK, K. Wallin, VTT 

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 

* N. Paaso, TVO 

VGB DWR-Arbeitskreis, Germany  

* K. Tompuri, TVO 

ITU, Karlsruhe, A. Auvinen and 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 , Sweden, P. Kinnunen, VTT  

*  A deterministic model for corrosion and activity incorporation  in nuclear power plants 

BGH2 Society, Bulgaria, P. Kinnunen, VTT  

* A deterministic model for corrosion and activity incorporation in nuclear power plants 

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 

UKAEA / JET Joint European Torus, Culham, UK 

* Transport and plasma-wall experiments and related code development, T. Tala, J. Likonen, VTT and J. Lönnroth, TKK 

Max-Planck-Institut für Plasmaphysik, Garching, Germany 

* ASDEX-Upgrade tokamak experiments and modelling,  T. Kurki-Suonio, TKK 

SCK-CEN, Mol, Belgium 

* In-reactor mechanical testing of reactor materials, S. Tähtinen, VTT 

Other co-operation 

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), T. Kekki, 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 



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), N. Paaso, 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) J. Pesonen, 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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Safety management and organizational learning (MANOR) 

Doctor of Psychology: 

Reiman, T. (2007). Assessing organizational culture in complex sociotechnical systems 
– Methodological evidence from studies in nuclear power plant maintenance 
organizations. VTT Publications 627. Espoo: VTT. 

Operator practices and human-system interfaces in computer-based 
control stations (O’PRACTICE):  

Master of Arts (Art and Design): 

Koskinen, H. Affordances in Smart Environments: Affordances in nuclear power station 
control room. University of Lapland, Master’s Thesis, 13.09.2007. p. 86. 

 

Development and Validation of Fuel Performance Codes (POKEVA) 

Master of Science in Technology: 

Kekkonen, Laura,  Validation of the Fisson Gas Release Model of the Advanced 
IMAGINE Code Implemented in the ENIGMA Fuel Performance Code. Helsinki 
University of Technology, Department of Engineering Physics and Mathematics. Tfy-
56. 20.12.2005. 

Total reactor physics analysis system (TOPAS) 

Doctor of Philosophy: 

Kotiluoto, P. Adaptive tree multigrids and simplified spherical harmonics 
approximation in deterministic neutral and charged particle transport. Espoo: Technical 
Research Centre of Finland, 2007. 106 p. + app. 46 p. (VTT Publications 639. ISBN 
978-951-38-7016-4; ISSN 1235-0621). (University of Helsinki – Department of 
Physical Sciences) 

Doctor of Technology: 



Leppänen, J. Development of a New Monte Carlo Reactor Physics Code. Espoo: 
Technical Research Centre of Finland, 2007. 228 p. + app. 8 p. (VTT Publications 640. 
ISBN 978-951-38-7018-8; ISSN 1235-0621). (Helsinki University of Technology – 
Department of Engineering Physics and Mathematics) 

Master of Science in Technology: 

Pusa, M. Vaikutusalojen tarkentamiseen ja niiden epävarmuuden vaikutusten arviointiin 
käytetyt matemaattiset menetelmät reaktorifysiikassa. Helsinki University of 
Technology, Master’s Thesis, 12 June 2007. 121 p. (Helsinki University of Technology 
– Department of Engineering Physics and Mathematics). 

Condensation experiments with PPOOLEX facility (CONDEX) 

Doctor of Technology: 

Purhonen, H. Experimental thermal hydraulic studies on the enhancement of safety of 
LWRs. Lappeenranta: Lappeenranta University of Technology, 2007. 73 p. +  app.  124 
p. (Acta Universitatis Lappeenrantaensis 293. ISBN 978-952-214-500-0, ISBN 978-
952-214-505-5 (PDF), ISSN 1456-4491). (Lappeenranta University of Technology – 
Department of Energy and Environmental Technology). 

Primary circuit chemistry of fission products (CHEMPC) 

Master of Science in Technology: 

Raunio, T. Experimental study on fine particle resuspension in nuclear reactor safety. 
Helsinki University of Technology, Master’s Thesis, 19 January 2008. 108 p. 

 

Water chemistry and oxidation in the primary circuit (WATCHEM) 

Master of Science in Technology: 

Wei, Cai. Oxidation behaviour of zirconium cladding alloys in high temperature high 
pressure aqueous environments. Tampere University of Technology, Master’s Thesis, 
xx xxxxx 2008. 74 p.  



Service Life Management System of Concrete Structures in Nuclear 
Power Plants (SERVICEMAN) 

Master of Science in Technology: 

Turunen, E. Halkeilevan teräsbetonirakenteen jäykkyyden redusointi ja 
mitoitusalgoritmi toteuttaen Eurokoodin määräykset (Stiffness reduction and a design 
algorithm of cracking concrete structures in compliance with Eurocode regulations). 
Helsinki University of Technology, Master’s Thesis, 17 December 2007. 119 p. 

 

Extreme weather and nuclear power plants (EXWE) 

Master of Science in Meteorology: 

Niinimäki, Niina. Snow storms in southern and southwestern Finland 1965-2005 (in 
Finnish, Lumimyrskyt Etelä- ja Lounais-Suomessa 1965-2005). Master’s Thesis, 
University of Helsinki, Division of Atmospheric Sciences. 

Laine, Mikko. Freezing rain in Finland (in Finnish, Jäätävät sateet Suomessa). Master’s 
Thesis, University of Helsinki, Division of Atmospheric Sciences. 
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International travels in SAHA2007 project in 2007 
 
Puska, E.K., Seminar on SAFIR and Swedish research activities, January 28-29, 2007, 
Sigtunahöjden, Sweden. 
 
Puska, E.K., EU FP7 CCE-Fission Committee, 1st meeting, June 28, 2007, Brussels, Belgium. 
 
Puska, E.K., EU FP7 CCE-Fission Committee, 2nd  meeting, October 2, 2007, Brussels, 
Belgium. 
 
Puska, E.K., Kärnteknik 2007, November 28-29,2007, Stockholm/Arlanda, Sweden. 
 
 
 





International travels in MANOR project in 2007 

 
Reiman, T. & Oedewald, P., Nordic HUSC (Human Performance and Safety Culture) network 
meeting. April 17-19, 2007, Ringhals, Sweden. 
 
Reiman, T., Oedewald, P., Wahlström, B., 8th Conference on Human Factors and Power Plants. 
August 26-31, 2007, Monterey, California. 
 
Reiman, T., 13th EAWOP Congress, May 13-15, 2007, Stockholm, Sweden. 
 
Reiman, T. & Oedewald, P., HRO 2008 conference, May 28 - June 1, Deauville, France.  
 
Reiman, T. & Oedewald, P., Organizational Safety Research - ‘Young Professionals’ Meeting. 
October 18-19, 2007, Paris, France. 
 



International travels in SafeExpertNet project in 2007 

Rintala N and Pahkin K:  IAEA International Conference On Knowledge Management in 
Nuclear Facilities, June 19-22, 2007, Wien, Austria. 
 
Säämänen K: EAWOP 13th European Congress of Work and Organizational Psychology, May 
9-12, 2007, Stockholm, Sweden.  
 



International travels in MODSAFE project in 2007 

Valkonen, J., The 21st Meeting of the IAEA Technical Working Group on Nuclear Power Plant 
Control & Instrumentation, 23-25.5.2007, Vienna, Austria 
 



International travels in O’PRACTICE project in 2007 

 
Koskinen, H., International MTO Summer School “Design and evaluation of human system 
interfaces”, Halden, Norway, August 27-30, 2007. 
 
