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Preface 

SAFIR2010 is the current Finnish National Research Programme on Reactor Safety for the 
period 2007 – 2010. SAFIR2010 research programme is strongly based on the chapter 7a, 
“Ensuring expertise”, of the Finnish Nuclear Energy Act. Formally the research programme 
serves primarily the needs of the authorities, but in practice all the Finnish nuclear community 
benefits from the programme. High scientific quality is required from the research projects 
and their results are distributed to the organisations involved in the Steering Group. 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 the overall evaluations 
related to their licence conditions. Olkiluoto 3 unit currently under construction is expected to 
proceed to the operation permit phase. From the period from April 25, 2008 to February 5, 
2009 Teollisuuden Voima Oyj, Fennovoima Oy and Fortum Oyj and Fortum Power and Heat 
Oy presented the Ministry of Employment and the Economy with applications for a decision-
in-principle, addressed to the Government, on constructing new nuclear power plant units. 
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.  
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 include both projects 
in their own area and interdisciplinary co-operational projects. Research projects of the 
programme have been chosen on the basis of annual calls for proposals. 
 
The realised volume of the SAFIR2010-programme was 6.9 M€ and 51 person years in 2008. 
Main funding organisations in 2008 were State Waste Management Fund VYR with 2.9 M€ 
and VTT with 2.6 M€. The programme has been divided into eight research areas and in 2008 
research was carried out in 30 projects. 
 
This report has been prepared by the programme leader in cooperation with project co-
ordinator, project leaders and staff. 
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1 Introduction 

The Finnish Ministry of Trade and Industry (KTM), currently Ministry of Employment and 
the Economy (TEM), launched in 2007 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 
preceding 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 Oyj 
with respect of their MWth shares in Finnish nuclear power plants according to their 
operating or, in case of Olkiluoto 3, construction license power ratings. In June 2008 there 
was a change in the Finnish Nuclear Energy Act increasing the collected funding share from 
220 €/MWth to 240 €/MWth. Thus, there was an increase in the VYR-funding with 0.246 
M€.  
 
The planned [4] and realised volumes of the SAFIR2010-programme in 2008 were 6.7 M€ 
and 6.9 M€ and 45 and 51 person years, respectively, representing a slight increase from the 
year 2007 [5]. The programme has been divided into eight research areas and in 2008 research 
was carried out in 30 projects. 
 
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 
preceding 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.  
 
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. 
 
The steering group of SAFIR2010 consisted in 2008 of representatives from Radiation and 
Nuclear Safety Authority (STUK), Ministry of Employment and the Economy (MEE), 
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Technical Research Centre of Finland (VTT), Teollisuuden Voima Oyj (TVO), Fortum Power 
and Heat Oy, Fortum Nuclear Services Oy (Fortum), Finnish Funding Agency for Technology 
and Innovation (Tekes), Helsinki University of Technology (TKK) and Lappeenranta 
University of Technology (LTY). In addition to representatives of these organisations, the 
Steering Group had permanent experts from the Swedish Radiation Safety Authority (SSM) 
and Fennovoima Oy (Fennovoima).  
 

  
 
Figure 1.1. All Finnish ‘key player’ organisations and Swedish SSM are represented in the 
SAFIR2010 Steering group. 
 
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 2008 

SAFIR2010 is the current Finnish National Research Programme on Reactor Safety for the 
period 2007 – 2010. SAFIR2010 research programme is strongly based on the chapter 7a, 
“Ensuring expertise”, of the Finnish Nuclear Energy Act. The objective is “to ensure that, 
should such new factors concerning safe operation of nuclear facilities emerge that could not 
be foreseen, the authorities have such sufficient and comprehensive nuclear engineering 
expertise and other facilities at their disposal that can be used, when necessary, to analyse 
without delay the significance of such factors.” High scientific quality is required of the 
research projects in the programme and their results are distributed to the organisations 
involved in the Steering Group. 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 interdisciplinary 
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 2008 there were altogether 30 research 
projects going on. The total volume of the programme for 2008 was 6.9 M€ and 51 person 
years. The research projects in the various areas with their planned and realised volumes are 
given in Table 2.1. In June 2008 there was a change in the Finnish Nuclear Energy Act 
increasing the collected funding share from 220 €/MWth to 240 €/MWth. Thus, there was an 
increase in the VYR-funding with 0.246 M€.  This increase has been taken into account in the 
planned costs and volumes in Table 2.1. 
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Table 2.1. SAFIR2010 projects in 2008. 
 
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 215 215 14 13,7 

 Expert work in safety 
critical environment 

SAFEX HUT, 
TLL 

100,3 110,9 10,6 12,6 

2.        
 Model-based safety 

evaluation of 
automation systems 

MODSAFE VTT, 
HUT 

190,6 190,6 15,3 17,1 

 Certification facilities 
for software 

CERFAS VTT, 
TUT 

110 110 11,9 12 

 Operator practices 
and human-system 
interfaces in 
computer-based 
control stations 

OPRACTICE VTT 226 225,7 16,5 16,8 

3.        
 Development and 

validation of fuel 
performance  
codes 

POKEVA VTT 351,8 354,1 27 36,1 

 Tridimensional core 
transient analysis 
methods 

TRICOT VTT 330 283,3 25,5 18,9 

 Total reactor physics 
analysis system 

TOPAS VTT 294 307,9 25 28,1 

4.        
 Numerical modelling 

of condensation pool 
NUMPOOL VTT 100 100,4 7 7,4 

 Improved thermal 
hydraulic analyses of 
nuclear reactor and 
containment  

THARE VTT 318 321,1 19 25,2 

 CFD modelling of 
NPP steam generators 

SGEN VTT 127 127,9 9,5 10,7 

 Improvement of 
PACTEL facility 
simulation  

PACSIM LUT 81 80,4 11 11 

 Condensation 
experiments with 
PPOOLEX facility 

CONDEX LUT 303 303,7 22,5 26,7 

 Large break loss of 
coolant test rig 

LABRIG LUT 30 34,3 3 4,2 

5.        
 Release of radioactive 

materials from a 
degrading core 

RADECO VTT 85 85,9 5 7,4 

 Primary circuit CHEMPC VTT 209 208,7 14,4 14,7 
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chemistry of fission 
products 

 Core melt 
stabilization 

COMESTA VTT 280 265,3 14,7 16,2 

 Hydrogen risk in 
containments and 
particle bed issues 

HYRICI VTT 152,3 153,1 10,3 10,3 

6.        
 Risk-Informed 

Inspections of Piping 
PURISTA VTT 222,9 222,8 13,7 14,2 

 Fatigue endurance of 
critical equipment 

FATE VTT 114 114 6 7,9 

 Water chemistry and 
oxidation in the 
primary circuit 

WATCHEM VTT 148 148,1 9,5 9,5 

 Monitoring of the 
structural integrity of 
reactor circuit 

RAKEMON VTT 206 206,3 14 12,6 

 Fracture assessment 
of reactor circuit 

FRAS VTT 422 522,2 26 42,4 

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

DEFSPEED VTT 445 445,1 20,5 34,7 

7.        
 Service life 

management system 
of concrete structures 
in nuclear power 
plants 

SERVICEM
AN 

VTT 210 210 14,9 11,6 

 IMPACT2010 IMPACT VTT, 
partners 

490 531,8 40 41 

 Structures under soft 
impact   

SUSI VTT 190 190,2 13 14,5 

8.        
 Challenges in risk-

informed safety 
management 

CHARISMA VTT 277 277,3 23,1 17,9 

 Implementation of 
quantitative fire risk 
assessment in PSA  

FIRAS VTT 180 180 9,8 12,6 

 Extreme weather and 
nuclear power plants 

EXWE FMI 135,2 204,9 15,8 15,8* 

0.        
 Programme 

administration and 
information 

SAHA2008 VTT 172,3** 175 8,5** 9,5 

        
 Total   6715,308 6899,075 476,9 532,7 
* the amount of working hours exceeding original plan have not been reported 
** for period 1.1.2008–31.3.2009 with VAT 22% included 
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2.1 Organisation and human factors research area 

There are two projects in this research area in 2008: Safety management and organizational 
learning (MANOR) and Expert Work in Safety Critical Environment (SAFEX). 

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 2008 
 
Specific goals for 2008 were to evaluate and develop the operating experience practices at 
both power companies and STUK, to formulate a theoretical model of safety culture and the 
study the challenges of how to choose and justify human performance and safety culture 
related development initiatives and how to evaluate their impact on safety culture and plant 
performance.  
  
Deliverables in 2008 
 
• A Finnish language theoretical review on safety culture has been published. 

• Formulation of the key elements and underlying dimensions of safety culture has been 
created in order to be empirically tested in 2009. 

• Data collection on human performance initiatives has been started at OKG along with 
familiarization with their approach on safety culture improvement initiatives.  

• Participation in the steering board of the Nordic HUSC network and planning of the 
HUSC safety culture symposium held December 4th at Arlanda. 

• A working report on operating experience practices in Finnish power companies and 
STUK has been written. The report analyses how Finnish operating experience practices 
contribute to organizational learning. It combines the safety culture theory with a 
organizational learning approach.   

• Several conference papers, one scientific article and one VTT Publications -series report 
have been submitted or published in 2008. 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.   
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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 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 2008 
 
The SafeExpertNet project is a four year research and development program whose tasks and 
subtasks during different years are closely related to each other. The research plan for 2008 
continues and deepens the findings of the experts interviews carried out in 2007.  
The project is divided into three tasks. Task 1 focused on HR processes supporting expert work. 
Subtask 1.1 goal was to support FNS in their actions to develop and support expertise. Subtask 
1.2 focused on analyzing and evaluating the content of learning organisations e.g. 
organisation of work, actions of the supervisors and its connections to well-being, motivation 
and competence development of the experts. Also aspects of the safety critical environment 
were taking into account. Task 2 focused on collaboration and knowledge sharing in nuclear 
expert community. This task identifies the national nuclear power expertise community, its 
actors and their roles. Task 3 consisted of reporting and publishing the results. 
 
Deliverables in 2008 
 
• In task 1 two questionnaires were developed. In subtask 1.1 a questionnaire was developed 

to gather information about experiences of the orientation process in FNS. 45 new 
employees participated to the survey. In subtask 1.2 a questionnaire was developed: it 
includes questions relevant to the content of learning organisations, collaboration in the 
national nuclear power expertise community, also aspects of the safety critical 
environment are taking into account. 170 experts from three nuclear industry 
organizations participated to the survey. The results of the survey were discussed in 
workshops arranged in the target organizations. Main development areas were identified 
in the reports for the target organisations. Also additional group level information has 
been given for the target organisations. 

• In task 2 14 interviews on nuclear expert community were conducted and transcribed. 
Also survey data (see subtask 1.2) were analysed. The results indicate that the 
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development of the expert network requires managerial and organizational support. Many 
obstacles to interorganizational collaboration are already recognized, as are practices that 
support collaboration. Thus, managerial action can be taken to improve the utilization of 
the Finnish nuclear power network’s knowledge resources. 

• Information related to the progress of the SafeExpertNet project was distributed in 
progress reports. Also a presentation "Are nuclear industry organizations expansive 
learning environments from the viewpoint of experts?" at the Activity 2008 seminar in 
May was held. The information gathered will be used in scientific articles during 2009. 

2.2 Automation and control room research area 

There are three projects in this research area in 2008: 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 
(O’PRACTICE). 

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 before this 
project, 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.   
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Specific goals in 2008 
 
The modelling and analyzing the case studies was the cornerstone of the project in 2008. The 
well started modelling work was continued by creating models of more new types of systems. 
The focus was on bringing out the variety of different types of validation tasks and special 
characteristics of system models. The first case study concerned the control logic of an UPS 
system and another concerned functional block diagram descriptions of a stepwise shutdown 
system.  
The usefulness and possibilities of model checking methods in validating embedded software 
in safety critical devices and actuators were investigated. Parts of software that can be 
checked were recognised. The applicability of model checking as part of safety case 
development was investigated. Two different methodologies for creating safety cases were 
tested and compared by developing a partial safety case of an example system. Different 
strategies for modelling time were inspected. Systems’ delays and time steps set high 
requirements for model checking methods and practises. The effect of different modelling 
techniques on the operation and performance of model checker were investigated.  
Two different model checkers were used in the project. NuSMV is a state-of-the-art symbolic 
model checker that supports synchronous state machine models where the real-time behaviour 
has to be modelled with discrete time steps using explicit counter variables that are 
incremented at a common clock frequency. Uppaal is a model checking tool for timed systems 
based on modelling the system as a network of timed automata that communicate through 
message channels and shared variables.  
 
Deliverables in 2008 
 
Digitalized I&C systems are able to perform increasingly more complicated control tasks. 
They often combine real-time aspects such as timers with non-trivial control logic, making 
their design and validation very challenging. Model checking is a promising formal method 
that enables complete verification of designs of such systems. It requires a state machine 
model of the design and its relevant environment and seems to suit well the verification of 
safety logic designs.  
 
During the project year 2008, the use of two types of model checking approaches was studied 
to verify safety logic designs involving timing aspects. One approach was to use timed 
automata as the modelling framework and the other to employ finite state machines typically 
used in verifying hardware. For the former approach, the Uppaal model checking system was 
used and for the latter NuSMV. The approaches were compared using two similar designs of a 
safety logic demonstrating how small subtle changes in the design can lead to unexpected 
errors that are hard to detect without using model checking techniques. A straightforward 
approach to modelling such designs was developed using timed automata and finite state 
machines and the performance of the model checking tools when verifying the safety 
requirements of the designs was studied. 
 
Uppaal supports direct modelling of timers using real-valued clock variables in timed 
automata so that also the control logic is easy to capture. However, the analysis techniques in 
Uppaal are based on state space enumeration techniques which have scaling problems when 
the number of input variables in the model grows. NuSMV lends itself well to handling 
control logic but modelling time-dependent components is less straightforward as such 
components need to be modelled operating in discrete time steps. However, the symbolic 
model checking techniques used in NuSMV scale much better as the number of input 
variables grows. Both approaches are able to verify moderate size designs, indicating that 
current model checking techniques are already applicable to verifying involved safety logic 
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designs. In addition to verifying the correct behaviour of the design, NuSMV was 
successfully used to analyse whether single failure criteria based on different fault models are 
satisfied. The results strongly suggest that model checking has the potential to become a 
valuable tool that can be used both in the design and licensing of safety automation.  
In addition to modelling and model checking the stepwise shutdown logic, two safety case 
notations, CAE (Claim Argument Evidenc) and GSN (Goal Structuring Notation), were 
compared in the project. The main differences between the notations were found to be the 
number of available entity types that affect the amount of narrative needed to explain the 
safety case, and that CAE uses a bottom–up approach while GSN is top–down. The CAE 
notation was used to make an exploratory safety case concerning the design of the stepwise 
shutdown system. Only the branches where model checking could be used as evidence were 
investigated in the project. The other branches were left on a rough level just to outline the 
structure of a more complete safety case. The safety case notations could be used just for 
documenting the results of model checking, thus offering a visually rich and reusable way of 
reporting. 
 

2.2.2 Certification facilities for software (CERFAS) 

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 software under certification is in most cases basic software (for example platform or 
COTS module), 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.  

The main goal for CERFAS project is to integrate existing approaches together, to facilitate 
effective and high quality certification. As a result, thrust on software and system increases 
and further qualification and licensing phases are easier both for supplier and for the nuclear 
power plant.  
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Figure 1. CERFAS project gives facilities for the Software Certification Service that includes 
Certification Bodies and evaluators.  

Each certification type has its own certification elements. Framework in CERFAS (see Figure 
1) assumes that certificate is based on some reference model, norm or set of criteria. 
Certificate itself is then a conformance statement against those requirements. Typically such 
statement is done using some methods. Some typical methods are external audits, independent 
verifications and validations (IV&V), reviews and inspections, code analysis and type tests. 
System centric certificates may include some hardware related methods, like aging tests and 
electromagnetic tests. 
 
Specific goals in 2008 
 
Specific goals for CERFAS in 2008 were: 
 

• Development of advanced methods for evaluation of software process and artefacts 
(documents, code, test plans, etc.). ISO 15504 Part 5 (known as the SPICE model) was 
used in as the main source of process assessment. Many nuclear specific standards 
include quite similar concepts of processes as ISO 15504 Part 5, and they are also used 
as normative sources.  

• Competence development to provide facilities and network of experts for software 
certification service. Certification service is multi-professional task. Typical expertises 
are software inspection, process assessment and software testing. Each advanced 
method needs its own specialty, for example model checking as part of design 
inspection.  

• Identification and analysis of ISO, IEC and nuclear domain specific standards to 
provide reference for safety class 2 and 3 in software and system certification. A 
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practical way to certify software processes in safety class 2 and 3 is to integrate 
generic approaches and nuclear specific approaches together. This was done mainly by 
combining process assessment indicators from ISO 15504 Part 5 and nuclear specific 
requirements from nuclear specific standard, for example IEC 60880. It is also 
possible that some additional processes are needed to cover all IEC 60880 
requirements, and they can be most likely expressed similarly as generic ISO 15504 
processes.  

• It is often argued that IEC 60880 is a significantly strict standard. The standard was 
compared to a similar IEC standard 61508-3 to find out if this is really the case. The 
underlying reason for this comparison was also to determine whether it is possible to 
choose only one of these standards as the basis of software certification. The aim of 
the comparison was to extract the absolute requirements from both standards and to 
find out how these requirements compare to each other in terms of strictness and 
scope.  

• Methods and tools suitable for certification were examined in the project. Methods and 
tools of verification range from highly automated tools to manual work intensive 
expert assessment. With increasing complexity and demands more systematic and 
abstract methods are needed to explore the possible behaviour of the software. 
Following the advancement of computer science and needs of the software industry as 
a driving force, a varied selection of methods to analyse and test software along with 
accompanying tools have been developed. 

• Several kinds of Safety Cases were examined in the project. Safety Cases provide a 
formal argument that a system is safe and show that any risks associated with its 
operation have been reduced to an acceptable level. In the safety domain, explicit 
Safety Cases are increasingly required by law, regulations, and standards.  

 
Also an analysis of case studies was done to get feedback from first versions of certification 
methods and tools.  
 
Deliverables in 2008 
 
Ad hoc group meetings were organised to get feedback from software certification 
stakeholders (regulators, power companies, system suppliers, research units, certification 
service companies) about current drafts of software certification.  
 

• Criteria for different types and levels of process assessment were defined. ISO and 
IEC standards include requirements for compliant process and product evaluation and 
related certifications. Most relevant is ISO 17021, including set of criteria for 
conformity and accreditation of certification service. As part of that, a task workflow 
and set of roles were defined both for process and product aspects of certification 
service.  

• IEC 61508-3 was selected as a baseline standard for certification of safety critical 
software. Conformance to IEC 60880 is to be evaluated in nuclear specific Granted 
that the IEC 60880 requirements are often more detailed than the requirements of IEC 
61508-3, it cannot be argued that IEC 60880 is a stricter standard.  

• Methods and tools suitable for certification were studied: software safety analysis, 
static analysis, dynamic testing, fault injection, model checking, metrics, and symbolic 
analysis. The toolset for certification will be developed in several increments in 
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CERFAS. In each phase, tools are used in real pilots to get feedback and to collect 
further needs for certification.  

• Results of certification processes are presented in Safety Cases. Several kinds of 
Safety Cases were constructed suitable for Certification Body and various evaluators. 
Approaches for Safety Cases can be based on goals, requirements or risks. What ever 
the approach is, it covers the other two approaches. The Safety Case is defined in 
terms of three elements: 1) Claims about properties of the system, 2) Evidence used as 
the basis of the safety argument, and 3) Argument that links the evidence to the claims 
via a series of inference rules (Figure 2).  

Claim
Assumption

Subclaim

Subclaim
Evidence

Evidence

Evidence

Reference

Reference

Probability of
violation

Arguments

Fact

Figure 2. Example construction of  a Safety Case.  

• Two conference papers were presented (SPICE2008, EuroSPI2008) about CERFAS in 
general, process and product assessment of safety-critical software.  

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 develop a concept of operations (ConOps) for digitalized CRs from the perspective 
of enhancing situation awareness and collaboration and coordination of activities between 
operators. It has been studied usage practices of operating procedures and different HSI 
components, and specifically their role in the development of an accurate situation model of the 
process state and in the collaboration between members of the operating team and between 
different personnel groups. This research is mainly based on the reference tests that were 
conducted at the Loviisa training simulator. The second aim has been to develop new tools and 
methods for studying the adequacy, effectiveness and safety of hybrid HSIs. The aim has been 
to improve the reliability and validity of existing HFE evaluation methods and develop new 
cross-sectional and longitudinal tools and methods. 
 
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 2008 
 
1. Development of the concept of operations for digitalized CRs 
 
The subtask aims at developing a ConOps for digitalized CRs in close collaboration with 
Loviisa operators by applying participatory research methods. The starting point is the ConOps 
of the old CR that is in part developed on the basis of the reference test data. This mirror data 
will be discussed with operators in feedback workshops in 2009 and, based on the data of these 
workshops, the ConOps will be further refined. Based on the reference test data, the aim has 
also been to study factors that promote and inhibit the development of a general operational 
picture of the state of the power process. In addition, the aim has been to provide knowledge of 
operators’ attitudes and orientations towards different types of procedures and their metaphors 
of procedure usage and to study the role of computer-based procedures in development of 
collaboration and cooperation among operators. 

The design and usage practices of LSDs based on the Information Rich Design concept have 
been studied in the simulator environment. It was, e.g., found that 1) the design of LSDs 
supporting situation awareness and collaboration between operators is challenging, 2) the 
design of LSDs should be based on process architecture, and 3) novel design principles should 
not be applied in their design very rigidly. On the basis of our overview display studies, a LSD 
concept has been developed providing guidance on the design and evaluation of LSDs. A final 
version of the literature review on the use of computer-based emergency operating procedures 
has also been prepared. Additionally, we have prepared a collection of our articles on the design 
and evaluation of advanced displays for CR applications. Overall, the results of this task 
suggest that the digitalization of CR HSIs has both positive and negative consequences, and 
new types of displays and operator procedures can, at least, solve some of the problems 
associated with the build-up of situation awareness, detection of process failures and 
collaboration between operators. 
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2. Management of human factors engineering activities 
 
Extensive simulator tests have been conducted at the Fortum Loviisa training simulator. One 
of the main focuses has been to investigate the usage practices of HSI elements such as 
operational procedures and LSDs. New evaluation tools such as a questionnaire for the 
assessment of systems usability have also been developed.  
 
The Usability Case method providing an accumulated documented body of longitudinal 
evidence of the degree of usability of a system has been further developed. The usefulness of 
the approach has been demonstrated by its application to the evaluation of computer systems 
in different application domains. 
 
3. WGHOF participation 
 
The Finnish delegate participated in two WG-meetings during 2008. 
 
Deliverables in 2008 

 
• Two scientific papers were published; one as a book chapter, another one in a 

scientific journal 
• One paper was published in ATS Ydintekniikka 
• Three presentations were given at the Enlarged Halden Project Meeting in May 
• Three papers were prepared for the American Nuclear Society International Topical 

Meeting on Nuclear Plant Instrumentation, Controls, and Human Machine Interface 
Technology 2009 

• Seven conference papers and presentations on systems usability, systems validation 
and HSI design were given 

• A collection of previously-finished reports is under publication in VTT’s publication 
series 

• Two working papers were prepared to be later developed into scientific papers 
• Requirements specification workshop was held in April 
• Active participation at OECD/NEA Special Expert Group in Human and 

Organizational Factors 
• Deepening collaboration with OECD HRP Hamlab on several topics 
• Participation in the preparation of the MMOTION project 
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Figure 1. Evaluation form for the development of situation awareness showing the basic categories 

of the LSD concept. Similar forms are drawn for other functions of the LSDs. 

 

 
 

Figure 2. Testing the usability of the Fortum IRD pilot at the Fortum development simulator. 
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2.3 Fuel and reactor physics 

In the fuel and reactor physics research area there are three projects going on in 2008: 
Development and Validation of Fuel Performance Codes (POKEVA), Tridimensional core 
transient analysis methods (TRICOT) and Total reactor Physics Analysis System (TOPAS). 

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 consisting of new 
parts or entirely new codes  is one of the long term objectives. Education of next generation 
experts is to be continued.  
 
Specific goals in 2008 
A general aim is to complement the selection of fuel transient analysis codes required to keep 
up with the requirements of  assessments to a detail defined in the STUK YVL 6.2 Guide, with 
due attention to emerging fuel types and materials .  

The demonstrated probabilistic procedure with a transient fuel code (FRAPTRAN, 
FRAPTRAN-GENFLO) is to be tested. Necessary reduction in the number of varied parameters 
needs to be attempted to cut running times to a practical level. The goal is to routinely handle 
core-wide performance phenomena to the extent required in the YVL 6.2 guideline.   

Coupling a thermal hydraulic model to a fuel performance code will be elaborated.  

A collaborative effort of VTT and SSM (former SKI) of Sweden is to be established. Initial 
common interest is directed to comparison of two versions of the FRAPTRAN 1.3 code on the 
basis of their performance in simulating fuel rod behaviour in the  Halden IFA-650 LOCA tests.  

With steady-state modelling, the goal is to arrive at systematically validated steady state 
performance codes with a realistic picture of validity and confidence in relation to currently 
used and emerging fuel types and conditions. Understanding and modelling fission gas 
behaviour and release, cladding oxidation and hydriding (with due attention to water 
chemistry), and mechanical interaction phenomena require further attention.  

Deliverables in 2008 

 
• Determination of the number of failed rods through a probabilistic procedure makes an 

advancement towards a best-estimate assessment. This work that was initially started in 
2006 has resulted in a tentatively demonstrated procedure. In the application, three 
successive methods are used to reduce the number of calculations. First, the rods are 
divided into groups by their similarities. Secondly, the calculation is made in such a way 
that the cases are distributed among 59 global groups with the same global parameters. 
Finally, neural networks – an entirely new approach – has been introduced to explain the 
connections between input and output parameters. Being a novel solution, the method 
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with neural networks still requires a critical verification. The theory of the methodology 
was reported. (Fig. 1) 

• An active procedure to provide the boundary conditions for the probabilistic accident 
analysis in desired detail and format has become available as the thermal hydraulic 
interface in FRAPTRAN-GENFLO was rectified. Alternatives to give FRAPTAN-
GENFLO boundary conditions from a system code were elaborated. A new mode was 
introduced to independently define steam and water flows with mixed or separate 
enthalpies for each of the phases. First test runs with PWR LOCA simulations were 
successful. User instructions were updated. A report that document most important of the 
changes made in the FRPACON and FRAPTRAN codes at VTT was compiled and 
issued. 

 
 
 

Figure 1. Procedure of probabilistic core-wide fuel accident behaviour assessment  
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• LOCA test simulations made with the FRAPTRAN-GENFLO code were highlighted in a 
presentation at the EHPG conference. Recent parameter simulations to evaluate the effect 
of fuel relocation in a ballooning rod during a LOCA were included. (Fig. 2). 

• Collaboration on common evaluation of the USNRC FRAPCON and FRAPTRAN code 
versions with the Swedish safety authority SSM and its consultant Quantum Technologies 
was established in practice. 

 

 
Figure 2. Calculated LOCA test temperatures, with parameter variation . 
 
• A contract on the installation, use, and further development of a recent SCANAIR RIA 

performance code version at VTT was finalised with the IRSN of France.  

• A review of the VTT development history of the ENIGMA code was prepared . This will 
serve the aim of improving the housekeeping of the number of versions that have 
introduced over the years. 

• A detailed comparative assessment of the fission gas release and uranium dioxide pellet 
thermal conductivity was made. The critical review contains detailed descriptions of the 
models and points out shortcomings and suggests areas of improvements. The summary 
identifies a number of differences between ENIGMA and other models which should be 
considered further. ENGMA’s underpredicting fuel temperatures to a certain degree is 
suggested. 

• Collaboration with the Swiss Paul Scherrer Institute was opened with information 
exchange. 

• Participation in the OECD CSNI Working Group on Fuel Safety and in its LOCA test 
Benchmark exercise has continued. 
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2.3.2 Tridimensional core transient analysis methods (TRICOT) 

The fundamental objective of the project 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 2008 
 
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. 
Some of the work for 2008 had to be either redirect or postponed due to personnel issues, 
especially the sudden accidental death of the main developer of TRAB-3D/SMABRE and the 
porous medium thermal hydraulics model Jaakko Miettinen. The work on also these tasks 
proceeded, however, mainly along the planned course. 
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Figure 1. Steady state bundle flow at core inlet and fission power distribution calculated by 
TRAB-3D-SMABRE with internal coupling relative to distribution with parallel coupling.  
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Figure 2. Total core mass flow and maximum of channel outlet equilibrium quality in  

 

Figure 2. Total core mass flow and maximum of channel outlet equilibrium quality in  

 

 

Figure 2. Total core mass flow and maximum of channel outlet equilibrium quality in pump 
seizure transient with two coupling types, old and new code versions and with SMABRE and 
TRAB sets of heat transfer options. 

Deliverables in 2008 
  
• Status check of the different code versions of internally coupled TRAB-3D/SMABRE and 

identification of modifications leading to results deviating from traditional parallel 
coupling have been performed and reported. In the test case for coupling, the plant model, 
consisting of the whole primary loop of a PWR and the secondary loop from the feedwater 
tank to the turbine valves has been used. As a test a pump seizure transient has been 
calculated with different coupling types and code versions. A stable and functioning 
steady state solution for a PWR core has been achieved with the new coupled code and the 
differences of core parameter distributions are very small. The capability of calculating 
the general flow system and circulation loops with SMABRE has been achieved with the 
new code version. (Figures 1 and 2). The coupled code TRAB-3D/SMABRE has been 
described in a conference paper. 

• Use of the sensitivity and uncertainty analysis tool has been applied and reported in a 
study in which the worst leak size of MSLB accident in a VVER-440 in all power levels is 
searched. It has also been studied how the results of the sensitivity analysis of the reactor 
dynamics codes can be used as input for the statistical method developed for fuel rod 
analysis. 

• In PORFLO, the basic features of the computer code include assumption of porous 
medium, description of the problem in three-dimensional Cartesian coordinates and the 
use of either the five-equation model (with a mixture momentum conservation equation) 
or the six-equation model for the solution of the two-phase flow problem. The most 
important development steps made during 2008 were: the implementation of the six-
equation model to PORFLO and the development of new iterative linear solvers and 
preconditioning methods for the solution of the pressure correction equations of both the 
five-equation SIMPLE algorithm and the newly developed (six-equation) Phase-Coupled 
SIMPLE algorithm. As a result of the new iterative solvers and preconditioning methods 
the computation time has been reduced almost by an order of magnitude. Preliminary 
simulations of one of the NUPEC (Nuclear Power Engineering Corporation) BFBT 
(BWR Full-size Fine-mesh Bundle Tests) benchmark steady-state exercises were 
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performed on a BWR (8×8) fuel bundle with a central water rod using the five-equation 
SIMPLE algorithm of PORFLO, as a transient simulation (Figures 3 and 4). A paper in 
the SAFIR2010 Interim report summarizes the status of the development of the PORFLO 
model.  

• 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). New users 
have trained for the use of the PARCS code and the sensitivity and uncertainty analysis 
tool  

 

 
 

Figure 3: Vertical velocities at outlet [m/s]: mixture velocity (upper left), slip velocity (upper 
right), vapor velocity (lower left) and liquid velocity (lower right). 
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Figure 4: Contours of various parameters at outlet: void fraction [-] (upper left), temperature 
[°C] (upper right), volumetric heat flux for vapor generation [W/m3] (lower left) and 
volumetric heat flux for liquid heating [W/m3] (lower right). 

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 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 2008 
 
Specific goals in 2008 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, especially related to the addition of burnup calculation 
capabilities. Comparisons between PSG-ARES and CASMO-SIMULATE calculations on the 
EPR reactor are to be extended. Study on the VNEM method is planned to be conducted in 
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NKS co-operation. Short user’s guide to ARES is also planned to be written. The 
development of a new Monte Carlo full-core reactor physics simulation code MORA has been 
initiated and the first code version will be made. The MORA code uses homogenised multi-
group cross sections and scattering matrices produced by PSG. The first presentation of the 
method will be given at the PHYSOR’08 conference. Variance reduction methods of the 
Monte Carlo simulations, especially related to the use of MCNP code, are to be further 
investigated and a Doctor's thesis will be written on the subject. The deterministic MultiTrans 
code will be further developed. Improved versions of ABURN script coupling Monte Carlo 
simulation with depletion code calculation will also be made by linking even larger set of 
different programs. Work on a Licentiate’s thesis dealing with coupled Monte Carlo/burnup 
calculations is continued. Sensitivity and uncertainty analysis will be applied to characteristics 
code and OECD UAM-benchmark on uncertainty analysis in modelling light water reactors 
will be attended. 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. 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 1. The CROCUS reactor core. Two nested lattices with different pin pitch. The PSG 
and MORA codes were used for calculating reactor point kinetics parameters in the CROCUS 
benchmark. 
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Figure 2. Block diagram of the modified CASMO code for uncertainty and sensitivity 
analysis. 

 
Deliverables in 2008 
 
• JEFF/NJOY meeting was attended in November 2008. NJOY has been used, e.g., to 

generate cross sections for PSG2/Serpent. External coupling between PSG-ORIGEN2  
was realized. In addition, internal burnup calculation routines were implemented to 
PSG2/Serpent. 

• New burnup calculation capabilities of PSG2/Serpent will enable extension of the EPR 
comparison calculations in future. VNEM method has not been studied nor ARES user’s 
guide written. Nonetheless, 1D data condensation methods have been studied and reported 
instead. 

• New MORA code has been developed and the results reported in PHYSOR’08. Doctor’s 
thesis on Monte Carlo variance reduction methods was written. Improvements have been 
made to MultiTrans.  

• Coupling of PSG to ORIGEN2 has been accomplished by ABURN. However, developer 
of the ABURN resigned from VTT, and work on Licentiate’s thesis has no longer 
continued. 

• KRAM solver in CASMO was modified in order to allow sensitivity and uncertainty 
analysis based on perturbation theory. LWR uncertainty analysis of modelling (UAM) 
benchmark was attended. 

• Three papers on the project’s results were presented in two separate international 
meetings. One more paper has been prepared for another meeting in 2009. Three research 
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institute reports have also been written. International research co-operation has included 
participation to NEA NSC, NEA JEFF, and AER WG-E meetings, as well as LWR 
uncertainty analysis of modelling (UAM) benchmark. Several international courses were 
also attended, including Studsvik Scandpower’s “Basic CMS Training” course, 
MCNP/MCNPX workshop, Joliot&Hahn summer school, EXTEND course, and 
CEA/INSTN course “Experimental Validation and Calibration of Numerical Simulation 
Models”. 

2.4 Thermal hydraulics research area 

In the thermal hydraulics research area there are six projects going on in 2008: Numerical 
modeling of condensation pool (NUMPOOL), Improved Thermal Hydraulic Analysis of 
Nuclear Reactor and Containment (THARE), CFD modelling of NPP horizontal and vertical 
steam generators (SGEN), Improvement of PACTEL Facility Simulation Environment 
(PACSIM), Condensation experiments with PPOOLEX facility (CONDEX) and Large Break 
Loss-of-Coolant Accident Test Rig (LABRIG). 

2.4.1 Numerical modeling of condensation pool (NUMPOOL) 

Numerical methods for analyzing pressure suppression pools in boiling water reactors are 
developed. The numerical modelling work of the project has three objectives. First, 
supporting the CONDEX project at Lappeenranta University of Technology (LUT), where 
experiments are performed with pressurized PPOOLEX test facility. Second, improving 
understanding of the thermal hydraulic phenomena in the drywell and in the wetwell 
compartments of the pressure suppression pool of BWRs. Third, developing methods for 
estimating pressure loads originating from the pressure suppression pool. 
 
In the NUMPOOL project, CFD simulations of the PPOOLEX facility, where mixture of air 
and steam flows though the drywell to the wetwell, have been performed. Main focus has 
been in the beginning of the blowdown, i.e., when water is expelled from the blowdown pipe, 
since large pressure loads on the pool walls usually occur during this phase. In 2008, models 
for the behaviour of steam in the drywell and in the wetwell compartments have been 
developed. Fluid-structure interaction analysis of two PPOOLEX experiments have been 
performed. 
 
The group of Prof. Truc-Nam Dinh at the Royal Institute of Technology (KTH) is 
participating in modelling the PPOOLEX experiments with the GOTHIC code. The work of 
VTT, LUT and KTH has been coordinated within the common NKS-R project POOL. 
 
Specific goals in 2008 
 
In year 2008, modelling of steam condensation in the drywell has been performed by using 
the models developed for the calculation of the MISTRA facility as the starting point. The 
wall condensation model has been adapted into the Euler-Euler multiphase model of the 
FLUENT CFD code. The wall condensation model for the drywell has improved based on the 
comparison of the simulations to the experimental results. A simple model for direct-contact 
condensation has also been implemented in the Euler-Euler multiphase model. Test 
simulation of PPOOLEX experiment has been performed and the results have been compared 
to a PPOOLEX experiment. 
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Figure 1. CFD simulation of a PPOOLEX experiment, where steam is blown into the drywell: 
(a) molar fraction of vapour in the gas at time t = 15 s, (b) mass transfer rate (kg/m3s) in 
direct-contact condensation of vapour at the outlet of the vent pipe at time t = 14.48 s.  

In Figure 1, an example of a CFD simulation result is shown. On the left, the molar fraction of 
vapour in the air-vapour mixture is shown, which has the maximum value of about 0.7 in the 
drywell compartment. On the right, the mass transfer rate of condensing vapour is shown at 
the outlet of the vent pipe. At this instant of time, the gas mixture at the vent outlet still 
contains a significant amount of non-condensable air. 
 
In Fluid-Structure Interaction (FSI) modelling, motion of the structures is taken into account 
when the pressure loads are calculated. The calculated wall pressure and pool motion are 
compared with the experiments. FSI calculations of the experiments have been numerically 
unstable with explicit two-way coupling. Therefore, a linear perturbation method (LPM) has 
been developed and validated for the pool simulations. 
 
Work on alternative methods for evaluating the pressure loads has been continued. The 
acoustic FEM model is used for the pool water and two-way FSI is accounted for in the 
modelling. Ways for determining the pressure source for the acoustic model from the 
PPOOLEX experiments have been examined. This includes developing a method for 
separating the actual thermal-hydraulic load from the pressure variations caused by structural 
motion. 
 
In Figure 2, experimental and simulation results are shown for a PPOOLEX experiment, 
where air was blown into the pool. The results obtained with LPM show reasonable 
agreement with the experiment. Calculation with one-way coupling shows qualitatively 
incorrect results for the wall pressure. In addition, the structural displacements are smaller 
compared to the experiment and to those obtained with LPM. 
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Figure 2. Wall pressure below pipe and wall displacement in PPOOLEX experiment and in 
calculations with LPM and with one-way coupling. 

 

Deliverables in 2008 
• The wall condensation model has been implemented in the Euler-Euler two-phase model 

of FLUENT for modelling the phenomena in the drywell compartment of PPOOLEX. A 
simple direct-contact condensation model has also been implemented in FLUENT for 
modelling condensation of vapour in the water pool. 

• Validation of the linear perturbation method for modelling FSI in the PPOOLEX 
experiments. Studies on determining the pressure source from the PPOOLEX 
experiments. 

• The CFD and the FSI calculations are described in the report: T. Pättikangas, J. Niemi and 
A. Timperi, “Modelling of blowdown of steam in the pressurized PPOOLEX facility”. 
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2.4.2 Improved Thermal Hydraulic Analysis of Nuclear Reactor and Containment 
(THARE) 

The main objectives of the THARE project are to develop and validate calculation methods 
for safety evaluation of nuclear power plants.  
 
Specific goals in 2008 
 
Specific goals in 2008 included three tasks, 1) validation of thermal hydraulic system analysis 
codes APROS and TRACE, 2) enhancements of containment thermal hydraulic analysis 
methods and 3) participation in the international research programs. 
 
Deliverables in 2008 
 
• The APROS thermal hydraulic code was validated with OECD/ROSA Test 3-1. The test 

simulated pressurized water reactor (PWR) high-power natural circulation due to failure 
of scram during a cold leg small break loss-of-coolant accident with a break size of 1% 
under an assumption of total failure of high pressure injection system. Most of the major 
experimental findings were observed in the simulation, even though there were slight 
differences in time of occurrence compared to the experiment. The ROSA/LSTF (Rig of 
Safety Assessment / Large Scale Testing Facility) was modelled also with the TRACE 
code. 