Laarni, J., The Enlarged Halden Programme Group meeting, Gol, Norway, March 11-16, 2007.  
 
Liinasuo, M., International MTO Summer School “Design and evaluation of human system 
interfaces”, Halden, Norway, August 27-30, 2007. 
 
Liinasuo, M., COST294-MAUSE Workshop on Downstream Utility, Toulouse, France, 
November 6, 2007. 
 
Norros, L., The Enlarged Halden Programme Group meeting, Gol, Norway, March 11-16, 2007.   
 
Norros, L., NEA/WGHOF (Working Group on Human and Organisational Factors) meeting, 
Prague, Czech Republic, October 17-19, 2007. 

Norros, L., Procedure Guidance Workshop, EDF – R&D Clamart, Paris, France, October 11-12, 
2007. 
 
Norros, L., COST294-MAUSE Workshop on Downstream Utility, Toulouse, France, November 
6, 2007. 
 
Salo, L., Procedure Guidance Workshop, EDF – R&D Clamart, Paris, France, October 11-12, 
2007. 
 



International travels in the POKEVA project in 2007 

 
 
Kelppe, S., Westinghouse Electric Sweden AB Fuel Technology Program Meeting, 8.-
10.3.2007, Västerås, Sweden. 
 
Pietarinen, K., OECD Paks Fuel Project Final Meeting and Seminar, 26.-28.4.2007, Budapest, 
Hungary. 
 
Kelppe, S., OECD CSNI Working Group on Fuel Safety Plenary Meeting and JAEA Fuel Safety 
Research Meeting, 12.-18.5.2007, Tokai, Japan. 
 
Pietarinen, K., IAEA Technical Meeting on Rod Instumentation and In-pile Measurement 
Techniques, 3.-5.9.2007, Halden, Norway.  
 
Kelppe, S., OECD Halden Project Programme Group Meeting and LOCA Seminar,  19.-
21.9.2007, Prague, Czech Republic.  
 
Kelppe, S., ANS/ENS Topical Meeting and ANL LOCA Workshop, 29.9-7.10.2007, San 
Francisco CA, Argonne IL, USA.  
 



International travels in TRICOT project in 2007 

Daavittila A.  Meeting of NEA Working Party on Scientific Issues of Reactor Systems (WPRS), 
together with Working Party on Scientific Issues of Fuel Cycle (WPFC), and Expert Group on 
Reactor-Based Plutonium Disposition (TFRPD) in January 29-31, Issy-les-Moulineaux, France.  
 
Syrjälahti E.  AER Working group D, OECD/NEA VVER-1000 Coolant Transient Benchmark - 
Fifth Workshop , OECD/NEA UAM benchmark – Second workshop, May 7-11, 2007, Paris, 
France 
 
Miettinen J. OECD NEA BFBT benchmark Workshop, May 8-9, Paris, France 
 
Miettinen J. ICONE-15,  April 22-29, Japan 
 



International travels in the TOPAS project in 2007 

 
 
Leppänen, J., OECD/NEA/NSC Working Party on Scientific Issues of Reactor Systems 
(WPRS), OECD/NEA/NSC Working Party on Scientific Issues of Fuel Cycle (WPFC), Expert 
Group Meeting on Reactor-based Plutonium Disposition (TFRPD) and 3rd Workshop on 
OECD/NEA PBMR Coupled Neutronics / Thermal Hydraulics Transient Benchmark, the 
PBMR-400 Core Design, 29.1-2.2.2007, Issy-les-Moulineaux, France. 
 
Ranta-aho, A., 13th Meeting on Reactor Physics Calculations in the Nordic Countries, 29.-
30.3.2007, Västerås, Sweden. 
 
Anttila, M., 12th Meeting of AER Working Group E, Modra, Slovakia, 16.-18.4.2007. 
 
Leppänen, J., Joint International Topical Meeting on Mathematics & Computation and 
Supercomputing in Nuclear Applications (M&C + SNA 2007), Monterey, California, USA, 15-
19.4.2007. 
 
Pusa, M., First Workshop for the OECD Uncertainty Analysis in Modelling Light Water Reactor 
Benchmark (UAM-1). Paris, France, 10.-11.5.2007. 
 
Ranta-aho, A., ICNC 2007 – International conference on nuclear criticality safety. St. 
Petersburg, Russia, 28.5-1.6.2007. 
 
Anttila, M., Meeting of the OECD/NEA Science Committee and its Executive Group. Paris, 
France, 12.-15.6.2007. 
 
Ranta-aho, A., OECD/NEA/WPNCS Working Party on Nuclear Criticality Safety (WPNCS) 
11th Working Party Meeting and the Associated Expert Groups’ Meetings: Expert Group on 
Burnup Credit Criticality Safety, Expert Group on Source Convergence for Criticality Analyses, 
Expert Group on Criticality Excursion Analyses. NEA Headquarters, France, 29.-31.8.2007. 
 
Leppänen, J., JEFF Meeting and NJOY User Group Meeting, NEA Headquarters, France, 26.-
28.11.2007. 
 



International travels in NUMPOOL project in 2007 

 
Pättikangas, T., Northnet Roadmap-3 Information Exchange Meeting. June 19, 2007, Kungliga 
Tekniska Högskolan, Stockholm, Sweden. 
 
Pättikangas, T., Forsmark Nuclear Power Plant. June 20, 2007,  Östhammer, Sweden. 



International travels in THARE project in 2007 

 
Pättikangas Timo, Northnet/EU project preparation meeting, February 1, Zurich, Switzerland. 
 
Junninen Pasi, OECD/PKL program review group meeting, May 15-16, Berlin, Germany. 
 
Karppinen Ismo, OECD/ROSA program review group meeting, May 31 – June 1, Paris, France 
 
Karppinen Ismo, OECD/SETH seminar and OECD/SETH2 program review group meeting, 
June 18-21, Paris, France 
 
Pättikangas Timo, Northnet Roadmap 3 meeting, June 19, Stockholm, Sweden 
 
Hillberg Seppo, TRACE/SNAP users workshop, September 4-9, Potomac, USA 
 
Karppinen Ismo, OECD/CSNI/GAMA annual meeting, September 25-28, Paris, France. 
 
Karppinen Ismo, ATLAS international workshop, November 4-5 and OECD/ROSA program 
review group meeting, November 7-8, 2007, Daejon, Korea and Tokaimura, Japan. 
 
Karppinen Ismo, OECD/SETH2 program review group meeting, November 21-22, Villigen 
Switzerland. 
 
Puska Eija, EU/NURESIM GB meeting, March 3, Zürich, Switzerland 
 
Ilvonen Mikko, EU/NURESIM meeting, June 18, Paris, France 
 
Puska Eija, EU/NURESIM GB meeting, October 21, Paris, France 
 
Ilvonen Mikko, EU/NURESIM meeting, October 23, Budapest, Hungary 
 
 



International travels in ECE project in 2007 

 
Vesa Tanskanen, Sixth NURESIM SP2 meeting, 19.-20.06.2007, Paris, France 
Vesa Tanskanen, Seventh NURESIM SP2 meeting, 24.-25.10.2007, Budapest, Hungary 
 
Vesa Tanskanen, researcher visit, 6.11.2006-9.2.2007, CEA, Grenoble, France 
 
 



International travels in CONDEX project in 2007 

 
Puustinen, M., Purhonen, H., Jordan, A., Ylönen, A., Merisaari, T., Pättikangas, T., NORTHNET 
Roadmap 3 Information Exchange Meeting. June 19, 2007, KTH, Stockholm, Sweden. 
 
Ylönen, A., Tanskanen, V. Short Courses on Modelling and Computation of Multiphase Flows. 
March 12-16, 2007, ETH, Zurich, Switzerland. 
 



International travels in RADECO project in 2007 

 
Kekki, T. 1st Meeting of the BIP (Behaviour of Iodine) Project Programme Review Group, 
September 17–18, 2007, Paris, FRANCE. 
 



International travels in CHEMPC project in 2007 

Auvinen, A. and Kärkelä, T., Ruthenium meeting, 26.3.2007, Gothenburg, Sweden. 
 
Auvinen, A., Phebus FP and ISTP 1st follow up meeting, 27-30.3.2007 Alkmaar, Holland. 
 
Kärkelä, T., ICAPP 2007, 13-18.5.2007, Nice, France. 
 
Auvinen, A., ERMSAR 2007, 12-14.6.2007, Karlsruhe, Germany. 
 
Auvinen, A., Phebus experts group meeting, 18.6.2007, Paris, France. 
 
Auvinen, A. and Kärkelä T., EAC 2007, 9-14.9.2007, Salzburg, Austria. 
 
Jokiniemi, J., AAAR 26th Annual Conference, 24-28.9.2007, Reno, USA. 
 
Auvinen, A., Phebus FP and ISTP 2nd follow up meeting, 16-19.10.2007 Aix-en-Provence, 
France. 
 
Kärkelä T., Installation of CHIP sampling system, 2-14.12.2007, Cadarache, France. 
 



International travels in COMESTA project in 2007 

 
Sevón, T., OECD MCCI-2 Programme Review Group and Management Board meetings. March 4–
8, 2007, Argonne, Illinois. 
 
Sevón, T., CSARP (Cooperative Severe Accident Research Program) and MCAP (MELCOR 
Cooperative Assessment Program) meetings. September 17–22, 2007, Albuquerque, New Mexico. 
 
Sevón, T., OECD MCCI-2 Programme Review Group and Management Board meetings and 
MCCI seminar. October 6–12, 2007, Cadarache, France. 
 
Miettinen, J., MCCI seminar. October 9–12, 2007, Cadarache, France. 
 



International travels in HYRICI project in 2007 

 
Takasuo, E. 15th International Conference on Nuclear Engineering. April 22-26, 2007, Nagoya, Japan. 
 
Takasuo, E. OECD THAI project kick-off meeting, June 25-26, 2007, Eschborn, Germany. 
 
Takasuo, E. 2nd Meeting of the Review Group and Management Board of the OECD THAI project. 
November 26-27, 2007, NEA, Issy-les-Moulineaux, France. 
 



International travels in PURISTA project in 2007 

 
Simola, K., IAEA Consultancy for developing an IAEA-TECDOC on Guidance for RI-ISI of 
NPPs. March 13-15, 2007, Vienna, Austria. 
 
Simola, K., ENIQ Task Group on Qualification & expert training day in the project “Link between 
RI-ISI and Inspection Qualification”. April 3–4, 2007, Schiphol, the Netherlands. 
 
Simola, K., RISMET project meeting  and ENIQ Task Group on Risk meeting. April 16–18, 2007, 
Paris, France. 
 
Simola, K., ESReDA seminar on Maintenance Modelling and Applications. May 7–9, 2007, 
Alghero, Italy. 
 
Simola, K., ENIQ Steering Committee meeting. June 14–15, 2007, Madrid, Spain. 
 
Simola, K., “Link between RI-ISI and Inspection Qualification” project meeting. August 21–23, 
2007, Petten, the Netherlands 
 
Simola, K., ENIQ Task Group on Risk meeting. October 5, 2007, Prague, Czech Republic. 
 
Simola, K., RISMET project meeting. November 5–6, 2007, Paris, France. 
 
Simola, K., Kärnteknik seminar. November 28-29, 2007, Arlanda, Sweden. 
 
Simola, K., “Link between RI-ISI and Inspection Qualification” project meeting. December 4–5, 
2007, Risley, the United Kingdom. 
 
Simola, K., ENIQ Steering Committee meeting. December 12–13, 2007, Bratislava, Slovakia. 



International travels in FATE project in 2007 

 
Solin, J., Hänninen, H. Laboratory visits and negotiations on co-operation and data exchange at 
Kobe Steel, Kyushu University, Mitsubishi, National institute for Materials Science (NIMS), 
Tohoku University, March 12-16, 2007, Kobe, Fukuoka, Katsuta, Tsukuba, Sendai, Japan.  
 
Solin, J. OECD/CSNI/IAGE annual meetings. April 24-26, 2007, Paris, France.  
 



International travels in WATCHEM project in 2007 

 
Saario, T., second Research Coordination Meeting of the IAEA’s Coordinated Research Project 
(CRP) on “Optimization of Water Chemistry Technologies and Management to Ensure Reliable 
Fuel Performance at High Burnup and in Ageing Plants (FUWAC)”, Chennai, India, 11-14 
December, 2007.  
 
 
 



International travels in RAKEMON project in 2007 

 
Kauppinen, P., The 5th International Conference "Safety Assurance of NPP with WWER". May 
29 - June 1, 2007, Podolsk, Russia. 
 
Koskinen, A., Second World Congress on Engineering Asset Management and the Fourth 
International Conference on Condition Monitoring, WCEAM CM 2007, June 11-14, 2007, 
Harrogate, UK. 
 
Sarkimo, M., 6th International Conference on NDE in Relation to Structural Integrity for Nuclear 
and Pressurised Components, October 8-10, 2007, Budapest, Hungary. 
 
Sandlin, S., 6th International Conference on NDE in Relation to Structural Integrity for Nuclear and 
Pressurised Components, October 8-10, 2007, Budapest, Hungary. 
 
 



 

International travels in FRAS project in 2007 

 
Planman, T., OECD / NEA meeting. May 31–June 1, 2007, Paris, France. 
 
Keinänen, H., IAEA meeting. 4–6 June, 2007, REZ, Prague, Czech. 
 
Planman, T., ASME PVP 2007 / CREEP 8 Conference:2007 ASME Pressure Vessels and Piping 
Conference, July 22–26, 2007, San Antonio, Texas, USA. 
 
Keinänen, H., Work meeting with IWM. September 20–21, Freiburg, Germany. 
 
 



International travels in DEF SPEED project in 2007 

W. Karlsen. Enlarged Halden meeting Enlarged Halden programme group meeting, 11-16.3, 2007 
Storefjell Resort Hotel, 2007.  
 
U. Ehrnstén, H. Hänninen. ICG-EAC (International Co-operative Group on Environmentally 
Assisted Cracking) meeting, 15-22.4.2007, Taroko, Taiwan. 
 
U. Ehrnstén. EPRI Workshop on cold work in iron and nickel-base alloys exposed to high 
temperature water environments. Delta Meadowvale hotel and resort, Toronto, Canada, June 3-
8.2007. 
 
U. Ehrnstén, W. Karlsen. 13th International Conference on Environmental Degradation of 
Materials in Nuclear Power Systems. Whistler, B.C. Canada, August 19 – 23, 2007. 
 
U. Ehrnstén. Kärnteknik 2007, Arlanda, Stockholm, 28-29.11.2007. 
 
P. Aaltonen, 2nd SCAP project meeting, 24-25.1.2007, Paris France. 
 
U. Ehrnstén, 3rd SCAP project meeting, Garching, Germany, 10-11.5.2007. 
 
L. Taivalaho, 4th SCAP project meeting, Paris, France, 26-27.11.2007 
 
P. Aaltonen, CIR (Co-operative IASCC Research group) project meeting, Studsvik, Sweden, 2-
4.10.2007. 
 



International travels in SERVICEMAN project in 2007 

 
Vesikari, E., OECD/NEA/CSNI/IAGE annual Concrete work group meeting and a joint IAGE 
meeting. April 23–24, 2007, Paris, France. 
 