Steam Line A Steam Line B 

Steam line 

 

Figure 1. Schematic picture of the ROSA/LSTF test facility (left) and the APROS model (right). 
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• To support the PWR-PACTEL experimental program the planned characterizing los of 
feed water experiment was calculated with the reference plant model. The aim of the 
calculations was to evaluate the behaviour of the real power plant in the test conditions 
and help planning the test. In the steam generator boil of experiment (LOF = loss of 
feedwater) the feed water is closed and the steam generator will dry out gradually. The 
purpose of the test will be to study degradation of heat transfer in the steam generator. In 
the presented case a very low core power was used in order to produce slow boil of with 
quite stationary conditions with slowly decreasing water level. In the beginning of the 
transient the feed water was closed and the main circulation pumps were stopped. Figure 3 
shows calculated temperature profiles in the U-tubes. In the initial state (time 0) the 
temperature difference from the inlet (node 1) to the outlet (node 14) is very small due to 
the low power level. When the primary pumps were stopped the inlet temperature 
increased and temperature difference became large (temperature profile at 1000 s). Most 
of the heat transfer takes place on the hot side of the steam generator (nodes 1 - 7). Heat 
transfer is maintained until the steam generator is almost empty. The hot side of the steam 
generator will dry out first, which can bee seen in the temperature profile at 9000 s. All 
the heat transfer takes place in the cold side (nodes 9 – 14). The steam generator was 
completely drained out at 10000 s 

Figure 2. PWR-PACTEL test facility and APROS model of the steam generator. 
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cooling was tested in the large 100 m3 MISTRA tests facility. In the model the vessel was 
divided in four vertical layers and five radial sections (Figure 5).  The initial stratified 
condition in the test vessel was formed with steam injection and with three cylindrical 
heat exchangers inserted inside the vessel close to the walls. Two top heat exchangers 
were kept at constant 140 ºC and the lowest one at 80 ºC temperature. Simulated transient 
Masp1 started when the steam flow into the tank lower part was stopped. The tank 
pressure started to decrease as a consequence of the cooling mainly due to the lower 
cooler condenser. At 2100 s the spray injection was started. At 3900 s the spray injection 
was stopped and the system was again heated up by hot walls and heat exchangers. In 
Figure 6 the calculated pressure is compared with the measured pressure.  During the 
cooling phase the calculated pressure decreases faster than the measured pressure. The 
reason is in the too efficient mixing in the calculation with the coarse lumped parameter 
model. After the spray cooling started at 2100 s, the calculated curve follows closely to 
the measured curve. After 3900 s, when the spray injection was switched off, the pressure 
increases due to heating of hot condensers and walls. The calculated pressure follows 
closely the measured value. 

  

 
Figure 5. MISTRA test facility (on the left) and APROS model (on the right). 



 

RESEARCH REPORT VTT-R-04415-09

37 (102)
 

 

 

 
Figure 6. Calculated and measured pressure in the MISTRA MASP1 experiment 
(http://www.sar-net.org/upload/3-3_spray_malet_3-3.pdf). 
 

2.4.3 CFD modelling of NPP horizontal and vertical steam generators (SGEN) 

The objective of the project is to develop a simulation methodology and tool for the 
modelling of horizontal and vertical steam generators of NPPs taking into account the 
multidimensional effects and the two-phase flow phenomena. The model developed in the 
project includes the essential physical phenomena occurring in the steam generator, such as 
heat transfer from the primary to the secondary side and the pressure loss of the two-phase 
flow in the tube bundles of the secondary side. 
 
The models are implemented in the commercial FLUENT CFD code and the models are 
tested with three-dimensional simulations by using a simplified model of a horizontal steam 
generator of a NPP. The primary circuit is modelled with APROS. 
 
Specific goals in 2008 
 
Porosity model for a steam generator has been developed that can be applied both for 
horizontal and vertical steam generators. As the starting point, the first version of the model 
developed by VTT and FNS during year 2007 was used. 
 
During 2008, the modelling of heat transfer on horizontal surfaces has been improved and 
tested. The correlations for the pressure loss, enthalpy sources and void fraction have been 
tested and the models have been improved. Test calculations were performed with a small 
model of a horizontal tube bundle by using periodic boundary conditions. Simulations were 
also performed by using the so-called RPI-model for boiling (Rensselaer Polytechnic 
Institute), where the tubes are modelled in greater detail. 



 

RESEARCH REPORT VTT-R-04415-09

38 (102)
 

 

 

A three-dimensional CFD model was developed for the secondary side of the horizontal steam 
generator of VVER-440. The model is shown in Figure 1, where the tube bundles of the 
primary circuit are shown with green colour. Two different meshes were developed and mesh 
independence of the simulation results were studied. Stationary operation of the steam 
generator was simulated. 

 

Figure 1. FLUENT model for the secondary side of a horizontal steam generator. 

Since the primary and the secondary side of the steam generator are coupled, the local heat 
transfer from the primary side to the secondary side is included in the model. The primary 
circuit was modelled with APROS and the source terms of enthalpy were transferred to 
FLUENT. The APROS-model of the primary circuit is shown in Figure 2. The tool for 
transferring enthalpy sources from APROS to FLUENT was improved and tested. An 
APROS-model for a vertical steam generator was also developed. 

 

Figure 2. The uppermost tube level in the APROS model for the primary side of a horizontal 
steam generator. 

 
In Figure 3, an example of three-dimensional coupled APROS-FLUENT simulation of the 
primary and the secondary sides of the steam generator is shown. The void fraction on the 



 

RESEARCH REPORT VTT-R-04415-09

39 (102)
 

 

 

secondary side is shown both on the hot and on the cold side. On the hot side, the void 
fraction is significantly higher and the water surface is higher near the hot collector. 
 

 

 

  

Figure 3. Void fraction on the hot side (top) and on the cold side (bottom) of the horizontal 
steam generator. 
 

Deliverables in 2008 
 

• The implementation of the CFD model of the steam generator and the FLUENT-
APROS coupling are describe in the research report: T. Pättikangas, J. Niemi and 
V. Hovi, “Implementation of a three-dimensional porosity model for horizontal steam 
generators”. 

• Description of the RPI boiling model and results of test simulations are described in 
the research report: V. Hovi, “The RPI boiling model”. 

• The test simulations performed for the NPP horizontal steam generator are described 
in the report: T. Rämä, “Simulation of the horizontal VVER-440 steam generator”. 

2.4.4 Improvement of PACTEL Facility Simulation Environment (PACSIM) 

The main objectives of the PACSIM project is to enhance the utilization of the TRACE 
simulation environment of the PACTEL facility with TRACE thermal hydraulic code. The 
Finnish Radiation and Nuclear Safety Authority, STUK, has required an independent tool to 
support safety and licensing analysis and decided to use the TRACE code. The use of TRACE 
enhances the preparedness to give analysis support and improves education in computational 
thermal hydraulics. During the year 2008 in the PACSIM project TRACE has been used for 
preparation of complete three-loop PACTEL facility model with horizontal steam generators. 
The project has given important validation knowledge for achieving the final goal of the full-
scale VVER-440 model preparation, which will be carried out outside the SAFIR2010 
programme. Another objective in the project has been preparation of a new TRACE-model 
with vertical steam generators, simulating the new PWR-PACTEL facility set-up. This model 
has been completed during first year of the project. The planned TRACE-code calculations 
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will give valuable analysis and comparison support for the APROS calculations and the 
PWR-PACTEL experiments. 
 
Specific goals in 2008 
 
Specific goals in 2008 contained preparation of complete TRACE input decks of the 
PACTEL facility both for VVER and PWR PACTEL facilities. Also, increased practical 
experience in the using the TRACE code was achieved.  Fully functional TRACE code model 
of the PACTEL VVER facility with three loops, auxiliary and control systems was prepared. 
The functionality of the both model was tested and first calculations were carried out in order 
to validate the model of the PACTEL VVER facility. The model of VVER PACTEL was 
validated against pressure loss test FLT01 (Runs 4, 5, 6, 8, 11, 14 and 16) and heat loss tests 
HL22-23. The calculated results agreed well with the experiment data in most cases.  
 
Another main goal was to prepare a new TRACE-model with vertical steam generators for the 
modified PWR-PACTEL facility. At first, the vertical steam generator models were built 
separately and tested with inlet and outlet boundary conditions. The existing TRACE model 
of PACTEL was then modified and connected to the vertical steam generators performing the 
entire PWR-PACTEL model. Due to lack of experiment data the calculations of the 
characterizing tests were postponed to future and blind pre-calculations of LOF-tests were 
loss-of-feedwater made. The calculating results were promising. 
 
Deliverables in 2008 
 

• TRACE model of VVER PACTEL facility. 

• Calculation of PACTEL pressure losses  

• Calculation of PACTEL heat losses with TRACE code  

• TRACE model of PWR PACTEL facility. 
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Figure 1. Main view of the VVER PACTEL facility model by SNAP editor. 
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Figure 2. Main view of the PWR-PACTEL facility model by SNAP editor. 

 

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 boiling water reactor (BWR) containment during steam discharge. 
These phenomena could be connected, for example, to bubble dynamics, direct-contact 
condensation (DCC), pressure oscillations, thermal stratification and global circulation and 
mixing in the pool. To achieve the project objectives, a combined 
experimental/analytical/computational study programme is being carried out. Experimental 
part (LUT: CONDEX) of the project is responsible for the development of a database on 
condensation pool dynamics and heat transfer at well controlled conditions. 
Analytical/computational part (VTT: NUMPOOL, KTH: NORTHNET RM3, LUT: 
CONDEX) use the developed experimental database for the improvement and validation of 
models and numerical methods including CFD and system codes. Also analytical support is 
provided for the experimental part by pre- and post-calculations of the experiments. The 
PPOOLEX test facility, including both the dry well and wet well compartments of the 
containment and withstanding prototypical system pressures, is utilized in the experimental 
part of the project. 
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Specific goals in 2008 
 
Specific goals in 2008 included three different experiment series with the PPOOLEX test 
facility. In the thermal stratification and mixing experiments the objective was to study 
thermohydraulic loading of the wet well structures due to stratification processes as well as to 
get comparison data for evaluating the capability of GOTHIC code to predict stratification 
and mixing phenomena. An array of properly positioned thermocouples was added to the pool 
volume in order to measure accurately the characteristics of thermal stratification and mixing. 
With small steam flow rates the stratification process started almost immediately after the 
initiation of the experiment. With higher flow rates the mixing effect of steam discharge 
delayed the start of the stratification process until the pool bulk temperature exceeded 50 °C 
(Figure 1) 
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Figure 1. Due to mixing effects the thermal stratification process started only after the pool 
water had warmed up when higher flow rates were used. 
 
The wall condensation experiments aimed at estimating the amount of condensate generated 
with different flow rates and pre-heating levels of the dry well structures and at producing 
verification data for CFD calculations. A system for collecting and measuring the amount of 
condensate from four different wall segments of the dry well compartment was installed. The 
accumulation of condensate was strongly controlled by the temperature level of the dry well 
structures. As the dry well structural temperatures increased the condensation process slowed 
down. However, the condensation process never completely stopped because a small 
temperature difference remained between the dry well atmosphere and inner wall even in the 
case of an extended steam discharge period (Figure 2). 
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Figure 2. Temperatures in the atmosphere and on the inside wall of the dry well compartment 
and accumulation of condensate in a wall condensation experiment. 
 
Specific experiments on the effect of a scaled down collar installed at the lower end of the 
blowdown pipe on the pressure oscillations occurring inside the pipe and in the pool during 
the chugging phase of steam discharge were carried out (Figure 3). Different flow rates and 
pool water temperatures were used. Pressure oscillations were captured with kHz range 
measurements and filmed with high-speed cameras. 
 

 
 
Figure 3. A scaled down collar was attached to the outlet of the blowdown pipe for the third 
experiment series in 2008. 
 
Work with NEPTUNE_CFD code, developed in the EU/NURESIM project, continued with 
the simulation of selected POOLEX experiments. An experiment with thermally insulated 
blowdown pipe and a quasi-steady steam-water interface at the pipe mouth were simulated 
with 2D and 3D grids. Furthermore, simulation of a chugging experiment was started. The 
models of Hughes-Duffey and Lakehal et al. 2008 were compared. 
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Deliverables in 2008 
 
• A series of thermal stratification and mixing experiments was carried out with the 

PPOOLEX test facility to study thermohydraulic loading of the wet well structures and to 
get comparison data for GOTHIC code. Heat-up periods of several thousand seconds by 
steam injection into the dry well compartment and from there into the wet well water pool 
were recorded. The initial water bulk temperature was 20 °C.  Cooling periods of several 
days were included in three experiments. With higher flow rates the mixing effect of 
steam discharge delayed the start of stratification until the pool bulk temperature exceeded 
50 °C. 

• Five wall condensation experiments, each consisting of several steam discharge tests, 
were carried out. Steam was blown into the dry well compartment and from there through 
a DN200 (Ø219.1x2.5) blowdown pipe down to the condensation pool filled with 20 °C 
water to the level of 2.14 m i.e. the blowdown pipe outlet was submerged by 1.05 m. The 
steam flow rate ranged from 90 to 690 g/s and the temperature of incoming steam from 
115 to 160 °C. Pre-heating of the dry well structures was used in all but two tests. A 
thermo graphic camera was used in a couple of experiments for evaluating the temperature 
distribution on the outside surface of the dry well wall. Most of the condensate 
accumulated during the first 200 seconds of the discharge. However, the condensation 
process never terminated, because a temperature difference of a few degrees remained 
between the atmosphere and the inner wall of the dry well as long as steam was blown 
into the pool. 

• A series of chugging experiments to investigate the effect of a modified blowdown pipe 
outlet on the level of pressure oscillations was carried out. A scaled down collar design 
was attached to the outlet of the blowdown pipe. Reference experiments were done with a 
straight pipe. Pressure loads inside the blowdown pipe and in the condensation pool were 
registered with the help of extra pressure transducers. Strains on the pool bottom and 
vertical movement and acceleration of the vessel were also measured. 

• Test STB-28-4 from the preceding POOLEX experiments was selected to be modelled 
and calculated with NEPTUNE_CFD code Work and model improvements done in the 
EU/NURESIM project on steam condensation inside a vertical blowdown pipe formed the 
basis for the simulations. With the help of system codes (APROS and TRACE) the 
missing boundary conditions were calculated. The condensation models of Hughes-
Duffey and Lakehal et al. 2008 were compared using pressure and velocity inlet boundary 
conditions at the blowdown pipe inlet. The initial results indicate that the Hughes-Duffey 
condensation model predicts clearly higher condensation rates than the model of Lakehal 
et al. 2008. 

• NORTHNET RM3 meetings were participated and a POOL-NKS meeting arranged in 
Lappeenranta. A combined POOL-NKS application for 2009 by LUT, VTT and KTH was 
written and delivered. 

• XCFD4NRS workshop in Grenoble and a training session on TransAT in Zurich were 
participated. 
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2.4.6 Large Break Loss-of-Coolant Accident Test Rig (LABRIG) 

The main objective of this new test facility and following test program is to gain new 
validation data for the code validation purposes. The main interest is in the fluid-structural 
analysis issues. Existing code capabilities can be improved by using measurement data gained 
from the facility. It is also relevant to have active research on the subject to educate new 
structural analysis experts. Simultaneous analytical and experimental work is needed to fully 
understand the phenomena during the blowdown. The first goal of the project is to design a 
pilot test rig using information from the LABRE-project. The special goal in designing is how 
to capture the beginning of the depressurization of the reactor vessel. The break opening 
system has to be examined and designed with care. The second goal is to build the test rig 
based on the plans from the design phase and taking into account possible various 
configurations needed to gain the desired results. The third goal is to achieve desired data 
from the test rig in the experiment phase. 
 
Specific goals in 2008 
 
Specific goals in 2008 included designing of the test facility taking into account the results of 
the survey of the old facilities in LABRE project. In the designing alternative configurations 
for getting data from different phases or of different quantities were taken into account. The 
existing data of the old facilities was utilized, the internals of the pressure vessel, arrangement 
the break assembly, etc. 
As the scale of the test facility is still relatively small, it is necessary to use external heating 
and cooling circuits. There is also the risk of damaging the electric heaters during the 
blowdown if they are located inside the pressure vessel. External circuits also are needed to 
adjust the system pressure. Pressure vessel is the main component in the blowdown test 
facility.  
 
Dimensions of the designed facility will be larger than in the original idea. One reason for this 
is the break opening time versus the time of the pressure wave to reach the pressure vessel 
internals. Inner diameter of the pressure vessel will be 700 mm. The pressure vessel itself 
forms a rigid outer boundary for the annular flow channel. The most challenging part of the 
pressure vessel design is the internal part, simulating the core barrel. Combined CFD and 
structural analysis code calculations are needed to define the final design of internals. 
 
Blowdown pipe would be separate from the circuits. The pipe would basically have two parts, 
break assembly and straight pipe part. The opening time of the break will be varied by 
changing the break assembly and its settings. Length of the straight pipe part will be varied to 
modify the break location. 
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Figure 1. The main components of the ”LABRIG” facility. 

 
Deliverables in 2008 
 
• The new test facility is designed to provide data from the blowdown phase of a LBLOCA 

for the validation of CFD and structural analysis codes, combined and separately used. 
Originally one goal was to evaluate the quality of the experimental data of a larger 
LBLOCA facility by constructing and using a small scale pilot test facility. According to 
scaling laws and due to speed of sound (effecting on the scaling of the break opening time 
and speed of data acquisition system) the scale of this facility was decided to be in 
between those two abovementioned sizes. This means that all the main phenomena should 
be present and recordable already in this facility. 

2.5 Severe accidents research area 

There are four projects going on in 2008 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) 

The main objective of iodine behavior studies was to assess if the paints applied in Finnish 
nuclear power plants will contribute in formation of organic iodides under the chemical 
containment conditions prevailing in Finnish nuclear power plants during a severe accident. 
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Organic iodides are highly volatile compounds which are difficult to remove from atmosphere 
with the existing filter technology.  
 
The progress of severe accident phenomena during a severe accident have not been 
investigated in the same extent as the severe accident phenomena starting during operation. 
The oxidation of metals in oxygen-rich atmosphere and release of fission products may be 
different from those during normal operation. A scoping study of the integral effects of severe 
accident starting at shutdown conditions should be first performed. The air ingression to the 
pressure vessel is a key point e.g. to the release of ruthenium in volatile form. 
 
Specific goals in 2008 
 
The formation of organic iodides in gas phase was performed by impregnating the paint 
surfaces with elemental iodine and then exposing the test blocks to gas atmosphere with or 
without radiation field to see if any iodine is revolatilized from the painted surfaces. In 
addition, VTT participate OECD/BIP project, which starts 1.7.2007. 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.    

 
Figure 1. The painted blocks adsorbed gaseous iodine on the surface from the air. 

In all performed experiments, part of the iodine was released from the surface, but it is 
immediately adsorbed on the other surfaces, reaction vessel, and gas lines. The reaction on the 
surface was so rapid that it was impossible to determine the chemical form of iodine. The 
amount of organic or elemental iodine trapped in the filters was negligible.  
 
According to these experiments the formation of the organic iodine is very limited.  The 
painted containment surfaces exposed to atmosphere can be effective traps for iodine in 
severe accident conditions. However, some migration of iodine on the surfaces may be 
possible by sequential revolatilization and re-trapping. Furthermore, the effects of flooding 
the painted surfaces which carry iodine with moderate to high pH water still needs to be 
studied. 
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The target of investigations of severe accidents during shutdown conditions was to examine 
overall performance of MELCOR code for accident scenarios occurring during maintenance 
outage. Olkiluoto 1 and 2 were selected for the reference plant. Special goals of the work 
were to assess air ingression into opened pressure vessel, the effects on cladding oxidation 
and potential hydrogen combustion and ruthenium release. Concerning the ruthenium issue, 
the strategy was to adjust the existing ruthenium release models in MELCOR to account for 
the recent measured data on ruthenium behavior under oxidizing conditions. The 
modifications were limited to the available sensitivity coefficients and material data specified 
in the MELCOR input. The calculations were purposed to be scoping studies for envisioning 
the possible effects of ruthenium behavior to plant scale. Increasing the accuracy of the results 
would need modifications to the MELCOR source code. 
 
The results of the calculation with MELCOR code suggest that even a small hole in the RPV 
Bottom Head may allow some air ingress to the core region. If the Lower Head is intact, no 
air ingress to the RPV would take place. Station blackout scenario resulted in high zirconium 
oxidation fraction, about 60 %, and hydrogen generation. The oxidation fraction in the 
Bottom Head LOCA case remained lower, less than 14 %. The reason for lower oxidation is 
the drainage of coolant through the RPV leak and injection of cold coolant to the RPV by 
shutdown cooling system, which suppressed steam production. Air ingression was not 
sufficient to support strong oxidation. 
 
In the calculated cases Ru release from the core equaled to 8 – 23 % of the initial core 
inventory. The highest Ru release was obtained in the station blackout scenario. If a large 
portion of the released ruthenium is volatile RuO4, the vapor is easily transported to the 
reactor pool and reactor hall residing outside the containment barrier. In the performed 
calculation a total of 41 kg of Ru was released from the containment and reactor building. The 
activity release with Ru is of the order of 2700 TBq. Due to several conservatisms and 
modeling simplifications this exercise can be considered only as crude approximation and 
encouragement to study further the behavior of Ru during severe accidents during plant 
shutdown conditions and its effects on source term. 
 
Deliverables in 2008 
  
• Zilliacus, R., Kekki, T., Formation of organic iodide on painted surface in gas phase, 

VTT-R-00503-09, VTT, Espoo, 2009, 7 p. 

• Suopajärvi, A., MELCOR calculations for accidents occurring during maintenance outage 
in Olkiluoto units 1 & 2, VTT-R-00933-09, VTT, Espoo, 2009, 60 p. 

• Travel report of 2nd Meeting of the BIP (Behaviour of Iodine) Project Programme Review 
Group has been sent to the reference group.  

• Travel report of 3rd 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. 
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2.5.2 Primary circuit chemistry of fission products (CHEMPC)   

The objective of the project is to study the behaviour of iodine in a severe accident conditions. 
In particular, the aim is to increase understanding of revaporisation and transport of iodine in 
primary circuit and containment of a nuclear power plant. The primary circuit study is a joint 
project with IRSN Caradache research centre (2006-2010) for the determination of iodine 
chemistry in the primary circuit. 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 focus in the gas phase chemistry of iodine in similar experimental conditions. In this 
study, novel analysis techniques for quantification of chemical reaction kinetics are developed. 
Such measurements provide information on high temperature chemistry and enable validation 
of for example iodine chemistry codes. Radiolytic oxidation of elemental iodine in containment 
conditions is studied together with Chalmers University of Technology. The objective is to 
verify the possible iodine oxide aerosol particle formation. The facility build at VTT is applied 
in this study. 
 
Another objective of the project is to continue to follow up Phebus FP and International Source 
Term Programmes (ISTP). A study of applying analysis techniques developed at VTT in ISTP 
will be initiated. VTT participates also in follow up meetings of ISTC EVAN project.  
 
Specific goals in 2008 
 
The main goal in 2008 was to study the oxidation of iodine in conditions similar to the 
containment of a nuclear power plant during a severe accident. The amount of experiments 
was increased compared to original plan. Therefore it was possible to study several 
experimental conditions more and achieve a wide database for modelling. The total number of 
experiments was 26. Because of that the experimental work in primary circuit studies was 
postponed to 2009. However, the facility and the sampling system are already tested. As a 
result of a co-operation with IRSN, VTT participated in testing of CHIP facility at Cadarache. 
 
The objective in containment experiments was to determine the influence of oxygen, ozone 
and iodine concentration as well as that of radiation intensity on the possible formation of 
iodine oxide aerosols from elemental iodine gas. The atmosphere was either air or a mixture 
of nitrogen and oxygen. The volume fraction of oxygen in a gas flow was 50%, 21% or 2%. 
Experiments were conducted primarily in moist gas flow. Four revaporisation experiments 
were conducted in dry gas flow. In these experiments, the aim was to study the effect of ozone 
and radiation on the possible evaporation and subsequent nucleation of iodine. In the 
experiments ozone concentration was varied, while iodine concentration depended on the 
production procedure. The total gas flow through the flow furnace ranged from 6 l/min to 24 
l/min (NTP). The total flow rate was varied in order to study the effect of residence time on 
iodine reaction products.  
 
The second goal was to participate in international experimental program meetings. It 
included interpretation circle meetings of Phebus FP and ISTP programmes and participation 
in working group reviewing the progress of ISTC EVAN project. Several sampling 
instruments and online detection techniques were studied at VTT to apply in EPICUR and 
CHIP facilities. 
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Figure 1. The effect of ozone concentration on iodine concentration transported through the 
facility. The results are from two experiments (green and purple). The source of ozone in 
“green” experiment is an ozone generator. In “purple” experiment ozone is a product from a 
reaction between UV radiation and oxygen. It seems that a significant fraction of iodine 
reacts with ozone on the surfaces.   

 

Figure 2. The EDX analysis of iodine and oxygen in collected particles on copper/carbon 
grid. The particles on carbon side of the grid contain both iodine and oxygen. These particles 
appear to be either liquid or at least partially melted. This is not a surprise as iodine oxide 
particles are known to vaporise easily under the electron beam. According to elemental map 
particles on copper side of the grid do not contain essentially any oxygen. The likely reason 
for the difference in particle morphology and composition is that iodine oxide particles 
deposited on copper have reacted to copper iodate. The possible formation of metal iodates 
from deposited iodine oxide particles is however interesting as such reactions would likely to 
take place also in containment building. 
 
Deliverables in 2008 
 
• A scientific paper “Progress on ruthenium release and transport under air ingress 

conditions” was published in Nuclear Engineering and Design Vol. 238 (2008). 
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• An abstract “Progress in understanding key aerosol issues” was published in Proceedings 
of The Third European Review Meeting on Severe Accident Research (ERMSAR 2008), 
23 – 25.9.2008. 

• An abstract “Ruthenium behaviour under air ingress conditions: main achievements in the 
SARNET project” was published in Proceedings of The Third European Review Meeting 
on Severe Accident Research (ERMSAR 2008), 23 – 25.9.2008. 

• An abstract “A computer controlled particle sampling system with an adjustable and 
constant dilution ratio and low sample losses” was published in Proceedings of 
International Aerosol Conference 2008, 24-29.8.2008. 

• A final report “Experimental study on iodine chemistry (EXSI) – Containment 
experiments with elemental iodine” was published 23.2.2009. 

• A progress report “Experimental study on iodine chemistry (EXSI) – Facility for primary 
circuit experiments” was published 15.4.2009. 

• A summary report “Primary circuit chemistry of fission products (CHEMPC)” was 
published 13.3.2009. 

• A report “Phébus FPT2 Final Report” was published 19.9.2008.  

 

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. The OECD SERENA-2 project performs 
steam explosion experiments with real reactor materials. 
 
Specific goals in 2008 
 
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 1). 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. Of specific interest is the special sacrificial concrete type used in 
the EPR reactor cavity. 
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Figure 1. HECLA-4 concrete crucible after the 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 the measurement data of 
the experiments, and they can be used for analysis purposes. 
 
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. 
 
OECD SERENA-2 is an international experimental research project on steam explosions. In 
the frame of COMESTA, Finland participates to the SERENA-2 project. The experiments are 
conducted in France and in Korea. 
 
Deliverables in 2008 
 
• Two HECLA experiments, HECLA-3 and HECLA-4, were conducted with the EPR 

sacrificial concrete. A joint paper together with CEA on HECLA and VULCANO 
experiments was published in the ICAPP’08 conference. 

• Two MCCI-2 program meetings were attended. 

• A simple Excel macro was written for demonstrating the empirical MCCI heat transfer 
correlations, developed on the previous year in this project. The results were compared 



 

RESEARCH REPORT VTT-R-04415-09

54 (102)
 

 

 

with four CCI experiments. The results are satisfactory, but the initial transient in 
experiments with siliceous concrete is difficult to predict. 

• Two SERENA-2 program meetings were attended. 

• The CSARP/MCAP (Co-operative Severe Accident Research Program / MELCOR 
Co-operative Assessment Program) meeting was attended. 

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 on particle bed 
coolability performed in 2008. The FLUENT and TONUS CFD codes are applied to 
hydrogen distribution and combustion problems.  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. The follow-up of the OECD THAI project is included in the HYRICI 
project. In addition, co-operation and information exchange is done with the EU SARNET 
network project participants in the areas of hydrogen behaviour and ex-vessel corium 
coolability.  
 
Specific goals in 2008 
 
Specific goals in 2008 were as follows: 1) continuing the validation and user training of the 
codes and models used for predicting hydrogen behaviour within the containment, 2) 
modifying the STYX test facility for testing the effect of lateral coolant inflow on the dry-out 
heat fluxes of the STYX particle bed and conducting a test series investigating this issue, 3) 
continuing the analysis of the previous STYX tests and initiating the analysis of the new tests, 
including pre-test analysis, 4) participation to the analytical work conducted within the 
international THAI project and follow-up of the project, and 5) participating to the SARNET 
research work in the project-related areas. 
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(a) (b) 

Figure 1. (a) The inner cylinder of the STYX test bed with downcomer tubes on the sides. (b) 
Top view of the test bed and the inner cylinder inside a pressure vessel with the downcomer 
connections seen above the gravel.   

The THAI HM-2 hydrogen and steam distribution experiment was modelled as a joint 
exercise with the THAI project participants. Modelling of turbulence and wall condensation 
were of special interest in the computational exercise. The case also served as code user 
training. Concerning modelling of hydrogen combustion, an improved numerical model for 
simulating the ENACCEF tests previously calculated within a SARNET benchmark was 
created. The STYX test facility was modified by installing downcomer tubes that feed water 
into inlets near the bottom of the cylindrical test bed. Test series were performed with a 
homogenous and a stratified bed. A clear increase in coolability was observed for the 
homogenous test bed compared to the previous tests with no downcomers which was an 
expected result. The analysis of the tests with different flow configurations was continued 
from the previous projects (2006 and 2007) with the WABE/MEWA 2D code. A new 
researcher was trained to perform analysis and experiments on this topic. 
  
Deliverables in 2008 
 
• The computational exercise of modeling the THAI HM-2 hydrogen mixing test was 

participated to by calculating the test by using FLUENT. Comparison of the simulation 
results to test results and to the results obtained by other participant organizations showed 
that the used model can capture the main phenomena in the test realistically. The 
simulation results were presented in a summary report compiled by GRS in Germany.   

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

• A conference paper on the modeling of hydrogen-air detonations in the TONUS CFD 
code was prepared and presented at the ICONE-16. The results of the case were discussed 
with the TONUS code developers at CEA.  
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• A conference paper summarizing the hydrogen behaviour research conducted within the 
SARNET network project was prepared in co-operation with the SARNET partners and 
published at ICAPP’08.  

• The STYX test facility was modified to include three downcomer tubes that feed water 
from the pool above the test particle bed into the bottom region of the bed. Four test series 
(a total of 13 experiments) were conducted using two different downcomer sizes and 
including verification tests with no downcomers. Both homogenous and stratified beds 
were investigated. A report was written of the new test results.    

• The computational analysis of the new STYX tests and the previous tests which thus far 
have not been modelled was initiated. A researcher was trained to use WABE and to 
conduct high quality research in the area of particle bed coolability.   

2.6 Structural safety of reactor circuit research area 

There are six projects going on in 2008 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 (DEF SPEED). 

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. 
 
Specific goals in 2008 
 
In 2008 the work started in 2007 was continued, and some new activities were initiated. The 
project was organised in four subprojects, and the specific goals of each subproject are 
described below. 
 
In the first subproject, the goals were related to the estimation of piping failure potential. One 
goal was to develop further a probabilistic fracture mechanics tool by including some new 
features and testing it. Another goal was to complete a study on investigating a method with 
which vibration induced stress variation can be estimated without performing strain gage 
measurements. 
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The goals of the second subproject were related to the reliability of inspections. First, 
inspection reliability was to be investigated through NDT simulations using the Civa NDT 
simulation program. Second, the aim was to finalise a study on the quantification of 
inspection qualification to provide a link between RI-ISI, detection probability and 
qualification. 
 
In the third subproject a specific goal was to participate in the OECD/NEA-JRC co-ordinated 
benchmark on RI-ISI methodologies, RISMET, and to organise an international workshop to 
present results of the study. 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. One new task was to 
start an NKS project to investigate the degree of detail needed for flaw detection probability 
assumptions in RI-ISI applications. 
 
The fourth subproject includes the international co-operation. An important part of this co-
operation is to coordinate and participate in the activities of the European Network for 
Inspection and Qualification (ENIQ) Task Group on Risk. In this connection, an ENIQ 
Recommended Practice on guidance on expert panels in RI-ISI was finalised, and a European 
discussion document on RI-ISI updating was drafted. 
 

 
Figure 1. Illustration of the effect of inspections on yearly rupture probability of a pipe weld, 
and how a reduced inspection reliability can be compensated by shortening the inspection 
interval. Solid line: ISI interval 10 years, POD 0.9 for flaws >20% of wall thickness 
Dashed line: ISI interval 8 years, POD 0.8 for flaws >20% of wall thickness. 

Without ISI 

With ISI 
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Deliverables in 2008 
 
• Research work on structural reliability analysis methods resulted in further development 

of a probabilistic fracture mechanics (PFM) tool. The development of probabilistic 
distributions for depth and length of cracks that initiate during plant operation due to 
Stress Corrosion Cracking (SCC) was completed.  As a new addition, also Flow 
Accelerated Corrosion (FAC) was included to the considered degradation mechanisms. 
The new developments/additions were applied to failure probability analyses of piping 
components in a Finnish BWR plant and documented in a research report. 

• In relation to the study on estimation of vibration induced stress variation, a computer 
program, which enables processing of strain measurement data, was developed. The 
program uses simplified version of the rainflow cycle counting algorithm in computation 
of strain variation amplitudes. As a result, one gets an estimate of average frequencies of 
the amplitudes of different magnitude. These results enable comparison of the computed 
results against measured results in a statistical sense. The work was documented in a 
research report. Further, a conference article entitled “Operational Displacement Shape 
Based Estimation of Vibration Borne Stress Variation in a Pipeline” was presented at the 
Conference & Exposition on Structural Dynamics, IMAC XXVI . 

• In the study of the performance and reliability of NDT techniques using simulations of the 
ultrasonic testing method, several simulations were performed to match the result 
according to real weld example defined as a target. The noise and attenuation of weld 
zone in the computer model resembled quite well the real experimental measurement 
recording. Using different reflectors and varying their positioning in the model the 
detectability of flaws in weld zone were studied. The results were documented in a 
research report. 

• A project to test a framework for quantifying the European inspection qualification 
process, providing a measure for the inspection detection probability was completed and 
reported together with European project partners. 

• Participation in the RISMET benchmark project included contributing to the drafting of 
the final report, and contributing to the planning and organising of the RISMET-OPDE 
workshop in Madrid 2-4 June. Two abstracts were prepared and presentations given at the 
workshop. Further, a conference paper on the RISMET project was presented at the 
International Conference on Probabilistic Safety Assessment and Management, PSAM9. 

• 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 Task Group Risk of the European 
Network for Inspection and Qualification working towards best practices for RI-ISI 
methodologies; and an invited presentation on European RI-ISI activities at the 4th 
International Workshop on Risk Based Engineering in Tokyo. 
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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 2008 
 
Specific goals in 2008 included systematic research of the cyclic behaviour of austenitic 
stainless steel through electron microscopy combined with measurements of cyclic stress 
strain response and preparations for upcoming experimental work to simulate fatigue 
transients occurring in NPP primary circuits.  
 
Deliverables in 2008 
 
• Summary of cyclic stress strain response of smooth bars fatigued under strain control at 

different strain amplitudes. This included observations on secondary hardening, which has 
been reported also by some other international research groups to occur in tests for long 
lives and is of particular interest currently. This work is directly linked to the 
microstructural studies and together they aim to describe the mechanisms responsible for 
ageing of the primary circuit materials.  

• Development of dislocation microstructures as function of cumulative cyclic plastic strain 
was studied for 3 transmission electron microscopy samples cycled in RT air for preset 
numbers of cycles, Fig. 1. Findings on martensite formation are quite surprising and 
valuable. Formation of α martensite in a relatively stabile austenite at low strain 
amplitudes was not expected.  

• Test use of the transient simulator was performed with one bellows loading unit in a cold 
autoclave. The system works and can be applied for four simultaneous transient 
simulations. Further testing and optimisation was completed by using a servo-hydraulic 
rig, Fig.2. These experiments revealed interesting strain rate effects even in room 
temperature.  
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Figure 1. Development of representative microstructures in Alloy 316 during a fatigue test in 
RT air at 0,25% strain amplitude. Small volumes of martensite are found after a million 
cycles of secondary hardening (right). 
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Figure 2. Simulation of a transient typical for operation of PWR. Strains in primary circuit 
inner surface are simplified and introduced to a fatigue specimen. Strain in middle of 
specimen gage section (8mm) is controlled to follow the desired time history. Stress and 
strain over the 50mm section depend on the material response shown both as time based and 
in hysteresis loop form. Closer look at the data reveals notable nonlinearity of strain 
calibration between the measurements in gage section and over a longer span.  
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2.6.3 Water chemistry and oxidation in the primary circuit (WATCHEM) 

The objectives of the project are as follows: 
 
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. 
 
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 2008 
 
Specific goals in 2008 included the following: 
 

• a verification of the sensitivity of the CDE-technique to impurity changes in coolant 
water chemistry. The effect of elevated fluoride concentrations on oxidation behaviour 
of nuclear fuel cladding alloy E110 (Zr1%Nb –alloy) was used as a specific target for 
this purpose 

• development of in situ techniques enabling monitoring of the effect of the passivation 
treatment of primary circuit surfaces during the Hot Functional Test period of a 
nuclear power plant. 
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Figure 1. Effect of increasing F- (fluoride) content is seen as a corresponding decrease in 
impedance (/Z/ ~ oxide layer resistance to oxygen diffusion) at very high (1000 ppb) fluoride 
concentration. 

 
Deliverables in 2008 
 
• A set of more than three experimental runs, of 100 hour duration each, was carried out at 

each of the three fluoride concentrations, resulting in a total of more than fifteen (>15) 
experimental runs. The experimental results were successfully modeled with the Mixed 
Conduction model (MCM), in co-operation with the University of Chemical Technology 
and Metallurgy, (UCTM), Bulgaria, and parameters describing the oxide growth process 
were derived from the model. A fluoride level of 100 ppb, representing a level clearly 
higher than the maximum experienced at Loviisa WWER plant was found not to affect 
adversely to the oxidation rate of E110 cladding alloy. The work was completed and 
reported in the form of a VTT Research Report. 

• Applicability of the CDE-technique for on-line monitoring of the Hot Functional Test 
passivation treatment was verified in co-operation with Bhabha Atomic Research Centre 
(BARC), India, for carbon steel. The main results were published in Corrosion Science 
Journal. Application in the case of PWR plant HFT water chemistry and Inconel 690 were 
initiated. 
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• A new experimental set-up for studying flow assisted corrosion (FAC) was invented in 
co-operation with UCTM, Bulgaria, and the idea was verified by hydrodynamic 
calculations (unpublished report). Purchase of an FAC devise was initiated based on the 
innovation. 

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.  
 
Specific goals in 2008 
 
Specific goals in 2008 included three main areas. The first was the pilot monitoring for on-
line monitoring purposes. The second area was the simulation of difficult inspection 
geometries and anisotropic weld materials. The third area was first the applicability of fibre 
optical sensor technology for nuclear environment which was changed in later stage to study 
on subharmonic ultrasonic inspection. 
 
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 in 2007. 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. Pilot monitoring system has been designed and 
construction is in progress. Evaluation of thermal fatigue cracks in SS pipe is also in progress. 
 
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 
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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 1) have been modelled with simulation program CIVA version 8. Also a specific 
simulation study on test block YP 001 was made during 2008. 
 

 
Figure 1. Test block YP 001. 
 
An overview of the applicability of distributed fibre optical temperature sensing and in-fibre 
Bragg grating sensors in high radiation environment was made in 2007. 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. In the later stage subject was 
changed to subharmonic ultrasonic inspection and literature review is now in progress. 
 
Deliverables in 2008 
 

• Education of three new research scientists, including National nuclear safety -course 
and courses of specific non destructive evaluation methods. 

• One research institute report. 
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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 2008 
 
The project was realised in three sub-projects: 1) Definition of loads, 2) Advanced fracture 
mechanical assessment methods and 3) Advanced surveillance techniques. 
 
The external loads transferred to the reactor circuit components by supports were 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 further simulated 
with different kinds of models which included more non-linearities in the models. 
 