 



International travels in PPRISMA project in 2006 

 
Saarenheimo Arja, Consec ’07 (Concrete Under Severe Conditions) June 4-6, 2007, Tours, France. 
 
Saarenheimo Arja, SMiRT 19, Strucr´tural Mechanics in Reactor Technology, August 12-17, 2007, 
Toronto, Canada. 



International travels in CHARISMA project in 2007 

 
Holmberg, J.-E., Enlarged Halden Programme Group Meeting — 2007, March 11–16, 2007, Gol, 
Norway, IFE Halden, Halden, Norway, Paper C2.2. 
 
Holmberg, J.-E., OECD/CSNI/WGRISK annual meeting and PSA safety goal task meeting, April 
16–20, 2007, Paris, France. 
 
Holmberg, J.-E., Work meetings of the SKI-project risk-informed defence-in-depth June 7, August 
10, September 13, and December 4, 2007, Stockholm, Sweden. 
 
Holmberg, J.-E., Work meeting of NKS-project "The Validity of Safety Goals." June 8, 2007, 
Sundbyberg, Sweden. 
 
Holmberg, J.-E. Workshop Meeting on the International HRA Empirical Pilot Study, October 23–
25, 2007, Washington DC, USA. 
 
Holmberg, J.-E. and Rossi, J., Workshop of the NKS-project "The Validity of Safety Goals." 
November 21, 2007, Arlanda, Sweden. 
 
Holmberg, J.-E., OECD/CSNI/WGRISK PSA safety goal task meeting, November 22–23, 2007, 
Sundbyberg, Sweden. 
 
Hukki, K. NBSG årsmöte, May 3–4, 2007, Ringhals, Sweden. 
 
Hukki, K. WANO Fire Protection Workshop, 24–27 September, 2007, Aix-les-Bains, France. 
 
Hukki, K. 8th IEEE Conference on Human Factors and Power Plants, August 26–31, 2007, 
Monterey CA. 
 
Männistö, I., Visit in OECD Halden Reactor Project, April 26, 2007, Halden, Norway. 
 
Wahlström, B. Second International Symposium on Nuclear Power Plant Life Management, 
Shanghai, China , 15–18 Oct. 2007. 
 



International travels in FIRAS project in 2007 

 
Hostikka, S. OECD/PRISME project Program Review Group and Management Board meetings. 
April 17-18..2007. Aix-en-Provence, France. 
 
Hostikka, S. OECD/PRISME project Program Review Group and Management Board meetings. 
October 17-18..2007. Gréoux, France. 
 
Hostikka, S. NIST Annual Fire Conference. April 4-5, 2007, Gaithersburg, Maryland, USA. 



 

 

 

International travels in EXWE project in 2007 

 
Jylhä, K., 5th Study Conference on BALTEX, 4-8 June 2007, Saaremaa, Estonia 
 
 
Venäläinen, A., Jylhä,K., ENSEMBLES Project 4th general assembly, 12.-16-November, 2007. 
Prague, Czech Republic. 
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Steering Group of SAFIR2010 – SAFIR2010 Johtoryhmä 
 
 
Person Organisation & Finnish abbreviation 
Deputy Director Marja-Leena Järvinen, 
Chairperson 

Radiation and Nuclear Safety Authority 
of Finland (STUK) 

Section Head Keijo Valtonen Radiation and Nuclear Safety Authority 
of Finland (STUK) 

Director Kari Hiltunen Finnish Funding Agency for Technology 
and Innovation (Tekes) 

Senior Technology Advisor Piia 
Moilanen 

Finnish Funding Agency for Technology 
and Innovation (Tekes) 

Technology Manager Timo Vanttola Technical Research Centre of Finland 
(VTT) 

Technology Manager Liisa Heikinheimo Technical Research Centre of Finland 
(VTT) 

Manager Jari Tuunanen Teollisuuden Voima Oy (TVO) 
Head of Section Marjo Mustonen Teollisuuden Voima Oy (TVO) 
Manager Harriet Kallio Fortum Power and Heat Oy (Fortum) 

 
Director Olli Kymäläinen Fortum Nuclear Services Oy 
Professor Rainer Salomaa Helsinki University of Technology 

(TKK) 
Professor Riitta Kyrki-Rajamäki Lappeenranta University of Technology 

(LTY) 
Counsellor Jaana Avolahti Finnish Ministry of Trade and Industry 

(KTM) 
Chief Engineer Jorma Aurela, KTM 
contact person 

Finnish Ministry of Trade and Industry 
(KTM) 

Researcher Jan-Erik Lindbäck Swedish Nuclear Power Inspectorate 
(SKI), Expert 

Senior Adviser Harri Heimbürger Radiation and Nuclear Safety Authority 
of Finland (STUK), Expert 

Programme director Eija Karita Puska, 
secretary 

Technical Research Centre of Finland 
(VTT) 

 
 



SAFIR2010 Reference Groups / Tukiryhmät 
 
Chairpersons and members / Puheenjohtajat ja jäsenet 1.10.2007 
 

1. Organisation and human factors / Organisaatio ja ihminen 
 
Person Organisation 
Matti Vartiainen, chairperson TKK 
Nina Koivula  STUK 
Kirsi Levä STUK 
Ann-Mari Sunabacka-Starck STUK 
Leena Norros VTT 
Maaria Nuutinen VTT 
Petri Koistinen, vice-chairperson TVO 
Jari Tauluvuori TVO 
Teuvo Tinell Fortum Nuclear Services Oy 
 
 

2. Automation and control room / Automaatio ja valvomo 
 

Person Organisation 
Olli Hoikkala, chairperson TVO 
Mika Koskela  STUK 
Heimo Takala STUK 
Jukka Kupila STUK 
Jari Hämäläinen VTT 
Olli Ventä VTT 
Mikko Kosonen TVO 
Martti Välisuo, vice-chairperson Fortum Nuclear Services Oy 
Ville Nurmilaukas Fortum Service 
Matti Kattainen Fortum Nuclear Services Oy 
Ilkka Niemelä TKK 

 
 

3. Fuel and reactor physics / Polttoaine ja reaktorifysiikka 
 
Person Organisation 
Risto Teräsvirta, chairperson Fortum Nuclear Services Oy 
Risto Sairanen, vice-chairperson  STUK 
Riku Mattila STUK 
Markku Anttila VTT 
Seppo Tähtinen VTT 
Kari Ranta-Puska TVO 
Mikael Solala TVO 
Martti Antila Fortum Nuclear Services Oy 
Pertti Aarnio TKK 
 



 
4. Thermal hydraulics / Termohydrauliikka 

 
Person Organisation 
Olli Nevander, chairperson TVO 
Eero Virtanen, vice-chairperson STUK 
Nina Lahtinen STUK 
Antti Daavittila VTT 
Anitta Hämäläinen VTT 
Juha Poikolainen TVO 
Timo Toppila Fortum Nuclear Services Oy 
Heikki Kantee Fortum Nuclear Services Oy 
Timo Siikonen TKK 
Juhani Vihavainen LTY 

 
 

5. Severe accidents / Vakavat onnettomuudet 
 
Person Organisation 
Risto Sairanen, chairperson STUK 
Lauri Pöllänen, vice-chairperson STUK 
Jaakko Miettinen VTT 
Ilona Lindholm VTT 
Pekka Viitanen TVO 
Heikki Sjövall TVO 
Tomi Routamo Fortum Nuclear Services Oy 
Eerikki Raiko Fortum Nuclear Services Oy 
Jarmo Ala-Heikkilä TKK 
Mika Pikkarainen LTY 
 
 

6. Structural safety of reactor circuit / Reaktoripiirin rakenteellinen 
turvallisuus 

 
Person Organisation 
Martti Vilpas, chairperson STUK 
Rainer Rantala, vice-chairperson STUK 
Kim Wallin Suomen Akatemia 
Pertti Aaltonen VTT 
Erkki Muttilainen TVO 
Anneli Reinvall TVO 
Antti Kallio TVO 
Alpo Neuvonen Fortum Nuclear Services Oy 
Petri Kytömäki Fortum Power and Heat Oy 
Ossi Hietanen Fortum Nuclear Services Oy 
Hannu Hänninen TKK  
 



 
7. Construction safety / Rakennustekninen turvallisuus 

 
Person Organisation 
Pekka Välikangas, chairperson STUK 
Jukka Myllymäki STUK 
Matti Pajari VTT 
Eila Lehmus VTT 
Juha Riihimäki, vice-chairperson TVO 
Timo Kukkola TVO 
Pentti Varpasuo Fortum Nuclear Services Oy 
Tapani Kukkola Fortum Nuclear Services Oy 
Jari Puttonen TKK 
 
 

8. Probabilistic safety analysis (PSA) / Todennäköisyyspohjainen 
turvallisuusanalyysi (PSA) 

 
Person Organisation 
Reino Virolainen, chairperson STUK 
Jouko Marttila STUK 
Ilkka Niemelä STUK 
Urho Pulkkinen VTT 
Esko Mikkola VTT 
Pentti Kauppinen VTT 
Risto Himanen TVO 
Kari Taivainen TVO 
Kalle Jänkälä, vice-chairperson Fortum Nuclear Services Oy 
Ahti Salo TKK 
 
 



SAFIR2010 Ad Hoc Groups 
Ad  hoc ryhmät  
 
MODSAFE - CERFAS / Automation and Control Room (Reference Group 2 
(RG2)) 
 
Person Organisation 
Ilkka Niemelä TKK 
Harri Heimbürger STUK 
Mika Koskela STUK 
Heimo Takala STUK 
Ilkka Karanta VTT 
Janne Valkonen VTT 
Hannu Harju VTT 
Jari Hämäläinen VTT 
Antti Pakonen VTT 
Kim Björkman VTT 
Risto Nevalainen STTF 
Olli Hoikkala TVO 
Petri Jyrälä TVO 
Martti Välisuo Fortum Nuclear Services Oy 
Keijo Heljanko TKK 
Tommi Junttila TKK 
Jussi Lahtinen TKK 
 
 
CHARISMA / Probabilistic safety analysis (level 2 PSA) (RG8 & RG5) 
 
Person Organisation 
Jan-Erik Holmberg VTT 
Jouko Marttila STUK 
Ilkka Niemelä STUK 
Reino Virolainen STUK 
Lauri Pöllänen STUK 
Risto Sairanen STUK 
Simo Hostikka VTT 
Pentti Kauppinen VTT 
Esko Mikkola VTT 
Ilona Lindholm VTT 
Jaakko Miettinen VTT 
Kristiina Hukki VTT 
Ilkka Karanta VTT 
Matti Maskuniitty VTT 
Jukka Rossi VTT 
Kaisa Simola VTT 
Atso Suopajärvi VTT 
Risto Himanen TVO 
Antti Tarkiainen TVO 



Kalle Jänkälä Fortum Nuclear Services Oy 
Tomi Routamo Fortum Nuclear Services Oy 
Satu Siltanen Fortum Nuclear Services Oy 
Tommi Purho Fortum Nuclear Services Oy 
Jarmo Alaheikkilä TKK 
Mika Pikkarainen LTY 
 
 
WATCHEM – DEFSPEED – FATE / Structural safety of reactor circuit (RG6) 
 
Person Organisation 
Kimmo Tompuri TVO 
Kirsti Tossavainen STUK 
Rainer Rantala STUK 
Yrjö Hytönen STUK 
Hannu Reinvall TVO 
Anna-Maija Kosonen TVO 
Petri Kytömäki Fortum Power and Heat Oy 
Kari Mäkelä Fortum Power and Heat Oy 
Ritva Korhonen Fortum Nuclear Services Oy 
Ossi Hietanen Fortum Nuclear Services Oy 
Hannu Hänninen TKK 
 
 
RAKEMON – FRAS – PURISTA / Structural safety of reactor circuit (RG6) 
 
Person Organisation 
Kaisa Simola VTT 
Soile Metso STUK 
Rauli Keskinen STUK 
Olli Valkeajärvi STUK 
Ilkka Männistö VTT 
Otso Cronvall VTT 
Arja Saarenheimo VTT 
Matti Sarkimo VTT 
Aarne Lipponen VTT 
Ari Vepsä VTT 
Jan-Erik Holmberg VTT 
Erkki Muttilainen TVO 
Paulus Smeekes TVO 
Kari Hukkanen TVO 
Risto Himanen TVO 
Mikko Tupala TVO 
Hannu Kallio Fortum Nuclear Services Oy 
Raimo Paussu Fortum Nuclear Services Oy 
Ossi Hietanen Fortum Nuclear Services Oy 
Pekka Luukkanen Fortum Power and Heat Oy 
 
 



IMPACT – SUSI / Construction safety (RG7) 
 
Person Organisation 
Pekka Välikangas STUK 
Jukka Myllymäki STUK 
Arja Saarenheimo VTT 
Ilkka Hakola VTT 
Juha Kuutti VTT 
Kim Calonius VTT 
Auli Lastunen VTT 
Timo Kukkola TVO 
Heikki Sjövall TVO 
Pentti Varpasuo Fortum Nuclear Services Oy 
Tapani Kukkola Fortum Nuclear Services Oy 
Jari Puttonen TKK 
Markku Tuomala TTY 
 
 
SERVICEMAN / Construction safety (RG7) 
 
Person Organisation 
Juha Riihimäki TVO 
Heikki Saarikoski STUK 
Tarja Häkkinen VTT 
Vesa Hiltunen TVO 
Simo Sipari Fortum Power and Heat Oy 
Aki Mattila Fortum Power and Heat Oy 
Jari Puttonen TKK 
 
 
FIRAS / Probabilistic safety analysis (PSA) (RG8) 
 
Person Organisation 
Nici Bergroth Fortum Nuclear Services Oy 
Jouko Marttila STUK 
Ilkka Niemelä STUK 
Matti Lehto STUK 
Kari Taivainen TVO 
 
 
EXWE / Probabilistic safety analysis (PSA) (RG8) 
 
Person Organisation 
Kalle Jänkälä Fortum Nuclear Services Oy 
Jorma Sandberg STUK 
Risto Himanen TVO 
Lauri Rantalainen Fortum Nuclear Services Oy 
 



Project Personnel 2007 
Projektien henkilöstö 2007 
 
Safety management and organizational learning (Manor) 
Turvallisuuden johtaminen ja organisatorinen oppiminen 
 