Computational fluid dynamics analysis CFD was performed for studying temperature 
fluctuations in the interface between cold and hot water, i.e. thermal striping, in a horizontal 
feed-water pipe. The Large-Eddy Simulation (LES) and Detached-Eddy Simulation (DES) 
turbulence models will be used. Results of the simulations will be compared with a simplified 
validation case and briefly with a HDR (HeißDampfReaktor) experiment.  
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Weld residual stress (WRS) procedures were implemented in numerical simulations to reactor 
circuit components: RPV nozzles, safe-ends and connecting pipes. The models were created and 
elastic-plastic analyses performed with suitable FEM based analysis code, both 2D and 3D 
aprroached were applied. WRS definitions with, and with-out, PWHT were considered. The 
FEM analyses has been clarified how WRS distributions alter/decrease over the years during 
plant operation due to various yearly transient load cases. Crack growth in welds including the 
WRS distributions have been examined with fracture mechanics based analysis tool 
VTTBESIT, with stress distributions taken from results of the FEM analyses. Thus obtained 
analysis results has been compared against each other and against some handbook solutions. 
 

 
Figure 1. 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 is to be further studied by analysing 
cracked T-junctions with 3D FEM model. The solution for integrity assessment of T-junction 
is sought by using FEM (ABAQUS, ANSYS) and integrating its application to existing 
geometric and loading data, e.g., plant database. Firstly, the needed initial data has been 
specified and the inter-faces to model the geometries and define the input data was studied. A 
case computation for a T- joint was performed. 
 
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 cleavage fracture model. The 
assessment clarifies how fracture toughness is affected by different crack types as well as 



 

RESEARCH REPORT VTT-R-04415-09

67 (102)
 

 

 

'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 was 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 2008 
 
• 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 further simulated with different kinds of models which included more non-linearities. 
The results were compared with each other and their reliabilities evaluated.  

• Validation data for Computational Fluid Dynamics (CFD) calculations of turbulent mixing 
layers has been searched from the literature. Simulations have been performed in a 
simplified validation case by using different turbulence models and comparison with the 
experiment has been made. Calculations of the HDR experiment have been carried out by 
using different geometries and meshes. The vortex method has been implemented into the 
Star-CD code for generating turbulent inlet conditions for Large-Eddy Simulation (LES). 
Results obtained with the vortex method have been validated for fully developed pipe flow.  

• Relevant weld residual stress (WRS) procedures / standards / codes have been implemented 
to numerical simulations concerning reactor circuit components. WRS definitions with and 
without post weld heat treatment (PWHT) are considered. The selected components are a 
feedwater nozzle and connecting safe-end and pipe in a Finnish BWR RPV: the examined 
locations are the two circumferential welds joining these components. The models were 
created and analyses performed with FEM code ABAQUS 2D with elastic-plastic material 
properties. Analyses consider typical anticipated yearly plant load transient cases, and the 
aim is to see how the WRSs alter as their function over the simulated years in operation. 
Crack sensitivity analyses including WRSs with fracture mechanics based analysis tool 
VTTBESIT were performed as well.  

• The Zencrack code, working like a “cracked submodel”, was studied and tested. Among 
others a former benchmark computation concerning a possible fast fracture of a RPV was  
studied. After basic applications, a sample T-joint, generated by macros running with 
ANSYS FE code, was studied. A procedure to run a cracked model together with ANSYS 
and Zencrack code was created. 

• 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 
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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. 

• The experimental programme (fracture mechanical and tensile testing) and the test 
specimens for the fracture resistance measurements on different materials were in part 
completed. The numerical modelling and computations for analysing specimen’s 
measuring were reported as a MSc(Tech) thesis. 

• Analysis of extensive data-base of VVER-440 surveillance data was performed applying 
recently developed, advanced non-linear methods. Non-linear analyses of the surveillance 
data were completed and reported as a conference paper. Participation to the IGRDM 
meeting was carried out.  

• A detailed test matrix on ATOM Probe and PA characterisation of irradiated materials was 
agreed with Tohoky University. Samples representing  weld 501 material in eight different 
IAIA-conditions and ten different model alloys in irradiated conditions were prepared by 
VTT with EDM and transported to Japan. 

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

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. An additional task concerning digitalisation and 
classification of existing reports was started in 2008. 
 
Specific Goals in 2008 
 
The work performed in DEF SPEED in 2008 consisted of the following main tasks: 
 

1. The role of deformation in crack initiation environmentally assisted cracking (EAC) in 
austenitic materials was investigated using super slow strain rate testing of austenitic 
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nuclear material in LWR environments. In 2008 the work focused on SSSRT using 
cold-deformed, non-sensitised stainless steel and oxidising environment  

2. Characterisation of deformation mechanisms and their influence on EAC in austenitic 
nuclear materials, where the work in 2008 focussed on detailed investigations on 
localisation of deformation in specimens from earlier SSSRT using sensitised Type304 
stainless steel using EBSD and TEM. The influence of dynamic strain ageing on 
austenitic nuclear materials was continued on nickel-based materials as well as 
austenitic stainless steels. 

3. Characterisation of irradiated stainless steel, where the work in 2008 consisted of 
FEGSTEM investigations of three cold-worked irradiated stainless steels from LWR 
plant internals and one non-cold-worked stainless steel material. 

4. Influence of the strain rate and environment on fracture toughness properties of 
austenitic materials, where the work in 2008 consisted of finalising the Master thesis 
and fracture toughness measurements in hydrogenated environments using nickel based 
weld materials Inconel 52, 82, 152 and 182. 

5. Participation in international co-operation, which in 2008 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) 

6. A new task, report archiving was started in 2008, and the work in 2008 focused on 
summarising lists on existing reports and preparing an archiving strategy.  
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Deliverables in 2008 
 
1. Super slow strain testing of austenitic nuclear materials in LWR environments 

Super slow strain testing in simulated BWR environment was initiated in the bellow loading 
testing equipment using non-sensitised Type 316L stainless steel, with four different levels of 
cold-deformation, i.e., 8, 15, 20 and 28%. The test failed due to loss of pressure. One test set 
using cold-deformed Type 316L material was performed in a step motor driven autoclave, and 
the test was successfully interrupted after 5% plastic strain. SSSR-testing as a whole is 
delayed compared to original plans due to the technical difficulties encountered. The 
specimens from the SSSRT using cold-deformed non-sensitised stainless steel will be 
characterised in 2009. 
 
2. Characterisation of deformation  

Electron back-scattered diffraction, EBSD, is a very versatile method for characterising 
crystalline materials. EBSD maps can be formed in numerous ways to reveal desired 
properties. Intra-grain mis-orientation mapping is one method, and has been calibrated for 
quantitative measurement of local plastic strain in 2007 within this project. The results 
obtained in 2008 show a non-uniform distribution of plastic strain, with higher plastic strains 
in the vicinity of grain boundaries than inside the grains, Figure 1. Further observations 
include local non-uniform distributions of plastic strain at the surfaces and an influence of 
local changes in the grain size on the localisation of plastic deformation. The non-
homogeneous microstructure of materials thus results in non-homogenous distribution of local 
plastic strain, which in turn affects the crack initiation and growth. 
 
In addition to characterisation of SSSRT specimens, the local strain distribution in a welded 
pipe made of nuclear grade Type 304 austenitic stainless steel was characterised using EBSD, 
and the results were compared to the results of residual stress measurements made on the 
same pipe. The highest degrees of plastic strain (10 – 20%) were measured in the heat 
affected zone (HAZ) close to the root area of the weld, Figure 2, with the deformed zone 
extending 5-7 mm from the fusion line to the base material.   
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Figure 1. Pattern quality map (a) showing the microstructure of a crack tip area in a 
solution annealed and sensitised Type 304 stainless steel after SSSR-testing in simulated 
BWR environment and the local mis-orientation map in the same area (b). Blue, 
through green to red colour correspond to smallest to highest degree of mis-orientation, 
respectively, i.e., from lowest to highest amount of plastic strain.  

 

 
a)  b) 
Figure 2. Pattern quality map (a) showing the microstructure of the fusion line area at 
the weld root, and local mis-orientation map from the same area of the investigated 
weld. 

1000µm 
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The role of deformation in EAC has also been investigated by continued studies on dynamic 
strain ageing properties of austenitic nuclear materials using internal friction and tensile tests. 
A doctoral thesis work is ongoing on the subject at TKK and the DEFSPEED-project funds a 
part of this work. Based on the tensile tests using different strain rates, DSA-maps have been 
constructed for austenitic stainless steels of Type 304 and 316 and for nickel-based materials 
Alloy 600 and 690. Serrated yielding starts at a lower temperature in Alloys 600 and 690 
(observed between 150 and 600°C) compared to Type 316NG austenitic stainless steel 
(observed above ~200°C.) However, DSA-behaviour as manifested by serrated yielding is 
observed at LWR-relevant temperatures in all of the above mentioned materials at strain rates 
below 10-4 s-1. An example of a DSA-map is shown in Figure 3. The activation energies for 
the onset of DSA have been determined for both Alloy 600 and 690, and it has been observed 
to be about the same both, at ~1.65 eV. The results indicate that plastic deformation causes 
redistribution of interstitials (e.g. nitrogen and carbon), which can affect localisation of plastic 
deformation. 
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Figure 3. DSA-map for Alloys 600 and 690, where serrated yielding is observed at 
temperature between 150 and 600°C at strain rates <10-4 s-1.  

The deformation microstructures of Type 316 stainless steel specimens tested inside and 
outside the DSA regime were examined by transmission electron microscopy, [17]. 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 at 288°C, 
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 localisation to the 
principle slip planes. The work has demonstrated that DSA is present in commercial Type 316 
SS, and occurs at temperatures relevant to nuclear power plant operation. 
  
3. Characterisation of irradiated stainless steels 
 
The characterisation work on irradiated stainless steels were continued in 2008 on three cold-
worked irradiated stainless steels from LWR plant internals and one non-cold-worked stainless 
steel material irradiated to a dose of about 2 dpa. The presence of a high density of dislocation 
loops was confirmed in the materials, a consequence of the fact that the density rapidly 
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saturates at about 1 dpa. No evidence of void features was observed. Compositional analyses 
indicated only minor depletion of chromium at the grain boundaries, Figure 4. 

 
Figure 4. Radiation induced depletion of Cr at the grain boundaries of the irradiated materials 
of this project, compared to literature data. 

4. 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. The 
most susceptible temperature, according to the literature, is 55°C. No open literature data is 
available on fracture toughness of welded joints, but only on pure weld metals. The work within 
the DEFSPEED-project was started in 2007 as a Master of Science work, which was completed 
in April 2008. The work is continued with a broader test matrix. The influence of environment 
and strain rate is measured using sub-size specimens prepared from dissimilar metal welds 
(DMW), where the weld material is Inconel 52 and 182 and from pure weld metals made of 
Inconel 52, 152, 82 and 182. A pneumatic servo-controlled loading device and potential drop 
technique to measure the crack growth continuously during the test is used. Tests are mainly 
performed at 55°C in hydrogenated water with 100 cc H2/kg H2O and loading rates of either 0.1 
or 6.7 mm/h. The selected hydrogen content for the fracture toughness tests is higher (100 cc 
H2/kg H2O) than the typical hydrogen content of PWR primary water (~30 cc/kg H2O), i.e., the 
selected environment for the fracture toughness tests is accelerated and will obviously result in 
overly conservative results compared to real PWR environments. However, the main objective 
is to compare and evaluate the behaviour of different weld metals and to compare pure weld 
metals to dissimilar metal welds.  
 
The results reveal a decrease in the fracture toughness of Ni-based weld materials in 
hydrogenated (100 cc H2/kg H2O) water at 55°C at low strain rate. The decrease is more 
remarkable in pure weld metals than in the specimens from dissimilar metal welds. Concerning 
the welded joint specimens, the decrease in fracture toughness value JIC was remarkable for 
Alloy 182, from >260 kJ/m2 in air to as low as 40 kJ/m2 in hydrogenated water. The fracture 
toughness of specimens cut from the DMW made using Alloy 52 filler material showed no 
influence of hydrogenated water, and the toughness was so high (>300 kJ/m2), that valid JIC 
values were not obtained. However, low JIC values, down to 46 kJ/m2, were measured on pure 
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Alloy 52 weld metal specimens, Figure 55. Also the JIC values of pure Alloy 182 specimens 
were lower than those from DMW specimens, but the difference was smaller (the lowest JIC-
value was 40 kJ/m2 in DMW specimen and 31 kJ/m2 in a pure weld metal specimen). A 
summary of selected results obtained so far are presented in Figure 6. The reasons for the 
difference between welded joints and pure weld metals will be further investigated. One reason 
may be the dilution of nickel in the weld metal during welding.  
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Figure 5. Fracture toughness, i.e., J-R curves for pure weld metal specimens made of Alloy 52 
and from Alloy 52 dissimilar metal welds (TU2) in hydrogenated water at 55°C using a 
loading rate of 0.1 mm/h.  
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Figure 6. Fracture toughness, JIC or JQ, values obtained in air and hydrogenated water at 
55°C  (“env.”) using a loading rate of 0.1 mm/h. WM denotes pure weld metal specimens and 
DMW specimens from welded dissimilar metal welds. 
  
5. International co-operation and education 
 
International co-operation is an important part of the DEFSPEED project, both for bringing 
the latest knowledge to Finland, and to educate experts. In 2008 project members participated in 
an work shop on initiation, in an EPRI MRP Alloy 690 expert panel meeting, in international 
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projects, especially the OECD/NEA SCAP project (stress corrosion cracking and cable ageing), the 
CIR-project (Co-operative IASCC Research) and in the Halden IASCC project. The project 
manager is steering committee member of the ICG-EAC (International co-operative group on 
environmentally assisted cracking) and in the scientific board for the 13th Symposium on 
Environmental Degradation of Materials in Nuclear Power Systems – Water Reactors. 
Professor Roger Staehle visited VTT in September and gave three public lectures on steam 
generator corrosion related topics for more than 20 attendees. 
 
6. Report archiving 
 
The new task, report archiving, started in 2008 by collecting information on types, amounts 
and diaries for nuclear materials reports, and continued with prosing a strategy for digital 
report archiving.  
 

2.7 Construction safety research area 

There are three projects going on in 2008 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 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 2008   
 
Development and programming of the service life management system 
  

• Finalising the databases of structures and MR&R (maintenance, repair and renovation) 
systems and connecting the databases to the framework of the service life management 
system.   
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• Developing the degradation and service life models by taking into account the material 
properties, structural details and environmental stresses specifically for each module.    

• Developing and programming of the service life management system (SLMS).  

• Developing the life cycle cost analysis and the life cycle assessment analysis 
(environmental impact analysis) and combining them with the condition analysis  

Development and programming of structural degradation analyses and a system for 
serviceability limit state design  

Developing and programming the design algorithm for serviceability state design in 
accordance with Eurocode 2 into the code of the design program “IVODIM” and conducting 
necessary tests for verification. 
 

• Report on serviceability limit state and crack width analysis of concrete structures. 

Risk analyses for the service life management system 

• Pre-study on the risk analyses of steel liner and prestressing tendons in containment 
buildings..  

• Report on the methods and outlines of the risk analyses for the corrosion of steel liner 
and prestressing tendons in containment buildings. 

Participation in concrete technological research cooperation with other owners of infrastructure 
(BTS) 

Partners in the BTS-research cooperation in 2008 were The Finnish Road Administration, The 
Finnish Rail Administration, Radiation and Nuclear Safety Authority (financing by National 
Nuclear Waste Management Fund), City of Helsinki, City of Tampere, and City of Turku. The 
research items in 2008 were the following: 

1. Consulting on concrete technological topics 
2. Correlation between shrinkage measurement methods and acceptance criteria (continued 

from 2007) 
3. RH measurement method of the substrate for waterproofing and RH criteria 
4. Electrochemical chloride extraction form reinforced concrete 
5. Rapid, cheap and simple chloride content measurement method for site 
 
In 2007 a field study DURAFIELD on durability of concrete materials and structures was 
started. In 2008 this project was enlarged international and the project name was changed to 
DURAINT. The results of this research can be utilised in the degradation models of NPP 
structures.  
 

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 
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Concrete. The IAGE Concrete group deals with aging phenomenon and aging 
management of concrete structures in nuclear power plants. 

• Participation in COST Action C25 “Sustainability of Constructions: Integrated 
Approach to Life-time Structural Engineering” meetings. and seminars  

Deliverables in 2008 

 
Development and programming of the service life management system 
  

• The databases were finalised and connected to the framework of the service life 
management system. The databases of structures and structural modules include 
identification data, history data (dates of manufacturing and repairs), structural data, 
material data, measuring data, exposure data,  observed damage data (inspection data) 
and specification data for the possible future maintenance and repair actions. The 
database for maintenance and repair systems includes data of optional materials (within 
the system), costs data, environmental impact data, data on degradation types and rates, 
data related to factors affecting the service life etc 

• The degradation and service life models were finalised and integrated to the service life 
management system. The program was provided also with a calibration system of 
degradation models based on the observed degradation during in-service inspections 
and special inspections.    

• The service life management tool was developed and tentatively programmed. Thus the 
first version of the program SERVICEMAN is ready. The outlines of the system are 
presented in the publication “Service life management system of concrete structures in 
nuclear power plants”. The system includes an automatically conducted condition 
analysis and a condition guarding system for each module of the system. The 
condition guarding system is able to trigger maintenance and repair actions every time 
when the preset condition limits are exceeded. The timings and specifications of the 
actions can be later changed manually. 

• Automatic LC cost analysis and the environmental impact analysis was developed and 
combined with the condition analysis of the management system. The system produces 
automatically life cycle action profiles (specification and timing of future maintenance 
and repair actions) for all modules of the plant and the life cycle costs and 
environmental impacts are counted both action based and life cycle based. 
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Figure 1. One of the results displays of the SLM Tool.  

 

Development and programming of structural degradation analyses and a system for 
serviceability limit state design  

• The development of serviceability limit state design for reinforced concrete structures 
was continued until the end of year 2008. The system is utilising the results of a FEM 
analysis and dimensioning is done through the in-house computer program according to 
the selected standard (National building code of Finland: B4, DIN 1045, SNiP-84). The 
system is applicable within structural analysis and limit state design especially in 
reinforced concrete structures of nuclear power plants. In 2008 the developed design 
algorithm was programmed into the in-house computer program developed for structural 
design and analysis of reinforced concrete structures. Also the design algorithm of 
ultimate limit state was developed and programmed and necessary verification tests 
were conducted. Reliability of the program was ensured by simple hand calculations for 
limited number of shell and beam elements and loading conditions.  

• The report on serviceability limit state and crack width analysis of concrete structures 
according to Eurocode 2 was written. The report contains the algorithms and formulas 
of serviceability (and ultimate) limit state design. The report contains also a couple of 
calculation examples which demonstrates differences between design codes B4 and 
EC2. 

Risk analyses for service life management system 

• A report on the risk analysis methods and procedures with special reference to aging 
effects on concrete structures in nuclear power plants was made. The report focuses on 
risk analysis methods which can be used in studying the aging effects on prestressing 
tendons and steel liners of containment buildings. At the end of the report a procedure 



 

RESEARCH REPORT VTT-R-04415-09

79 (102)
 

 

 

that can be used for a time variant risk assessment of pre-stressing tendons and steel 
liners is presented. 

Participation in concrete technological research cooperation with other owners of infrastructure 
(BTS) 

The following reports of the BTS-research cooperation were written in Finnish: 

  

• Report on correlation between shrinkage measurement methods and acceptance criteria. 

• Literature survey on RH measurement method of the substrate for waterproofing and 
RH criteria is under progress. Tests have been started.  

• Report on electrochemical chloride extraction form reinforced concrete.  

• Report on rapid, cheap and simple chloride content measurement method for site.  

DuraInt reports: 
  

• Effect of interacted deterioration parameters on service life of concrete structures in cold 
environments.  State-of-the-art report. 

• Field and laboratory testing and service life modelling in Finland. Paper for Nordic 
Miniseminar. 

International cooperation (OECD/ NEA/IAGE and COST C25) 

• Participation in the OECD/NEA IAGE WG Concrete subgroup meeting on 31st March 
in Paris. Memorandum in Finnish. 

• Participation in the COST C25 Meeting in Belgrade 4th – 5th April. Participation in the 
COST C25 Midterm seminar in Dresden 6th-7th Oct 2008. Several papers on service 
life prediction and life cycle management tools were presented and published. 

2.7.2 Impact of an aircraft against a structure (IMPACT 2010) 

A general objective of the project is to obtain experimental information on the physical 
phenomena involved in a condition where an airplane impacts against a nuclear power plant. 
The missiles used in impact tests are describing wings, engines and carriages of aeroplane and 
also model of fuselage. Five 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 or pre-stressed concrete wall (deflection, penetration) to 
aircraft-like impact loads will also be tested. Fifth, the effect of steel liner, which has been 
installed on surface of the concrete wall is also researched by some impact tests.  
 
The impact project includes 7 partners from Europe and America which are funding the 
project or giving information of earlier impact tests. The specific objectives described above 
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were specified in further detail. These details are clarified subsequently in the description of 
the tests. 
 
Special goals in 2008 
 
1 Test apparatus 
 
The test apparatus has been changed to be suitable for wider missiles (e.g. models of aeroplane with 
wings). This has been done by designing a new wider force plate and installing new and more accurate 
force transducer at the back of the force plate.  
The explosion system has been improved by designing a new system to control the speed of the missile 
in the tests. This has been done by building a new double sheeting system in front of the pressure 
accumulator, which will explode the sheeting by desired pressure value. Also the repetition of the 
individual test is possible, because the explosion pressure and missile speed can be defined more exactly.  
A new supporting frame has been build for normal and pre-stressed concrete walls, which will allow the 
pre-stressing after casting and installing. The frame has been design also to be suitable to test the 
spreading of the liquid when wet missiles are used. 
 
The object of the task 1 was to improve the test apparatus to be suitable to test wider impact missiles and 
pre-stressed walls. The double sheeting system had to be designed to control the explosion pressure in 
order to be able to select the speed of the missile very exactly. The new supporting system for curved 
walls and floor-wall system has been designed, but it will be constructed in the next phase of Impact 
project in 2010. 
 
2 Improvement of measuring system 
 
The data acquisition system has been improved by increasing the number of measuring channels. At the 
moment, the number of channel is 32. The noise of the measuring signals has been decreased by UPS 
(Uninterruptible Power Supply). All the measuring cables have been renewed by screened cables also to 
reduce electrical noise. 
 
In some tests the exact impact instant has been difficult to observe. This has been solved by increasing 
wires on the piston capture frame and on the surface of the target. The exact impact time can be defined 
by the cut-off signal of the wires. 
 
The supporting frame has been instrumented by clueing extra strain gages on the vertical and horizontal 
beams. The strain gages are used to measure the impact forces. 
 
The object of the task 2 was to improve the data acquisition system and number of sensors to get more 
accurate and reliable test results. 
 
3 Preliminary design of missiles and walls 
 
New type of missiles and concrete walls have been calculated and designed in order to achieve the 
desired failure mode. In 2008 ten (10) pre-stressed concrete walls has been designed for the tests  
 
The object of the preliminary design and calculation was to ensure the tests will succeed in a desired 
way and also the number of unsuccessful test is minimized. 
  
4 Testing of missiles and concrete walls 
 
The main purpose of test campaign in 2008 was to test pre-stressed concrete walls using different impact 
velocities. Some tests were performed without pre-stressing or without shear reinforcements (T headed 
bars) to investigate also the effect of reinforcements. 
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The normal concrete walls thicknesses of 150 mm and 3d aeroplane missiles have already tested earlier 
in 2007. 
 
The object of the task 4 in 2008 was to test pre-stressed concrete walls with different velocities, pre-
stressing levels and different reinforcements to get knowledge and data of the pre-stressing. 
 
The new test frame for pre-stressed concrete walls and an example of Al pipe missile tests is 
shown in Fig.1. 

 
Fig. 1. Pre-stressed concrete wall (left) and strain gagge clued on rebar (right). 
 

Deliverables in 2008 
 
Test apparatus 
 

• A new frame for concrete walls and pre-stressed concrete walls has been used in the tests in 
2008. The speed of the missile has been successfully defined very exactly by double sheeting 
system. 

Improvement of measuring system 

• The measuring system has been improved and the number of measuring channels has been 
increased up to 32. The possibility to measure the speed of the missile and the force time 
function has been improved. The noise of data signals have been decreased by UPS equipments 
and screen cables. 

Preliminary design of missiles and walls 

• In the year of 2008 ten (10) pre-stressed concrete walls have been designed and 
calculated for the impact tests. 

Testing of missiles and concrete walls 

• In 2008 ten (10) pre-stressed concrete walls have been tested successfully using 
different impact velocities, pre-stressing levels and reinforcements. The main idea was 
to research the effect of pre-stressing level and failure modes with different parameters. 

• All the Impact tests (normal concrete wall testes, pre-stressed concrete wall tests, 3d 
missile tests and Al pipe tests) have been reported and documented. 
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2.7.3 Structures Under Soft Impact (SUSI) 

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. 
Experimental data is needed in order to verify the accuracy of numerical models.  
The aim of the liquid study is to assist the IMPACT 2010 project in planning the tests with 
water filled missiles besides assessing and analysing 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. Primarily, the suitability of 
Fire Dynamics Simulator code (FDS) for the current issue will be further studied, and the 
testing and validation of the sub-models will be continued. Implementation and testing of 
droplet break-up model in FDS will be also considered. New aim is the full-scale simulation 
of fuel spread and combustion following an aircraft crash by utilizing the results and 
experiences gained from the IMPACT tests. 
 
Specific goals in 2008 
 
Existing loading function calculation procedures were be developed further. The available test 
data was used for verification and testing of numerical methods. Methods for more accurate 
extraction of load pulses from the measured data of force transducers were studied. 
 
Post analyses for the reinforced concrete plate impact tests, carried out in 2007, were finalized. 
Capability and accuracy of different kinds of calculation methods, (3D FE-models, layered plate 
models, simplified discrete models with few degrees of freedom, for predicting global and local 
failures of target structures), was assessed by using the gathered test data for verifications and 
validations. 
 
Calculation methods for impact loaded pre-stressed concrete walls were reviewed and studied 
and taken in use.  
 
The planning of the IMPACT 2010 test arrangement in order to quantify how liquid disperses in 
impact was supported. The testing and validation of the sub-models of a FDS code were 
continued.  
 
Deliverables in 2008 
 
• Simplified models that are valuable when judging the reliability of both the test results 

and the more extensive numerical simulations are studied. Bending or shear failure of a 
reinforced concrete slab subjected to a projectile impact can be very simply modelled with 
a two mass system (TDOF). The two mass system is, however, sensitive to the assumed 
angle of shear failure cone and 3D finite element solutions are needed for comparison. 
Experimental findings can be used in defining the shear angle for different kind of slabs. 
Also the determination of proper damping requires carefully conducted experiments.  

• Based on these studies it can be concluded that these simple four-node shell element 
models where the transverse nonlinear shear deformation is not considered are capable for 
calculating the deflection behaviour of a reinforced concrete wall loaded by a deformable 
missile. The simplified method and shell element model without the frame somewhat 
overestimated the permanent deflection. The frequency of the calculated bending vibration 
after impact was higher than the one recorded during the test. The model with the frame 
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predicted similarly the vibration behaviour for the damaged wall although estimated the 
permanent deflection reasonably well.  

• Even though the impulse is slightly higher in the dry missile test, the maximum deflection 
is clearly smaller than the one in the wet missile test in accordance both to the 
measurements and calculations. According to the calculations with the shell element 
model the maximum strain, by a clear margin, occurred in the horizontal reinforcement in 
the dry missile test. This is due to the fact that the wall loaded by the deformable empty 
missile behaves like a wide bending beam. In tests where the water missile was used, the 
calculated strain values in the vertical back surface reinforcement were nearly as high as 
in the horizontal back surface reinforcement. This is due to the fact that the missile filled 
with water has a much higher maximum peak value in the load time function at least 
according to the Riera method.  

• Some preliminary calculations were carried out also using LS-DYNA code. The 
maximum deflection was somewhat overestimated and the permanent deflection was 
underestimated. However, the model was able to simulate the frequency of the global 
bending mode of the damaged wall reasonably well. In some LS-DYNA analyses, also the 
missile and its impact behaviour was included. Different breaking mechanisms, both 
tearing and folding, were managed to get in the simulations. The missile behaved in a 
similar way both in the tests and in the corresponding simulations. The contact force 
between the missile and the wall was close to the one given by the Riera method that has 
been used in the simulations without missile.  

• The prestressing of reinforced concrete walls and especially its numerical modelling was 
studied on a general level. Prestressing can be accomplished in at least three different 
ways and the easiest one to model is so-called bonded post-tensioned concrete, which is 
the descriptive term for a method of applying compression after pouring concrete and the 
curing process (in situ). The bond between steel bars and concrete is an important part of 
the reinforced concrete mechanical system. An easy way considering the modelling is to 
assume that there is a perfect bond and neglect the bond slip. The slip can be modelled for 
instance by introducing separate relatively simple bond elements or by very sophisticated 
interface models based on plasticity theory.  

• The possibilities offered by Abaqus finite element code were studied. The Dywidag type 
of pre-stressing was modelled by three-dimensional shell and solid element models. Both 
static and dynamic cases were solved and the models behaved in a realistic way and 
according to theory. The bond slip was not included in the simulations. The models are 
ready to be improved and used for more complicated cases such as for simulations of 
IMPACT project tests with Dywidag prestressing.  

• Effects and implementation aspects of aerodynamic droplet interactions (wake effects) have 
been studied by simulations of both laboratory scale high-speed spray and impact tests. 
Spray simulations have been performed without the droplet break-up so far. Implementation 
of break-up model has been started.  

• The main experimental results of liquid (water) dispersal in the IMPACT tests 641, 644. 
645, 646, 650, 652, 653, 674, 688, 689, 695 and 696 have been documented. The major 
parameters measured and documented were the discharge speed of liquid, direction and 
form of the liquid splash pattern, propagation speed of the spray front, liquid pooling on 
the floor and size of the deposited drops on the floor. 
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2.8 Probabilistic safety analysis (PSA) research area 

There are three projects going on in 2008 in the Probabilistic safety analysis (PSA) research 
area: CHAllenges in Risk-Informed Safety MAnagement (CHARISMA), Implementation of 
Quantitative 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 2008 
 

• To compile a guidance document on the validity of safety goals based on the 
preceding work, documenting good practice and aiming at a harmonisation of views 
and procedures related to 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 establish a common Nordic view regarding evaluation of Technical Specification 
changes (surveillance test intervals and allowed outage times). In 2008, the status of 
Finnish and Swedish Technical Specifications and the use of PSA in their evaluation 
was to be reviewed. 

• To analyze a fire scenario in a risk relevant cable room from the human decision 
making and cooperation point of view. The long-term goal is to contribute to 
interdisciplinary development of a holistic fire-safety assessment at the plants. 

• To participate in an international comparison study of HRA methods organised by the 
OECD/NEA Halden Reactor Project. In 2008, a second case was to be run and results 
from the first case to be published. 

• To consider probabilistic risk analysis of digital control systems at the architecture 
level. The feedwater systems of Olkiluoto 1 and 2 and Loviisa was to be used as 
example cases. 
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• To compare with the conventional event tree-fault tree method and the dynamic event 
tree modelling facilitated by the Finnish PSA code STUK PSA. 

• To develop the ARANO code for level 3 PSA to enable usage of hourly weather data. 

• To develop best practice EU guidelines for the performance of Level-2 PSA 
methodologies with a view to harmonization at EU level and allowing a meaningful 
and practical uncertainty evaluation in a Level-2 PSA. In 2008, the end-user needs will 
be collected and compiled, and the preparation of guidance documents will be 
initiated. 

Deliverables in 2008 
 

• Research report on selected topics related to the probabilistic safety goals prepared (to 
be published in NKS series). OECD/NEA working report on “Probabilistic risk 
criteria.” Conference papers in PSAM9, ESREL-2008, PSA castle meeting 2008. 
NKS-seminar on PSA Safety Goal. 

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

• NPSAG seminar on "Interpretation and Risk Evaluation of Technical Specification 
Conditions, Phase 1.” The Phase 1 final report and conference papers to PSAM9 and 
PSA castle meeting 2008. 

• Notes on the development of the way of the integrated analysis, in collaboration with 
the FIRAS project and concerning the controllability of a fire situation in the cable 
room. 

• Working report of the second case in the international study of HRA methods (LOFW 
scenario). Conference papers on emerging human reliability analysis in PSAM9 and 
ESREL-2008. Participation in the Halden HRA method evaluation work (comparison 
of selected methods against simulator data). 

• Revised report “Reliability of digital control systems in nuclear power plants — 
Modelling the feedwater system.”  

• An MSc Thesis on Modeling of Phenomenological Uncertainties in Level 2 
Probabilistic Safety Assessment of a Nuclear Power Plant. 

• Ad hoc group meetings dedicated to level 2 PSA and severe accident analyses. 

• ARANO model for level 3 PSA has been modified, test calculations done, reports sent 
for review. 

• The end-user needs document on performance and guidelines for level 2 PSA (EU 
project ASAMPSA2). 
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Figure. Criteria for level 2 PSA defined by different organisations. The definition for “large 
(early) release” varies. 

 
Figure. event tree and the levels of defence-in-depth. 
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2.8.2 Implementation of Quantitative Fire Risk Assessment in PSA (FIRAS) 

The project aims at development and application of modelling techniques for fire spread on 
cables and other fire loads found at NPPs, integration of the quantitative fire risk assessment 
methods into the NPP fire PRA, and carrying out fire simulations related to but outside OECD 
PRISME-project aiming to (i) guidance for the design of experiments and (ii) validation of the 
developed fire models. New experimental techniques have been developed to study the 
vertical flame spread, and analysis methods have been developed to estimate pyrolysis model 
parameters from the small scale experiments. 
 
Specific goals in 2008 
 
The specific goals in 2008 included: 
  
• the analysis of TGA/DTA experiments using Genetic Algorithms to obtain physics-based input 

data for the fire modelling,  

• experiments in the new rig with ability to measure 2-m long samples pre-heated up to 400 oC to 
gain validation data for fire simulation, focusing on NPP cables (See Figure 5),  

• validation of pyrolysis models using the semi-DNS simulations of the 2-m experiments,  

• probabilistic fire simulations of the cable rooms and cable tunnels of the TVO plant providing 
insight into the efficiency of sprinkler systems in decreasing the failure probability of the redundant 
sub-system, 

• combination of probabilistic fire simulation with systemic modelling of personnel actions in co-
operation with the CHARISMA/SAFIR2010 project, 

• modelling of fire-brigade operations at NPPs, 

• simulations of the PRISME experiments to (i) guide the design of experiments and (ii) to validate 
the models developed and used in the FIRAS project. 
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Figure 5. 2 m test rig for flame spread experiments in vertical position. Cross-section with 
essential features. 

 
 
Deliverables in 2008 
 
• The 2-m flame spread test rig was taken into the use. Two series of experiments were 

conducted: series on birch wood sticks to provide validation and reference data and a 
series on PVC installation cables. 

• An algorithm and tool for pyrolysis model material parameter estimation was developed. 
Model parameters were estimated for a range of building materials and electrical cables.  

• Monte Carlo –simulations of TVO cable tunnel were performed using the computational 
fluid dynamics (CFD) based fire simulation (Fire Dynamics Simulator FDS) and 
Probabilistic Fire Simulator (PFS). The simulation revealed the drastic difference in cable 
failure probabilities between the sprinkled and non-sprinkled cases, indicating that the 
failure probability is mainly dependent on the reliability of the sprinkler system 
installation. 

• A combined methodology for including the human reliability issues in time dependent fire 
safety analysis was developed in co-operation with the SAFIR2010/CHARISMA project. 

• Simulations for the test design were performed for and information related to the progress 
of the OECD/PRISME project was distributed. 
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2.8.3 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 phenemona 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 nuclear power plant units now in use or under 
construction are planned to be operational several decades, up to the 2070’s, and according to 
present knowledge climate will change considerably within the coming decades and it may 
have influence on the occurrence of relevant extreme weather events as well as on the most 
effective ways to operate the plants. 
  
Specific goals in 2008 
 
The main objective of the research conducted in the EXWE is to produce a comprehensive 
study about the frequency, intensity, spatial and temporal variation and the impacts of the 
extreme weather events that are relevant from the point of safety of nuclear power plants. The 
study in 2008 focused on the risk of the hit of a tromb or a down burst in the nuclear power 
plant area. As well, the sea water level in the Baltic Sea has been examined. This subject 
became topical issue in January 2005 when sea water level in the Baltic Sea reached new 
records. One of the impacts of climate change is the rise of the sea water level globally and 
eventually it will also increase the probability of extremes. The aim of this study has been to 
update earlier done studies on the occurrence of exceptionally high sea water levels in the 
Baltic Sea. Human induced global warming might also trigger abrupt climate changes, which 
could lead to fatal consequences in continental or even global scale. The probability of the 
abrupt climate changes have examined as a part of EXWE. 
 
Deliverables in 2008 
 
• In 2008 the return levels of extremely hot and humid conditions were examined. As well, 

the return levels of extreme values of enthalpy have been analysed. An example of the 
analyses is given in Fig. 1.  

• In case of tornado and downbursts there can occur very high wind speed. In Finland there 
are known tornado observations since 1796. However, as the oldest observations are not 
directly comparable with the recent years the hit probability analyses are based on 
observations made 1930-2007. Only tornadoes that can be regarded strong enough to have 
remarkable influence on constructions (significant tornado, F2 or stronger) were used. 
According to the analyses made into an 80km*80km grid, the yearly probability that there 
occurs at least one significant tornado in the grid shell is around 5% in some parts of the 
country. When the seasonal variation of all tornadoes was analyzed, it was found that the 
highest risk over land is in July and over water covered surfaces (including both lakes and 
sea), in August 
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Figure 1. The return levels of daily maximum temperature at Rovaniemi and Kuopio in case 
relative humidity is more than 80 %. The continuous line indicates the best estimate and 
vertical bars the 95% confidence limits. 
 
• In connection with intensive thunderstorms there occur frequently downbursts that can 

have in some cases wind speed comparable with tornadoes. The analysis of the probability 
of these strongest downbursts is very difficult because there is very little information 
available about the frequency and impact area of these phenomena. In EXWE an area of 
100 km*100 km in south-eastern Finland was used as test area. Based on the information 
available from the regional rescue services in 2002-2007 the cases when there were trees 
fallen due to strong winds were analyzed. Those cases when there had been lighting were 
regarded as obvious downburst cases. According to the analysis there were 210 downburst 
inside the test area during the six year period. The highest risk is in July. As we do not 
know the impact area of a down burst we can only make assumptions about the 
probability of a hit of downburst. According to the estimate this probability is 0.00003-
0.002. However, as most of the down bursts are not strong enough to cause major damage 
on constructions the estimation of these strong down bursts.  

 
• Some of the possible abrupt climate changes could affect the safety of the nuclear power 

plants. The major concern is the possible abrupt sea level rise which could be triggered by 
changes in the Atlantic thermohaline Circulation or by melting of continental ice sheets. 
Also the melting of the Arctic sea-ice would quite likely accelerate the melting of the 
Greenland ice sheet. In the following there is a short summary of the possible abrupt 
climate changes and their impacts. The complete melting of the Greenland ice sheet is 
considered possible if the global mean temperature rises 1-2 degrees Celsius above 
present. According to model simulations, the melting would take millennia. However, 
since the models have not been able to simulate the resent fast melting, an even faster total 
melting has to be taken into consideration and the lower limit is presented to be 300 years. 
The total melting of the Greenland ice sheet could raise the sea level by several meters. 
The complete melting of the West-Antarctic ice sheet is considered possible if the global 
mean temperature rises 3-5 degrees Celsius above present. Also the total melting of this 
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ice sheet would according to today's knowledge take at least several hundred years. The 
total melting of the West-Antarctic ice sheet could raise the sea level by up to five 
meters.The weakening of the Atlantic thermohaline circulation during the current century 
is according to model simulations very likely. None of the models, however, show a total 
shutoff of the circulation in the next 100 years, although according to some simulations it 
might happen later in time. Experts estimate that the shutdown of the Atlantic 
thermohaline circulation might be possible if the global mean temperature rose by 3-5 
degrees Celsius above present. After passing the threshold the shutdown would occur 
gradually in approximately 100 years. In the north Atlantic area the weakening of the 
Atlantic thermohaline circulation seems to slow down the warming of the climate but will 
not stop it. 

• As a part of EXWE project the Finnish Institute of Marine Research examined the Baltic 
Sea levels at the coast of Loviisa and Olkiluoto. Scenarios of mean sea level rise until the 
year 2100 were made using an extensive literature review. According to the results the 
mean sea level will rise at Loviisa region 20 cm until year 2100, the uncertainty limits are 
from 20 cm descent to 150 cm rise. At Olkiluoto sea level will descent according to most 
obvious scenario 10 cm. The uncertainty limits are from 50 cm descent to 120 cm rise.  
The extreme sea levels at the Baltic Sea are a result of several factors that occur 
simultaneously. According to the study the probability of that sea level would reach 
higher values than +200 cm (in the N60 height system) at Loviisa is approximately 0.001 
occurrences/year. 