Research organisation: VTT  
Project manager: Teemu Reiman, VTT 
 
Person Org. Task 
Teemu Reiman, PhD (Psych) VTT Project manager  
Pia Oedewald, M.A. (Psych) VTT Deputy project manager 
Inka Lappalainen, M.A (Educ) VTT Subcontractors’ safety culture 
Heli Talja, DrTech, PhD VTT Subcontractors’ safety culture 
Elina Pietikäinen VTT Safety culture literature review 
 
Expert Work in Safety Critical Environment (SafeExpertNet) 
Asiantuntijatyö turvallisuuskriittisessä ympäristössä 
 
Research organisations: Finnish Institute of Occupational Health (FIOH) and Helsinki 
University of Technology (HUT) 
 
Project manager: Krista Pahkin, FIOH 
 
Person Org. Task 
Krista Pahkin FIOH Project manager, Participation in task 1 and 

2 
Niina Rintala HUT Deputy project manager, Participation in task 

1 and 2 
Anneli Leppänen FIOH Participation in task 1 and 2 
Eila Järvenpää HUT Participation in task 1 and 2 
Katri Säämänen HUT Participation in task 1 and 2 
Task 1. HR Processes 
Task 2. Publishing and dissemination of results 
 
Model-based safety evaluation of automation systems (MODSAFE) 2007 
Malleihin perustuva automaation turvallisuuden arviointi 
 
Research organisations: VTT, TKK 
Project manager: Janne Valkonen, VTT 
 
Person Org. Tasks 
Janne Valkonen, M.Sc.(Tech.) VTT Project manager, State of the art, Selection 

of cases, Planning of cases, Modelling of 
cases  

Ilkka Karanta, Lic.Sc.(Tech.) VTT State of the art 
Ville Pettersson VTT Modelling of cases (in VTT’s project 

related to MODSAFE) 
Jari Hämäläinen, D.Sc.(Tech.), VTT Selection of cases, Planning of cases 



Technology manager 
Ilkka Niemelä, Professor TKK State of the art, Selection of cases, Planning 

of cases, Modelling of cases 
Keijo Heljanko, D.Sc.(Tech.) TKK State of the art, Selection of cases, Planning 

of cases, Modelling of cases 
Matti Koskimies TKK Deputy project manager, State of the art, 

Selection of cases, Planning of cases, 
Modelling of cases 

Jussi Lahtinen TKK Planning of cases, Modelling of cases 
 
 
Certification facilities for software (CERFAS) 
Ohjelmiston sertifiointivalmiuksien kehittäminen.  
 
Research organisation: VTT  
Project manager: Hannu Harju, VTT 
 
Person Org. Task 
Hannu Harju VTT Project manager, researcher in product 

assessment, product certification and 
independent verification and validation issues. 
Expert in software safety standards.  

Antti Pakonen VTT Researcher in product assessment, and product 
certification. Expert in control systems.  

Risto Nevalainen TTY Deputy project manager, researcher in process 
assessment, process certification and software 
assurance. Expert in software standards and 
models, needed as references in certification.  

Mika Johansson TTY Researcher in process certification and 
software measurement.  

 
 
Operator practices and human-system interfaces in computer-based control 
stations (O’PRACTICE) 
Operointikäytännöt ja käyttöliittymät digitaalisissa valvomoissa  
 
Research organisation: VTT  
Project manager: Jari Laarni, VTT 
 
Person Org. Task 
Hanna Koskinen, MA VTT Interface design, user studies 
Jari Laarni, PhD VTT Project manager, Performance and 

interface evaluation for systems usability 
Marja Liinasuo, MA VTT Performance evaluation for system 

usability, method development 
Leena Norros, Professor VTT Performance evaluation for system 

usability 
Leena Salo, MscTech VTT Interface evaluation, user studies 
Paula Savioja, MscTech VTT Interface evaluation for systems usability 



 
 
Development and Validation of Fuel Performance Codes (POKEVA) 
Polttoainemallien kehittäminen ja validointi 
 
Research organisations: VTT  
Project manager: Seppo Kelppe 
Deputy project manager: Jan-Olof Stengård 
 
Person Org. Task 
Kelppe, Seppo VTT Project Management 
Kekkonen, Laura VTT Steady-State Code Development 
Pietarinen, Kari VTT Thermal Hydraulics; ENIGMA Code Devel. 
Rintala, Jukka VTT Probabilistic Transient Analyses 
Stengård Jan-Olof VTT Transient Analyses, FRAPCON, FRAPTRAN 
Miettinen, Jaakko VTT Thermal Hydraulics 
Arffman, Asko VTT Trainee, Steady-State Analyses 
 
Tridimensional core transient analysis methods (TRICOT) 
Kolmiulotteiset transienttianalyysimenetelmät  
 
Research organisation: VTT  
Project manager: Elina Syrjälahti 
 
Person Task 
Elina Syrjälahti, MScTech Project manager, Uncertainty and sensitivity 

analysis of reactor dynamics codes 
Antti Daavittila, MScTech Deputy project manager, TRAB-3D validation 

with TRACE/PARCS comparisons 
Hämäläinen Anitta, DrTech TRAB-3D/SMABRE 
Ilvonen Mikko, MScTech PORFLO development and applications 
Miettinen Jaakko, LicTech TRAB-3D/SMABRE, PORFLO development 

and applications 
Räty Hanna, MScTech TRAB-3D/SMABRE 
Seppälä Malla Validation of reactor dynamic codes with 

VVER-1000 coolant transient benchmark  
 
 
Total reactor physics analysis system (TOPAS) 
Kattava reaktorifysikaalinen laskentaohjelmisto 
 
Research organisation: VTT  
Project manager: Randolph Höglund, VTT 
 
Person Org. Task 
Markku Anttila, MScTech VTT Cross sections, criticality safety, isotopic 

concentrations, development of sensitivity 
analysis methodology 

Tarja Haapalainen VTT Publication services 



Randolph Höglund, LicTech VTT Project manager, development and validation 
of nodal methods 

Petri Kotiluoto, PhD VTT Development and validation of Monte Carlo 
and other transport methods, deputy project 
manager 

Jaakko Leppänen, DTech VTT Cross sections, development and validation of 
Monte Carlo and other transport methods 

Maini Manninen VTT Publication services 
Maria Pusa, MScTech VTT Development of sensitivity analysis 

methodology 
Anssu Ranta-aho, MScTech VTT Criticality safety, isotopic concentrations 
Anni Repo VTT Publication services 
Frej Wasastjerna, LicTech VTT Development and validation of Monte Carlo 

and other transport methods 
 
 
Numerical modeling of condensation pool (NUMPOOL) 
Lauhdutusaltaan numeerinen mallintaminen 
 
Research organisation: VTT  
Project manager: Timo Pättikangas, VTT 
 
Person Org. Task 
Timo Pättikangas, DTech VTT Project manager, computational fluid 

dynamics 
Antti Timperi, MScTech VTT Deputy project manager, fluid–structure 

interactions 
Juha Kuutti, MScTech VTT Fluid structure interactions 
Jarto Niemi, MScTech VTT Computational fluid dynamics 
 
 
The integration of thermal-hydraulics (CFD) and structural analyses FEA 
computer codes in liquid and solid mechanics (MULTIPHYSICS) 
Termohydrauliikka- ja rakenneanalyysikoodien linkittäminen neste-rakenne -
systeemissä 
 
Research organisation: Fortum Nuclear Services (FNS) and VTT 
Project manager: Ville Lestinen, FNS 
 
Person Org. Task 
Ville Lestinen, MScTech FNS Project manager 
Antti Timperi, MScTech VTT Deputy project manager, structural analyses 
Timo Pättikangas, PhD VTT thermal-hydraulic analyses 
Ismo Karppinen, MScTech VTT thermal-hydraulic analyses 
Timo Toppila, MScTech FNS thermal-hydraulic analyses 
Tellervo Brandt, PhD FNS thermal-hydraulic analyses 
Jukka Kähkönen, MScTech FNS structural analyses 
 



Participation in Development of European Calculation Environment (ECE) 
Osallistuminen eurooppalaiseen laskentaympäristön kehitystyöhön 
Research organisation: LUT 
Project manager: Heikki Purhonen, LUT 
 
Person Org. Task 
Heikki Purhonen, DrTech LUT Project manager 
Vesa Tanskanen, MScTech LUT Researcher 
 
Condensation experiments with PPOOLEX facility (CONDEX) 
Lauhdutuskokeet PPOOLEX laitteistolla 
 
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, DrTech LUT Deputy project manager, OECD planning, 

international tasks, experiments 
Vesa Riikonen, MScTech LUT Data acquisition, experiments 
Antti Räsänen, MScTech LUT Instrumentation, data acquisition, data 

conversion, visualization, control systems, 
experiments 

Vesa Tanskanen, MScTech LUT Computer simulations, experiments 
Arto Ylönen, Student LUT Computer simulations, experiments 
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 
 
 
Large Break Loss of Coolant Accident Test Study (LABRE) 
Ison vuodon kokeiden tutkimus 
 
Research organisation: LUT  
Project manager: Heikki Purhonen, LUT 
 
Person Org. Task 
Heikki Purhonen, LicTech LUT Project manager 
Arto Ylönen, MScTech Student LUT Researcher 
 



Release of radioactive materials from a degrading core (RADECO) 
Radioaktiiviset päästöt vakavissa reaktorionnettomuuksissa 
 
Research organisation: VTT  
Project manager: Tommi Kekki, VTT 
 
Person Org. Task 
Tommi Kekki, MSc VTT Project manager, Participation in OECD/BIP 
Riitta Zilliacus, MSc VTT Deputy project manager, Iodine experiments 
Maija Lipponen, MSc VTT Iodine experiments 
 
Core Melt Stabilization (COMESTA) 
Sydänsulan stabilointi 
 
Research organisation: VTT  
Project manager: Tuomo Sevón, VTT 
 
Person Org. Task 
Tuomo Sevón, M.Sc. (Tech.) VTT Project manager, HECLA experiments, 

OECD/MCCI-2 project, CSARP program, 
CORQUENCH code 

Pekka H. Pankakoski VTT HECLA experiments 
Tuomo Kinnunen, engineer VTT HECLA experiments 
Jouko Virta VTT HECLA experiments 
Jorma Hietikko, technician VTT HECLA experiments 
Petri Pesonen, technician VTT HECLA experiments 
Stefan Holmström, 
Lic.Sc. (Tech.) 

VTT HECLA experiments 

Jouni Welling, technician VTT HECLA experiments 
Ilona Lindholm, M.Sc. (Tech.) VTT HECLA experiments 
Kari Ikonen, D.Sc. (Tech.) VTT HECLA experiments 
Jaakko Miettinen, Lic.Sc. (Tech.) VTT MCCI seminar 
Arto Nyholm VTT HECLA experiments 
Ari Iltanen VTT HECLA experiments 
Kalervo Orantie VTT HECLA experiments 
Reino Mäkinen, technician VTT HECLA experiments 
Tommi Kekki, M.Sc. (Tech.) VTT HECLA experiments 
Pertti Koskinen VTT HECLA experiments 
Reijo Ylä-Mattila VTT HECLA experiments 
Hannele Virtasalo, technician VTT HECLA experiments 
Eveliina Takasuo, M.Sc. (Tech.) VTT Deputy project manager 
 



Hydrogen risk in containments and particle bed issues (HYRICI) 
Suojarakennusten vetyriski ja partikkelikeot 
 
Research organisation: VTT  
Project manager: Eveliina Takasuo, VTT 
 
Person Org. Task 
Eveliina Takasuo, MScTech VTT Project manager, TONUS CFD modelling, 

THAI programme follow-up, SARNET 
research work 

Tuomo Sevón, MScTech VTT Deputy project manager 
Jaakko Miettinen, LicTech VTT Particle bed coolability analysis  
Ilona Lindholm, MScTech VTT Particle bed coolability analysis 
Risto Huhtanen, MScTech VTT FLUENT CFD modeling, SARNET research 

work 
 
Risk informed inspections of piping (PURISTA) 
Putkistojen riskitietoiset tarkastukset 
 
Research organisation: VTT  
Project manager: Kaisa Simola, VTT 
 
Person Org. Task 
Kaisa Simola, PhD VTT Project manager, risk-informed in-service 

inspection (RI-ISI) methodology, link between 
inspection qualification and probability of 
detection (POD) 

Ari Vepsä, MScTech VTT Deputy project manager, vibrations 
OtsoCronvall, MScTech VTT Probabilistic fracture mechanics (PFM) 
Jouni Alhainen, MScTech VTT PFM software development 
Matti Sarkimo, LicTech VTT NDT simulations 
Ilkka Männistö, MScTech VTT RI-ISI risk importance measures, Markov 

modelling for piping rupture risks and POD 
sensitivity analyses 

Eija Myötyri, MScTech VTT Markov modelling for piping rupture risks and 
POD sensitivity analyses 

 
Water chemistry and oxidation in the primary circuit (WATCHEM) 
Vesikemia ja hapettuminen reaktoripiirin olosuhteissa 
 
Research organisation: VTT  
Project manager: Timo Saario, VTT 
 
Person Org. Task 
Timo Saario, DrTech VTT Project manager, Participation in IAEA 

FUWAC work, Hot Functional 
conditioning 

Petri Kinnunen, DrTech VTT Deputy project manager, modelling, 
decontamination methods 



Cai Wei, MScTech -student TTU* Oxidation experiments 
Martin Bojinov, Professor UCTM** Modeling of oxidation 
* Tampere University of Technology, ** Department of Physical Chemistry 
University of Chemical Technology and Metallurgy, Sofia, Bulgaria 
 
Monitoring of the structural integrity of reactor circuit (RAKEMON) 
Rakenteiden eheyden monitorointi 
 
Research organisations:  VTT  
Project manager: Pentti Kauppinen, VTT  
Deputy project manager: Matti Sarkimo, VTT 
 
Task 1. Design of monitoring system  
1.1 Literature review Ari Koskinen (MScTech), Esa Leskelä 

(MScTech), Matti Sarkimo (LicTech), 
Kari Lahdenperä (LicTech), Pentti 
Kauppinen (DrTech) 

1.3  Selection of inspection items  Ari Koskinen (MScTech), Matti Sarkimo 
(LicTech), Kari Lahdenperä (LicTech) 

Task 2. Analysis of inspection items  
2.1 Techniques for limited access Matti Sarkimo (LicTech), Esa Leskelä 

(MScTech),  
Task 3. Fibre optical monitoring 
methods 

Stefan Sandlin (LicTech) 

 
 
Fracture assessment for reactor circuit (FRAS) 
Reaktoripiirin murtumisriskin arviointi 
 
Research organisation: VTT  
Project manager: Pekka Nevasmaa, VTT 
 
Person Org. Task 
Kim Calonius, MScTech VTT Loads transferred by supports 
Antti Timperi, MScTech 
Timo Pättikangas, DrTech 