 
 
 
 
 
 
 
 



 

RESEARCH REPORT VTT-R-04415-09

92 (102)
 

 

 

 

3 Financial and statistical information 

The planned and realised volumes of the SAFIR2010-programme in 2008 were 6.715 M€ and 
6.899 M€ and 45 and 51 person years, respectively. The major funding partners were VYR 
with 2.927 M€, VTT with 2.62 M€, Fortum, with 0.11 M€, TVO with 0.06 M€, NKS with 
0.18 M€, EU with 0.03 Me and other partners with 0.98 M€. The planned and realised 
volume, funding and costs of SAFIR2010 projects in 2008 have been illustrated in Table 3.1. 
The planned and realised funding by the major funding partners has been illustrated in Figure 
3.1. The planned and realised costs by cost category have been presented in Figure 3.2. 
Personnel costs form the major share of the yearly costs. 
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Figure 3.1. Planned and realised financing of the SAFIR2010 programme in 2008. 
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Planned and realised costs in 2008
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Figure 3.2. Planned and realised costs of the SAFIR2010 programme in 2008. 
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Figures 3.3-3.6 contain presentations of cost and volume distribution by research area. 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 2008, respectively. In the area of structural safety of reactor circuit the 
cost increase versus the planned cost was the largest due to intensive training of young 
personnel in the area. This is also reflected in the planned and realised volumes for this area in 
Figure 3.4.  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 the SAFIR2010 research areas in 2008. 
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Planned and realised volumes in 2008
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Figure3.4. Planned and realised volumes in the SAFIR2010 research areas in 2008. 
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Figure 3.5. Distribution of total funding in SAFIR2010 research areas in 2008. 
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Figure 3.6. Distribution of person years in SAFIR2010 research areas in 2008. 
 
The programme produced 193 publications in 2008. 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 3.8 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, since the 
full reports are found to be more useful for the end-users than scientific articles or conference 
presentations. Thus, the number of scientific publications in the research programme is fairly 
low. 
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Table 3.2. Publications in the SAFIR2010 projects in 2008.   
Project Volume 

pers. year 
Scientific Conference

papers 
Res. inst. 
reports 

Others Total 

MANOR 1.3 1 0 1 2 4 

SAFEX 1.2 0 1 0 1 2 

MODSAFE 1.6 0 0 3 0 3 

CERFAS 1.1 0 2 1 0 3 

OPRACTICE 1.6 3 9 3 1 16 

POKEVA 3.4 0 1 6 0 7 

TRICOT 1.8 2 4 5 0 11 

TOPAS 2.7 1 3 3 2 9 

NUMPOOL 0.7 0 0 1 0 1 

THARE 2.4 0 1 6 7 14 

SGEN 1.0 0 0 3 1 4 

PACSIM 1.1 0 0 4 0 4 

CONDEX 2.5 0 1 4 1 6 

LABRIG 0.4 0 0 1 1 2 

RADECO 0.7 0 0 2 0 2 

CHEMPC 1.4 1 3 3 0 7 

COMESTA 1.5 3 1 3 0 7 

HYRICI 1.0 0 2 2 0 4 

PURISTA 1.4 0 1 3 5 9 

FATE 0.8 0 1 1 0 2 

WATCHEM 0.9 2 0 1 0 3 

RAKEMON 1.2 0 0 1 0 1 

FRAS 4.0 1 1 7 1 10 

DEFSPEED 3.3 3 3 2 5 13 

SERVICEMAN 1.1 0 4 2 1 7 

IMPACT2010 3.9 0 0 0 0 0 

SUSI 1.4 0 0 4 0 4 

CHARISMA 1.7 1 7 5 8 21 

FIRAS 1.2 1 1 4 0 6 

EXWE 1.5 1 0 2 5 8 

SAHA2008 0.9 0 0 3 1 4 

TOTAL 50.7 20 46 86 42 194 
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Altogether 9 academic degrees were obtained in the research projects in 2008, two Doctoral 
degrees and seven Masters degrees. This information is collected in Table 3.3 and in 
Appendix 4. 
 
Table 3.3. Academic degrees obtained in the projects in 2008. 
 
Project Doctor Licentiate Master 
TRICOT   1 
TOPAS 1   
LABRIG   1 
FRAS   1 
DEFSPEED   1 
CHARISMA   1 
FIRAS 1  1 
EXWE   1 
TOTAL 2  7 
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Figure 4.1 Organisation and quality management in the SAFIR2010 programme. 

 

4 Organisation and information 

The SAFIR2010 steering group had five meetings and the eight reference groups had five 
meetings including the project proposal evaluation meetings during the administration period 
(April 2008-March 2009).  In 2008 the work in the ad hoc groups gained momentum, and 
currently there are 8 ad hoc groups in SAFIR2010. In certain areas these ad hoc groups have a 
vital role. 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. 
 
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. 
 
Current administration period of SAFIR2010 included SAFIR2010 Interim Seminar 12.-
13.3.2009 and seminar publication [6]. The seminar was attended by some 200 participants, 
10 % from abroad. 
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Safety management and organizational learning (Manor) 
Turvallisuuden johtaminen ja organisatorinen oppiminen 
 
Duration 2007 – 2010 
Project manager Dr Teemu Reiman, VTT 
Volume in 2008 (person y.) Plan: 1.3  Realised 31.1.2009              1.3  
Cost in 2008 (k€) Plan: 215  Realised 31.1.2009             215   
 
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 2008 Realised 

 
1 Event investigations and utilisation of operating experience (50 k€, 3 person months) 

Modelling the operational 
experience processes of the power 
plants and STUK  

Analysis concerning organizational 
conceptions about learning and 
nature of accidents 

Nordic benchmark on OE practices 
conducted as part of HUSC network   

Participation in the national event 
investigation –seminar 

Final report and discussions with the 
power companies and STUK 

(VYR)   

The task has been completed.  
 
 
 
 
The task has been completed. 
 
 
First meeting was held at SKB in April. 
 
 
One researcher from the group participated in the seminar 
and gave a presentation there. 
 
Interviews have been made at STUK and the power 
companies. Final report has been written. 
 
Overall task completion: 100 % 

2 Development model of safety culture (55 k€, 3 person months VTT, 1,5 KTH) 

Review of relevant safety culture 
research activities and their results in 
both nuclear and other safety critical 
domains  

Identification of the key issues 
affecting safety culture development 

Preliminary model of safety culture 
encompassing moral, knowledge and 
institutional elements and their 
interaction 

Progress report December 2008 

(NKS, VTT) 

The task has been completed.  
 
Three workshops with Swedish colleagues have been held. 
Collection of relevant source material has been done and a 
preliminary model of the dimensions of safety culture has 
been created.  
 
Progress report has been written. 
 
Finnish language report on the theoretical review of safety 
culture has been published: 
Reiman, T., Pietikäinen, E. & Oedewald, P. (2008). 
Turvallisuuskulttuuri. Teoria ja arviointi. VTT Publications 700. 
Espoo: VTT.  
 
Task completion: 100 % 

3 Effectiveness of MTO work on safety culture (55 k€, 4 person months) 
Explore how the dimensions of 
organizational safety can be 

The task has been completed.  
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measured 

Build a model of a proactive 
measurement of safety and safety 
culture 

Description of the investment made 
at OKG to the improvement of MTO 
issues 

Identification of the measurable 
areas where improvements should 
manifest 

Follow-up and assessment of the 
progress on the identified areas 
(continues in 2009) 

Extraction of common findings on 
the measurement of safety and 
development of safety culture for the 
nuclear industry and regulators 
(continues in 2009) 

(OKG, VTT)  

One researcher participated at the IAEA consultancy meeting 
on the Development of Leading Indicators for Effective 
Management Systems and Safety Culture in a Nuclear Power 
Plant Organization. 
  
The researchers have familiarized themselves with official 
documents from OKG and participated at two internal 
meetings of the MTO department.  
 
Eleven interviews have been carried out, and additional data 
collection has been planned to be carried out in collaboration 
with another project evaluating the organizational change at 
OKG.  
 
 
 
 
 
 
 
 
 
 
 
Task completion: 100 % 

4 Theory on organizational culture and organizational learning (55 k€, 4 person months) 
Communicating the results of the 
project in seminars and workshops 

 

 

 

 

 

Scientific articles concerning 
responsibility and safety culture 

 

 

Participation in the HUSC network, 
presentation of results, informing the 
steering group and HUSC and 
contribution to the HUSC network’s 
seminars as well as the working 
groups on “human factors training” 
and “operating experience” 

 

 

 

 

Participation in the third Resilience 
Engineering Symposium 

-ManOr-project administration 

(VTT, VYR) 

Presentations: 
Reiman, T. (2008). Miten kehittää organisaation 
kokonaisturvallisuutta. Esitys Human Factors and Safety III 
seminaarissa. 15.5.2008, Espoo. 

Reiman, T. (2008). Vaikuttaako organisaatiokulttuuri 
työturvallisuuteen ja hyvinvointiin? Nolla tapaturmaa foorumin 
jäsenseminaari, 14.5.2008, Turku. 

Two articles have been written to be published at the 
SAFIR2010 Interim Report. 
 
Reiman, T., Oedewald, P. & Pietikäinen, E. (2007). 
Turvallisuuskulttuurin ulottuvuudet ydinvoima-alalla ja 
terveydenhuollossa. Työ ja ihminen, 21, 325-344. 
 
One conference paper has been submitted and accepted for 
presentation at IEA 2009. 
 
Two presentations were held at HUSC meeting in April 
concerning organizational culture and theoretical 
knowledge in maintenance work. Two researchers 
participated in working groups. 
 
One researcher participated in the NEA workshop on 
“justifying the suitability of nuclear licensee organisational 
structures, resources and competencies - methods, 
approaches & good practices” (8-10.9. Uppsala, Sweden), 
and gave an invited address on organizational evaluation. 
 
A researcher of manor-project acts as a steering board 
member of HUSC and has been involved in the planning of 
HUSC safety culture symposium held December 4th at 
Arlanda. Three researchers from Manor participated at the 
symposium 
 
Two researchers participated at the third Resilience 
Engineering Symposium at Juan-Les-Pins. 
 
Overall task completion: 100 % 



 
 

4

 

Comments 

none. 

 
Education of experts 
 
An important aim of the MANOR-project is the development and maintenance of behavioural 
scientific expertise in the domain of nuclear industry. To promote this aim, the research results are 
utilised in dissertation work. In addition to that one student of work psychology participates in the 
project.  
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Expert Work in Safety Critical Environment (SafeExpertNet)  
Asiantuntijatyö turvallisuuskriittisessä ympäristössä  
 
Duration 2007 – 2010 
Project manager YTM Krista Pahkin (TTL) 
Volume in 2008  0,88 persons years 

  
Realised 31.1.2009: 
1,2 person years  
 

Cost in 2008 (k€) VYR 80,0k€, TTL 9 k€, 
TKK 11,3 k€  
yht. 100,3 k€ 

Realised 31.1.2009 
110,891k€ 
111% 

 
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. 
 
Table 1: Work plan 2008 
 1 2 3 4 5 6 7 8 9 10 11 12 htkk 
Task 1              
1.1. Supporting development 
of good practices on support 
and development of expertise 

            1,2 

1.2. Survey on "How the 
content of learning 
organisations supports 
expertise and its 
development in 
organisations" 

            1,0 

Task 2              
2.1. Thematic interviews             1,5 
2.2. Questions to the survey 
in task 1.2. 

            0,5 

2.3. Documents             1,0 
Task 3              
3.1. Company reports             2,4 
3.2. Articles             2,0 
3.3. Guide             0,5 

yhteensä             10,1 
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Objectives in 2008 Realised 

 
Task 1: HR Practices (21,055 k€, 2,2 person months) 

Subtask 1.1. Supporting 
development of good practices on 
support and development of 
expertise. 
This subtask goal is to support FNS 
in their actions to develop and 
support expertise. (Funding: VYR, 
TTL) 

The inner development group in FNS has had one meeting in 
June. The researchers send a preparation paper to support 
the planning of the project. The development group had their 
second meeting in October. In the meeting, next step of the 
project was discussed together with SAFEX project 
researcher. A questionnaire was developed to gather 
information about experiences of the orientation process in 
FNS. The questionnaire was send to new employees (n=45) 
in FNS in January 2009. 
 
Task completion: 100 % 

Subtask 1.2 Survey on "How the 
content of learning organisations 
supports expertise and its 
development in organisations 
(Funding: VYR, TTL)  

Questionnaire was developed: it includes questions relevant 
to the content of learning organisations, collaboration in the 
national nuclear power expertise community, also aspects of 
the safety critical environment are taking into account. 
 
Data gathering: Survey is carried out in FNS, Fennovoima 
and TVO. (n=170, 59%) 
 
Task completion: 100 % 

Task: 2 Collaboration and knowledge sharing in 
 nuclear expert community  

( 29,613k€,  3,0 person months) 
This task identifies the national 
nuclear power expertise community, 
its actors and their roles. (Funding: 
VYR, TKK) 

By the end of the project (31.1.2009) 15 interviews on 
nuclear expert community were conducted and transcribed.  
  
Questionnaire study on nuclear expert community (see 
subtask 1.2). Survey data from Fennovoima, FNS, and TVO 
was gathered.  
 
Task completion: 100 % 

Task: 3 Publishing and dissemination of results 
 (49,631 k€, 5,4 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. 

Anneli Leppänen had presentation "Are nuclear industry 
organizations expansive learning environments from the 
viewpoint of experts?" at the Activity 2008 seminar in May 
 
Draft articles were modified based on comments received 
from the target organizations and from STUK: 
- Pahkin K et al: Osaamisen kehittämisen käytännöt ja 
haasteet asiantuntijaorganisaatiossa 
- Leppänen A et al.: Asiantuntijuus, osaaminen ja niiden 
kehittyminen ydinvoimaympäristössä 
 
Three articles in progress by TKK (Eerikki Mäki, Tanja 
Kuronen-Mattila, and Eila Järvenpää):  
- Article title: Forms, challenges, and enablers of 
collaboration in Finnish nuclear expert network, to be 
submitted to the International Journal of Nuclear Knowledge 
Management  
- Article title: Collaboration in organizational networks (data 
from previous projects to be utilized as well), to be submitted 
to the International Journal of Knowledge and Learning 
- Article title: Asiantuntijaverkostot ydinvoiman alueella, to be 
submitted to Työ ja Ihminen  
 
Three organisational level reports based on the results of 
the questionnaire survey have been written (1/target 
organisation). Also additional group level information has 
been given to FNS and to TVO.  
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Three feedback meetings have been arranged to discuss 
about the results (1 in Fennovoima, 2 in FNS) 
 
For the SAFIR2010 Interim seminar following abstracts were 
written:  
-Mäki, Kuronen-Mattila, & Järvenpää: Knowledge sharing in 
interorganizational context (presentation and article) 
- Pahkin, Leppänen, Mäki, Kuronen-Mattila & Järvenpää: 
Expert work in a safety-critical environment - a report on the 
SafeExpertNet project. 
 
 
Task completion: 100 %  

 

Comments 

The three articles anticipated by TKK (task 3) will not be finalized before February 2009, although the 
allocated person months will be worked with them.  

 
Education of experts 
 
- 
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SAFIR2010   3.2.2009 PROGRESS REPORT 4/08 
 
Model-based safety evaluation of automation systems (MODSAFE) 
Malleihin perustuva automaation turvallisuuden arviointi 
 
Duration 2007 – 2010 
Project manager Research Scientist Janne Valkonen 
Volume in 2008 (person y.) Plan: 1,46 Realised 31.1.2009     1,62  
Cost in 2008 (k€) Plan: 190,6 Realised 31.1.2009    190,6 
 
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 2008 Realised 

 
1 Case studies (68,9 k€ ; 6,6 person months) 

The objective of the task is to get, 
prepare and model the case studies 
to be utilised in the other tasks. The 
aim is to concentrate mainly on the 
case study concerning validation of 
functional block diagram 
descriptions of safety automation 
(FNS / Martti Välisuo). Another case 
study concerning the control logic of 
an UPS system (Eaton / Jari 
Uusitalo) will be defined and 
planned. Candidates for the third 
case will be investigated. (VYR, 
VTT) 

FNS case: System modelled. Single failure criteria analysed 
with different fault models. 
 
Eaton case: An interesting case has been identified, related 
material has been collected and the target of the case has 
been delineated.  
 
A conference article will be published in the 6th American 
Nuclear Society International Topical Meeting on Nuclear 
Plant Instrumentation, Controls, and Human Machine Interface 
Technology, April 5-9, 2009. 
 
Task completion: 100 % 

2 Applicability of model checking in software validation (4,1k€ ; 0,4 person months) 
The task aims at investigating the 
usefulness and possibilities of model 
checking methods in validating 
embedded software in safety critical 
devices and actuators. In 2008 this 
task only consists of identifying 
targets for software model checking 
and will be continued in 2009 or 
later. (VYR, VTT) 

Eaton case: Interesting case has been defined and targets for 
software model checking have been identified.  
 
 
 
 
 
 
Task completion: 100 % 

3 Safety cases (87,5k€   5,3 person months) 
The applicability of model checking 
as part of Safety Case will be 
investigated. The Safety Case 
development will proceed hand in 
hand with the modelling and model 
checking to be done in the task 1. 
(VYR, VTT) 

Exploratory safety case outlined with CAE and Goal 
Structuring Notation. Notations compared.  
 
Part of the resources originally allocated to this task were used 
in task 1 to create and analyse fault models.  
 
Task completion: 100  % 

4 Development of model checking methodology (30,1k€   3,0 person months) 
The aim is to investigate the effect of 
different modelling techniques on the 
operation and performance of model 
checker. (VYR, VTT) 

Methodology for applying timed automata to model checking 
of NPP safety automation has been developed and the 
performance of the devised modeling technique has been 
evaluated using the UPPAAL model checker and the UTU 
Falcon Arc Protection case developed in the project in 2007.  
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Deliverable: Jussi Lahtinen’s Master’s thesis where the 
methodology and the results of the evaluation are described.  
 
Task completion: 100 %  

Comments 
 
 
Education of experts 
 
Two Master’s theses have been finished:  
 

M. Koskimies, Applying model checking to analysing safety instrumented systems. Research 
Report TKK-ICS-R5, Helsinki University of Technology, Department of Information and 
Computer Science, Espoo, Finland, June 2008. 
 
J. Lahtinen, Model checking timed safety instrumented systems. Research Report TKK-ICS-
R3, Helsinki University of Technology, Department of Information and Computer Science, 
Espoo, Finland, June 2008. 

 
 
Juho Frits has worked as a trainee in the project. He does his Master’s thesis in the project in 2009. 
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SAFIR 2010   10.2.2009 PROGRESS REPORT 4/08 
 
Certification facilities for software (CERFAS) 
Ohjelmistojen sertifiointivalmiuksien kehittäminen 
Duration 2007 – 2010 
Project manager Tec. Lic. Hannu Harju, VTT 
Volume in 2008 (person m.) Plan: 12  Realised 31.1.2009   11,9 
Cost in 2008 (k€) Plan: 110  Realised 31.1.2009   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 2008 Realised 

 
1 Analysis of the Cadetcase study (6 k€; 0,9 person months) 

• Results, feedback and 
conclusions of the first case 
study  

Process certification trial of Cadetcase is done; will be 
published as a CERFAS diploma thesis during 2008.  
Process and product certification results were presented in ad 
hoc-group meeting 20.08.2008. Presentations: 
1. Kokemuksia prosessiarvioinnista, Mika Johansson. 
2. Kokemuksia tuotearvioinnista – “voimakenttä”, 
testikattavuus, Hannu Harju. 
3. General requirements software certification and 
accreditation, Risto Nevalainen. 
Results of Cadetcase were discussed in CERFAS workshop 
17.11-21.11.2008.  
 
Ad hoc-group meeting was in 4.2.2009.  
 
Task completion: 100 % 

2 Criteria for the certification body and for the external actors (30 k€; 4 person months) 
2.1 Criteria for Software Certification 
Service  
• Legal aspects of certification 
• Detailed outcomes and 

capability criteria of software 
process 

• (Modularity and minimum 
requirements for different types 
of safety-critical software 
certification needs) 

2.2 Qualification and competences 
of certification service providers 
• Testing competences for type 

approval 
• Process evaluation 

competences 
• (Development of competences 

by training on the basis of 
SPICE standard and Safety 
Case methodology) 

2.3 Procedures for SCS 
• Definition of software 

certification service process for 
different stakeholders - supplier, 
acquirer, certifier etc 

• Additional service providers and 

Prepared: Certification regulations for granting software 
certificates (for clients).  
 
2.1 Legal aspects of certification: Part of diploma thesis by 
Johansson. A prototype of criteria for process certification is 
done, including ISO15504 and IEC60880 based 
requirements. Requirements for accreditation ISO17021 
presented by Nevalainen at ad hoc-meeting 20.08.2008.  
 
2.2 Education period for evaluators and certifiers of critical 
software. Two new evaluators and one certifier participate are 
educated in the CERFAS-project.  
 
2.3 Definition of software certification service process is in 
progress, based on existing schema in VTT and Inspecta. 
Preparation of Handbook of Software Certification Service has 
been started. 
 
Ad hoc-group meeting was in 4.2.2009. Presentations:  
 
1. “Software Certification Service in 2011”, Hannu Harju, VTT 
2. “Software Certification in VTT Expert Services, Safety Case 
templates included”, Kari Hakkarainen, VTT 
3. ”Levels of rigor in Process Assessment”, Risto Nevalainen, 
TUT.  
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Objectives in 2008 Realised 
 

their integration in certification 
process 

• Required tools and templates 
 

Task completion: 100 % 

3 Certification methods, techniques and tools: Stonetools (54 k€; 5,4 person months) 

The subproject aims to develop 
facilities of the Software 
Certification Service for the second 
case study, Privatecase.  
3.1 Evidence required for product 
and process evaluation 
• Minimum requirements and 

criteria for software supplier, 
based on generic and nuclear 
specific standards. Evidence 
types should cover at least 
work products (including their 
content and characteristics), 
interviews, expert analyses and 
reviews.  

3.2 Evaluation criteria for different 
software types  
• Acceptance criteria for each 

evidence 
• Adequate amount of evidences 

as basis of each certification 
type 

• Detection Table and Safety 
Case procedures on basis of 
acceptance of certificate  

3.1 A detailed set of criteria is collected, based on ISO15504, 
IEC61508 and IEC60880 standards.  
 
Publication on the following subjects:  
• Strict requirements have been picked up from IEC 

60880 and IEC 61508-3. The publication will be 
represented in ISTI Workshop in April 2009. The 
supplementary requirements of IEC 60880.  

 
Several additional standards are under evaluation. 

3.2 Integration of ISO evaluation modules and Safety Cases 
or Assurance Cases. Development of Safety Case templates 
are begun and will continue during SCS activity.  
 
Ad hoc-group meeting was in 4.2.2009. Presentations:  
 
1. "Extended process set for safety-critical software",  Mika 
Johansson, TUT 
2 “Strict and laborious requirements of IEC 60880”, Jussi 
Lahtinen, VTT 
3. “Methods, tools and techniques”, Jukka Ranta, VTT 

 
 
Task completion: 100 % 

4 Facilities for the Privatecase study( 20 k€; 1,8 person months) 
This subproject tests the developed 
features and cooperation of the 
Software Certification Service in a 
pilot project called Privatecase. The 
purpose of the testing is to find out 
how well the developed basic 
evaluation methods apply for 
software certification. The 
Privatecase study itself is an 
independent project from the 
economy of CERFAS. Only 
facilities for the Privatecase will be 
given in this subproject. The case 
study will continue in the year 2009. 

Contacts with two potential providers of Privatecase will lead 
to a specific case study project. The first project will start in 
January with process assessment and continue with product 
assessment in later of 2009. Discussion with the second one 
is on-going. 
 
Task completion: 100 % 

 

Comments 

Two conference papers are written from CERFAS state of the art results and presented (SPICE2008 
conference Nurnberg 26 – 28.5.2008, EuroSPI2008 conference 3 – 5.9.2008).  

Education of experts 

One master thesis study is ongoing (Mika Johansson) and will be done during in Winter 2009.  

Further education of certification experts is planned mainly in 2009, but is started already in 2008 by 
thematic workshops. One international workshop is planned for 2009, and its preparation has been 
started in 2008.  
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SAFIR2010   10.02.2009 PROGRESS REPORT 4/08 
 
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 2008 (person y.) Plan: 16.5 person-months Realised 31.01.2009  16.5 pms        
Cost in 2008 (k€) Plan: 226 k€  Realised 31.01.2009 226 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 2008 Realised 

 
1 Enhancement of the functioning of a joint cognitive system (143 k€, 10.0 person months) 

1.1 Usage practices of large-screen 
displays 

The aim is to survey user needs for 
large screen displays, study their 
usage practices and develop a 
large-screen display concept for 
NPP MCRs. (VYR, Fortum, HRP-In-
kind, VTT) 
 

Task completion: 100% 

Researchers of the team have participated in the Information 
Rich Display design workshops at the Fortum development 
simulator. 

An experimental test of the use of IRD-screens in process 
control has been conducted. 

Results of the test have been analysed and reported. 

A collection of previously finished O’PRACTICE-reports is 
under publication in VTT’s publication series. 

Deliverables:  
1) Experimental report on the 
usability test of Information Rich –
displays 

2) Experimental report on the 
collaborative use of LSDs 
3) Report outlining the large-screen 
display concept for NPP MCRs. 

Deliverable completion: 100% 

A presentation by J. Laarni, H. Koskinen & L. Norros with the 
title “Activity-driven design of collaborative tools for nuclear 
power plant control rooms” at Activity2008, Helsinki, Finland, 
May 12-14, 2008.  

Laarni, J., Norros, L., Koskinen, H. & Salo, L.: Designing large 
screen displays for process monitoring and control. In 
Proceedings of EHPG-Meeting, Loen, Norway, May 18-23, 
2008. 

Norros, L. Salo, L., Savioja, P. & Laarni, J.: The ecological 
interface design experiment (2005) – Qualitative analysis of 
operator practices in three interface conditions. In 
Proceedings of EHPG-Meeting, Loen, Norway, May 18-23, 
2008. 

Laarni, J. & Norros, L.: Operointikäytännöt ja käyttöliittymät 
digitaalisissa valvomoissa. ATS Ydintekniikka, 1/2008, 23-
25, 2008. 

Laarni, J., Koskinen, H. , Salo, L. & Norros, L.: Evaluation of 
the Loviisa IRD pilot. Research report. 

Laarni, J., Koskinen, H., Salo, L., Norros, L., Braseth, A.-O. 
& Nurmilaukas, V.: Evaluation of the Fortum IRD display 
prototype. Paper submitted and accepted for NPIC-HMIT 
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2009. 

Salo, L. & Norros, L.: The Effect of Display Type on Process 
Control Performance – Case EID. Paper submitted and 
accepted for NPIC-HMIT 2009. 

Koskinen, H., Aaltonen, I. & Salo, L. (toim.) 
Tilannetietoisuutta tukevat näytöt prosessiteollisuuden 
valvomoissa. VTT Tiedotteita – Research Notes, in press. 

Koskinen, H. et al.: The development of a framework for 
defining information requirements for large screen displays 
in process control. Paper submitted for INTERACT 2009. 

1.2 Operating procedures as a 
collaborative tool  
The aim is to survey user needs for 
operating procedures and study their 
usage practices. (VYR, Fortum, 
HRP-In-kind, VTT) 

Task completion: 100% 

The use of operating procedures as a collaborative tool has 
been studied as a part of the Loviisa reference tests. 

A preliminary report on the usage practices of operating 
procedures has been finished. 

Requirements specification workshop was held in VTT in 29th 
April. 

Deliverables: 
1) Experimental report on the 
operational test of the use of 
computer-based procedures 
2) Report on the design and usage 
of new types of emergency 
operating procedures. 

Deliverable completion: 100% 

A presentation by L. Norros with the title “Valvomotyön ja 
työympäristön kehitys” at Valvomopäivät 20 v., Helsinki, 
Finland, April 1-2, 2008. 

A presentation by L. Norros & L. Salo with the title “Acting with 
procedures in complex work – A challenge for work design” at 
Activity2008, Helsinki, Finland, May 12-14, 2008.  

Norros, L. & Salo, L.: Design of joint systems: a theoretical 
challenge for cognitive systems engineering. Cognition 
Technology and Work, on-line, p.14, 2008. 

Salo, L, & Norros, L.: Design of joint intelligent systems – 
The design field framework. In Proceedings of European 
Conference on Cognitive Ergonomics (ECCE 2008), 16-19 
September, Funchal, Portugal, p. 75-76, 2008.  

Norros, L. & Salo, L.: Operating with procedures in complex 
process control – Literature review. Research report. 

2 Evaluation of control rooms and human-system interfaces (82 k€, 6.0 person months) 
2.1 Evaluation of operability of hybrid 
control rooms 

The aim is to study the adequacy, 
effectiveness and safety of hybrid 
human-system interfaces. (VYR, 
Fortum, HRP-In-kind, VTT) 

Task completion: 100% 

The Loviisa reference tests were conducted in September and 
October at the Loviisa training simulator. 

The UI walkthrough with Loviisa ex-operators and trainers 
was conducted at the Loviisa training simulator in November. 

The Usability Case –methodology has been further 
developed, and a theoretical paper on the methodology has 
been outlined. 

Deliverables:  
1) Theoretical report on the Usability 
Case –methodology 

2) Report on problems and 
possibilities of the use of hybrid HSIs 
3) Survey report on operator and 
trainer experiences of hybrid HSIs. 

Deliverable completion: 100% 

A presentation by P. Savioja with the title “Usability evaluation 
of safety critical systems” at VTT & CEA/LIST meeting, Espoo, 
Finland, June 4, 2008. 

A paper by L. Norros & P. Savioja with the title ”User 
experience in the systems usability approach” has been 
accepted for publication in Proceedings of COST294-
MAUSE meeting, 2008. 

2.2 Further development of 
integrated systems validation 
methodology 

Task completion: 100% 
Discussions with HRP/IFE have been started on the further 
development of integrated systems validation methodology. 



 
 

14

The aim is to further improve the 
reliability and validity of methods of 
the integrated systems validation. 
(VYR, HRP-In-kind, VTT) 

The method development is included in the planning of the 
Loviisa reference tests. 
 
 

Deliverable:  
1) Theoretical report on validation 
method development. 

Deliverable completion: 100% 
 
Savioja, P. & Norros, L.: Systems usability  - promoting core-
task oriented work practices. In: Law, E. Thora Hvannberg, E. 
Cocton, G. & Vanderdonckt, J.: Maturing Usability: Quality in 
software, Interaction and Value. Springer, 123-143, 2008. 

Savioja, P. Norros, L., & Salo, L.: Evaluation of systems 
usability. In Proceedings of European Conference on 
Cognitive Ergonomics (ECCE 2008), September 16-19, 
Funchal, Portugal, p. 110-117, 2008. 

Norros, L., Savioja, P. & Salo, L.: Approach to integrated 
system validation of NPP control rooms. Paper submitted 
and accepted for NPIC-HMIT 2009. 

3 WGHOF (1 k€, 0.5 person months) 
Participation on WG-meetings in 
2008 and some work within the work 
tasks adopted by the WGHOF. 
(VYR) 

Task completion: 100% 
Leena Norros has participated in two WGHOF meetings, one 
held in May in Paris and the other in September in Uppsala. 
 

Deliverable: Attending at meetings.  Deliverable completion: 100% 
 

 

Education of experts 

A new post-graduate researcher has been recruited in August, and the project staff includes presently 
four post-graduate scientists.  
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SAFIR2010   31.1.2009 PROGRESS REPORT 4/08 
 
Development and Validation of Fuel Performance Codes (POKEVA) 
Polttoainemallien kehittäminen ja validointi 
 
Duration 2007 - 2010 
Project manager Seppo Kelppe, VTT 
Volume in 2008 (person y.) Plan: 2.861 Realised 31.1.2009          3.44 
Cost in 2008 (k€) Plan:               3521 Realised 31.1.2009         354 
 
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 2008 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 Comparing and exhanging 
experience and models of two 
FRAPTRAN code versions in an 
collaboration effort between SKI 
Sweden and VTT 
 
 
1.4 Participation in the OECD NEA 
WGFS Benchmark on LOCA tests 
and IAEA CRP FUMEX III  
 
1.5 SCANAIR update (proposed) 
 
Updating the VTT version of the 
SCANAIR RIA code, in exchange 
with in-kind contribution to IRSN is 
proposed 
 

 
 
Several deficiencies rectified in the FRAPTRAN-GENFLO 
coupling; Demonstration realised with desired thermal 
hydraulic boundary conditions from GENFLO. 
 
ac hoc group: Met 8.10.2008 and 3.2.2008  
Description of methods report 
Summary status report finalised 
 
 100  % completed 
 
 
Updated report with user’s instructions 
Application with probabilistic procedure testing. 
Testing the GENFLO-FRAPTRAN interface successful.  
100% 
 
Negotiations on detail ol the work with SKI and its consultant 
Quantum Technologies:. Applications related to Halden  IFA-
650 LOCA  Agreement drafted by SKI; Agreed to be realised 
in 2009 
 
20 % completed;  
 
Extent of FUMEX III participation in 2008 pending on 
supplementary VYR Funding. OK. Initial data of FUMEX II 
from IAEA  & start-up meeting. WGFS Benchmark 
participation with  limited scope finalisation early 2009 . 
 
90% 
 
Updated version negotiated. 
 
100 % completed 
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2. Steady State codes 
 

2.1 State-of -the-art report 

A summary report on the current 
understanding of fuel operational 
phenomena and status of their 
modelling will be edited.  

 

Systematic validation of separate 
phenomena models and the 
integral code will be continued. 
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.  

 

2.3 Fission gas and other behaviour 
model development 

 
 
 
 
 
 
 
 
 
 
2.4 Participating in the IAEA CRP 
FUMEX III  on fuel code evaluation 
 

 
 
 
Collection of material.  
Status report on main modifications 
 
100% 
 
 
 
 
A  review of fission gas release and models and thermal 
conductivity being finalised  
 
Collection of database. Review of UO2 thermal conductivity 
and submodels continued; combined in the above 
100% completed 
 
 
 
 
Advance with applying the CVS code version tool to ENIGMA 
management; application postponed   
30% 
 
 
 
 
 
 
Negotiations with the Swiss PSI and US PNNL on international 
collaboration around modelling development; plans on staff 
exchange suspended 2 
 
Exchange of reports on earlier work: VTT user interface, 
experience; PSI, PNNL recent modelling advances 
 
Report material exchange with PSI. PSI material evaluations. 
Report on VTT changes in FRAPCON, FRAPTRAN to PNNL 
 
100  % completed 
 
 
FUMEX III contract OK; work meeting 
100 % completed 
 

3 Halden Project collaboration 

Reporting results of FRAPCON-
GENFLO development and its 
application to Halden IFA-650 LOCA 
testing 

 
Parameter studies on IFA-650.4 to examine a potential 
runaway effect of fuel relocation on cladding temperature. 
Overview reporting in the EHPG Meeting in Loen. 
 
100% completed 
 

4. International collaboration and 
project management 

Participating in selected working 
groups of the IAEA and NEA 

Participating in selected international 
conferences 

 
OECD/NEA Working Group on Fuel Safety Meeting 12&13.9 
WRFSM 2008 Conferencce in Seoul Korea 
Halden HPG Meeting 
IAEA CRP FUMEX III  
Project plan revisions, reporting 
 
1000 % completed 
 

 

Comments 
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1 Planned figures now include additional 10 k€ VYR funding and 30 k€ VTT STORE funding  

Personnel and education of experts 

1 Simiam Ghan, a student trainee, worked full time 2.6-15.9.2008, part time 15.9-31.12.2008 

2 Kari Pietarinen left the group and VTT on 31.7.2008 

3 Asko Arffman, a student trainee, worked part time; full time 1.6-31.8 and 1.11.2008-31.1.2009 

3 Laura Kekkonen will leave the group and VTT early 2009. 
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SAFIR2010   10.1.200 PROGRESS REPORT 4/08 
 
Tridimensional core transient analysis methods (TRICOT) 
Kolmiulotteiset transienttianalyysimenetelmät 
 
Duration 2007 – 2010 
Project manager H. Räty (during absence of E. Syrjälahti & A. Daavittila)  VTT 
Volume in 2008 (person y.) Plan: 2.3 person y. Realised 31.1.2009    1.8 person y.  
Cost in 2008 (k€) Plan:  310 k€ + 20 k€ Realised 31.1.2009    283 k€  
 
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 2008 Realised  

 
1 Dynamics codes  (154 k€, 12 +1.5 person months) 

1.1 TRAB-3D/SMABRE 
 
Modelling of cross flow between 
parallel core channels will be tested 
and studied. The option of TRAB-3D 
to couple several fuel bundles with 
one flow channel will be coded in the 
internally coupled TRAB-3D-
SMABRE.   
 
Some discrepancies between the 
internally coupled and the parallelly 
coupled production version of the 
TRAB-3D-SMABRE code in the 
thermal hydraulics of the circuit were 
found in 2007 and need to be 
clarified. Also possibility to model a 
heavy reflector with heat structures 
between the core and downcomer 
need to be updated for internal 
coupling. 
 
Testing and validation of the 
internally coupled model will 
continue with code comparisons 
against the production version of the 
TRAB-3D-SMABRE code using the 
EPR model. 
(VYR, VTT) 

Progress has been made in solving the prevailing problem in 
differences between internally and parallelly coupled code 
versions in calculating pressure losses in the circuit. In this 
process some of the coding taken into use in the BWR model 
has been discarded, and has to be carefully restudied. Some 
parts of the code are still to be checked, and some differences 
in results remain. The internally coupled TRAB-SMABRE 
code has been transferred from its principal developers files to 
the general files of its user group, and is now arranged and 
maintained in a similar manner as the other reactor dynamics 
codes. Procedures for using the code have been updated.  
 
Differences between traditional coupling and internal coupling 
have been studied and the code modified. Several steps 
towards good and acceptable results have been taken and the 
new and old core version calculates the traditional parallel 
coupling equally. Work has been continued with the internal 
coupling and in lowered pressure conditions in order to meet 
also two phase conditions. Reporting of the features leading to 
deviating results with different code versions will be finished in 
near future, A. Hämäläinen: Comparison of TRAB-3D-
SMABRE versions for PWR in 2008. 
 
Presentation at the ICAPP´08 Conference in June by J. 
Miettinen. Miettinen, Räty & Daavittila, The TRAB-SMABRE 
for 3D Plant Transient and Accident Analyses 
 
Due to the accidental death of the main developer of the 
coupled code Jaakko Miettinen in August 2008, it has been 
necessary to redirect the contents of the task in Autumn 2008, 
with approval of the steering group. 
 
Task completion: 100 % 
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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) 

Work on training new users (M. Seppälä) for the PARCS code 
has been started. M. Seppälä attended the “Seminar and 
Training on Scaling, Uncertainty and 3D Coupled Code 
Calculations in Nuclear Technology” (3D S.UN.COP 2008: 9th 
seminar in EC-JRC-IE), in Petten, the Netherlands, 13.-
24.10.2008. The seminar included 20 hours of training on 
PARCS. 
 
Task completion: 25 %. 

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 
authority. (VYR,VTT) 
 

As a new application, worst leak size of MSLB accident in all 
power levels is searched with the sensitivity analysis tool; 
preliminary calculations have been made with VVER-440 
model.  It has also been studied, how the results of the 
sensitivity analysis of the reactor dynamics codes can be used 
as an input for the statistical method developed for fuel rod 
analysis in the POKEVA project. M. Seppälä has acquainted 
herself with the sensitivity analysis tool created by E. Syrjälahti 
to widen the circle of its users and act as backup. 

E. Syrjälahti: Preliminary main steam line break calculations 
with HEXTRAN/SMABRE utilising the sensitivity analysis tool, 
RESEARCH REPORT VTT-R-05475-08, 9 p. 

 
Task completion:  50 % 

2 Three dimensional core hydraulics (77 k€, 6 person months) 
2.1 PORFLO code development and 
applications 
 
In 2008, the development of the 
general porous media solution code 
PORFLO will be continued on two 
broad fronts: general development of 
the PORFLO code to eventually 
allow easy set-up and robust 
solution of a variety of industrially 
important cases of steam-water flow, 
and special improvements needed 
for realistic simulation of the BFBT 
(BWR full-size fine-mesh bundle 
test) benchmark exercises with 
regard to the void fraction 
distribution. Both lines of 
development will finally be 
documented in a detailed fashion; 
the existing documentation of 2007 
will be elaborated further in 2008. 
 