VTT Fluid-structure interactions 

Otso Cronvall, MScTech 
Antti Timperi, MScTech 

VTT Residual stresses 

Heikki Keinänen, MScTech 
Jouni Alhainen, MScTech 

VTT Engineering assessment tools 

Anssi Laukkanen, MScTech 
Tapio Planman, MScTech 

VTT Assessment of 3D flaws 

Anssi Laukkanen, MScTech VTT Micromechanical modelling 
Heikki Keinänen, MScTech 
Otso Cronvall, MScTech 

VTT Development of sub-modelling technique 

Lauri Elers, Res. Trainee 
Tapio Planman, MScTech 

VTT Ductile crack growth measuring capacity 

Matti Valo, MScTech, 
Tapio Planman, MScTech 

VTT Irradiation embrittlement 



 
Influence of material, environment and strain rate on environmentally assisted 
cracking of austenitic nuclear materials (DEF SPEED) 
 
Materiaalin tilan, ympäristön ja muodonmuutosnopeuden vaikutus 
austeniittisten ydivoimalaitosmateriaalien ympäristövaikutteiseen murtumiseen 
 
Research organisation: VTT  
Project manager: Ulla Ehrnstén, VTT 
 
Person Org. Task 
Ulla Ehrnstén, MScTech VTT Project manager, responsible for SSSRT tests, 

ICG EAC board member, 13th env. deg. 
conference organising committee member  

Wade Karlsen, PhD VTT Deputy project manager, TEM investigations 
Aki Toivonen, PhD VTT Autoclave test performance 
Matias Ahonen, student VTT J-R tests in environment, diploma worker 
Laura Taivalaho VTT SCAP-project 

FEGSTEM investigations on sensitized SS 
Seppo Tähtinen, MSc VTT MSc work instructor 
Pertti Aaltonen, MSc VTT CIR and SCAP project manager 
Esko Arilahti, engineer VTT Autoclave tests 
Pasi Kuivalainen, engineer VTT Autoclave tests 
Tapio Saukkonen, MSc HUT EBSD measurements 
 
Service Life Management System of Concrete Structures in Nuclear Power 
Plants (SERVICEMAN) 
Ydinvoimaloiden betonirakenteiden käyttöiän hallintajärjestelmä 
 
Research organisation: VTT  
Project manager: Erkki Vesikari, VTT 
 
Person Org. Task 
Erkki Vesikari, LicTech VTT Project manager, Tasks 1.1, Databases 

development, 1.2 Service life modelling and 5 
Participation in NEA/IAGE Concrete  

Tommi Rissanen, MScTech VTT Task 1.1 Databases development 
Kalervo Orantie, MScTech VTT Task 1.1 Databases development 
Esa Turunen, MScTech ÅF-Enprima Task 2.2 Serviceability limit state design  
Jari Kuikka, Vice president ÅF-Enprima Task 2.2 Serviceability limit state design 
Liisa Salparanta, MScTech VTT Task 4 BTS Project manager 
Hannele Kuosa, MScTech VTT Task 4 Durafield Project manager 
Pertti Pitkänen, MScTech VTT Task 4 BTS Researcher 
 



Structures under Soft Impact  (SUSI) 
 
Research organisations: VTT and TTY   
Project manager: Arja Saarenheimo, VTT  
Deputy project manager: Kim Calonius, VTT 
 

Markku Tuomala (Prof)/TTY,  Arja 
Saarenheimo/VTT  

 
Task 1. Loading function 

Arja Saarenheimo (LicTech)/VTT and 
Markku Tuomala (Prof)/TTY 

 
Task 2. Structural integrity  

Arja Saarenheimo (Lic.Tech), Kim 
Calonius (MScTech), Markku Tuomala 
(Prof)/TTY and Hannu Martikainen 
(MScTech)/VTT  

Task 3. Jet fuel dispersion outside the 
building  

Simo Hostikka (MScTech) and  
Ari Silde (MScTech),  

 
CHAllenges in Risk-Informed Safety MAnagement (CHARISMA) 
Riskitietoisen turvallisuudenhallinnan haasteet 
 
Research organisation: VTT  
Project manager: Jan-Erik Holmberg, VTT (2007), Ilkka Karanta, VTT (2008) 
 
Person Org. Task 
Kim Björkman, MScTech VTT PSA safety goal 
Jan-Erik Holmberg, DTech VTT Project manager, PSA safety goal, risk-

informed assessment of defence-in-depth, 
human reliability analysis, international co-
operation 

Kristiina Hukki, MA VTT Risk-informed ways of management of fire 
situations 

Ilkka Karanta, LicTech VTT Assistant project manager, reliability of 
distributed control systems 

Ilona Lindholm, MScTech VTT Level 2 PSA 
Matti Maskunitty, MScTech  VTT Reliability of distributed control systems 
Ilkka Männistö, MScTech VTT Human reliability analysis 
Jukka Rossi, MScTech VTT Level 3 PSA, PSA safety goal 
Atso Suopajärvi, MSc 
student 

VTT Level 2 PSA 

 
Implementation of Quantititive Fire Risk Assessment in PSA (FIRAS) 
Kvantitatiivisen paloriskiarvioinnin soveltaminen PSA-järjestelmissä 
 
Research organisation: VTT  
Project manager: Simo Hostikka, VTT 
 
Person Org. Task 
Simo Hostikka, MScTech VTT Project manager, Participation in OECD-

PRISME project, Pyrolysis model 



development. PRA integration 
Johan Mangs, PhD VTT Deputy project manager, Flame spread 

experiments 
Jukka Hietaniemi, PhD VTT Fire brigade operations, PRA integration 
Anna Matala, student VTT Parameter estimation for pyrolysis models 
Teemu Karhula, student VTT Fire brigade operations, experiments. 
 
Extreme weather and nuclear power plants (EXWE) 
Sään ääri-ilmiöt ja ydinvoimalaitokset 
 
Research organisations: Finnish Meteteorological Institute (FMI)  
Project manager: Ari Venäläinen, Finnish Meteorological Institute  
Deputy project manager: Hilppa Gregow, Finnish Meteorological Institute 
 
Person Organization Task  
Achim Drebs (BSc)  FMI Collection and quality control of the 

instrumental meteorological data-sets 
Hilppa Gregow (MSc) FMI Analyzing extremes based on measured 

data 
Preliminary aanalyzes of extremes 
based on climate scenario data 

Jenni Teittinen (MSc)  FMI Updating tromb and down burst hit 
statistics 

Niina Niinimäki  (BSc) FMI Analyzing snow storms 
Seppo Saku (MSc) FMI Analyzing extremes based on measured 

data 
Mikko Laine (BSc) FMI Analyzing freezing rain 
Kirsti Jylhä (PhD) FMI Selection of appropriate climate 

scenarios and downloading them 
Preliminary analyzes of extremes based 
on climate scenario data 

Kimmo Ruosteenoja (PhD) FMI Selection of appropriate climate 
scenarios and downloading them 
Preliminary analyzes of extremes based 
on climate scenario data 

Ari Venäläinen (PhD) FMI Project manager 
Analyzing extremes based on measured 
data 
Preliminary analyzes of extremes based 
on climate scenario data 

 



Administration and information of the research programme (SAHA2007) 
Tutkimusohjelman hallinto ja tiedotus 
 
Research organisation: VTT  
Project manager: Eija Karita Puska, VTT  
Deputy project manager: Vesa Suolanen, VTT 
 
Person Org. Task 
Eija Karita Puska (DrTech), 
Vesa Suolanen (MScTech 

VTT 1 Administration 

 VTT 2 EU FP7 activities 
Eija Karita Puska (DrTech) VTT 2.1 FP7 CCE-Fission Committee 
Kari Rasilainen (DrTech) VTT 2.2 FP7 national support group 
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