 
 (VYR, VTT) 
 

PORFLO-related work in TRICOT in February...May 2008 
was concentrated on fine-tuning the SIMPLE pressure 
correction algorithm variants that were implemented and 
adapted to the 5-equation two-phase model of PORFLO. It 
turned out that volume conservation is a more suitable starting 
point to solve pressure corrections than mass conservation. A 
Master of Science in Technology thesis "Calculations of 
Boiling Two-Phase Flow Using a Porous Media Model" (Ville 
Hovi, LUT, 112 p.) was completed in May; the SIMPLE 
solution approach in PORFLO is thoroughly described. Effect 
of parameters of the SIMPLE algorithm was systematically 
assessed. Simulations of BWR fuel bundle boiling flow were 
performed for a 2x2 rods simplified bundle. Void fractions, 
velocities and temperatures were plotted as 2D at several 
levels along the length of the bundle. Some questionable 
details remain in the simulated flow, and the suitability of 5-
equation (vs. 6-equation) model for 3D two-phase flow must 
be critically considered in future work. 
 
J.Miettinen participated the BFBT Benchmark meeting at 
GRS, Munich 31.3-1.4.2008. The present benchmark includes 
steady void fraction prediction, pressure drop prediction, 
transient void fraction prediction and dryout prediction. In the 
meeting the time for delivering the stationary void fraction and 
pressure loss prediction results was extended up to end of 
August 2008. The transient void fraction and dryout prediction 
results should be delivered latest in December 2008.  
 
In May...August 2008, approximately one man-month of effort 
was spent on PORFLO development and documentation. 
Comment lines describing even the latest developments and 
changes were added in the code. A short code-level oriented 
documentation describing the general program flow logic of 
PORFLO was written and is in the process of being extended. 
First steps towards the implementation of a 6-equation model, 
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the phase-coupled SIMPLE algorithm, were taken by adding 
separate momentum equations, and separate terms into the 
pressure correction equations, for both water and steam.  
New solvability problems emerged as a result of the extremely 
small void fractions that exist in the lower part of the fuel 
bundle and in the beginning of the simulations. 
 
August…December 2008:  
The general architectural strategy in the development of the 6-
equation model has been to keep PORFLO as one single 
code version, which still contains even the older solution 
methods (5-equation approach by Jaakko Miettinen, with 
various linear system solution methods). Method of solution 
can be chosen by appropriate code parameters. This strategy 
was devised in order to check calculation results of the 
different methods against each other, and to remain on the 
‘safe side’ even when new methods turned out to have 
serious problems. Eventually in the future, it is possible to 
clear the code of the obsolete methods, provided that 
sufficient experience and certainty of superiority of the new 
methods is accumulated. 
 
The problems with convergence of the 6-equation 
solution encountered in the beginning have apparently 
been solved. They were mostly related to the practical code-
level handling of cell-wise void fractions. The appearance of 
even very small void fractions could make the SIMPLE-based 
iteration diverge. In some cases, the iteration might get stuck 
oscillating between two states. The main ingredient of 
solvability turned out to be taking the phase-specific flow area 
between cells (i.e. the area ‘pushed’ by the pressure gradient) 
as harmonic or volume average of the cells, instead of the 
upstream value. Also, void fraction is predicted for the end of 
current time step inside the SIMPLE iteration, during each 
round. 
 
After extensive debugging of the newly developed code, 
remarkably stable simulations of the BFBT ‘simplified test 
bundle’ were achieved in September / October 2008. 
 
Better foundations for solvability were further laid by coding 
new iterative linear solvers, including the BiCG (Bi-
Conjugate Gradient) method, and some preconditioning 
methods, like the basic Jacobi (scaling of the diagonal) and 
SSOR (Symmetric Successive Over-Relaxation) 
preconditioning. As compared with May 2008, the 
computation time has been reduced almost by an order of 
magnitude, thanks to the new developments. However, it is 
still prohibitively large if the mesh is dense and numerous 
different cases are to be simulated. Approximately half the 
time is spent on calculating the pressure corrections. 
 
In the end of October, a new powerful Linux cluster (5 
computers, each double-CPU, each CPU a quad-core Intel 
Xeon) was installed at VTT. After some difficulties with 
compilation, PORFLO is now run on the cluster, but still in a 
serial fashion. This immediately facilitates performing several 
slightly perturbed simulations at the same time. Parallelization 
is planned for year 2009. 
 
A report has been written and will be presented at the 
SAFIR2010 Mid-Term seminar: M. Ilvonen & V. Hovi: Status 
of PORFLO code development (TRICOT Special Report). 
 
Task completion:  100 % 
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3 Management and co-operation (79 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). The 
cooperation and information 
exchange on VVER safety within the 
AER framework together with other 
countries that use VVER reactors 
will also be continued.  Co-operation 
in reactor dynamic research with 
VTT and KTH in Sweden will be 
started. 
 (VYR, VTT) 
 

Meeting of AER working group D, in March 31 - April 1, 
Garching, Germany 
 
Second Workshop on OECD/NEA benchmark of Uncertainty 
Analysis in Modelling, in April 2-4, Garching. (E. Syrjälahti). 
 
Workshop on OECD/NEA BFBT benchmark, in March 31 - 
April 1, Garching. (J. Miettinen). 
 
2008 International congress on Advances in Nuclear power 
Plants, ICAPP ´08, in June 8-12, Anaheim, Ca, USA. (J. 
Miettinen). 
 
18th AER symposium, 6-10 October 2008, Eger, Hungary (J. 
Rintala: Implementation of the neutronics model of 
HEXTRAN/HEXBU-3D into APROS for VVER calculations) 
 
“Seminar and Training on Scaling, Uncertainty and 3D 
Coupled Code Calculations in Nuclear Technology” (3D 
S.UN.COP 2008: 9th seminar in EC-JRC-IE), in Petten, the 
Netherlands, 13.-24.10.2008. (M. Seppälä) 
 
NUTHOS-7, 7th International Topical Meeting on Nuclear 
Reactor Thermal Hydraulics, Operation and Safety. Seoul, 
Korea, 5 - 9 Oct. 2008. (E.K. Puska, 2 papers) 
 
Task completion: 90 % 

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) 
 

Several updatings have been made to the reactor dynamics 
codes during program development and their application 
during last few years. The codes have now been revised so 
that the production versions of HEXTRAN and TRAB-3D 
include all updatings. Further testing of HEXTRAN revealed 
some shortcomings in the updates, which have been located 
and corrected. 
 
Elina Syrjälahti & Hanna Räty, Updates in HEXTRAN, TRAB-
3D and TRAB-1D, RESEARCH REPORT VTT-R-00979-08, 7 
p. 
 
Conference paper “The TRAB-SMABRE for 3D plant transient 
and accident analyses” (Miettinen J., Räty H., Daavittila A.) to 
the ICAPP’08 conference was written and presented in June 
2008 in Anaheim, USA. 
 
K. Rantamäki has developed a method and tools to generate 
3D neutronics data for TRAB-3D analyses utilizing SIMULATE 
calculations. A report is being internally reviewed: 
Computational package of nodal reactor physics constants for 
TRAB-3D). 
 
Task completion:  90 % 

3.3 Project management and 
information exchange 
(VYR, VTT) 

 
During the parental leaves of the project manager and her 
deputy, H. Räty will be acting project manager. 
 
H. Räty: Tridimensional core transient analysis (TRICOT). 
TRICOT Summary Report. In: Suolanen, V., & Puska, E. K. 
(eds.). SAFIR2010, The Finnish Research Programme on 
Nuclear Power Plant Safety 2007-2010, Interim Report. 
Espoo: Technical Research Centre of Finland (VTT), 2009. To 
be published.  
 
Task completion:  100 % 
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Comments: 
 
The project is at present seriously understaffed. The sudden death of Jaakko Miettinen in August 
2008 left among other things, a void hard to fill in tasks 1.1 and 2.1. Elina Syrjälahti started her 
maternity leave in June 2008 and task 1.3 will go on a hiatus during her absence. Antti Daavittila 
extended his parenthood leave until end of 2008, and new users of the PARCS code will meanwhile 
be gathering experience in his stead. Consequences of these permanent and temporary changes 
have been discussed with the Reference Group are seen in the work carried out and prioritizing of the 
different tasks, accordingly. The fulfilling of all project plans is not possible in the current situation. 
 
Education of experts:  
 
The project staff includes presently three young persons (YG<35 y.) 
 
M. Seppälä attended the “Seminar and Training on Scaling, Uncertainty and 3D Coupled Code 
Calculations in Nuclear Technology” (3D S.UN.COP 2008: 9th seminar in EC-JRC-IE), in Petten, the 
Netherlands, 13.-24.10.2008.  
 
A. Hämäläinen has been giving lectures in the national “Basic Professional Training Course on 
Nuclear Safety”. 
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SAFIR2010   31.1.2009 PROGRESS REPORT 4/08 
 
Total reactor physics analysis system (TOPAS) 
Kattava reaktorifysikaalinen laskentaohjelmisto 
 
Duration 2007 - 2010 
Project manager Dr Petri Kotiluoto, VTT  
Volume in 2008 (person y.) Plan: 2.41 Realised 31.1.2009             2.68      
Cost in 2008 (k€) Plan:                294 Realised 31.1.2009              308 
 
Main Objectives 
 
The objective of the project is to further develop VTT’s 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 2008 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.  
Burnup calculations will be 
accomplished at this stage by 
coupling PSG to ORIGEN2. A 
longer-term goal would be the 
creation of a burnup module inside 
PSG itself.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keeping the CASMO codes up-to-
date always involves the installation 
and testing of any new program or 
library versions as well as further 

 
 
NEA-organised JEFF/NJOY meeting has been attended in 
Paris in November. NJOY has been used to generate the 
cross section libraries for PSG / Serpent distribution 
package. 
 
 
 
 
 
 
Coupling of PSG to ORIGEN2 has been accomplished by 
using ABURN script. Also first version of internal burnup 
module, based on Transmutation Trajectory Analysis (TTA) 
method, has been implemented to PSG. In addition, matrix 
exponential method has also been studied and implemented 
as another burnup calculation method to PSG. Testing of the 
matrix exponential method has been performed using 
Matlab. The study of the matrix exponential burnup 
calculation has especially focused on mathematical methods 
in Krylov subspace and rational approximation.   
 
Preliminary isotopic concentrations have been calculated 
with PSG using TTA method as a function of burnup for a 
test case. Comparisons to CASMO-4E calculations have 
been made. Free-gas model of PSG has been improved by 
adopting target velocity sampling routine from MCNP4C. 
Also geometry routines have been further improved. PSG 
status report has been written and distributed. 
 
The name of the PSG code was changed to Serpent and the 
first pre-release version 1.0.0 has been distributed to some 
Finnish organizations. The licensing for international 
distribution via the OECD/NEA Data Bank is currently under 
way. 
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validation of versions already in 
use. The latest version, CASMO-5, 
was released in 2007. 
  

 
 
 
Task completion: 100 % 
 

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. A new more 
accurate and versatile, albeit 
naturally slower version, 
SIMULATE-4, is now also available 
at SSP. 
 
A short user’s guide to ARES is to 
be completed and further 
comparisons between 
PSG/CASMO and 
ARES/SIMULATE calculations on 
the EPR reactor are made, also for 
later cycles with higher burnup. 
Possible adjustments of the codes 
are made and necessary auxiliary 
codes developed. 
 
With the goal of improving accuracy 
in the calculation of in-core power 
distributions for light water reactors, 
a new “Variational Nodal Expansion 
Method” (VNEM) has recently been 
developed at IFE in Halden. This 
method is to be tested using actual 
plant data from operating reactors, 
e.g. Olkiluoto and Ringhals. IFE 
has proposed such an undertaking 
as part of the Nordic co-operation in 
reactor physics and 
thermohydraulics within NKS. 

 
 
 
Rantamäki has attended “Basic CMS Training Course” 
organized by SSP (but with separate funding). This training 
course has included lectures and exercises related to the 
use of CASMO-4 and SIMULATE-3, for instance. 
 
The SIMULATE-3 code has been taken into operation and 
Karin Rantamäki has familiarized herself with the code.  The 
reactor conditions for OL1 were first read from a restart file 
and the state was frozen. Then some test runs for 
perturbation calculations were performed for fuel 
temperature and coolant density.  Also the control rod 
position was varied from fully inserted to completely 
withdrawn. Appropriate input cards were found for these 
cases as well as for printing out the reactor state and cross 
sections. 
 
A new research trainee Antti Räty has been employed for the 
project. During the summer he has made a survey of the 
status and usability of the 1D data condensation methods 
and codes at VTT. Such study has been recommended to be 
done by the support group, and was already in 2007 plans. A 
report “On the One-Dimensional Condensation of Cross-
Sections for Transient-Analysis” (VTT-R-066007-08) has 
been written and send for the reviewer of the support group. 
New modules have been preliminary programmed to 
CROCO code, in order to enable input of SIMULATE data for 
the 1D condensation. These modules will though require 
further programming effort and thorough testing. It has also 
been noted that SIMULATE code itself contains a 1D data 
condensation module, which might be taken in use in a more 
straightforward manner than doing reprogramming of the old 
CROCO code. This internal 1D data condensation of 
SIMULATE should also be tested in the future. Räty has 
continued working in the project as a part time trainee, and 
has started to prepare a M.Sc. thesis, to be accomplished 
next year. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Task completion: 90 % 
 



 
 

25

 
 
 
 
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. 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 a 
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. 
 
The newest version of the DOORS 
("discrete-ordinates system for 
deep-penetration neutron and 
gamma transport") package, 
including the 1D ANISN, 2D DORT 
and 3D TORT codes, needs to be 
maintained. The latest version 
released through NEA should have 
a better support for linux, and could 
be installed to the cluster machine. 
The latest versions of BOT3P need 
also to be maintained and tested. 
With the BOT3P pre- and post-
processing tool combined with 
TORT, deterministic 3D discrete-
ordinate calculations can be more 
easily performed.  
 
The ability of the 3D in-house 
radiation transport code MultiTrans 
to perform fuel bundle calculations 
should be enhanced. Especially the 
cubic cells of the current tree 
multigrid method are problematic, 
as the axial meshing becomes 
oversized for heterogeneous 3D 
fuel bundle geometry. It should be 
possible to use different axial 
length, and thus, to reduce the 
required number of geometry cells 
drastically. Also the possibility to 
perform simple 2D lattice 
calculations (using quadtree 
instead of octree) should be 

 
 
 
 
Development of the new full-core Monte Carlo code MORA 
has continued. Comparison calculations have been performed 
with MORA for JOYO fast reactor benchmark and for the 
conceptual initial core of the EPR reactor. MORA code has 
also been used for calculating time constants and reactivity 
effects in the CROCUS reactor kinetics benchmark. MORA 
calculations have been compared with MCNP5 and PSG 
results. MORA was able to reproduce the effective 
multiplication factors to within a reasonable accuracy 
compared to the reference results. The comparison of flux 
distributions also showed remarkable consistency in the fast 
reactor test case. The results were not equally good in the 
EPR full-core calculation due to problems with fission source 
convergence. It seems that calculation techniques still have to 
be developed for speeding up the convergence of the initial 
source. Leppänen has published 2 conference papers on 
subject (PHYSOR´08 and IYNC 2008). Also Juutilainen has 
published a paper in IYNC 2008 conference, related to the use 
of PSG / Serpent and MCNP codes in JOYO fast reactor 
benchmark calculations (the travel expenses and the related 
work have been funded from other projects). 
 
 
 
The newest version DOORS3.2A has been obtained from 
NEA and installed to the linux cluster machine. Also BOT3P 
version 5.1 has been installed to the linux cluster. The earlier 
compilation problems with the plotting routines of the 
RSCORS library have been solved, and both BOT3P and 
DOORS are now tested and fully functioning on the linux 
cluster. Some parameters of BOT3P have also been 
increased in the compilation process, in order to enable larger 
TORT geometry models, especially a more detailed model of 
OL1&2 reactors, which has been used as a test case. 
 
 
 
 
 
 
 
The reason for earlier problems with MultiTrans linux version 
has been found. It turned out that there was a bug in the 
algorithm that installs the material number for each cell: in 
some rare cases the material number was left unaltered from 
initial zero. The same bug has also existed in the Windows 
version, but without any notable consequences (the linux 
version instead crashed in keff calculations). This bug has now 
been fixed in an improved version of MultiTrans, and several 
test runs have been performed, showing good performance. 
Some improvements have also been made to the octree 
generating routine, so that the original volumes of the objects 
are better preserved. 
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investigated. In addition, the 
coupling of MultiTrans to burn-up 
calculations will also be studied. 
 
The Monte Carlo program MCNP 
developed in Los Alamos is used in 
a wide range of neutron and photon 
transport applications. The new 
versions of MCNP5 and MCNPX 
are now available at VTT also. As 
part of the effort to transfer know-
how from researchers due to retire 
to younger colleagues, a doctorate 
thesis concerning the efficient use 
of MCNP in shielding calculations is 
in preparation and is intended to be 
finished in 2008. 
 
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.  
 

 
 
 
Doctor’s thesis of Wasastjerna on the efficient use of MCNP in 
shielding calculations has gone through academic review 
and has been published. The literary work has been mainly 
performed with separate funding. 
 
The public defence of the dissertation was on December 
19. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Task completion: 90  % 
 
  

4 Criticality safety, isotopic 
concentrations 
 
The criticality safety calculation 
system is further tested and 
developed through the work of the 
OECD/NEA Working Party on 
Nuclear Criticality Safety (WPNCS). 
The project is participating in an 
expert group within WPNCS 
working on "Isotopic composition 
data of spent nuclear fuel by post 
irradiation examinations (PIE)" for 
at least two years. Measured 
isotopic compositions are very 
important data in criticality 
analyses. If burnup credit is to be 
used for VVER fuel, experiments to 
validate the isotopic composition of 
irradiated VVER fuel are necessary. 
VTT will participate in an 
international consortium that will 
contract out radiochemical analyses 
of the irradiated VVER-440 fuel in 
Dimitrovgrad. An expert group on 
uncertainty analysis for criticality 
safety is also being established, cf. 
subproject 5. 
 
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.  
 

 
 
 
VTT has signed the agreement of an international consortium 
that will contract out radiochemical analyses of the irradiated 
VVER-440 fuel in Dimitrovgrad. However, the participation 
fee was finally not topical in 2008, which has been taken 
into account in budget changes approved by the support 
group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The new research trainee Pauli Juutilainen has made himself 
familiar with the Monte Carlo burnup calculation methods. A 
special work is planned to be written on the subject.  
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Statens Kärnkraftinspektion (SKI) in 
Sweden has proposed a Finnish-
Swedish comparison of the 
methods used for criticality safety 
analysis and calculation of suitable 
benchmarks for different fuels in 
different storages. 
 
The ABURN code is being 
continuously developed.  The 
coupling between PSG and 
ORIGEN2 can provide considerable 
time savings compared with 
ORIGEN2/MCNP calculations. 
Coupling of MCNP5 and ORIGEN2 
is also under way. Work on a 
Licentiate’s thesis dealing with 
coupled Monte Carlo/burnup 
calculations is continued. The aim 
is to make criticality safety 
calculations including burnup credit 
easier and more accurate. With an 
input conversion script that 
transfers the CASMO input file into 
an ABURN input file it should be 
possible to use ABURN directly in 
criticality safety analysis in parallel 
with CASMO. 
  

 
 
 
 
 
 
The coupling of PSG and ORIGEN2 has been established and 
comparisons to CASMO-4E have been made (mainly with 
libraries based on ENDF/B-VI). The comparisons have been 
made using an extremely complex 10x10 BWR bundle design 
with 10 burnable poison rods of various enrichments. The 
calculations were done up to the maximum reactivity burnup 
with various void history values. This is of high importance in 
criticality safety analysis with Gd credit where the accuracy of 
burnup calculation plays an important role. The calculations 
are still under way but according to the current results the 
maximum reactivity exposures agree when calculated with 
CASMO-4E and ABURN using similar base nuclear data. 
There is some difference in the calculated multiplication 
factors depending on the void history. The agreement between 
CASMO-4E and ABURN (PSG + ORIGEN2) shows that the 
latter can be efficiently used for burnup calculations of 
complicated assembly designs without restrictions to the 
number of burnable regions and in reasonable time. 
 
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 computer 
programs. Such 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 mathematical 
models for evaluating cross 
sections and the impact of their 
uncertainty in reactor physics was 
completed in 2007. Studies will 
continue on numerical sensitivity 
analysis to find out e.g. how the 
calculated sensitivities depend on 
the order of different operations. 

 
 
 
New methods and tools have been developed in order to be 
able to attend the OECD/NEA benchmark of uncertainty 
analysis in modelling light water reactors. The benchmark will 
eventually cover the whole computational chain starting from 
the uncertainty of basic nuclear data to the thermohydraulic 
modelling of the behaviour of the reactor. For this purpose, 
code modifications have been made, for instance, to the 
KRAM solver in CASMO to allow sensitivity and uncertainty 
analysis based on perturbation theory. Also some utility 
programmes have been written. Covariance matrices of 
SCALE 5.1 have been transformed compatible with CASMO 
cross section library format in order to be able to perform the 
first part of the UAM benchmark calculations. Pusa has 
presented the developed methods and the preliminary 
CASMO results in the UAM-2 workshop in Garching. The 
CASMO results were in rather good agreement with SCALE 
5.1 results calculated by other groups. In general, this NEA 
benchmark is very challenging and there seems to be a world-
wide lack of suitable codes and methods on this field to 
perform the uncertainty and sensitivity analysis properly. Even 
the limited and preliminary results obtained so far seem to 
represent the current state-of-the-art. In future version of 
SCALE system, SCALE 6, the uncertainty analysis methods 
will probably be better handled. 
 
The development of sensitivity and uncertainty tools for the 
UAM benchmark has continued. New modules have been 
added to CASMO and the fission spectrum sensitivity 
treatment has been corrected. The first exercise of the 
benchmark has been calculated and also some preliminary 
calculations for the second exercise have been made.    
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As an application, sensitivity 
analysis (perturbation theory) will 
be connected to some code based 
upon the method of characteristics, 
e.g. the KRAM solver in CASMO.  

The project will take part in the 
activities of OECD/NEA’s groups 
UAM ja UACSA (Expert Group on 
Uncertainty Analysis in Modelling & 
Expert Group on Uncertainty 
Analyses for Criticality Safety 
Assessment). A workshop on this 
topic is arranged in Garching, 
Germany in April, 2008. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
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 
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. 
During 2008, work on a Licentiate’s 
thesis on criticality safety and 
isotopic concentrations is continued 
and a Doctor’s thesis concerning 
the efficient use of MCNP in 
shielding calculations is expected to 
be completed. 
 

 
 
 
Status report of PSG code has been written and distributed 
(VTT-R-02580-08). Also a combined Methodology – User’s 
Manual – Validation Report of the PSG / Serpent code has 
been written and distributed through internet home page 
http://montecarlo.vtt.fi/.  
 
Conference papers have been written to PHYSOR’08 and 
IYNC 2008. 
 
A conference paper concerning the new burnup models used 
in PSG / Serpent has also been written for the forthcoming 
M&C 2009 conference, to be held May 2009 in USA. 
 
Work on a Licentiate’s thesis on criticality safety and isotopic 
concentrations has continued. 
 
Doctor’s thesis of Wasastjerna on the efficient use of MCNP in 
shielding calculations has gone through an academic review 
and published (work has mainly been done with separate 
funding). 
 
Report on the status of the 1D data condensation (VTT-R-
066007-08) has been written and sended for the reviewer of 
the support group. 
 
SAFIR2010 Interim Seminar papers have been written, 
including general TOPAS review and a special paper 
concerning the development of the Serpent code. 
 
 
 
 
Task completion: 100  % 
 

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. 
 

 
 
 
Ranta-aho has participated to the AER WG E meeting and to 
the MCNP/MCNPX workshop. Anttila has attended an OECD 
NEA meeting in Paris. Pusa has taken part to the SCALE 
TSUNAMI sensitivity and uncertainty analysis training course 
and to the OECD NEA uncertainty analysis of LWR modelling 
benchmark workshop. Leppänen has participated to two 
international workshops and also the EXTEND course 
(Experiments, Theory and Evaluation of Nuclear Data) in 
Budapest. Rantamäki has taken part to the CMS training 

http://montecarlo.vtt.fi/
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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. 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. 
An abstract on full-core Monte Carlo 
calculations has for instance been 
sent to the “International Conference 
on the Physics of Reactors, Nuclear 
Power: A Sustainable Resource” 
(PHYSOR’08) in Interlaken, 
Switzerland in September 2008. This 
meeting is immediately followed by 
the International Youth Nuclear 
Congress (IYNC 2008) at the same 
place. 
 
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.  
 

course (with separate funding). Rantamäki has also attended 
Joliot&Hahn summer school. 
 
PHYSOR’08 and IYNC 2008 conferences have been attended 
in September. Pusa has also attended a course “Experimental 
Validation and Calibration of Numerical Simulation Models” of 
an International School in Nuclear Engineering organised by 
CEA/INSTN, held in Saclay in turn of September and October. 
 
Leppänen has also taken part to the NEA JEFF meeting in 
November and Pusa to the UACSA meeeting in December 
(both travels have been funded solely by VTT outside of the 
project due to the limits of the budgeted travel funds). 
 
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 
 
Project staff has included five young persons (YG, ≤ 35 y), two of them working as research trainees. 

 
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 
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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   3.2.2009 PROGRESS REPORT 4/08 
 
Numerical modeling of condensation pool (NUMPOOL) 
Lauhdutusaltaan numeerinen mallintaminen 
 
Duration 2007 – 2010 
Project manager Dr Timo Pättikangas,  VTT 
Volume in 2008 (person y.) Plan: 0.7 Realised 31.1.2009             0.7 
Cost in 2008 (k€) Plan:              100 Realised 31.1.2009            100 
 
Main Objectives 
 
Modelling of steam condensation in the drywell is performed by using the models developed for 
the calculation of the MISTRA facility as the starting point. Simulations are done for a few 
CONDEX experiments. The wall condensation model for the drywell is improved based on 
comparison of the simulations to the experimental results and to GOTHIC simulations performed at 
KTH. Work on modelling direct-contact condensation is started by comparing Euler-Euler model 
to the Volume Of Fluid (VOF) model.  
 
Thermal-hydraulic loads calculated with CFD methods are transferred to the structural model of the 
pool and the resulting strains are compared to the experiments. Two-way fluid-structure interaction 
phenomena are taken into account by adding the mass of water to the structural model as an 
acoustic medium. Work on alternative methods for evaluating the pressure loads is continued. The 
acoustic FEM model is used for the pool water and two-way fluid-structure interactions are 
accounted for in the modelling. Ways for determining the pressure source for the acoustic model 
from the CONDEX experiments are examined. 
 
 
Objectives in 2008 Realised 

 
1 CFD modelling of the CONDEX facility (50 k€, 3.5 person months) 

1.1 Condensation and heat transfer 
in drywell 
The wall condensation model is 
adapted to work with VOF or Euler-
Euler multiphase model. 
(VYR, NKS, VTT). 
 

 
 
The wall condensation model has been adapted in the Euler-
Euler multiphase model of Fluent. Air and vapour are 
described as species components of the gas phase. The test 
simulations have been delayed due to problems with the 
features of the Euler-Euler model of Fluent. The reporting will 
be delayed to end of February. 
 
Task completion: 90 % 

1.2 Direct-contact condensation in 
wetwell 
DCC modelling with the Euler-Euler 
multiphase model of Fluent is tested. 
(VYR, NKS, VTT). 
 

 
 
Simple version of the direct-contact condensation model has 
been adapted from the previous VOF model to the Euler-Euler 
multiphase model. 
 
Task completion: 90 % 

1.3 First simulation of a steam 
experiment 
Test simulation of a steam 
experiment is performed with 
existing versions of condensation 
models. 
(VYR, NKS, VTT). 
 

 
 
Simulation of the early phase of the experiment WLL-05 test 
02 is in progress. It is expected that 15 s long simulation from 
the beginning of the experiment is finished by the end of 
February. 
 
Task completion: 30 % 

2 ABAQUS modelling of the CONDEX facility (50 k€, 3.5 person months) 
2.1 Modelling of fluid-structure 
interaction 
Thermal-hydraulic loads calculated 
with CFD are transferred to the 

 
 
Test calculations have been performed with the new volume 
of fluid model of Star-CD suitable for compressible fluids. 
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structural model of the pool and the 
resulting strains and displacements 
are compared to the experiments. 
Two-way fluid-structure interaction 
phenomena are taken into account 
by adding the mass of water to the 
structural model as an acoustic 
medium. 
(VYR, NKS, VTT) 

 
Fluid-structure interaction calculations have been carried out 
for the CONDEX experiment SLR-05-02 and POOLEX 
experiment STB-17-6. Frequency and amplitude of the pool 
motion is fairly close to the experiment in the simulation of 
the CONDEX experiment. 
 
Validation of the method where the fluid mass is added to the 
structural model by using an acoustic fluid has been made in 
simplified blowdown cases. Results obtained with the method 
have been compared to those of two-way coupled 
calculations. 
 
Task completion: 90 % 

2.2 Acoustic modelling of pressure 
suppression pools 
The acoustic FEM model is used for 
the pool water and two-way fluid-
structure interaction is accounted for 
in the modelling. Ways for 
determining the pressure source for 
the acoustic model from the 
experiments are examined. This 
includes developing a method for 
separating the actual thermal-
hydraulic load from the pressure 
variations caused by structural 
motion. 
(VYR, NKS, VTT) 
 

 
 
Ways for determining the pressure source from the 
experiments have been examined. Filtering of the measured 
pressure load signal has been studied. Fourier analysis has 
been conducted for the wall displacement for determining wall 
acceleration. 
 
A simple analytical model and the acoustic model have been 
used for studying the pressure fluctuations caused by wall 
motion. 
 
 
 
Task completion: 90 % 

 

Comments 

The reporting of the project is delayed to the end of February. 

 
Education of experts 
 
The project staff includes presently one post-graduate student. 
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SAFIR   4.2.2009 PROGRESS REPORT 4/08 
 
Improved thermal hydraulic analysis of nuclear reactors and containment (THARE) 
Kehittyvät termohydrauliikka-analyysit 
 
Duration 2007 – 2010 
Project manager Ismo Karppinen, VTT Processes  
Volume in 2008 (person y.) Plan: 1.6 Realised 31.1.2009                2.4 
Cost in 2008 (k€) Plan: 306 Realised 31.1.2009               309 
 
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 2008 Realised 

1 APROS improvements  (Financing: VYR, VTT) 

1.1 APROS validation with ROSA 
experiments.  

The APROS model for ROSA test 
facility will be refined and one 
experiment e.g. in test series 3 will 
be calculated. ROSA test 3 studies 
natural circulation in high power 
conditions (ATWS) in single-phase 
and two-phase conditions. Counter 
current flow limitation (CCFL) 
phenomena may hold large amount 
of water in SG U-tubes in these 
tests. The APROS analysis will 
focus on the CCFL phenomena in 
the inlet of SG U-tubes. A trainee will 
do most of the modelling and 
analysis work.   

Calculation of Test 5.1 was continued (last year task). The results 
were presented in the OECD/ROSA meeting May 20-21 in Garhing.  
SG water level control was modified to better reproduce water level 
in the experiment. Report ready. 
 
A new SG model using Steam Generator process component to 
allow easier nodalization studies was created. Pressure losses and 
secondary side behaviour has been adjusted.  
The Test 3.1 has been calculated and results are quite similar than 
in the experiment. Reporting still under way.  
 
 
 
 
 
 

Person moths 6 (plan 2); Task completion 90%

1.2 APROS validation with PWR-
PACTEL experiments  
PWR-PACTEL experiment studying 
the behavior of vertical steam 
generator will be analyzed 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 analyzed will be chosen later, 
when the tests have been defined 
in PWR-PACTEL project. 

Stepped water inventory reduction analysis with reference plant 
model has been finalized. 

Loss of feed water test (LOF) was chosen to be analysed with the 
reference plant model. Results have been sent to LUT for 
comparison with the pre-test calculation with PACTEL model. The 
calculation shows that with low core power SG heat transfer remains 
efficient until very low water level. Therefore a higher core power 
was suggested for the actual PWR-PACTEL test.  Report almost 
ready. 

 

 

 

Person moths: 2.4 (plan 2); Task completion:95%
1.3 APROS CCFL model validation  
APROS 5.08 has a new CCFL 
correlation based on UPTF test data. 
The correlation was validated in 
stagnant conditions both in the 
downcommer and in the upper tie 
plate. The model will be validated in 
transient conditions by calculating a 
whole test sequence. In addition to 

It was decided that IVO-CCFL tests will be used for model validation. 
Air/water mixture (like in the experiment) was used in the calculation 
(steam had to be used in earlier calculations due to problems in 
simulating non-condensable gases). CCFL in upper tie plate has 
been calculated with quite good results. Report ready. 
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the UPTF a suitable test in an other 
test facility will be calculated to take 
in account possible test specific 
phenomena. In OECD Separate 
Test Matrix CREARE test is 
proposed for DC conditions and 
IVO-CCFL for the upper tie plate. 
The actual test will be chosen 
depending on test suitability and test 
data availability. 

 

 

 

 

 

Person moths: 1.1 (plan 1); Task completion:100 %

1.4 TRACE validation  
The main goal is user training and 
testing of TRACE usability for safety 
analysis. A model of ROSA test 
facility will be created and one 
experiment in OECD/ROSA 
research program will be calculated. 
The TRACE results will be 
compared with test data and 
APROS calculation to gain benefit 
for both TRACE and APROS code 
development. 

Main parts of the ROSA-model have been built with TRACE v5 using 
graphical user interface SNAP  

The pressure vessel is modelled with 3D component. HPIS and LPIS 
systems are include in the model. SG water level control has been 
modelled with control components. At its current state the model 
achieves steady state in full power simulation but no extensive 
testing has been done against actual facility test data. 

The model is ready and the report has been distributed 

 

Person moths: 6.8 (plan 4); Task completion:100 %

2  containment  (Financing: VYR, VTT) 

2.1 SARNET benchmarks.  
In the wall condensation 
benchmark the CFD calculations 
will be compared to experimental 
data. The condensation model 
implemented in Fluent at VTT 
assumes standard k-ε wall 
functions. The model will be 
modified to use any turbulence 
model provided by Fluent. The 
modification is necessary to be 
apple to use low-Reynolds-number 
wall functions. A benchmark case 
on the effect of hydrogen 
recombiners (PAR) on hydrogen 
distribution will continue.  

A common paper of condensation benchmark was prepared with 
other participants for ERMSAR conference: 
http://www.sar-net.org/upload/3-2_condensation-paper_final.pdf. 
 
The VTT wall condensation model has been enhanced by improving 
the 1D wall heat conduction model (the standard Fluent wall heat 
conduction model has only 2D and 3D options and is too “heavy”).  
 
The modified condensation model has been implemented in the 
code and is in use in the NUMPOOL project. However the model has 
not been tested yet in the condensation benchmark. 
 
No resources were available to participate in the PAR benchmark. 
 
 

Person moths: 1.1 (plan 2);  Task completion: 60 %
2.2 SETH2 
One experiment in OECD/SETH2 
research program will be modelled 
with Fluent. The research program 
studies gas mixing and stratification 
in MISTRA and PANDA test 
facilities. The work will start with 
creating a model of PANDA test 
facility with Fluent. 

An old model of PANDA, which contains the first vessel of the test 
facility, was picked up from archive. The model was created in the 
ECORA-project and needs refining. 
 
The task was moved to year 2009 in the RG meeting 5.12.2008. 
 
 
  

Person moths: 0.4 (plan 2);  Task completion: 20 %
2.3 APROS containment 
The spray model of APROS 
containment will be validated with 
SARNET spray benchmark data. 

MISTRA spray experiments masp1 and masp2 has been calculated 
with APROS containment model. The APROS spray component has 
been modified so that the spray flow can be divided in two nodes to 
model spray spreading. The results of the spray phase were good, 
but the lumped parameter model evened out the initial stratified 
condition. Report almost ready. 

Person moths: 0.8 (plan 1.5);  Task completion: 90 %

3 International research programmes 

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 September 23-26th in Paris.  
 

 

 

Person moths: 1 (plan 0.5); Task completion: 100 %

http://www.sar-net.org/upload/3-2_condensation-paper_final.pdf
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3.2 USNRC/CAMP 
To participate USNRC/CAMP code 
assessment and maintenance 
programme. 

(Financing: VYR, VTT) 

Participation fee for 2008 has been paid. 
The current 5 year CAMP agreement is valid until 31.8.2012. The 
agreement includes annual payment 25 k$ and in-kind contribution 
(2 assessment reports during the 5 year period). Seppo Hillberg 
participated in the CAMP meeting November 5-6th in Maryland. 

Person moths: 0.6 (plan 0.5);  Task completion: 100 %
3.3 OECD/ROSA 
To follow the OECD/ROSA 
research programme.  

 

 

(Financing: TEM, VYR, VTT) 

ROSA PRG meeting held 20-21.5 in Garching and 5-6.11. in Paris.
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), 3-2 (HPw.Nat.c. ATWS) 
4-1 and 4-2 (Sp.Htd.Stm. Nat.c.)) has been performed. Follow-up 
of ROSA project will start 4/2009 

Person moths 0.4 (plan 0.5); Task completion: 100 %
3.4 OECD/SETH2 
To follow the OECD/SETH2 
research programme.  

 

(Financing: VYR, VTT) 

PRG meeting was held 17-18.6. in Paris and 19-20.11. in Villigen. 
MISTRA INITIALA 1-5 and LOWMA 1-4 experiments have been 
performed and QLR reports have been received. Firsts of the 
PANDA low momentum vertical steam release test, S-1 series, has 
been done. 

Person moths 0.5 (plan 0.5); Task completion: 100 %
3.5 OECD/PKL2 
To follow the OECD/PKL2 research 
programme.  

(Financing: VYR, VTT) 

PRG meeting was held 4-5.6. in Erlangen and 20-21.10. in 
Budapest. 
PKL G1 tests (Systematic investigation of the heat transfer 
mechanisms in the SGs in presence of nitrogen, steam and 
water) has been done. 

Person moths 0.7 (plan 0.5); Task completion: 100 %
3.6 Northnet 
The work plan of the Northnet 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) 

The subtask covers coordination of 
the RoadMap 3.  

(Financing: Fortum, VTT) 

RM3 meeting was held January 11th 2008 in Espoo. 
Project progress and work plan was discussed in NORTHNET 
Steering Committee, February 1st 2008, in Stockholm. 
RM3 meeting was arranged in Älvkarleby, June 2nd. 
NKS awarded 600 kDKK funding for the POOL project (KTH, LUT, 
VTT) for 2009.  
POOL-NKS project (CONDEX, NUMPOOL and KTH work) status 
was discussed in RM3 meeting January 16th in Espoo. 
 
 
 
 
 
 
 
 

Person moths 0.9  (plan 1); Task completion: 100 % 

4 Coordination and international co-operation (Financing: VYR,VTT) 

To coordinate THEA–project.  

 

 

OECD/PSB-VVER meeting was participated in January. The final 
test with full power to be done in May was delayed and finaly 
cancelled due to technical problem. Final PRG and workshop 
planned to be held 29-30 September 2008 in Pisa was cancelled. 
NEA has decided to close the project by the end of year 2008. 
EREC will run the final test later, and the data will be available for 
project participants.  

Person moths 2.1  (plan 1); Task completion: 100 %
 
Education of experts 
 
The project staff includes presently two trainees and two young experts. 
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SAFIR2010   3.2.2009 PROGRESS REPORT 4/08 
 
CFD modelling of horizontal and vertical steam generators (SGEN) 
Ydinvoimalaitosten vaaka- ja pystyhöyrystinten mallintaminen virtauslaskennalla 
 
Duration 2008 – 2010 
Project manager Dr Timo Pättikangas,  VTT 
Volume in 2008 (person y.) Plan: 0.95 Realised 31.1.2009             1.02 
Cost in 2008 (k€) Plan:              127 Realised 31.1.2009             127 
 
Main Objectives 
 
The objective of the project is to develop a simulation methodology and tool for the modelling of a 
horizontal and vertical steam generators of NPPs taking into account the multidimensional effects 
and the two-phase flow phenomena. The model developed in the project includes the essential 
physical phenomena occurring in the steam generator, such as heat transfer from the primary to the 
secondary side and the pressure loss of the two-phase flow in the tube bundles of the secondary 
side. 
 
The models are implemented in the commercial Fluent CFD code and the models are tested with 
three-dimensional simulations by using a simplified model of a horizontal steam generator of a 
NPP. The primary circuit is modelled with Apros. 
 
 
 
Objectives in 2008 Realised 

 
1 Porosity model for the secondary side of a steam generator (75 k€, 6.0 person months) 

1.1 Development of the porosity 
model 
The model for the pressure drop in 
the tube bundles for the two phase 
flow is tested and improved. The 
model parameters, such as the 
bubble size, are optimized.  
(VYR, FNS, VTT). 
 

 
 
The porosity model of the horizontal steam generator has 
been revised based on the results of the first test simulations 
of the VVER-440 steam generator. The most important 
improvement is addition of condensation and evaporation 
models in the bulk flow. The other modifications include, e.g., 
revision of the model for pressure losses caused by the 
primary circuit. Report on the model is being finished. 
 
Task completion: 95 % 

1.2 Test simulations with the 
porosity model 
Test simulations with the porosity 
model are performed.  
(VYR, FNS, VTT). 
 

 
 
Several test simulations for the VVER-440 steam generator 
have been performed. First test simulations were performed 
with model version 0.9, where the temperature of the tubes of 
the primary circuit was constant. The model for bulk 
condensation was not included in the model version 0.9, 
which lead to unrealistic results. The model was revised and 
the results are promising. The test simulations have been 
continued with the model versions 1.0, where the temperature 
of the primary circuit is transferred from Apros to Fluent. The 
heat transfer modelling has been improved in the version 
1.02, which is used by FNS in the final simulation in subtask 
2.1. 
 
Task completion: 100 % 

1.3 Test of RPI model for boiling 
The RPI (Rensselaer Polytechnic 
Institute) model for boiling is tested.  
Simulations in a simple tube bundle 
geometry are performed. 
(VYR, FNS, VTT). 
 

 
The model equations of the RPI model have been reviewed in 
detail. The RPI model of Fluent for subcooled boiling has been 
tested for horizontal tube bundle, and simulations have been 
performed for different heat fluxes and temperatures of 
inflowing water. It seems that with some improvements the 
model can also be used in situations fairly close to saturated 
conditions. Report of the RPI model has been written. 
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Task completion: 100 % 

2 Testing the model for horizontal steam generator (31 k€, 2.0 person months) 
2.1 Simulations of VVER-440 steam 
generator 
The horizontal steam generator of 
VVER-440 is modelled. Two test 
cases are calculated: (i) full power,  
and (ii) low power. 
(VYR, FNS) 

 
 
Two meshes for the VVER-440 steam generator has been 
constructed. The coarse mesh contains 87 000 and the fine 
mesh 930 000 grid cells. The versions 1.0 and 1.02 of the 
steam generator model have been tested at FNS. The final 
simulations have been performed with the version 1.02 by 
using both the coarse and the fine mesh. Report on the results 
is being finished. 
 
Task completion: 100 % 

3 Modelling of the primary side of the steam generator (21 k€, 1.5 person months) 
3.1 Apros model for the primary side 
The Fluent/Apros coupling is 
improved. The enthalpy sources for 
the VVER-440 simulations are 
calculated by using Apros model for 
the primary side of the steam 
generator. (VYR, FNS, VTT) 

 
The transfer tool of outer wall temperatures of the primary 
circuit from Apros to Fluent has been improved. “Fast” and 
“brute force” algorithms for the interpolation of the 
temperatures from the Apros nodes to Fluent grid cells have 
been implemented.  The transfer tool has been used for 
transferring enthalpy source from Apros to the Fluent model of 
the VVER-440 steam generator both for the coarse and fine 
CFD mehses. 
 
Task completion: 100 % 

 

Comments 

No comment. 

 
Education of experts 
 
The project staff includes one post-graduate student. 
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SAFIR2010   04.02.2009 PROGRESS REPORT 4/08 
 
Improvement of PACTEL Facility Simulation Environment (PACSIM) 
PACTEL koelaitteiston simulointiympäristön kehittäminen 
 
Duration 2008-2010 
Project manager Juhani Vihavainen, Lappeenranta University of Technology (LUT) 
Volume in 2008 (person y.) Plan:     1.05  Realised 31.1.2009: 1.05 
Cost (k€) 2008 Plan:     81 k€ Realised 31.1.2009: 80,4 k€ 
 
Objectives 
 
The main objective of the PACSIM project is to improve the simulation environment of the 
PACTEL facility with TRACE thermal hydraulic code. The Finnish Radiation and Nuclear Safety 
Authority, STUK, has required an independent tool to support safety and licensing analysis and 
decided to use the TRACE code. The use of the TRACE-code enhances the preparedness to give 
analysis support and improves education in computational thermal hydraulics. TRACE-code has 
been earlier used for preparation of one-loop PACTEL facility model with horizontal steam 
generator. This project aims to develop the VVER-PACTEL model further and prepare a complete 
model with three loops with necessary control modules. This gives important validation knowledge 
for achieving the final goal of the full-scale VVER-440 model preparation, which will be carried 
out outside the SAFIR2010 programme. Another objective is to prepare a new TRACE-model with 
vertical steam generators for the modified PWR-PACTEL facility. The TRACE-code calculations 
will give valuable analysis and comparison support for the APROS calculations of the PWR-
PACTEL experiments. 
 
Objectives in 2008 Realised 

 
1 Complete TRACE input of the PACTEL facility  ( 53 k€,  6 person months) 

1.1 Preparation of the input deck 
This subtask aims at the preparation 
of a fully functional TRACE code 
model of the PACTEL VVER facility 
with three loops, auxiliary and 
control systems. The SNAP 
graphical interface is used for the 
model development. The one-loop 
simplified PACTEL model that was 
prepared earlier will then be 
completed. (Financing: VYR, LUT) 

 
Full three-loop PACTEL geometry has been modelled and 
checked and corrections made. Nodalizations have been 
modified in order to respect the correct elevations of the pressure 
difference measurements. Necessary valves have been added 
and signals for the pressure difference measurements and heat 
loss evaluation. Also auxiliary systems (HP and LP ECC) have 
been added. Heat structures have been complemented by 
flanges and core shrouds. Pressurizer heater logic has been 
modified to more realistic. Upper plenum modified, diffusor 
structure has been added. 
 
Task completion: 100 %  

1.2 Validation calculations 
This subtask aims to validate the 
TRACE-model prepared in subtask 
1.1. The new model will be tested 
against pressure loss and heat loss 
PACTEL experiments. The suitable 
experiments are e.g. FLT04-09 and 
HL22-23. After proven functionality 
of the new model the calculations 
can begin with such experiments, 
where VVER-specific features are 
enlightened clearly.  
(Financing: VYR, LUT) 

 
One-loop model has been tested against pressure loss 
experiments FLT04 -08 and -11 normal and backward flow 
directions in vessel (DC, Core, lower- and upper plenum) and in 
loops. The calculations of heat loss experiments have been 
finished. The calculation of the heat loss experiment of 
pressurizer (HL23) has been completed. The experiment of 
whole facility heat losses (HL22) has been calculated trying to 
achieve steady state and cooling phase. The heat up part was left 
out because it contains several water drains, which had not been 
measured. The cooling phase calculation has had problems due 
to time step going below minimum. The calculation of LOF-10 test 
has also been started. Results were good. 
 
Task completion: 100 % 

 
 
 

 

2 Preparation of vertical steam generator model for PWR PACTEL (26 k€, 5 person months) 
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2.1 TRACE-modeling of the PWR-
PACTEL facility 
This subtask aims for TRACE-code 
modeling of the PWR-PACTEL 
facility with vertical steam 
generators. The SNAP graphical 
interface is used for the model 
development. At first, the vertical 
steam generators will be built 
separately and tested with inlet and 
outlet boundary conditions. The 
existing TRACE model of PACTEL 
will then be modified and connected 
to the vertical steam generators 
performing the entire PWR-PACTEL 
model. (Financing: VYR, LUT) 
 

 
The TRACE code has been used for modelling the vertical steam 
generators for PWR-PACTEL. The model is completed. 
Geometrical data has been verified with the real construction. 
The steam generator model has been tested separately with 
boundary conditions. The new loops have been added and 
PACTEL vessel part has been connected to the steam 
generators. The connection works well. The heat losses have to 
be re-evaluated according to experience of PACTEL heat loss 
calculations. 
 
Task completion: 100 % 

2.2 Calculation of pre-tests for PWR-
PACTEL experiments  
This subtask aims for calculation of 
the PWR-PACTEL pre-tests. The 
pre-tests calculations could be 
compared to the corresponding 
APROS calculations. (Financing: 
VYR, LUT) 

 
The test calculations show that the model is working and 
calculating but no verification to the data has been done, since 
the PWR-PACTEL facility is still under construction. The steady 
state calculation with the full model is progressing. Difficulties 
found achieving the proper steady state. The rate of heating 
power has been assessed. The natural circulation starts.  
 
Task completion: 80 % 

 

Comments 
 
 
Education of experts 
 
The project will increase the expertise level of thermal hydraulics calculation in LUT and the TRACE 
code and PACTEL model will be useful both for teaching and for research activities. 
The candidate thesis concerning TRACE code modeling of PWRs has been completed by student 
Antti Rantakaulio. He will finish his master's thesis during spring 2009.  
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Condensation experiments with PPOOLEX facility (CONDEX) 
Lauhdutuskokeet PPOOLEX laitteistolla 
 
Duration 2007 – 2010 
Project manager Mr Markku Puustinen,  Lappeenranta University of Technology 
Volume in 2008 (person y.) Plan: 2.1 Realised 31.1.2009             2.54 
Cost in 2008 (k€) Plan: 303 Realised 31.1.2009             304 
 
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 2008 Realised 

 
1 STRATIFICATION EXPERIMENTS (48.5 k€, 4.25 person months) 

1.1 Additional instrumentation 
An array of properly positioned 
thermocouples will be added to the 
pool volume in order to measure 
accurately the characteristics of 
thermal stratification and mixing. The 
exact location of thermocouples will 
be decided on the basis of pre-
calculations by KTH. (VYR, NKS) 

A draft report of GOTHIC pre-calculations of the stratification 
experiments by KTH recommended thermocouples to be 
added vertically at the half radius of the vessel and 
horizontally with two 2 mm intervals close to the blowdown 
pipe outer surface and on the inner wall boundary of the wet 
well. 
 
16 thermocouples with even intervals were attached to a 
vertical rod stretching from the pool bottom to water surface. 
Seven thermocouples were installed horizontally with 2 mm 
gap on the blowdown pipe outer wall at the elevation of 
0.555 m above the pipe outlet. Another seven thermocouples 
were attached horizontally to the pool inner wall at the same 
elevation. Three thermocouples were added on the outer 
surface of the dry well for the initialization of CFD calculations.
 
Task completion: 100 % 

1.2 Stratification experiments 
A series of thermal stratification and 
mixing experiments will be carried out. 
Data for evaluating the capacity of the 
GOTHIC code to predict stratification 
and mixing phenomena will be 
produced and delivered to KTH. (VYR, 
NKS) 

Based on the discussions in the POOL-NKS project meeting 
in August with participants from VTT and KTH, a test matrix 
for the thermal stratification experiments was formulated. 
 
First, a 45 hour long cool down experiment with warm tap 
water (50 °C) was carried out. Five stratification experiments 
with different steam flow rates into the dry well were carried 
out. The initial pool water temperature was 20 °C. To avoid 
extensive wall condensation in the dry well, pre-heating of the 
wall structures with steam flow was tried in two experiments. 
Pre-heating seemed to work quite well. Cooling periods of 
several days were measured in three experiments. In two 
experiments, parameter values close to those in the GOTHIC 
pre-calculation were used. Slightly different water level than in 
the pre-calculation had to be used due to the connection line 
penetration in the wet well wall. 
 
Up to 90 °C water surface temperatures were registered 
during the experiments. With small steam flow rates the 
stratification process started almost immediately after the 
initiation of the test. With two highest flow rates (about 200 
and 300 g/s) stratification developed only after the pool bulk 
temperature first increased tens of degrees and the mixing 
effect of condensation oscillations diminished. 
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Task completion: 90 % 

2 EXPERIMENTS WITH A MODIFIED BLOWDOWN PIPE (61 k€, 5.75 person months) 
2.1 Construction and instrumentation 
of a modified blowdown pipe 
A collar constructed according to the 
specifications of the Forsmark plant 
will be attached to the outlet of the 
blowdown pipe. Instrumentation for 
measuring pressure loads in the 
vicinity of the pipe outlet and on the 
pool walls will be added. (VYR, 
NORTHNET, NKS) 

Blowdown pipe outlet modifications of the PPOOLEX facility 
have been done according to the drawings received from 
Forsmark. Dimensions of the pipe outlet collar have been 
scaled down with the ratio of the PPOOLEX and  Forsmark 
blowdown pipe diameters. 
 
Two additional pressure sensors have been installed in the 
pool volume close to the pipe outlet. An acceleration 
transducer have been installed close to the vertical movement 
sensor at the pool bottom. 
 
Task completion: 90 % 

2.2 Experiments with a modified 
blowdown pipe 
The effect of a collar attached to the 
blowdown pipe outlet on pressure 
loading of the pool will be studied in a 
series of experiments with the 
modified blowdown pipe. Comparison 
to the results of steam discharge 
experiments with a straight pipe will 
be made. (VYR, NORTHNET, NKS) 

A test matrix for the modified pipe experiments was introduced 
at the NORTHNET RM3 meeting on January 16th. Four 
experiments with straight pipe and four with the collar are 
planned to be done as soon as steam can be generated again 
with the PACTEL facility. 
 
 
 
 
Task completion: 20 % 

3 EXPERIMENTS ON WALL CONDENSATION IN THE DRY WELL (83.5 k€, 8.0 person months) 
3.1 Additional instrumentation 
Sensors capable of capturing the main 
elements of wall condensation will be 
added to the dry well according to the 
recommendations of the simulation 
partners VTT and KTH. (VYR) 

Additional instrumentation was discussed in the POOL-NKS 
project meeting. Pressure and temperature measurements 
are needed at the top of the blowdown pipe for the exact 
determination of initial/boundary conditions for CFD 
calculations. Temperatures at the opposite wall of the inlet 
plenum need to be measured, too. 
 
A system for collecting and measuring the amount of 
condensing steam from the dry well inner wall was 
constructed and installed. Drain gutters (aqueducts) with small 
inclination are used for collecting condensate from four 
different vertical wall segments. Collected condensate is 
transferred out of the test vessel into collection tanks where it 
is measured with differential pressure transducers. 
 
Thermocouples were installed on the inside and outside 
surfaces of the dry well wall on two locations. Conditions at 
the top of the blowdown pipe are measured with one pressure 
transducer and three thermocouples. 
 
Task completion: 100 % 

3.2 Experiments on wall condensation 
A series of experiments on wall 
condensation in the dry well 
compartment of the PPOOLEX facility 
will be carried out. Suggestions from 
the simulation partners concerning the 
test conditions and procedures will be 
taken into account. (VYR, NKS) 

The test matrix of the wall condensation experiments was 
discussed in the POOL-NKS project meeting. Pre-heating of 
the wall structures was considered to be very important. Even 
different degrees of pre-heating may be needed. The same 
steam mass flow rate as in the characterizing experiments 
was recommended by VTT. Too long experiments must be 
avoided due to long simulation times. Preferably, bubbles 
should appear from the pipe after 30 seconds at latest. 
 
Five wall condensation experiments (each consisting of 2 to 6 
steam discharge tests) were conducted. The used steam flow 
rate ranged from 85 to 690 g/s. Initially the dry well  was filled 
with air at atmospheric pressure. Pre-heating of the dry well 
wall was used in all but two tests. The pre-heating level had a 
strong effect on the amount of generated condensate. A small 
temperature difference between the dry well atmosphere and 
wall remained even in an extended steam discharge test. 
Usually, more condensate was collected from the upper wall 
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segments than from the lower ones. 
 
Task completion: 90 % 

4 IMPROVEMENT OF INSTRUMENTATION (70 k€, 1.0 person months) 
4.1 Measurement of void fraction and 
sound velocity 
Different techniques and solutions for 
measuring void fraction and sound 
velocity in the pool water volume will 
be reviewed. The most suitable and 
cost-effective method will be selected. 
(VYR, NORTHNET) 

A system from the Polish manufacturer (PBP OPTEL) based 
on ultrasound measurement was ordered.  
 
Review of a system based on electrical resistance and 
capacitance process tomography by Industrial Tomography 
Systems plc (ITS) is under way.  
 
Task completion: 80 % 

4.2 Additional measurements and 
data acquisition 
Other needs for instrumentation will 
be reviewed. The data acquisition 
system will be upgraded in order to 
allow high frequency measurements 
with increasing number of channels. 
(VYR, NORTHNET) 

Vaisala HUMICAP® Humidity and Temperature Transmitter 
with warmed probe for measuring relative humidity and 
temperature in condensing environments was installed inside 
the blowdown pipe. It was tested first time in action in the 
thermal stratification experiments. 
 
LabView measurement program was updated to version 8.6. 
 
Task completion: 100 % 

5 WORK WITH THE NEPTUNE CFD CODE (15 k€, 1.5 person months) 
5.1 NEPTUNE calculations 
A suitable calculation case will be 
selected from the POOLEX or 
PPOOLEX tests and modelled with 
NEPTUNE CFD. Model improvements 
done in the EU/NURESIM project on 
steam condensation inside a vertical 
blowdown pipe will form the basis for 
the simulations. Plans for possible 
participation in the EU/NURESP 
project will be made. (VYR) 

CFD simulations of POOLEX STB-28-4 case are going on. 
APROS calculations have been used to coarsely estimate the 
missing initial values. A couple of 2D axisymmetric grids have 
been used in NEPTUNE_CFD_1.0.6 and they seem to be 
quite sensitive to numerical black spots. The work continues 
with the development of 3D grids and 3D simulations. 
 
New versions of NEPTUNE and TransAT were recently 
published. Installation of the new versions to single computers 
is ready and to cluster environment under way. As these 
versions offer significant improvements, simulations will be 
continued using them only. 
 
The current progress and initial results will be reported in Feb 
2009, although work continues in the NURISP project. 
 
Task completion: 90 % 

6 PROJECT MANAGEMENT AND INTERNATIONAL CONTACTS (25 k€, 2.0 person months) 
6.1 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) 

NORTHNET Roadmap 3 Meeting in Älvkarleby on June 2nd 
was participated. Status of condensation pool research (LUT, 
VTT, KTH) was presented. 
 
POOL-NKS project meeting was arranged in Lappeenranta on 
August 12th. Work plan for the rest of 2008 and POOL-NKS 
application for 2009 were discussed. 
 
XCFD4NRS workshop in Grenoble on September 9-12 was 
participated by Vesa Tanskanen. A poster paper (Tanskanen, 
Lakehal, Puustinen) was presented. 
 
Training session on TransAT in Zurich on October 22nd was 
participated by Vesa Tanskanen 
 
NURESIM Seminar and SP2 meeting in Madrid on November 
24-28 was participated by Vesa Tanskanen. 
 
NORTHNET Roadmap 3 Meeting was arranged in 
Lappeenranta on January 16th. Status of condensation pool 
research (LUT, VTT, KTH) was presented. 
 
NURISP SP2 kick-off and GB meetings in Baden on January 
28-30 were participated by Riitta Kyrki-Rajamäki. 
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Task completion: 100 % 
 

 

Comments 
 
The progress of CONDEX project is delayed because the key persons of the Nuclear Safety 
Research Unit dealing with instrumentation and construction work have been occupied by contract 
research. 
 
Education of experts 
 
The project staff includes presently three young persons (YG). 
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Large Break Loss-of-Coolant Accident Test Rig  (LABRIG) 
Ison vuodon kokeiden koelaitteisto 
Duration 2008 - 2010 
Project manager Dr. Heikki Purhonen, Lappeenranta University of Technology 
Volume in 2008 (person y.) Plan: 0.3 Realised 31.1.2009     0.4 
Cost in 2008 (k€) Plan: 30 Realised 31.1.2009     33 
 
 
Main Objectives 

The first objective of the project is to design a pilot test rig using information from the LABRE-
project. The special goal in designing is how to capture the beginning of the depressurization of the 
reactor vessel. CFD and structural analysis tools will be applied in the design phase. The same 
system will be available in the larger test facility later. Designing will include alternative 
configurations for getting data from different phases or of different quantities, if they are not 
possible to measure in the same configuration in one test. The break opening system has to be 
examined and designed with care. 

The second goal is to build the test rig based on the plans from the design phase and taking into 
account possible various configurations needed to gain the desired results. 

The third goal is to achieve desired data from the test rig in the experiment phase. Even if the pilot 
test rig is of small scale, the tests will show if the quality of the data will be good enough in larger 
facility, or even in this pilot facility. 

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 2008 Realised 

 
1. Designing of pilot test facility 

 
1.1 Designing of the test facility (30 k€, 3 person months) 
The pilot test facility will be designed 
taking into account the results of the 
survey of the old facilities in LABRE 
project. Designing will include 
alternative configurations for getting 
data from different phases or of 
different quantities. 

Final planning of the facility and varying the parameters is 
finished. Final report is sent for comments.  
Task completion: 100 % 

 

Comments 
 
2008 plan was revised according to the reduction of funding: Analytical work (CFD, structural 
analysis) will be performed before final constructing. Project was decided to be inactive for 2009. 
 
Education of experts 
PLAN: 
Material gained from the project are to be used in postgraduate studies. 
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Release of radioactive materials from a degrading core (RADECO) 
Radioaktiiviset päästöt vakavissa reaktorionnettomuuksissa 
 
Duration 2008 – 2009 
Project manager Tommi Kekki,  VTT 
Volume in 2008 (person y.) Plan: 0.47 Realised 31.1.2009             0.70 
Cost in 2008 (k€) Plan: 85 Realised 31.1.2009            85.9 
 
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 2008 Realised 

 
1 Iodine (49.5 k€, 3.5 person months) 

1.1 The production of organic iodides from 
painted surfaces 
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) 
 

 
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. All second year tests 
are done. Test report will be finished in February 2009.   
  
   
 
 
 
 
 
 
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 second meeting of the Programme Review Group (PGR) 
was organised 26-27.5.2008 in Paris. Travel report of the 2nd 
meeting has been sent to the reference group. The third 
meeting was organised 24-25.11.2008 in Paris. Travel report 
of the 3rd meeting has been sent to the reference group. New 
data from test P10T3 is now available and year 2009 tests 
matrix is updated.  
 
Task completion: 100 % 

2 Shutdown conditions (22 k€, 1.5 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) 
 

 
Atso Suopajärvi has finished analyses in guidance of Ilona 
Lindholm. Altogether several different MELCOR calculations 
have been done. The report will be finished in February 2009. 
 
 
 
Task completion: 99 % 

Comments 
 
Education of experts 
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Primary circuit chemistry of fission products (CHEMPC) 
Fissiotuotteiden primääripiirin kemia 
 
Duration 2007 – 2010 
Project manager Mr Teemu Kärkelä,  VTT 
Volume in 2008 (person y.) Plan: 1.4 Realised 31.1.2009           1.4   
Cost in 2008 (k€) Plan: 209 Realised 31.1.2009           209 
 
Main Objectives 
 
The objective of the first subtask is to conduct iodine revaporisation experiments and participating in 
experiments conducted with CHIP facility. In the second subtask the aim is to help in the interpretation 
of results from Phebus FP and ISTP programs. VTT will also study possibilities to use various 
sampling instruments and online detection techniques in EPICUR and CHIP facilities In the third 
subtask the objective is to study gaseous iodine chemistry at containment conditions in co-operation 
with Chalmers University of technology. The objective in the last subtask is to participate in working 
group reviewing the progress of ISTC EVAN project.  
 
Objectives in 2008 Realised 

 
1 Primary circuit chemistry of iodine (47 k€, 3.9 person months) 

1.1 Experiments on HT iodine 
chemistry 
Experiments on chemical 
revaporisation of iodine species will 
be carried out. (VYR, VTT) 
 

The facility is ready. 
 
The sampling system has been already tested. 
 
The experimental work/effort was moved to the subtask 3.1 
where extra experiments were conducted. 
 
Publication about the experimental facility (including the facility 
in the subtask 3.1) is being written at the moment. 
 
Task completion: 100 % 

1.2 Chip experiments 
M.Sc.Tech Teemu Kärkelä will 
participate in experiments using 
CHIP facility at IRSN Cadarache 
research centre. (VYR, VTT) 

The visit at Cadarache centre was on weeks 48-49.  
The visit included modification of CHIP sampling system and 
testing the operation of heated CHIP facility with water vapour 
and argon.  
 
 
Task completion: 100 % 

2 Phebus FP and ISTP follow up (12 k€, 1.0 person months) 
2.1 Participation in the Phebus FP 
and ISTP meetings 
VTT will participate in Phebus FP 
and ISTP interpretation circle 
meetings. VTT will review FPT-2 
final report and experimental matrix 
proposed for EPICUR test facility. 
(VYR, VTT) 

Both Phebus FP and ISTP interpretation meetings have been 
participated.  
 
Second revision of FPT-2 final report comments has been 
completed.  
 
FPT-2 Final report has been published. 
 
Travel accounts are written. 
 
Task completion: 100 % 
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2.2 Study of the available analysis 
techniques 
The possibility to apply various 
sampling instruments and online 
detection techniques in EPICUR 
and CHIP facilities will be studied. 
(VYR, VTT) 
 

 
Different sampling instruments and online detection 
techniques were studied to apply in EPICUR and CHIP: 
aspiration sampler, SMPS, CPC and FTIR.  
 
 
Task completion: 100 % 

3 Radiolytic oxidation of iodine (105 k€, 9.2 person months) 
3.1 Experimental study of iodine 
oxidation kinetics 
Experiments on radiolytic oxidation 
of elemental iodine will be carried 
out using facility built at VTT. The 
study is conducted together with 
Chalmers University of technology.  
(VYR, NKS, VTT) 
 

Joachim Holm from Chalmers participated in conducting the 
experiments 5.5 – 27.6.2008. 
 
All the experiments are done. The total number of the 
experiments conducted in various conditions was 27 – instead 
of original 8.  
 
The report about the experiments is written. 
 
Publication about the experimental facility (including the facility 
in the subtask 1.1) and another publication about the 
experiments are being written at the moment. 
 
ICONE 17 paper has been submitted for review.  
 
Task completion: 100 % 

4 ISTC EVAN (3.0 k€, 0.3 person months) 
4.1 Review of the results 
VTT will participate in working group 
reviewing the progress of ISTC 
EVAN project. (VYR, VTT) 
 

Review has been completed and final meeting has been 
participated. 
 
ICAPP 2009 paper has been reviewed. 
 
Task completion: 100 % 

 

Comments 

The visit of Teemu Kärkelä at IRSN Cadarache research centre took place on weeks 48-49. The visit 
included modification and testing of the facility. It included also education of the IRSN personnel to 
use the sampling system.   

 
Education of experts 
 
The project personnel include presently two young persons (YG): two post-graduate scientists. The 
results published in the project will be part of thesis of Mr. Teemu Kärkelä and Mr. Joachim Holm. The 
project includes international co-operation with SARNET, IRSN, NKS and CHALMERS. 
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Core Melt Stabilization (COMESTA) 
Sydänsulan stabilointi 
 
Duration 2007 – 2008 
Project manager Mr. Tuomo Sevón, VTT 
Volume in 2008 (person y.) Plan: 1.4 Realised 31.1.2009             1.54 
Cost in 2008 (k€) Plan: 280 Realised 31.1.2009             265 
 
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, thermo-mechanical behavior of the core support plate in severe accident 
conditions will be investigated. 
 
Objectives in 2008 Realised 

 
1 HECLA Experiments (141 k€, 8.9 person months) 

1.1 Experiments 
Perform transient metallic melt–
concrete interaction experiments 
(VTT, VYR) 
 

HECLA-4 experiment was performed. The concrete crucible 
and the metal ingot were cut into half. 
 
Concrete material for HECLA-5 was received from Olkiluoto. 
Areva has indicated that a different kind of plasticizer solves 
the problem of high air content in the concrete of HECLA-4. 
Mold for HECLA-5 was prepared and thermocouples installed. 
The concrete will be poured in February, and the last 
experiment will be performed probably in March. 
 
Task completion: 90 % 

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

HECLA-4 report is finished excluding the chemical analysis of 
the concrete, which is delayed. 
 
Task completion: 75 % 

2 OECD/MCCI-2 (45.2 k€, 2.2 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. 
(TEM, VTT, VYR) 
 

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

2.2 Experiment analysis 
CCI experiments are analyzed. 
(VTT, VYR) 
 

A report of the SARNET MCCI benchmark calculations was 
sent to the reference group. 
 
Task completion: 100 % 

3 CSARP (27.5 k€, 0.6 person months) 
Latest versions of MELCOR are 
obtained. CSARP/MCAP meeting is 
attended. (VTT, VYR) 
 

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

5 Core Support Plate Behavior (28.6 k€, 1.9 person months) 
Core support plate behavior under 
the thermo-mechanical loads in a 
severe accident is analyzed. (VTT, 
VYR) 

The analysis could not be finished in the planned schedule. 
The work will be continued with VTT and/or Fortum funding 
and finished as soon as possible. 
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 Task completion: 70 % 
6 Project management and information exchange (7.7 k€, 0.5 person months) 

COMESTA project management, 
reference group meetings. (VYR, 
VTT) 
 

The fourth reference group meeting was attended. Reports for 
the SAFIR2010 interim report were written. PSA level 2 ad 
hoc group meeting was attended. Plans for 2009 were 
updated and the new project was started up. 
 
Task completion: 100 % 

7 OECD/SERENA (30 k€, 0.6 person months) 
The program review group meetings 
are attended. Experiment reports are 
distributed to STUK, TVO and FNS. 
(VYR) 
 

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

 

 
Education of experts 
 
The project staff includes presently one young person (YG), the project manager. 
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Hydrogen Risk in Containments and Particle Bed Issues (HYRICI) 
Suojarakennusten vetyriski ja partikkelikeot 
 
Duration 2007 – 2008 
Project manager Ms. Eveliina Takasuo , VTT 
Volume in 2008 (person y.) Plan:  0.98  Realised 31.1.2009: 0.98 
Cost in 2008 (k€) Plan: 152.250 Realised 31.1.2009: 153.118 
 
Main Objectives 
 
The first objective 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 focus during 2008 is modeling of the tests performed within 
the framework of the OECD THAI programme. The second objective is to study particle bed 
coolability. A STYX test series which investigates lateral coolant flow into the porous test bed will 
be performed. The original STYX facility will be modified to achieve the flow conditions needed for 
the new tests. Newly acquired analysis tools, especially the WABE code, will be applied to model 
the tests as a part of severe accident code assessment needs for the Olkiluoto BWRs. In addition, 
CFD calculations related to the EU SARNET networking project will be performed. 
  
Objectives in 2008 Realised 

 
1 Hydrogen risk code validation and training (16.75 k€, 1.3 person months) 

Maintaining and developing the 
TONUS and FLUENT user skills. 
Participating to the international 
TONUS co-operation, preparing 
publications and transferring the 
TONUS results into an input for 
ABAQUS structural analysis 
software.    

A conference paper on modeling of hydrogen-air detonations 
in the TONUS code has been presented at ICONE16 which 
was held in Orlando, FL, USA in May 2008.  
 
TONUS co-operation with CEA has been done mostly by 
email during the year. 
 
Task completion: 80% 

2 Particle bed coolability (51.0 k€, 3.25 person months) 
2.1 STYX2008 experimental 
program 
Conducting a new series of STYX 
tests in which the effect of lateral 
coolant flow from bottom into the test 
bed is studied. Making the 
necessary modifications to the 
original test facility.  
 

A total of thirteen STYX dry-out heat flux tests (test series 
STYX 10-13) have been conducted with and without 
downcomers which provide bottom flooding. A report has 
been written of the test results. 
 
 
 
Task completion: 100% 
 

2.2 WABE modeling of STYX2008 
tests 
Validation of the WABE code for 
analysis of coolability of ex-vessel 
debris in Olkiluoto 1 and 2 by 
modelling of the STYX2008 test 
series using advanced methods. 
 
 

Pre-test WABE calculations have been conducted and post-
test analysis has been started of the cases with lateral bottom 
flooding (test series 10-13). Modelling of the complete STYX 
test series 1-9 has been continued.  
 
WABE user training is an on-going activity. 
 
Task completion: 80% 

3 OECD/THAI programme (68.5 k€, 4.25 person months) 
3.1 Analytical work 
Participating in the benchmark-type 
pre- and post-test simulations of the 
experiments conducted within the 
THAI programme. Data for code 
validation is obtained for FLUENT 
and TONUS.    

The THAI HM-2 test which investigates hydrogen and steam 
mixing and stratification has been calculated using FLUENT. 
The final report of the HM-2 benchmark calculations has been 
released by GRS.  
 
A combined abstract of the HM-2 test and the calculation 
results has been submitted for the NURETH-13 conference by 
GRS. Another NURETH-13 abstract has been submitted of 
the NRG and VTT calculations (comparison of the two 
FLUENT calculations and turbulence models).    
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Task completion:  100 % 
 

3.2 Programme follow-up 
Participating in follow-up meetings 
and distribution of the program 
deliverables to the Finnish nuclear 
energy partners. 

E. Takasuo has participated to the 4th Meeting of the PRG and 
MB in Paris 26-28 November, 2008, including the meeting of 
the analytical working group. Travel report has been 
distributed. 
 
 
Task completion: 100 % 

4 EU/SARNET research work (11.0 k€, 1 person month) 
Conducting research work such as 
benchmark calculations associated 
with the SARNET program. The 
results will be presented in SARNET 
workshops and meetings. 
 

A re-calculation of the ENACCEF uniform hydrogen 
distribution test has been performed in the spring of 2008. 
(The need of benchmark review was discussed in the 4th 
Annual SARNET Review Meeting Jan 23-25 in Bled, 
Slovenia.)  
 
A final paper about the recent SARNET containment activities 
by WP 12.1 and 12.2 participants has been presented at the 
ICAPP’08 conference.  
 
Task completion: 100 % 

5 Project management and information exchange (5.0k€, 0.5 person months) 
Project management, administration 
and information exchange. 

Organizational tasks for arranging the new STYX tests have 
been done. A reference group meeting was arranged in 
December 2008. Summary report and special reports were 
written for the SAFIR2010 Interim Report and Seminar. 
 
Task completion: 100 %  

 
 
Education of experts 
 
The project manager has had WABE training and J. Kyttälä has developed his FLUENT skills by 
calculating the THAI HM-2 test. 
 



 
 

52

SAFIR2010   9.2.2009 PROGRESS REPORT 4/08 
 
Risk informed inspections of piping (PURISTA) 
Putkistojen riskitietoiset tarkastukset 
 
Duration 2007 – 2010 
Project manager Dr Kaisa Simola,  VTT 
Volume in 2008 (person y.) Plan: 1.30  Realised 31.1.2009   1.35           
Cost in 2008 (k€) Plan: 218  Realised 31.1.2009  222.8              
 
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 2008 Realised 

 
1 Evaluation of piping failure potential (63 k€, 5.0 person months) 

1.1 Probabilistic analysis methods 
for leak and break  
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). 
Perform code development, e.g. by 
expanding the probabilistic 
capabilities of an existing PFM 
analysis tool developed partly at 
VTT. 
Complete a full scale RI-ISI analysis 
to the 327 auxiliary feed water 
system of OL1 and OL2. 
Start a benchmark the VTT PFM 
analysis tool against PRoSACC and 
NURBIT tools used in Sweden. 
(VYR, VTT, NKS) 

Research works concerning structural reliability analysis 
methods for the second project year are completed.  
 
Some PFM analyses were performed in February to a High 
Pressure Reheater analysis case. This case originated from a 
pilot case to quantify inspection qualification (see task 2.2), so 
the selected input data reflects this component type in 
general. One benefit of these PFM analyses was to see how 
the procedures developed this far can be applied to other 
cylinder shaped NPP primary circuit components than pipes. 
At the same time it was possible to streamline the mentioned 
procedures to some extent. The results of these PFM 
analyses provided support to PURISTA task 2.2. 
 
The development of probabilistic distributions for depth and 
length of cracks that initiate during plant operation due to 
Stress Corrosion Cracking (SCC) is completed.  As a new 
addition, also Flow Accelerated Corrosion (FAC) was included 
to the considered degradation mechanisms. The new 
developments/additions have been applied to failure 
probability analyses of piping components in a Finnish BWR 
plant. The related report is almost completed. 
 
An abstract concerning quantitative RI-ISI analysis 
procedures has been prepared to the SMiRT conference and 
drafting of the paper has started. The conference is held in 
August in Finland. 
 
First analyses of three cases selected for benchmarking PFM 
tools (NKS/PODRIS project) have been performed. 
 
Task completion: 100 % 
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1.2 Vibrations 
Verification of the computed 
estimates for the stress amplitudes. 
The comparison of strain gage 
measurements from Loviisa and the 
computed stresses are completed.  
The process of estimating vibration 
induced stresses using measured 
ODS and its verification by strain 
gage measurements will be 
documented in a licentiate thesis. 
(VYR, VTT) 
 

 
A conference paper has been presented at the IMAC 2008 
conference in Orlando, Florida in February.  
A computer program, which enables processing of strain 
measurement data, has been developed. The program uses 
simplified version of the rainflow cycle counting algorithm in 
computation of strain variation amplitudes. As a result, one 
gets an estimate of average frequencies of the amplitudes of 
different magnitude. These results enable comparison of the 
computed results against measured results in a statistical 
sense. 
A research report has been written concerning this task. 
 
Task completion: 100 % 

2 Reliability of inspection (58 k€, 3.8 person months) 
2.1 NDT simulation 
The results of NDT simulations done 
in 2007 will be compared to 
experimental measurements to 
assess the usefulness of the 
simulation. Using an experimental 
case study as reference the noise 
levels in the simulations are adapted 
on equal levels. Applying different 
transducers and/or settings the 
performance of the techniques will 
be measured and compared 
(experimental/simulation) through 
signal/noise ratios in each case.  
(VYR, VTT) 
 

 
Several simulations have been performed to match the 
result according to real weld example defined as a target. 
The noise and attenuation of weld zone in the computer 
model resemble quite well the real experimental 
measurement recording. Using different reflectors and 
varying their positioning in the model the detectability of 
flaws in weld zone has been studied. 
 
A technical report is compiled describing the performance of 
the simulations and the results achieved. 
 
The licence of Civa simulation program has been renewed 
and version updated. 
 
Task completion: 100 % 

2.2 Link between inspection 
qualification and probability of 
detection 
Finalisation and reporting of the 
sensitivity studies to evaluate the 
importance of the precision of the 
probability of detection (POD) to risk 
change evaluations and contributing 
to writing the guidelines based on 
results of the pilot studies performed 
in 2007 to test a framework for 
quantifying the ENIQ inspection 
qualification process. 
(VYR, Doosan Babcock) 

 
The sensitivity studies have been completed, and an 
illustration of the piloted process to link RI-ISI and inspection 
qualification has been developed and drafted for the final 
report. The examples were based on PFM simulations made 
in task 1.1, and completed with analyses of the effect of 
inspection capability and interval. The final reporting has been 
completed together with Doosan Babcock and JRC. 
A scientific article has been prepared and submitted to Insight 
journal (Non-destructive Testing and Condition Monitoring). 
An abstract has been submitted to the 7th International 
Conference on NDE in Relation to Structural Integrity for 
Nuclear and Pressurized Components. 
 
Task completion: 100 % 

3 Preparation, acceptance, follow-up and updating of RI inspection programme (65 k€, 3.8 
person months) 

3.1 Risk ranking and inspection site 
selection  
Participation in the final reporting of 
the OECD/NEA-JRC RISMET 
benchmark, and organising together 
with OECD/NEA, JRC and SKI an 
international workshop of RISMET 
and OPDE projects. 
 
(VYR, VTT) 
 

 
A conference paper on RISMET project has been written to 
and presented at the PSAM9 conference in May. The last 
RISMET RI-ISI benchmark meeting has been participated and 
chaired. The section on risk ranking and inspection site 
selection has been drafted for the final report. VTT has 
contributed to the planning and organising of the RISMET-
OPDE workshop in Madrid 2-4 June. Two abstracts have 
been prepared and presentations have been given at the 
workshop. VTT also chaired the workshop together with SKI. 
Abstracts on RISMET have been submitted to SMiRT and to 
the 7th International Conference on NDE in Relation to 
Structural Integrity for Nuclear and Pressurized Components. 
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Task completion: 100 % 
3.2 RI-ISI programme acceptance, 
follow-up and updating 
Further evaluations to investigate 
the degree of detail needed for 
detection probability assumptions in 
RI-ISI application are carried out 
within an NKS project. 
Drafting recommendations for RI-ISI 
follow up and updating will be 
started within ENIQ Task Group 
Risk. 
(VYR, NKS, VTT, JRC) 

 
The NKS-project kick-off meeting has been held, and the case 
studies for benchmarking the SRM software and analysing the 
effect of inspection assumptions on failure probability have 
been determined. First PFM simulation results have been 
processed to analyse the effect of alternative POD 
assumptions. 
 
An ENIG TGR discussion document on RI-ISI updating has 
been drafted. Updating principles of both risk-informed and 
deterministic ISI programmes in ENIQ member countries have 
been collected and summarised in a preliminary draft. The 
work has been presented and discussed at the ENIQ TGR 
meetings in April and September, and SC meeting in 
December. A revised draft has been issued to JRC, and sent 
for TGR members for comments and completion. 
 
Task completion: 100 % 

4 International co-operation and project management (32 k€, 1.1 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). 
Planned international conferences: 
The 26th International Modal 
Analysis Conference (IMAC), 
Orlando, Florida, USA, February 4-7.  
The 9th International Probabilistic 
Safety Assessment and 
Management Conference (PSAM9), 
Hong Kong, China, May 18-23 
(VYR, VTT) 

 
Following meetings/conferences have been attended: 
IMAC conference (February) 
RISMET project meeting (February) 
IAEA Consultancy on RI-ISI TECDOC (March & September) 
ENIQ TGR meeting (April & September) 
PSAM8 conference (May) 
RISMET/OPDE workshop (June) 
ENIQ Steering Committee meeting (June & December) 
4th International workshop on Risk based Engineering (Nov.) 
 
Contributions to the IAEA RI-ISI technical document have 
been drafted and the final draft has been reviewed. 
A presentation on RI-ISI methodologies and applications has 
been prepared and presented at the NEA WGRISK meeting. 
An invited lecture on ENIQ TGR activities has been presented 
in November in Tokyo at the 4th International workshop on 
Risk based Engineering (travel expenses covered by the 
organizers). 
A paper has been prepared for the SAFIR2010 midterm 
seminar. 
 
 
Task completion: 100 % 

 
 
Education of experts 
 
The project staff includes presently three young post-graduate scientists. 
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Fatigue endurance of critical equipment (FATE) 
Primääripiirin väsyminen 
 
Duration 2007 – 2010 
Project manager Mr Jussi Solin, VTT 
Volume in 2008 (person y.) Plan: 0,6  Realised 31.1.2009              0,75  
Cost in 2008 (k€) Plan: 114  Realised 31.1.2009               114  
 
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 2008 
 

Realised 
 
1  Fatigue in hot water   
(1,75 person months)  

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

 
Electron microscopy study is completed and reported. 
Development of dislocation microstructures as function of 
cumulative cyclic plastic strain was studied for 3 samples 
cycled in RT air for preset numbers of cycles. Findings on 
martensite formation are quite surprising. Further studies (next 
year) should continue along the same path.  
 
Task completion: 100 %  

1.2 Cyclic tests in room temperature  
Interrupted and up to failure 
conducted cyclic straining (LCF) 
tests with a few samples in room 
temperature air.  
(Funding: VYR, VTT)  
 

 
Tests for supply of TEM samples and additional tests to 
complete the long-life end of 316 strain-life curve were 
completed. Summary of 316 tests is included in Safir midterm 
seminar paper.  
New specimen design was adopted to prevent failure at 
gripping area (as observed in 2007 with standard specimens). 
Task completion: 100 %  

2  Development of experimental research capabilities for transient simulation in hot water  
(2,5 person months)  

2.1 Transient simulation  
Test use and, if necessary, fine 
tuning of the new capability to 
simulate strain histories associated 
in real plant transients in autoclave.  
(Funding: VYR, VTT) 
 

 
Test use of the transient simulator was performed with one 
bellows loading unit in cold autoclave. Further testing and 
optimisation was performed in servo-hydraulic rig. Applicability 
of direct and indirect strain control was compared for a typical 
transient and constant amplitude. The results are summarised 
in Safir midterm seminar paper.  
The system works and can be applied for four simultaneous 
transient simulations.  
 
Task completion: 100 %  
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4 Fatigue design  

(1,75 person months) 
4.3 Material model for cyclic FEA 
Development and evaluation of a 
material model using a simple 
component case. A user defined 
ABAQUS subroutine for material 
model will be defined.   
(Funding: VYR, VTT) 
 

 
This activity was terminated due to change in personnel. 
Released resources were reallocated for experimental work 
and development of capabilities.  
 
Task completion: 20 %  

 

Comments 
 
A new set of fatigue bellows is needed for the autoclave test campaign (transient simulations) in 2009. 
Design upgrade was initiated already in 2008. Part of resources originally allocated for task 4.3 were 
reallocated to this new task.  

 
Education of experts 
 

• Research scientist in charge of task 4.3. left VTT for STUK in August.  
• Lack of experienced technical personnel in laboratory has been partly reduced by training of 

new expert for running the fatigue tests.  
 
Deliverables in 2008  

Task Deliverable 
1 Report on cyclic stress strain response of smooth bars fatigued for TEM study. OK 
1 Report on dislocation structures (by TEM) in selected fatigue samples. OK  
2 Laboratory notes on verification of the capability for strain controlled transient simulation 

in constant temperature. OK (for internal use; summary in midterm seminar)  
3 Laboratory notes on definitions and preliminary analyses of the component case for 

development of a cyclic material model for ABAQUS FEA code. Withdrawn  
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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 2008 (person y.) Plan: 0.9  Realised 31.01.2009  0.90           
Cost in 2008 (k€) Plan: 148  Realised 31.01.2009  148 
 
Main Objectives 
 
To determine the sensitivity of the Controlled Distance Electrochemistry (CDE) technique to small 
impurity concentrations in primary coolant, using VVER Beginning-Of-Cycle (BOC) transient fluoride 
concentrations and E110 fuel cladding as a case study. To develop a method for determining the 
progress and efficiency of different possible pre-oxidation treatments. Verification of the method with 
Inconel 690 under PWR conditions especially in relation to Hot Functional Conditioning of a new 
plant. 
 
 
Objectives in 2008 Realised 

 
1 Modelling the properties of oxides growing on fuel cladding 
materials. (80 k€, 5.5 person months) 
Sensitivity checking of the 
CDE technique. Effect of 
transient BOC water 
chemistry conditions on 
oxidation rate of new E110 
fuel cladding. Modelling of 
results and reporting.  
 

Measurements ready. Modelling work 
ready. Visiting scientist period (MSc Vasil 
Karastoyanov, UCTM, Bulgaria) realised. 
 
Task completion: 100 % 
 
 
 

2 Preoxidation (68 k€, 4 person months) 
To develop a method for 
determining the efficiency of 
pre-oxidation. Verification of 
the method with Inconel 690 
under PWR conditions. 
 

First method (based on Mott-Schottky –
plots) developed and verified in co-
operation with BARC (India) using RAPS5 
and Kaiga4 plant pre-oxidation samples. 
Second method (based on in situ EIS) 
developed and verified with carbon steel. 
Results published in Corrosion Science 
Journal. 
 
Verification of optimisation methods for 
I690 has been started.  
 
Visiting scientist period (Ph.D. Kiran 
Mandapaka, BARC, India) realised. 
 
Task completion:  100 % 

 
 

Comments / international co-operation 
The Mott-Schottky -method developed in co-operation with BARC (India) for determining the 
efficiency of pre-oxidation has been so far validated using only low-alloy steel tubing material (relevant 
for PHWR reactors).  A scientific paper (for J. Nuclear Materials) is under preparation. 
 
Ph.D. Kiran Mandapaka (Bhabha Atomic Research Centre, India) worked at VTT as a visiting 
scientist during 01.10. – 30.11.2008. He participated in development of methods for optimisation of 
Hot Conditioning passivation treatment utilising high temperature electrochemical measurements. 
During his visit the first scientific journal paper (proposed for publishing in Corrosion Science Journal) 
was finalised. 
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M.Sc. Vasil Karastoyanov (Univ. of Chemical Technology and Metallurgy, Sofia, Bulgaria) worked at 
VTT as a visiting scientist during 26.4. – 24.6.2008. He developed the Mixed Conduction oxide model 
and performed high temperature electrochemical measurements. 
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Project name Monitoring of the structural integrity of reactor circuit (RAKEMON) 
Rakenteiden eheyden monitorointi 
 
Duration 2007 – 2010 
Project manager Ari Koskinen, VTT 
Volume in 2008 (person y.) Plan: 1.2  Realised 31.1.2009       1.2 
Cost in 2008 (k€) Plan: 206  Realised 31.1.2009       206 
 
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 2008 Realised 

 
1 Task 1  Monitoring of the structural integrity of reactor circuit (133k€,  9 person months) 
1.2 Subtask 2 
Data transfer and archive 

 
Potential transfer systems have been reviewed 
 
Task completion: 100% 

1.3 Subtask 3 
Selection of inspection items for 
pilot monitoring system 

 
Inspection items selected 
 
Task completion: 100% 

1.4 Subtask 4 
Pilot monitoring system and 
monitoring tests 

 
Design and construction of the pilot system is ongoing 
 
Task completion: 95% 

2 Task 2 Inspection of items with limited access, difficult geometry or unfavourable grain 
structure ( 29k€, 2 person months) 
2.1 Subtask 1 
Inspection techniques for items with 
access limitations and/or demanding 
inspection geometries 

 
Simulations and research report done 
 
Task completion: 100% 

2.2 Subtask 2 
Application of ultrasonic Phased 
Array -technique for analysis of 
cladded components 

 
SAFT-algorithm for data analysis have been reviewed 
 
Task completion: 100% 

3 Task 3 Subharmonic ultrasonic inspection ( 15k€, 1 person month) 
 

3.1 Subtask 1 
Subharmonic ultrasonic inspection 
 

 
Literature study on new ultrasonic inspection method is 
ongoing and continues in 2009 as planned.  
 
Task completion: 100% 

4 Task 4 Development of data archiving system for results ( 29k€, 2 person month) 
 

4.1 Subtask 1 
Development of data archiving 
system for results 

 
Preliminary studies have been made and some potential 
systems were found. Further studies in 2009. 
 
Task completion: 100% 
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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. Participation in IAEA co-ordinated Research Programme starting in March 2008. Proposal 
has been approved and next meeting is in April 2009. 

 
Education of experts 
 
The project staff includes presently three young persons (YG): Three post-graduate scientists that 
each have participated in training courses on NDE and one of the new scientists participated YVL-
course. Scientific visit to Fraunhofer Institute for Nondestructive Testing (IzfP), Germany was made in 
autumn 2008 (October-November). Presented in AD-HOC meeting on 24th of November. Second 
part of the visit will take place in spring 2009. 
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SAFIR2010   9.2.2009 PROGRESS REPORT 4/08 
 
“Fracture assessment for reactor circuit” (FRAS) 
“Reaktoripiirin murtumisriskin arviointi” 
 
Duration 2007 – 2010 
Project manager Pekka Nevasmaa / Päivi Karjalainen-Roikonen,  VTT 
Volume in 2008 (person 
months) 

Plan: 26,0 Realised 31.01.2008      35,3 ( 42,4)     

Cost in 2008 (k€) Plan: 422,0 Realised 31.01.2008      427,5 (522,2)     
 
 
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 2008 Realised 

 
1 Definition of loads (101 k€, 8 person months) 

1.1 Loads transferred by supports 
The objective is to define the ex-
ternal loads transferred to the reac-
tor circuit components by supports. 
The objective in 2008 is to find out 
the most suitable ways to model 
these phenomena. More non-line-
arities are included in the models. 
Different kinds of cases are studied 
and larger sections of the reactor 
circuit are included in the calculat- 
ions. (VYR, VTT) 

 
Structural dynamic behaviour of pipelines wass studied with 
FEM. A relatively short pipe line section was chosen as a 
test case. The usability of different types of elements 
provided by Abaqus code was tested. The stiffness of the 
restraint, as well as the flexural stiffness of the pipe cross-
section were solved with static analyses with a detailed 
model using 3D solid and shell elements. The model was 
then substituted with simpler models using special purpose 
structural elem- ents having the corresponding stiffness 
properties. The ei-genmodes of models were calculated and 
compared with each other. The pipe whip was simulated 
with non-linear dy-namic analyses. The displacement and 
stress results of diff-erent models are compared with each 
other and the reliability and adequacy of different element 
types are discussed. Sen-sitivity study is made by varying 
the analysis type, material properties, mesh density and 
element properties (interpolat- ion, number of integration 
points and ovalization modes). 
 
An abstract has been sent to the international SIMULIA 
User’s Conference (2009, London). The abstract has been 
approved. Reporting of the work is almost complete. 
 
Task completion: 93 % 

1.2 Fluid-structure interaction 
CFD will be used for studying temp-
erature fluctuations in the interface 
between cold and hot water, i.e. 
ther-mal striping, in a horizontal 
feed-water pipe. The Large-Eddy 
Simul-ation (LES) and Detached-
Eddy Si-mulation (DES) turbulence 
models will be used. Results of the 
simulat-ions will be compared with a 
simp-lified validation case and briefly 
with a HDR (HeißDampfReaktor) 
exper-iment. (VYR, TVO, VTT) 

 
Validation data has been searched from the literature. 
Simulations have been performed in a simplified validation 
case by using different turbulence models and comparison 
with the experiment has been made. 
Calculations of the HDR experiment have been carried out by 
using different geometries and meshes. The vortex method 
has been implemented into the Star-CD code for generating 
turbulent inlet conditions for LES. Results obtained with the 
vortex method have been validated for fully developed pipe 
flow. 
Reporting of the work has been completed. 
Task completion: 100 % 

1.3 Residual stresses  



 
 

62

Collated weld residual stress (WRS) 
procedures are implemented in nu-
merical simulations to reactor circuit 
components: RPV nozzles, safe-
ends and connecting pipes. The mo-
dels are created and analyses per-
formed with suitable FEM based an-
alysis code. Analyses will be elastic-
plastic and models both 2D and 3D. 
WRS definitions with, and with-out, 
PWHT are considered. The FEM an-
alyses will clarify how WRS distribut- 
ions alter/decrease over the years 
during plant operation due to various 
yearly transient load cases. Crack 
growth in welds including the WRS 
distributions will be examined with 
fracture mechanics based analysis 
tool VTTBESIT, with stress distribut-
ions taken from results of the FEM 
analyses. Thus obtained analysis re-
sults will be compared against each 
other and against some handbook 
solutions. (VYR, SKI, VTT) 

Relevant weld residual stress (WRS) procedures/standards/ 
codes have been implemented to numerical simulations 
concerning reactor circuit components. WRS definitions with 
and without post weld heat treatment (PWHT) are considered. 
The selected components are a feedwater nozzle and 
connecting safe-end and pipe in a Finnish BWR RPV: the 
examined locations are the two circumferential welds joining 
these components. The models were created and analyses 
performed with FEM code ABAQUS. All ABAQUS models are 
2D with elastic-plastic material properties. Analyses consider 
typical anticipated yearly plant load transient cases, and the 
aim is to see how the WRSs alter as their function over the 
simulated years in operation. Crack sensitivity analyses 
including WRSs with fracture mechanics based analysis tool 
VTTBESIT are performed as well. The report concerning 
these analyses and their results is almost complete. 
 
An abstract concerning WRSs and their practical inclusion in 
structural integrity analyses has been prepared to the “SMiRT” 
conference (August 2009); drafting of the paper has started. 
 
Task completion 95 %  

2 Advanced fracture mechanical assessment methods (185 k€, 11 person months) 
2.1 Engineering assessment tools 
Due to the complexity of T-juncti- 
ons, no simple engineering meth-
ods are available for integrity 
asess-ment. Thus the solution is 
sought by using FEM (ABAQUS, 
ANSYS) and integrating its 
application to existing geometric 
and loading data, e.g., plant 
database. Firstly, the needed initial 
data is specified and the inter-faces 
to model the geometries and define 
the input data are studied. A case 
computation for a T- joint is 
performed. (VYR, VTT, SKI, TVO) 

 
The “Zencrack” code (together with ANSYS / ABAQUS FE 
codes) was applied first for the computation of a stratification 
benchmark study. 
 
A sample T-joint, generated by macros running with ANSYS 
FE code, was studied afterwards. A procedure to run a 
cracked model together with ANSYS and Zencrack code was 
created. The work has been reported. 
 
 
 
Task completion: 100 % 
 

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. This provides input for the 
development of FEM analysis 
meth-ods taking account of 
constraint eff-ects in structural 
analysis. Experim-ental work will 
continue along with numerical 
analyses of test data. These data 
are to be further applied for the 
development and verification of 
constraint corrections, e.g., the 
Master Curve T-stress correction. 
(VYR, VTT, SKI) 

 
Numerical work was performed to assess the fracture tough-
ness transition between standard CT and SENB -type spec-
imens and 3D surface cracks for cleavage initiation and pro-
pagation 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 preparing and testing of semi-elliptical 
surface cracks in the ductile-to-brittle transition region is to be 
started in 2009. 
 
MSc(Tech) thesis on constraint effects on cleavage fracture 
toughness of different specimen types (CT, SENB) applying 
existing data is underway and will complete early 2009. 
 
 
Task completion: 95 % 

2.3 Micromechanical modelling  



 
 

63

Micromechanical modelling of frac-
ture mechanics related micro-
mech-anisms of failure deals with 
usage of phenomena-based 
models to quantify the failure of a 
structural component and the 
associated ma-terial properties. 
Failure micro-me-chanism specific 
models are used to derive material 
properties and multi-scale material 
models to per-form structural 
integrity evaluation against the 
modelled fracture micro-
mechanisms and model changes in 
material properties, e.g. arising 
from embrittlement. Micromechan- 
ical modelling to assess fracture 
toughness constraint response of 
specimens and structures with 3D 
flaws will continue along with crys-
talline plasticity and dislocation dyn-
amics modelling of cleavage and 
embrittlement to develop further the 
Master Curve formalism for cleava-
ge fracture. Analyses regarding the 
effects of hydrogen in time-depen-
dent fracture process will be carried 
out on the basis of initial analyses. 
(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 mo-del parameters, which resulted in 
computational demonstrat- ion 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. 
MSc(Tech) thesis has been started in which novel extended 
FEM based techniques are developed and implemented to 
existing codes. 
 
 
 
 
Task completion: 100 % 
 

2.4 Development of sub-modelling 
technique 
The limitations and possibilities of 
sub-modelling were studied and 
crack growth results obtained with, 
and without, sub-modelling comp-
ared with each other in RPV nozzle 
using separate models with 
different crack sizes. The work will 
continue so that different 
possibilities to nu-merically model 
crack growth (WAPR3D, ABAQUS, 
ANSYS) together with sub-
modeling tech-nique are studied. 
(VYR, VTT, TVO) 

   
 
 
Investigation of the limits of sub-modelling were continued. 
The Zencrack code, working like a “cracked submodel”, was 
been studied and tested. Among others a former benchmark 
computation concerning a possible fast fracture of a RPV was 
currently studied with the Zencrack code and Abaqus FE 
software. The work has been reported. 
 
 
 
Task completion: 100 % 
 

3 Advanced surveillance techniques (136 k€, 9 person months) 
3.1 Ductile crack growth measuring 
capacity 
Experiments consisting of fracture 
resistance measurements of differ-
ent ductile materials using various 
specimen types (e.g., CT, SENB) 
were conducted. Additional materials 
and specimen geometries will be 
considered further during 2008. The 
aim is to produce ductile fracture re-
sistance (J-R) data to be applied in 
later numerical calculations in order 
to define realistic criteria for spec-
imen’s measuring capacity and de-
velopment of related material char-
acterisation standardisation. (VYR, 
VTT) 

 
Experiments on CT, SENB and WOW specimen types were 
completed. Numerical modelling & computations for analysing 
specimen’s measuring capacity is ongoing. Further SENB ex-
periments on X 80 grade steel, as well as their modelling, 
have been performed. Reporting of the first part of the results 
as a MSc(Tech) Thesis was completed. The experimental 
results obtained thus far are summarised in a VTT Research 
Report that is to be published by the end of 2008. 
 
The work smoothly continues with another VTT Publication 
presenting all the experimental data supplemented with 
numerical cohesive zone modelling calculations; the report will 
be prepared in 2009. 
 
Task completion: 100 % 
 

3.2 Irradiation embrittlement 
Within IAEA CRP-8, fracture tough-
ness data on various RPV steels 

 
The CRP-8 final report on limitations and application of the 
Master Curve method was completed and sent for review. Re-
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will be analysed for quantifying the 
toughness issues associated with 
RPV surveillance testing and integ-
rity analyses, using the MC app-
roach. The work covers: constraint/ 
geometry effects, fracture tough-
ness vs. temperature and dynamic 
loading conditions. Implementation 
of the new PERFECT project on 
multi-scale embrittlement modeling 
methods will be prepared. Particip- 
ation in the OECD/NEA ZIRP pro-
ject on characterising irradiated 
PWR internals will be prepared.  
Applicability of a non-linear neural 
network technique to the IAEA 
VVER-440 surveillance data base 
will be investigated. A new SANS 
analysing technique will be applied 
to other data: model alloy data in I-, 
IA- and IAI-conditions, FRAME data 
and VVER-weld data in IAI-condit-
ion. Based on these analyses, rele-
vant radioactive material samples 
will be chosen, prepared and sent 
to microstructural characterisation 
to Forsungszentrum Rossendorf 
(SANS), Tohoku University (Atom 
Probe and PA) and to ORNL (Atom 
Probe) in order to build a link bet-
ween the microstructure and mater-
ial embrittlement. (VYR, VTT) 

sults were presented in the 3rd research co-ordination 
meeting in IAEA.. Final reporting including a paper for ASME 
PVP 2009 on the limitations and application of the Master 
Curve method for RPVs is in progress and will be released in 
2009. 
 
Analysis of extensive data-base of VVER-440 surveillance da-
ta was performed applying recently developed, advanced non-
linear methods. Non-linear analyses of the surveillance data 
were completed and reported as a conference paper. Particip- 
ation to the IGRDM meeting was carried out. 
 
Draft report of non-linear analyses of VVER-440 surveillance 
data was prepared, final report to be available at the 
beginning of 2009. 
 
A detailed test matrix on ATOM Probe and PA 
characterisation of irradiated materials was agreed with 
Tohoky University. Samples representing  weld 501 material 
in eight different IAIA-conditions and ten different model 
alloys in irradiated conditions were prepared by VTT with 
EDM. The samples will be transported to Japan in February 
2009.  
 
 
 
Task completion: 95 % 
 

 

Comments 

The original budget was firstly reduced by 10 k€ due to reduction in VYR financing; then raised again 
by 10 k€ (i.e., restored) after the positive decisions of additional VYR financing. Majority of the sub-
tasks have proceeded quite well, however, whilst 3 sub-tasks have clearly overrun their budget, a few 
sub-tasks are inevitably behind schedule. Final decision on the SKI financing was not realised until 
May 2008, which caused some delay in Sub-tasks 1.3, 2.1 and 2.2. Education of several young 
experts has obviously run into money more heavily than originally realised. 

 
Education of experts 
 
One MScTech –thesis work (Mr. Lauri Elers from Helsinki University of Technology) within Sub-Task 
3.1 had been completed and approved in May, 2008. Another MScTech –thesis work (Mr. Pasi 
Lindroth from Helsinki University of Technology) within Sub-Tasks 2.2 and 2.3 has been underway 
since August, 2008. A third MScTech –thesis work (Mr. Tom Andersson from Helsinki University of 
Technology) within Sub-Task 2.3 has been started in November 2008. 
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SAFIR2010   04.02.2009 PROGRESS REPORT 4/2008 
 
Influence of material, environment and strain rate on environmentally assisted cracking of 
austenitic nuclear materials (DEF SPEED) 
 
Materiaalin tilan, ympäristön ja muodonmuutosnopeuden vaikutus austeniittisten 
ydinvoimalaitosmateriaalien ympäristövaikutteiseen murtumiseen 
 
Duration 2007 – 2010 
Project manager MSc U. Ehrnstén, VTT Materials Performance 
Volume in 2008 (person y.) Plan: 2.5 py  

(26 pm) 
Realised 31.1.2009: 100% in relation to 
agreed goals 
133% in relation to planned py volume: 
3.3 py (34.7pm, ) 

Cost in 2008 (k€) Plan: 445 k€  Realised 31.1.2009: 445 k€ (100%)         
1 py = 10.5 pm 
 
Main Objectives 
 
The 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 (2007), continued on 
non-sensitised stainless steel and 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 role of 
dynamic strain ageing and localisation of plastic deformation on EAC of nickel-based materials is 
studied within an ongoing thesis work. The influence of strain rate and environment on the fracture 
toughness properties of austenitic nuclear materials are also measured during the first year within a 
diploma work and continued during the second year with a larger test matrix. 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). An additional task 
concerning digitalisation and classification of existing reports was started in 2008. 
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Objectives in 2008 Realised* 

Task 1.1 Crack initiation testing in simulated LWR environments  
budget 81 k€, 4.0 pm 

1.1 Initiation tests in simulated LWR 
environments (VYR, VTT, SSM) 
Initiation testing on deformed non-
sensitised stainless steel and/or Ni-
base materials in simulated LWR 
environment(s) 

• Report on 2007 SSSRT results finalised in February 2008 
• Type 316L material procured 
• Type 316L material deformed to four levels of deformation 

(8,15,20 and 28%) and specimens for SSSRT’s 
manufactured 

• SSSRT using deformed, non-sensitised Type 316L 
specimens started in May 2008 and interrupted after 
>1000h due to disturbances in the loading. 

• Required modification work on bellow loaded system to 
eliminate possibilities for run-out of loading performed. 

• SSSRT tests in a step-motor driven autoclave started 
3.10.2008 for four non-sensitised Type 316L specimens, 
cold deformed to 8, 15, 20 and 28%. Testing interrupted 
according to plan for each specimen after 5% plastic 
strain. Last specimen reached this strain 26.01. 2009. 
Macroscopic investigations ongoing and detailed will 
follow. (Deliverable D1) 

• Report on initiation test results on non-sensitised SS 
postponed to 2009 (Deliverable D2). 

• Installation of four AISI 316L specimens for the bellow 
loaded SSSRT in final stage for testing in simulated 
BWR environment. 

• Due to the technical problems with the SSSRT’s, the 
initatial goal according to the work plan for 2008, i.e. 
starting testing on Ni-based alloys within 2008 will not be 
met, and will be started in 2009. This has been agreed on 
at the steering group meetings. 

 
Task completion 100% / 143%* (€) 

• Numbers for task completion % are based on numbers from VTT administration system as concerns 
money, and as an evaluated % of results in relation to set goals. Bolded results are new since the last PR, 
issued 15.11.2008 
• * Project management included in this task 
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Task 1.2 Characterisation of deformation 
budget 71 k€, 2.8 (VTT) + 4 (HUT) = 6.8 pm 

1.2 Characterisation of deformation 
(VYR, VTT, SSM) 
Detailed characterisation of 
deformation mechanisms and their 
influence on EAC using SEM/EBSD, 
TEM, etc. 
 
 

• TKK-report on EBSD calibration curve ‘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’  published (2007 deliverable). 

• Residual strains in a NPP Type 304 pipe measured and reported. 
The results show residual strains up to about 20% in the HAZ next 
to the weld root as well as in the weld metal at the weld root. 
Results presented (full paper) at 15th Electron Backscatter 
Diffraction Meeting, and at the 2008 ICG-EAC meeting. 
(Deliverable D3) 

• EBSD investigations performed on cold deformed and sensitised 
SSSRT specimens. The results show that the method is very 
powerful for investigating microstructures vs. cracking. The first 
results show 
- preferential deformation at grain boundaries also ahead of crack 
tips 
- more deformation in regions with smaller grain size compared to 
large 
-preferential deformation in one of two neighbouring grains,  
indicating that grain boundary sliding and creep type processes are 
active in SCC. 

• Results reported at Workshop on detection, avoidance, 
mechanisms, modelling and prediction of SCC initiation in water-
cooled nuclear reactor plants in Beaune, France: ‘Ehrnstén et al. 
Investigations on EAC using Super Slow Strain Testing in 
simulated LWR conditions’. D4 

• TEM-investigations on cold deformed and sensitised SSSRT 
specimens performed and reporting of results are ongoing. 

• Training of a young scientist for learning of TEM technique 
started using DEFSPEED specimens. 

• Preparations for EBSD characterisation of specimens from SSRT 
specimens from the Perfect project ongoing. Two specimens, i.e., 
an interrupted test in PWR environment with intergranular cracking 
and one tested in argon, without IG cracking, will be investigated. 
The material is cold deformed Type 304 stainless steel.  

• Scientific journal prepared and submitted for publication in Journal 
of Microscopy: Saukkonen, T., Ehrnstén, U., Hänninen, H. 
Microstructure and Plastic Strain Distribution of an AISI 304 
Stainless Steel Power Plant Pipe Weld Studied by EBSD. 
Reviewer comments received and under work.  

• Presentation: Saukkonen, T., Ehrnstén, U., Hänninen, H. 
Microstructure and Plastic Strain Distribution in an AISI 304 
Stainless Steel Power Plant Pipe Weld Studied by EBSD given at 
the 15th Electron Backscatter Diffraction Meeting, 31 March-1 April 
2008, University of Sheffield, England.  

• Presentation: Hänninen, H., Ehrnstén, U., Saukkonen, T. 
Deformation localization in materials having non-homogeneous 
microstructures given at Proactive Aging Management Group 
Meeting. Tohoku-Hokkaido research cluster of NISA project. 
October 29 – 31, 2008. Tohoku University, Japan. (Deliverable D4)

• Abstract accepted for 14th environmental degradation 
conference; Ehrnstén, U., Saukkonen, T., Hänninen, H. 
Deformation localisation and EAC in inhomogeneous 
microstructures of austenitic stainless steels. 

 
Task completion: 100% / 106 % (€) 
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Task 1.3 Characterisation of irradiated stainless steels 

budget 75 k€, 4.2 pm 
1.3 Characterisation of irradiated 
stainless steels (VTT, Halden) 
Characterisation of irradiated 
stainless steel using FEG-STEM as 
in-kind contribution for the Halden 
project. Participate in CIRII 
extension project. 

• Specimens received at VTT in August. 
• Four specimens, of which three are cold deformed and 

irradiated and one annealed and irradiated to about 2 
dpa have been investigated and reporting is ongoing 
and will be finalised within the time frame of the Halden 
offer. (Deliverable D5) 

• Defect structure similar to literature data. Median loop 
diameter is smaller compared to higher dose material. 
RIS within literature scatter band. Only small Cr-
depletion at grain boundaries.  

• Preliminary results presented at Halden IASCC workshop in 
November 

• Abstract for the 14th env. deg. conference submitted: 
Wade Karlsen, VTT; Torill Karlsen, Effect of dry neutron 
irradiation on the microstructure and microchemistry 
of three cold-worked AISI 316 stainless steels . 

• Wade Karlsen attended the CIR II extension project 
meeting (May 2008, Sweden) 

• Report for CIRII issued (10.10.2008): Characterization of 
LWR-irradiated stainless steel internal components by 
FEG-STEM, VTT-R-07773-07 after review by the CIRII 
project. 

 
Task completion: 100% / 54% (€) 

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

nuclear materials 
Budget 80 k€, 5.5 pm  

2.1 J-R tests in environment 
Determination of the influence of 
environment and strain rate on the 
fracture properties of Ni-based weld 
materials  

• Diploma work Matias Ahonen:The Effect of Environment 
and Deformation Rate on Fracture Toughness Behaviour of 
Austenitic Materials’ finalised 18.4.2008 (Deliverable D6). 
Issued as a VTT Research report in October, 2008. 

• Material blankets for further J-R test specimens 
manufactured from Inconel 52, 152, 82 and 182. 

• 24 sub-size, Charpy type specimens, made from the 
material blankets have been manufactured and pre-fatigued 
from Inconel 52, 152, 82 and 182. 

• Specimens of Alloys 52, 82, 152 and 182 tested in  
100 cc H2/kg H2O at 55°C. (Deliverable D7). 

• Preparations for further testing, where specimens are 
first held in high (300°C) temperature hydrogenated 
water before testing at 55°C finalised, testing will 
commence when resources are available. 

• Results obtained so far show lower fracture toughness 
values for pure weld metal specimens compared to 
specimens removed from welded joints. 

• Results partly presented at EPRI MRP expert meeting in LA 
in November: Ahonen, M., Ehrnstén, U., Brederholm, A., 
Hänninen, H. J-R testing of Alloy 182 and 52 Weld Metals 
in Low-temperature Hydrogenated PWR Primary Water. 

 
Task completion: 100% / 103% (€) 
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3 Investigations of dynamic strain ageing behaviour  

Budget 36 k€, 3.0 pm 
3. Investigations of dynamic strain 
ageing behaviour 
 Determination of strain ageing 
behaviour of austenitic weld 
materials 

• Material blankets manufactured from Alloy 52, 152, 82 and 
182. 

• Slow strain tests for weld metals 52, 152, 82 and 182 
using strain rates of 10-5 s-1 and 10-6 s-1 at room 
temperature and 300°C performed. Jerky flow (typical 
for DSA) observed at 300°C but not at room T. 
(Deliverable D8) 

• Internal friction measurements performed for weld 
metals 52, 152, 82 and 182.  

• DSA-maps constructed for austenitic stainless steels 
of Type 304 and 316 and for nickel-based materials 
Alloy 600 and 690 (partly funded by DEF SPEED 08) 

• Results published in the scientific publication prepared: 
Ivanchenko, M., Yagodzinskyy, Y., Hanninen, H.: Effect of 
Plastic Deformation on Anelastic Mechanical Losses in 
Multicomponent Substitutional Austenitic Alloys, Materials 
Science and Engineering A, 442, 2006, p 458-461. 
(Deliverable D9) 

• Results also presented in: Ivanchenko, M., Yagodzinskyy, 
Y., Hänninen, H. Effect of DSA on Interstitial Redistribution 
in AISI 316NG steel and Inconel 600 Alloy. Proceedings of 
Third Nordic Symposium for Young Scientists in Metallurgy, 
TKK, Espoo, Finland, May 14-15, 2008. HUT, Faculty of 
Chemistry and Material Science, Department of Material 
Science and Engineering, Multiprint Oy, Espoo, 2008. pp. 
68 - 71. 

• Review article postponed to 2009 in accordance with 
decision made at TR6/3 meeting. (Deliverable D10) 

• Abstract accepted for 14th environmental degradation 
conference, Ivanchenko, M., Yagodzinskyy, Y., 
Hänninen, H., Ehrnstén, U. Dynamic Strain Ageing of 
Ni-base weld metals in comparison to Alloy 600 and 
690. 

• Results presented in detail at the ad hoc meeting 
9.12.2008.  

 
Task completion: 100 % / 51 % (€)  
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4 International co-operation  

Budget 61 k€, 2.7 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. 
 

  
• Professor R.W. Staehle visited VTT 24-26.9.2008 and gave 

three public lectures related to stress corrosion issues in 
steam generators. 26 attendees participated. Presentations 
distributed and available from U. Ehrnstén/VTT. 

• Ulla Ehrnstén participated in the Initiation work shop, 
September 7-12.2008, France and presented results on the 
first SSSRT tests and EBSD results on these specimens. 
Travel report submitted to TR6. (Deliverable D11 and D12) 

• Laura Taivalaho or Pertti Aaltonen participated in the 
SCAP-project meetings (latest one in Paris in November). 
The building of knowledge data base is ongoing. All 
countries to supply examples of SCC mitigation procedures 
to the project. 

• Participation in the Halden IASCC project: Presentation 
Karlsen: Post-irradiation microstructure and mechanical 
behavior of a highly-irradiated core internal component 
material’ for the Enlarged Halden Programme Group 
Meeting in Storefjell, Norway in May ’08 prepared, given 
and submitted. Results from Halden in-kind work (Task 1.3) 
presented at the IASCC project meeting in Halden 
(Ehrnstén) 

• P. Penttilä, W. Karlsen, U. Ehrnstén and H. Hänninen 
participated in the ICG-EAC meeting in Sweden in April ‘08, 
travel report delivered. Presentations given by U. Ehrnstén, 
H. Hänninen and W. Karlsen. (Deliverable D11 and D12) 

• W. Karlsen participated the CIR project meeting which was 
held in connection to the ICG-EAC meeting.  

• Hannu Hänninen attended the - EPRI MRP 690 expert 
meeting in November, LA USA as a part of the PERDI 
project. The results were reported at the ad hoc 
meeting. (Deliverable D11 and D12) 

• Clarification of the possibilities to join the EPRI MRP 
690 expert group, which requires signing of an EPRI-
contract ongoing (proposed EPRI contract sent to TEM 
for evaluation) 

• Ulla Ehrnstén participated in the Halden IASCC workshop 
in November and presented results on TEM-investigations 
of irradiated stainless steels 

• Review of 14 abstracts for the 14th env. deg. conference 
performed (U. Ehrnstén member of the scientific 
committee) 

 
Task completion: 105% / 137% (€) 
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5 Report archiving  

Budget 30 k€, 1.6 pm 
5. Report archiving 
Collecting information on VTT 
reports within the field of nuclear 
materials and preparation of a 
proposal for digitalising and 
classification of reports 

• Summary of report types, current archiving system and 
amount of reports prepared 

• Possibilities for data base choices indentified 
• Scanning costs estimated 
• Proposed strategy for report archiving finalised in internal 

meetings taking into consideration data security issues, 
data bank structural factors and obvious need to enlarge 
the bank to include reports from other departments. 

• Report, describing the proposed strategy finalised. 
(Deliverable D13). 

• Customer report draft issued describing the proposed 
structure and decisions needed from the customers 
(STUK, Fortum and TVO) 

 
Task completion: 100 % / 47% (€)  

Education of experts 
The project staff comprises presently of experienced researchers and 2-3 young persons (<35 years). 
One new materials scientist has graduated in 2008 within the project and continues to perform 
research in the project. He plans to start as a postgraduate next year. One young technician 
participates in the demanding autoclave testing. Training of one young scientist for advanced TEM-
specimen development started. One young scientist participated in the SCAP project and the report 
archiving task until resigning from VTT (30.8.2008).  
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SAFIR2010   3.2.2009 PROGRESS REPORT 4/08 
 
Service Life Management System of Concrete Structures in Nuclear Power Plants 
(SERVICEMAN) 
Ydinvoimaloiden betonirakenteiden käyttöiän hallintajärjestelmä   
Duration 2007 – 2010 
Project manager Erkki Vesikari, VTT 
Volume in 2008 (person y.) Plan 1.4 person-years Realised 31.1.2009     1.1 per-y       
Cost in 2008 (k€) Plan: 210 k€  Realised 31.1.2009     210 k€         
 
Main Objectives 
 
The main objective of the project is to develop a service life management system for concrete 
structures in nuclear power plants. This includes prediction of degradation in structures, guarding of 
safety limits, specification and timing of intervention actions including special inspections, and 
maintenance and repair works, evaluation of life cycle costs and environmental impacts and structural 
risks. By the service life management system (SLMS) the safety, performance and serviceability are 
secured during the operational life of the plant. 
 
 
Objectives in 2008 Realised 

 
1 Task 1 Development and programming of service life management system (110,9 k€, 7.9 

person months) 
1.1 Subtask 1 
Development of databases for 
structures, structural modules 
(substructures) and maintenance 
and repair systems (VTT)  

 
The databases have been have been finalised and connected 
to the framework of the service life management system. 
 
 
 
Task completion: 100 % 

1.2 Subtask 2 
Development of degradation and 
service life models (VTT) 
 

 
Finalising of the degradation and service life models is 
accomplished and the models have been integrated to the 
service life management system.  
 
Task completion: 100 % 

1.3 Subtask 3 
Programming of the service life 
management system 
(VTT) 

The service life management system has been developed and 
programmed. First version of the program SERVICEMAN is 
ready. The report with user manual is ready. 
 
Task completion 100 % 

1.4 Subtask 4 
Development and programming of 
the LC costs and environmental 
impact analyses as combined with 
the condition analysis in the SLMS 
(VTT) 

Automatic LC cost analysis and the environmental impact 
analysis has been developed and combined with the condition 
analysis of the management system. The system produces 
automatically life cycle action profiles (specification and timing 
of future maintenance and repair actions) for all modules of 
the plant.  
 
Task completion: 100 % 

2 Task 2 Development and programming of structural degradation analyses and a system for 
serviceability limit state design (51.1 k€, 3.9 person months) 

2.2 Subtask 2 
System of serviceability limit state 
design (ÅF-Consult Oy) 
 

The structural dimensioning and analysis computer program 
have beeen programmed fulfilling the requirements of 
Eurocode 2. 
 
The code for the beam and shell element is now ready 
including final testing. The code for both the shell and beam 
element contains a code for serviceability limit state design 
but also a code for ultimate limit state design. 
 
The report on serviceability limit state and crack width analysis 
of concrete structures according to Eurocode 2 has been 
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written. The report contains the algorithms and formulas of 
serviceability (and ultimate) limit state design. The report 
contains also a couple of calculation examples which 
demonstrates differences between design codes B4 and EC2.
 
Task completion: 100 % 

3 Task 3 Risk analyses for the service life management system (20.2 k€, 1.4 person 
months) 

Provisions for the risk analyses of 
steel liner and prestressing tendons. 
(VTT) 

The report on the risk analysis methods and procedures is 
written and finalised. The report focuses on risk analysis 
methods which can be used in studying the aging effects of 
containment buildings of nuclear power plants. At the end of 
the report a procedure that can be used for a time variant risk 
assessment of pre-stressing tendons and a steel liner in a 
containment building is presented. 
Task completion: 100 % 

4 Task 3 Participation in concrete technological research cooperation with other owners of 
infrastructure (financing by VYR 18.3 k€) 

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

1. Consulting on concrete 
technological topics 

2. Correlation between 
shrinkage measurement 
methods and acceptance 
criteria (continues from 
2007) 

3. RH measurement method 
of the substrate for 
waterproofing and RH 
criteria 

4. Electrochemical chloride 
extraction form reinforced 
concrete 

5. Rapid, cheap and simple 
chloride content 
measurement method for 
site 

 
Field study and interacted 
deterioration study and modelling: 
DuraInt 
DuraInt = former DURAFIELD + 
extension by VTT + HUT + 
International co-operation during 
2008 – 2011 
(VTT) 

2. Reported. 
Task completion 100 % 

3. Literature survey is under progress and tests have started. 
Task completion 100 % (of year 2008) 

4. Reported. 
Task completion 100 % 

5. Reported. 
Task completion 100 % 

DuraInt - “Effect of interacted deterioration parameters on 
service life of concrete structures in cold environments” 
Task completion 100 % (of year 2008) 

5 Task 5 International cooperation (OECD/ NEA/IAGE and COST C25) (9.6 k€) 
5.1 Subtask 1 
Participation in the activity of 
OECD/NEA IAGE  (VTT) 
 
Participating in COST  C25. 
“Sustainability of Constructions: 
Integrated Approach to Life-time 
Structural Engineering” (VTT) 

 
Participation in the OECD/NEA IAGE WG Concrete subgroup 
meeting on 31st March in Paris.  
 
Participation in the COST C25 Meeting in Belgrade 4th – 5th 
April. Participation in the COST C25 Midterm seminar in 
Dresden 6th-7th Oct 2008. Several papers on service life 
prediction and life cycle management tools presented and 
published. 
 
Task completion: 100 % 
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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   31.1.2009 PROGRESS REPORT 4/08 
 
IMPACT2010 
 
 
Duration 2007 – 2010 (duration to 2010) 
Project manager Mr Ilkka Hakola, VTT Material and Buildings 
Volume in 2008 (person y.) Plan: 4.0 Realised 31.1.2009      3.9         
Cost in 2008 (k€) Plan: 5741) Realised 31.1.2009     5312) (93 %)  
1) VYR 50 k€, VTT 140 k€, 6 partners 150 k€/each for the years 2005-2008. New partner NRC has 
joined the project in autumn 2008. The durations of agreements with partners varies and are 
depended of test phase. The new project with foreign partners may begin at the beginning of 2009. 
2) The rest of the money will be used for reporting, documentation, calibration of the measuring 
equipments and preparing of the future project in February 2009. 
 
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 2008 Realised 

1 Test apparatus (34 k€, 1 person months) 
The test apparatus will be changed to 
be suitable for curved structures and 
floor-wall structures. 

Preliminary design of the wall-floor supporting frame has been 
made. The tests will be included in phase 2 of Impact project 
in 2009.  
Task completion: 100 % 

2 Improvement of  measuring system ( 40 k€, 5 person months) 

-The data acquisition system will be 
improved by increasing measuring 
system, which is capable to measure 
forces and stresses when floor-wall 
structure is used as target 

The number of channels has been increased to 32 channels. 
This is enough also to measure floor-wall structures. 
The effects of piston and compressed air have been 
investigated in some tests. 
Total amount of force transducers (2 MN) has been increased 
to 7. 
(New strain gages and fibre optics have been designed to be 
tested using extra concrete beam and static load at the 
beginning of 2009 (improvement of measurements)) 
Task completion:  100 % 

3 Preliminary design of missiles and walls (66 k€, 3 person months) 
-New type of stainless steel missiles,  
-3D missiles and target concrete 
curved walls has to be calculated and 
designed in order to achieve the 
desired failure mode. 

The stainless steel missiles have been designed  
 
All the 3D missiles has been designed and tested. 
The concrete walls thickness of 150 mm has been designed 
and tested. Two extra concrete walls have been designed and 
tested. 
The pre-stressed concrete walls have been designed and 
tested. 
Curved walls will be designed in the next phase of Impact 2 in 
2009, instead floor-wall structure preliminary design 
calculations have been made. 
Task completion: 100 % 

4 Testing of missiles and walls (400 k€, 35 person moths) 
-Testing of 3D missiles 
-Testing of concrete walls (150 
mm) 
 
 

All the 3D missiles have been tested. 
All the concrete walls thickness of 150 mm has been tested. 
The Adhoc and Tag meetings decided to test two extra 
concrete walls thickness of 150 mm with stirrups. The walls 
have been tested in January 2009. 
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-Testing of pre stressed concrete 
walls (250 mm) 
- Testing of stainless steel 
missiles 
 
- Testing of curved walls and/or 
wall-floor structures. 
- Reporting, documentation 

All the pre-stressed concrete walls have been tested. 
 
New stainless steel missiles (3 missiles) have been 
manufactured and tested in January 2009. 
Will be tested in the next phase of Impact project. 
 
 
Will be completed in February 2009 
Task completion:  95 % 

 

Comments 

New partner NRC has joined the MPACT project in autumn 2008. Due the increasing of funding in 
SAFIR program, TAG and AdHoc meetings have decided the structures (2 concrete walls with 
stirrups) to be tested in January 2009. 

The reporting will be done with the SUSI project. 

New project Impact 2 will start in March 2009, if all the new agreements will be accepted. 

Ad Hoc and TAG meetings 

Ad Hoc group has had 4 meetings (11.02.2008, 27.05.2008, 19.9.2008 and 9.1.2009). The next Ad 
Hoc meeting will be in March 2009 (27.2.2009). Impact project has had two TAG meetings in 2008 
(4.-5.3.2008, and 14.-15.10.2008) and two workshops (3.3.2008 and 13.10.2008) concerning 
calculation methods of impact tests. The Next TAG meeting and workshop will be in March (9.-
11.3.2009) before SAFIR seminar. 

 
 



 
 

77

SAFIR2010   31.1.2009 PROGRESS REPORT 4/08 
 
Structures Under Soft Impact  (SUSI) 
 
Duration 2007 – 2010 
Project manager Arja Saarenheimo, VTT 
Volume in 2008 (person y.) Plan: 1.2  Realised 31.1.2009 1.38 
Cost in 2008 (k€) Plan: 190 k€  Realised 31.1.2009 190.2 k€ 
 
Main Objectives 
 
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 applicability of these kinds of methods by using softening 
factors will be further studied. Experimental data is needed in order to verify the accuracy 
of numerical models.  
 
The aim of the liquid study is to assist the IMPACT 2010 project in planning the tests with 
water filled missiles besides assessing and analysing 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. Primarily, the 
suitability of Fire Dynamics Simulator code (FDS) for the current issue will be further 
studied, and the testing and validation of the sub-models will be continued. 
Implementation and testing of droplet break-up model in FDS will be also considered. 
New aim is the full-scale simulation of fuel spread and combustion following an aircraft 
crash by utilizing the results and experiences gained from the IMPACT tests. 

Objectives in 2008 Realised 
 

1 Task Loading function 1 name (38 k€, 3 person months) 
Existing loading function calculation 
procedures will be developed 
further. The available test data will 
be used for verification and testing 
of numerical methods. Methods for 
more accurate extraction of load 
pulses from the measured data of 
force transducers are studied.  
Detailed studies will be carried out 
for some tests chosen from the 
German test database, provided by 
GRS.  

Methods for extraction of load pulses from test data were 
studied. Calculation method was programmed and some 
preliminary calculations were carried out. The actual loading 
transients were calculated by deconvolution from measured 
response of force transducers or back pipes. 
 
Preliminary calculations for “public GRS tests” carried out 
 
 
Public report under finalization (Task 1 and 2) 
 
Task completion: 95 % 

2 Task Structural integrity (98 k€, 7 person months) 

First, post analyses for the reinforced 
concrete plate impact tests, carried 
out in 2007, will be finalized. 
Capability and accuracy of different 
kinds of calculation methods, (3D 
FE-models, layered plate models, 
simplified discrete models with few 
degrees of freedom, for predicting 
global and local failures of target 
structures), will be assessed by using 
the gathered test data for 

FE analyses on 15 cm walls are completed and reported. 
Simplified analysis methods have been reviewed and tested 
against existing IMPACT data. Damping assumption in CEB 
model was modified. Parametric studies carried out.  
 
Some LS-DYNA analyses for test 642 were carried out. 
 
Pre-stressed wall and the new test frame were modelled with 
finite elements. Preliminary analyses and tests with different 
kinds of models carried out. 
 
Two abstracts submitted to the SMiRT 20 Conference 
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verifications and validations. Based 
on the conclusions of these studies 
the specific needs for development 
of models and methods will be 
planned in co-operation with the ad 
hoc -group. 
Calculation methods for impact 
loaded pre-stressed concrete walls 
will be reviewed and studied and 
taken in use.  

Scientific article to Rakenteiden Mekaniikka Journal under 
preparation. 
 
 
Confidential Report finalized and reviewed. 
 
Public Report (Task 1 and 2) will be finalized in February. 
 
Task completion: 95%  

3 Task Jet fuel dispersion outside the building (54 k€, 3 person months) 
The testing and validation of the 
sub-models of a FDS code will 
be continued. Implementation 
and testing of droplet break-up 
model in FDS will be also 
considered. The validity of the 
break-up model will be assessed 
e.g. against the high-speed spray 
data available from literature. 
The simulation results of the 
FDS break-up model will be also 
compared to results of some 
other suitable CFD-code, if 
necessary. The suitability of 
FDS code for real full-scale 
simulation of fuel spread and 
combustion will be studied 
utilizing the results and 
experiences gained from the 
impact tests. Education of a new 
FDS-expert will be initiated. 

Analyses of test results of liquid spreading from all wet 
IMPACT tests so far have been done. 
 
Effects and implementation aspects of aerodynamic droplet 
interactions (wake effects) have been studied by simulations 
of both laboratory scale high-speed spray and impact tests. 
Spray simulations have been performed without the droplet 
break-up so far. Implementation of break-up model has been 
started. 
 
The feasibility of the high-speed camera system to measure 
the drop size of airborne droplets has been studied. A 
demonstration video has been done.    
 
Abstract submitted to SMiRT20 Conference.  
 
Finalizing of the project report is under way.  
 
 
 
 
 
 
 
 
Task completion: 90 % 
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SAFIR   12.02.2009 PROGRESS REPORT 4/08 
 
CHAllenges in Risk-Informed Safety MAnagement (CHARISMA) 
Riskitietoisen turvallisuudenhallinnan haasteet 
 
Duration 2007 – 2010 
Project manager Lic.Tech. Ilkka Karanta, VTT 
Volume in 2008 (person y.) Plan: 1.9 Realised 31.01.2009           1.7 
Cost in 2008 (k€) Plan: 225 Realised 31.01.2009           228 
 
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 2008 Realised 

 
1 Risk-informed decision making  

1.1 Validity of safety goals 
A guidance document will be 
compiled based on the preceding 
work, documenting good practice 
and aiming at a harmonisation of 
views and procedures related to 
safety goals. The project will be 
performed jointly by Relcon 
Scandpower AB (activity leader) and 
VTT and it will work in co-operation 
with the Nordic PSA Group 
(NPSAG).  
 (VYR, VTT) 

 
The contract for the NKS-project has been settled. The 
working plan for the year 2008 has been specified. Four 
working meetings held with RelconScandpower.  
 
Participation in the annual meeting of WGRISK and in the 
third task group meeting of the task “Probabilistic risk criteria.” 
Results from the questionnaire have been analysed. Draft 
working report prepared for WGRISK meeting in March 2009. 
 
Two papers presented in PSAM9 May 18-23, 2008 in Hong 
Kong and 1 paper in PSA castle meeting 2008. 
 
Abstracts submitted to SMiRT20 and ESREL-2009. Both 
accepted. 
 
NKS-seminar on safety goal held December 2 in Arlanda. 
 
Draft NKS-report of 2008 work prepared. 
 
Task completion: 100 % 

1.2 Risk-informed defence-in-depth 
The aim 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. In 2008, the focus 
is on the implementation of the 
defence-in-depth aspects in a PSA-
model and in the development of 
result presentation methods, e.g., 
using risk importance measures. 
(VPC) 

 
The second part of the project will not be realised in 2008 due 
to organisational changes at SKI which affects their financing 
of research projects. 
(The first part has been published in SKI report series SKI 
Report 2008:33, and is available at SSM’s website)  
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1.3 Risk Evaluation of Technical 
Specification Conditions 
Thie aim is to contribute to an NKS-
project aiming at establishing a 
common view regarding evaluation 
of Technical Specification changes. 
The project will study both 
surveillance test intervals and 
allowed outage times. In the first 
phase the status of Finnish and 
Swedish TSs and the use of PSA in 
their evaluation is reviewed. together 
with Relcon Scandpower AB (NKS 
activity leader). 
(Relcon Scandpower) 

Finnish utility and authority representatives have been 
interviewed. A seminar on "Interpretation and Risk Evaluation 
of Technical Specification Conditions, Phase 1" has been held 
together with RelconScandpower in Arlanda April 25. The 
Phase 1 final report and conference papers to PSAM9 and 
Slottsmöte have been prepared together with 
RelconScandpower. 
 
Task completion: 100 % 

2 Human reliability 

2.1 Risk-informed ways of 
management of fire situations 
 The goal is to analyze a fire 
scenario in a risk relevant cable 
room from the human decision 
making and cooperation point of 
view. The analysis is made in 
collaboration with FIRAS project, by 
utilizing knowledge from quantitative 
fire research results. The long-term 
goal is to contribute to 
interdisciplinary development of a 
holistic fire-safety assessment at the 
plants. 
(VYR, VTT) 
 

The development of the integrated analysis, in collaboration 
with the FIRAS project and concerning the controllability of fire 
situations in the cable room, has been continued. The writing 
of the report is in progress. 
 
 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. In 2008, a second 
case will be run and results from the 
first case will be published. 
 (VYR, VTT, Halden in-kind) 

 
Review of the Halden report from the pilot study (2007). 
 
A paper presented in PSAM9 May 18-23, 2008 in Hong Kong. 
A paper written to ESREL-2008 and presented by a co-author 
September 22-25, 2008 in Valencia. 
 
The second case (LOFW scenario) has been analysed. 
Working report has been prepared to Halden. 
 
Participation in PSA08 and HERA working group meeting 
(Halden comparison method working meeting). 
 
Preparation of the VTT’s input to workshop of the international 
study to be held in Washington D.C. March 2009. 
Task completion: 100 % 

3 Reliability of automation 
3.1 Reliability of distributed control 
systems 
Probabilistic risk analysis of digital 
control systems will be considered at 
the architecture level. The feedwater 
systems of Olkiluoto 1 and 2 and 
Loviisa will be used as example 
cases. The main emphasis is in 
finding, testing and evaluating a 
PRA method that takes the 
requirements posed by digital control 
systems into account. 

The report “Reliability of digital control systems in nuclear 
power plants — Modelling the feedwater system” has been 
revised.  
Task completion: 95 % 
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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 and 
MELCOR. 
(VYR, VTT) 

 
The MSc Thesis completed. 
 
Two ad hoc group meetings dedicated to level 2 PSA and 
severe accident analyses held.  
 
Task completion: 100 % 

4.2 Level 3 PSA 
 Development of the ARANO code 
to enable usage of hourly weather 
data. This improves calculation 
possibilities of long release duration. 
Output formats need evaluation 
 
 (VYR, VTT) 

ARANO model has been modified, test calculations done, 
reports sent for review. 
Task completion: 100 % 

4.3 ASAMPSA2 (Advanced Safety 
Assessment Methodologies: Level 2 
PSA) 
ASAMPSA2  is a 3-year EU-project 
aiming to develop best practice 
guidelines for the performance of 
Level-2 PSA methodologies with a 
view to harmonization at EU level 
and allowing a meaningful and 
practical uncertainty evaluation in a 
Level-2 PSA. In 2008, the end-user 
needs will be collected and 
compiled, and the preparation of 
guidance documents will be initiated. 
 (EU, VTT) 

The contract for the EU-project has been settled. Inception 
meeting held for the whole project and for the WP1. A 
questionnaire has been prepared in WP1 and answered by 
VTT. Participation in the user needs workshop in October in 
Hamburg. 

Participation in the planning of WP2&WP3, e.g. distribution of 
the work, and definition of the concepts “limited” vs. “full-
scope” level 2 PSA. Preparation of initial exchange of 
information on human reliabilty analysis, presented in the 
working meeting in December 1 in Paris. 

Preparation of VTT’s input to the first draft of the guidelines. 

Task completion: 100 % (1. year of the 3-year-project) 

5 Project management, co-operation and information exchange 
5.1 Project management and 
information exchange 
 (VYR, VTT) 

 
 
Task completion: 100 % 

 

Comments 

ASAMPSA2 started in February 20, 2008. The project year is thus from mid-February to mid-
February. 

 
Education of experts 
 
The project staff includes presently 3 post-graduate scientists.  
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SAFIR2010   10.2.2008 PROGRESS REPORT 4/08 
 
Implementation of Quantitatve Fire Risk Assessment in PSA (FIRAS) 
Kvantitatiivisen paloriskiarvioinnin soveltaminen PSA-järjestelmissä  
 
Duration 2007 – 2010 
Project manager Simo Hostikka,  VTT 
Volume in 2008 (person y.) Plan: 0.8  Realised 31.1.2009         1.2 
Cost in 2008 (k€) Plan: 162 

New: 180  
Realised 31.1.2009         180 

 
Main Objectives 
 
The main objectives of the project are:  

1. Application of modelling of fire development and spread to fires involving cables and 
other fire loads found at NPPs 

2. Integration of the quantitative fire risk assessment methods into the NPP PSA systems. As 
a novel development, the PFS on the fire scenario-development will be combined with 
systemic modelling of personnel actions in co-operation with the CHARISMA/SAFIR2010 
project. A model for fire brigade operations will be developed and linked to PFS. 

3. Carrying out fire simulations related to but outside OECD PRISME aiming to (i) guidance 
for the design of experiments and (ii) validation of the developed fire models. 

 
Objectives in 2008 Realised 

 
1. Fire spread modelling 

1.1 Experiments providing input and 
validation data for fire spread 
simulations 
 
During 2008, experiments will focus 
on NPP cable materials. The task 
contains 
- Finalizing the MSc thesis. 
- Analysis of TGA/DSC and cone 

calorimeter data 
- Experiments in the 2-m 

apparatus  and analysis 
- Preparation of FDS inputs for 

material modelling. 
(VYR, VTT) 

30.1.2008 
MSc Thesis containing the 2007 work is expected to finnish 
May 2008. 
 
1.5.2008 
A paper titled “Estimation of pyrolysis model parameters for 
solid materials using thermogravimetric data” has been 
submitted and accepted to the 9th International IAFSS 
Symposium 21-26 September 2008 in Karlsruhe, Germany. (a 
peer-reviewed conference.) 
 
TGA/DSC and cone calorimeter experiments have been 
performed for  
- 10 kV power cable (PVC), complete cable and individual 

components. 
 
31.8.2008 
MSc thesis finished in June 2008. 
Vertical flame spread experiments with 2 m apparatus on 
wood specimen has been finished. 
 
10.12.2008 
Vertical flame spread experiments with 2 m apparatus on PVC 
cable MMJ completed. 
 
31.1.2009 
Report finished 
 
Task completion: 100 % 

1.2 Validation of the fire simulation 
Comparison of the simulated results 
to experimental data from the 2-m 
apparatus. (VYR, VTT) 
 

1.5.2008 
Not started. 
31.8.2008 
Simulations of wood samples performed. The flame spread 
rates were strongly overpredicted. The work continues to find 
out the reason. 
10.12.2008 
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Reason for overprediction associated with under-predicted 
gas phase radiation. Plan for incorporating simple soot-
flamelet model.  
31.1.2009 
Parametric study performed to find out the reason for 
overpredicted flame spread rate. Report finished. 
Task completion: 100 % 

2. Integration of quantitative fire risk assessment into NPP PSA systems 

2.1 Probabilistic fire simulation of fire 
risk-relevant rooms in NPPs  
 
A series of probabilistic fire 
simulation studies will be carried out. 
The 2008 goals are: 

- Development of Probabilistic 
Fire Simulator capabilities. 

- Implementation of virtual 
targets to FDS capabilities. 

- The TVO cable room analysis 
will be continued. 

- Simulation of cable tunnel 
scenario to update the older 
results concerning failures and 
sprinkler activation. (VYR, VTT) 

31.1.2008 
Assessment of Monte Carlo (LHS) sample size requirements 
is finished. 
 
1.5.2008 
A model for virtual cable targets (cylidrical multi-layered 
objects) with a failure model based on NRC’s CAROLFIRE 
test programme has been implemented in FDS. 
 
The cable room simulations were discussed in the first ad hoc 
meeting, March 2008. 
 
31.8.2008 
The fire spread simulations were started but stopped for the 
present due to the Inconsistent spread behaviour and 
problems in flame heat flux predictions. Work continues by 
definition of sprinklers.  
 
New simulation target (TVO cable tunnel) has been chosen, 
data collected at TVO plant (plant visit by Anna Matala). The 
model creation started. 
 
10.12.2008 
Monte Carlo –simulation of the cable tunnel without sprinklers 
has been finished and results are being analyzed. Water flux 
densitites of the old and new (but wrong type!) sprinkler heads 
have been measured. FDS models of the sprinkler heads 
created.  
 
As decided in TR8 meeting in 5.9.2008, resource from cable 
room simulations have been transferred to 1.1. 
 
31.1.2008 
Monte Carlo –simulations without sprinklers reported. 
Simulations with sprinklers (old) are going on. 
Task completion: 100 % 

2.2 Development of guidance 
material to facilitate the adaptation of 
the quantitative fire-PSA in NPPs 
Learning process both for the fire 
researchers and the NPP personnel. 
This task includes also classification 
of the NPP rooms according to 
quantitative fire-PSA needs. (VYR, 
VTT) 

1.5.2008 
A paper titled “Computation of Quantitative Fire Risks Using 
Two-Model Monte Carlo simulation and CFD Fire Model” was 
submitted and accepted to the PSAM9 conference 18-23 May 
2008 in Hong Kong. 
31.8.2008 
The real needs were discussed in FIRAS adhoc meeting in 
August 2008. According to the discussion, the focus was 
moved to the prediction of fire suppression/protection 
capability of sprinkler systems. The simulation target was 
chosed especially for this purpose.  
Task completion: 50 % 

2.3 Combining simulation-based fire 
scenario development with systemic 
modelling of personnel 
Combining PFS results on the fire 
scenario-development with systemic 
modelling of personnel actions in co-

 
The co-operative issues were discussed in the first ad hoc 
meeting, March 2008. A workshop was organized 18.4.2008 
to start combination of the different viewpoints. On the basis of 
the results of this workshop, VTT will draft the first version of 
the suitable methodology. The ways to connect the 
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operation with the CHARISMA 
(VYR, VTT) 
 

methodology to the NPP PRA systems will be worked out with 
the aid of TVO PRA personnel. The methodology has been 
defined and established on a qualitative basis and the first 
quantitative approach will be put together during Dec. 2008.  
 
31.1.2009 
Implications of the systemic aproach formulated as an event-
tree. Report under preparation. 
Task completion: 100 % 

2.4 Modelling of fire-brigade 
operations at NPPs 
In this subtask, guidelines will be 
developed for efficient information 
collection concerning fire-brigade 
operation data and their practicality 
will be tested. A practical goal is the 
co-operation with a parallel project at 
Emergency  Services College 
(Pelastusopisto) (VYR, VTT) 

1.5.2008 
The data collection issues were discussed in the first ad hoc 
meeting, March 2008. 
 
31.8.2008 
New rehearsal will be organized at TVO, during which the 
operation times will be measured to the cable tunnel target.  
 
10.12.2008 
First results from TVO rehearsals were received. Modular 
performance timing model has been drafted. 
 
31.1.2009 
Modular fire-brigade timing model is formulated. Report under 
preparation. 
Task completion: 100 % 

3 International activities 
3.1 PRISME project utilisation 
Fire simulations related to the OECD 
PRISME project results and 
attending the meetings. (VTT) 
 

Benchmark #1 simulations for PRISME SOURCE series were 
repeated with an updated version of FDS5. 
No participation in the meetings during spring  
 
10.12.2008 
Participarion in PRISME meetings in October. VTT 
participated in planning of the last (PRISME INTEGRAL) test 
series by performing flame spread simulations of horizontal 
cable tray scenario. Also, VTT must send thermal properties 
of the OL3 FRNC cable that was tested within PRISME LEAK 
program. 
 
31.1.2009 
Detailed OL3 cable information sent to IRSN for reporting. 
Task completion: 100 % 

3.2 OECD PRISME project 
The Finnish participation fee of the 
OECD PRISME project (VYR) 
 

 
Task completion: 100 % 

Education of experts 
 
Anna Matala completed her MScTech thesis with the main themes being ones related to FIRAS Task 
1, and is now permanent member of VTT staff.  Simo Hostikka defended his doctoral thesis 6.6.2008 
with the FIRAS themes forming one of the major topics in his thesis.. 
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SAFIR2010   23.02.2009 PROGRESS REPORT 4/08 
 
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 2008 (person y.) Plan: 1.3  Realised 31.1.2009    >1.5           
Cost in 2008 (k€) Plan: 136 Realised 31.1.2009    >140        
 
Main Objectives 
 
The primary objectives of the research are to produce a comprehensive study about the frequency, 
intensity, spatial and temporal variation and the impacts of the extreme weather events that are 
relevant from the point of safety of nuclear power plants. In the study both instrumental 
meteorological records, as well as, climate model simulations are utilized. The study aims to clarify 
the influence of climate change on extreme weather. Sea level in the Baltic Sea has been included 
into the study. 
 
Objectives in 2008 Realised 

 
1 Estimation of extreme weather events based on climate scenarios 

1.1 Estimation of probability of 
extreme non-linear climate change 
Based on literature review and most 
recent studies find out the risk of 
extreme and non-linear climate 
change (VYR, FMI) 

Progress in short. 
Report ready 
 
 
Task completion: 100 % 

1.2 Extreme temperatures in Finland 
Based on model simulations 
estimate the theoretical temperature 
extremes in Finland (VYR, FMI, 
NKS, Fennovoima) 

Progress in short 
Report writing  
Task completion: 99 % 

1.3 Return periods of extreme 
temperature combined with air 
humidity  
Estimate the probability of very hot 
and humid conditions in Finland and 
Sweden (VYR, FMI, NKS)  

Progress in short 
Report writing  
Task completion: 95 % 

1.4 Preliminary estimation of the 
influence of climate change on 
storminess    
Analyze the changes is storminess 
in Finland (VYR, FMI, NKS)  

Progress in short 
Report writing  
Task completion: 95 % 

2 Estimation of tromb or down burst hit   
2.1 Analyzing tromb observations 
Analyze the collected tromb 
observations (VYR, FMI, 
Fennovoima) 

Progress in short. 
Report ready 
Task completion: 100 % 

2.2 Analyzing down burst 
observations 
Analyze the down burst 
observations (VYR, FMI, 
Fennovoima) 

Progress in short 
Draft report ready 
Task completion: 100 % 

3 Baltic Sea level 
Estimation of Baltic sea level  
The aim is to examine the return 
levels of the Baltic Sea level (VYR, 
FIMR, Fennovoima) 

Progress in short. 
Analyzes have been made, report writing underway 
 
Task completion: 100 % 
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Comments 

As the VYR extra funding become available also the influence of climate change on storms was 
included into the study (task 1.4). 
 
Education of experts 
 
The studies about tromb and down bursts are part Ms Jenni Teittinen’s and Mr Ari-Juhani Punkka’s 
PhD studies. Studies about the large scale storms are included into the Ms Hilppa Mylly’s PhD 
studies. The estimation of the theoretical temperature extremes in Finland is the masters thesis of Ms 
Karoliina Ljungberg and the influence of climate change on storminess is masters tesis of Ms Elina 
Suvilampi. 
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SAFIR2010   31.3.2009 PROGRESS REPORT 4/08 (updated) 
 
Administration and information of the research programme (SAHA2008) 
Tutkimusohjelman hallinto ja tiedotus 
 
Duration 2007 – 2010 (31.3.2011) 
Project manager Dr. Eija Karita Puska, VTT   
Volume in 2008* (person y.) Plan: 0,85 Realised 31.3.2009      0,87        
Cost in 2008* (k€) Plan:       172,3** Realised 31.3.2009**     175,6   
 
* Periods: plan 1.4.2008-31.3.2009  
* *with 22 % value added tax in the total VYR funding for the period 1.4.2008-31.3.2009. 
 
 
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 2008 (31.3.2009) Realised 

 
1 Programme administration and information (162,36 k€, 8 person months) 

Preparation of 3-4 steering group 
meetings (for 2008) 

1. steering group meeting 3.6.2008 
2. steering group meeting 16.10.2008 
3. steering group meeting 8.12.2008 
4. steering group meeting 14.1.2009 
5. steering group meeting 3.3.2009 

 
Task completion: 100  % 

Preparation of programme progress 
reports for the steering group and for 
the ministry  
 

Progress report 1/08 prepared. 
Progress report 2/08 prepared. 
Progress report 3/08 prepared. 
Progress report 4/08 prepared. 
 
Task completion:100  % 

Participation in the project reference 
group meetings and possible mini 
seminars 
 

Participation in 8 out of the 8 meetings 1/08. 
Participation in 8 out of the 8 meetings 2/08. 
Participation in 8 out of the 8 meetings 3/08. 
Participation in 8 out of the 8 meetings 4/08. 
 
Task completion: 100  % 

Participation in the ad hoc meetings 
(when desired by the group) 

Some meetings participated. Invitations to all received for 
information. 
Task completion: 20 % 

Maintenance of programme web 
pages  
 

web pages being updated. SAFIR2010 Internal site with 
password updated. Power point presentation of SAFIR2010 
updated. Seminar information, presentations and 
proceedings. 
 
Task completion: 100  % 

Maintenance of administration, 
invoicing and information routines for 
SAFIR2010 
 

Administration and invoicing routines maintained. Information 
via email and www-pages. Publication CD 2007. Final 
invoicing 2008. 
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Task completion: 100  % 
Programme QA manual possible 
updates 

At www-pages. No activities currently. 

Programme brochure Picture contributions collected. Text in preparation. Delayed to 
next period due to shortage in funding. 
Task completion: 70 % 

Preparation of annual plan 2008 
 

At www-pages. 
Task completion: 100  % 

Preparation of annual plan 2009 
 

Project plans finalised and collected. Publication in April  2009 
after VYR-decisions. 
Task completion: 80  % 

Arrangement of project selection 
process for 2009 

Carried out in November – December 2008. Call for proposal 
and material at www-pages 2.9.2008. 
Task completion: 100 % 

Preparation of annual report 2007 Prepared in March 2008. 
Task completion: 100 % 

Interim seminar Seminar with some 200 participants carried out. Proceedings 
prepared and published. 
Task completion: 100 % 

  
2 EU FP 7 activities ( 9,9 k€, 0,5 person months) 

Participation in the EU FP7 CCE-
Fission Committee) 

Participation in 1. meeting on June 24, 2008 
Participation in 2. meeting on October 2, 2008. 
Participation in 3. meeting on February 19, 2009. 
 
Task completion:  150  % 

FP7 national support group One meeting arranged (Kari Rasilainen) 
Task completion: 50 % 

 

Comments 

 
Education of experts 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 

Appendix 2 
 

Publications of the projects in 2008 
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Safety management and organizational learning (MANOR):  
 
Scientific publications 
 
Reiman, T., Oedewald, P. & Pietikäinen, E. (2007). Turvallisuuskulttuurin ulottuvuudet ydinvoima-alalla 
ja terveydenhuollossa. Työ ja ihminen, 21, 325-344. 
 
Research institute reports  
 
Reiman, T., Pietikäinen, E. & Oedewald, P. (2008). Turvallisuuskulttuuri. Teoria ja arviointi. VTT 
Publications 700. Espoo: VTT. 
 
Others 
 
Reiman, T., Rollenhagen, C, Kahlbom, U. Oedewald, P. & Wahlström, B. (2008). Conducting 
organisational safety reviews – requirements, methods and experience. NKS-164. Nordic nuclear safety 
research, Roskilde. 
 
Reiman, T. (2008). Työyhteisön sosiaaliset prosessit organisoitumisen mekanismeina. Työelämän 
tutkimuspäivät, 13-14.11.2008, Tampere.  
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Expert Work in Safety Critical Environment (SafeExpertNet):  
 
 
Conference papers  
 
Leppänen A: "Are nuclear industry organizations expansive learning environments from the viewpoint of 
experts?" the Activity 2008 seminar in May. 
 
 
Others 
 
Pahkin K, Leppänen A, Mäki E, Kuronen-Mattila T and Järvenpää E: Asiantuntijatyö 
turvallisuuskriittisessä ympäristössä: SAFEX -hankkeen kyselyn tulosraportti. Three (3) separate, 
unpublished report for the target organisation, 2008. 
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Model-based safety evaluation of automation systems (MODSAFE):  
 
 
Research institute reports  
 
K. Björkman, J. Frits, J. Valkonen, K. Heljanko, I. Niemelä, Model-Based Analysis of a Stepwise 
Shutdown Logic - MODSAFE 2008 Work Report, VTT Working Papers 115, VTT Technical Research 
Centre of Finland, Espoo, Finland, March 2009, 42 p. 
 
Lahtinen, J.,  Model Checking Timed Safety Instrumented Systems. Master's Thesis. Espoo: Teknillinen 
korkeakoulu, 2008. viii, 56 p. (TKK reports in information and computer science 3; TKK-ICS-R3). 
 
Koskimies, M., Applying Model Checking to Analysing Safety Instrumented Systems. Master's Thesis. 
Espoo: Teknillinen korkeakoulu, 2008. ix, 62 p. (TKK reports in information and computer science 5; 
TKK-ICS-R5). 
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Certification facilities for software (CERFAS):  
 
 
Conference papers  
 
Harju, H., Nevalainen, R. & Johansson, M. 2008. Certification of Safety-critical Software in I&C systems 
of Nuclear Power Plants. SPICE 2008 conference, Nürnberg Germany, May  26 – 28, 2008.  
 
Nevalainen, R., Johansson, M. & Harju, H. 2008. Process Certification in Safety-critical domains. 
Proceedings of the Software Process Improvement: 15th European Conference, EuroSPI 2008, Dublin, 
Ireland, September 3-5, 2008.   
 
Research institute reports  
 
Nevalainen, R. & Johansson, M. 2008. Software Process and Product Quality Evaluation in Safety 
Critical Domains. CERFAS State of the Art Report. Tampere University of Technology. Pori. Research 
Report 5.  
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Operator practices and human-system interfaces in computer-based control 
stations (O’PRACTICE):  
 
 
Scientific publications 
 
Laarni, J. & Norros, L. 2008. Operointikäytännöt ja käyttöliittymät digitaalisissa valvomoissa. ATS 
Ydintekniikka, 1/2008, 23-25. 

Norros, L. & Salo, L. 2008. Design of joint systems: a theoretical challenge for cognitive systems 
engineering. Cognition Technology and Work, on-line, p.14. 

Savioja, P. and Norros,L. 2008. Systems usability  - promoting core-task oriented work practices. In: Law, 
E. Thora Hvannberg, E. Cocton, G. & Vanderdonckt, J.: Maturing Usability: Quality in software, Interaction 
and Value. Springer, 123-143. 

 
Conference papers  
 
Laarni, J., Norros, L., Koskinen, H. & Salo, L.: Designing large screen displays for process monitoring and 
control. In Proceedings of EHPG-Meeting, Loen, Norway, May 18-23, 2008. 

Norros, L. Salo, L., Savioja, P. & Laarni, J.: The ecological interface design experiment (2005) – 
Qualitative analysis of operator practices in three interface conditions. In Proceedings of EHPG-Meeting, 
Loen, Norway, May 18-23, 2008. 

Salo, L, & Norros, L.: Design of joint intelligent systems – The design field framework. In Proceedings 
of European Conference on Cognitive Ergonomics (ECCE 2008), September 16-19, Funchal, Portugal, 
2008, p. 75-76,. 

Savioja, P. Norros, L., & Salo, L.: Evaluation of systems usability. In Proceedings of European 
Conference on Cognitive Ergonomics (ECCE 2008), September 16-19, Funchal, Portugal, 2008, p. 110-
117. 

 
Research institute reports  
 
Laarni, J., Koskinen, H. , Salo, L. & Norros, L.: Evaluation of the Loviisa IRD pilot. Working paper. 

Norros, L. & Salo, L.: Operating with procedures in complex process control – Literature review. 
Working paper. 

 
Papers in review  
 
Braseth, A.-O., Nurmilaukas, V. & Laarni, J.: Realizing the Information Rich Design for the Loviisa 
Nuclear Power Plant. In Proceedings of NPIC-HMIT 2009, in press. 

Koskinen, H., Aaltonen, I. & Salo, L. (toim.): Tilannetietoisuutta tukevat näytöt prosessiteollisuuden 
valvomoissa. VTT Tiedotteita – Research Notes, in press. 

Laarni, J., Koskinen, H., Salo, L., Norros, L., Braseth, A.-O. & Nurmilaukas, V.: Evaluation of the 
Fortum IRD display prototype. In Proceedings of NPIC-HMIT 2009, in press. 

Norros, L., Salo, L., Savioja, P. & Laarni, J.: The ecological interface design experiment (2005) – 
Qualitative analysis of operator practices in three interface conditions. Halden Work Report, OECD 
Halden Reactor Project, in press. 

Norros, L. & Savioja, P.: User experience in the systems usability approach. In Proceedings of 
COST294-MAUSE meeting, 2008, in press. 

Norros, L., Savioja, P. & Salo, L.: Approach to integrated system validation of NPP control rooms. In 
Proceedings of NPIC-HMIT 2009, in press. 
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Salo, L. & Norros, L.: The Effect of display type on process control performance – Case EID. In 
Proceedings of NPIC-HMIT 2009, in press. 
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Development and Validation of Fuel Performance Codes (POKEVA):  
 
 
Conference papers  
 
Miettinen, J.,  Stengård,  J-O, Kelppe, S.  Qualification Efforts of Halden IFA-650 LOCA Test Results.  
Enlarged Halden Programme Group Meeting, Loen, Norway, 18.-23.5.2008. 
 
 
Research institute reports  
 
Arffman, A. Polttoainevaurioiden määrän tilastollinen arviointi: yhteenveto ja avoimet kysymykset. 
VTT-R-07569-08, Technical Research Centre of Finland, Espoo 5.2.2009. 15 p. In Finnish. 

Ghan, S. A Comparative Review of the VTT ENIGMA Fission Gas Release and UO2 Thermal 
Conductivity Models. VTT-R-10996-08. Technical Research Centre of Finland, Espoo 19.12.2008. 25 p. 

Stengård, J-O. Hämäläinen, A. Updated FRAPTRAN-GENFLO User's Instructions. VTT-R-00682-09, 
Technical Research Centre of Finland,  Espoo 12.2.2009. 31 p.+App. 11 p. 

Kekkonen, L. Review of Recent Modifications of the ENIGMA Code. VTT-R-00809-09, Technical 
Research Centre of Finland,  Espoo 4.2.2009. 6 p. 

Stengård, J. VTT Modifications of FRAPCON-3 and FRAPTRAN-1.3 Codes. VTT-R-00835-09, 
Technical Research Centre of Finland,  Espoo 5.2.2009. 20p. 

Arffmann, A. Statistical Evaluation of Nuclear Fuel Failure Rate in Accident Conditions: Status Report 
January 2009 . VTT-R-00977-09, Technical Research Centre of Finland,  Espoo 12.2.2009. 
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Tridimensional core transient analysis methods (TRICOT): 
 
Scientific publications 
 
Miettinen, J., Räty, H. & Daavittila, A., The TRAB-SMABRE for 3D Plant Transient and Accident 
Analyses. 2008 International congress on Advances in Nuclear power Plants, ICAPP ´08, in June 8-12, 
Anaheim, Ca, USA 
 
A.Ranta-aho, E. Syrjälahti, E.K. Puska,  K. Honkoila, O. Poittinen. Preliminary Validation of the 
APROS-3D Core Model of the New Loviisa NPP Training Simulator.  NUTHOS-7, 7th International 
Topical Meeting on Nuclear Reactor Thermal Hydraulics, Operation and Safety. Seoul, Korea, 5 - 9 Oct. 
2008. 14 p. (2008)  (funding outside the TRICOT project). 
 
 
Conference papers 
 
Syrjälahti, Elina; Ranta-aho, Anssu; Puska, Eija Karita; Honkoila, Karri; Poittinen, Olli. 2008. Real time 
3D core model of the new Loviisa NPP training simulator. PowerPlantSim’08, Nuclear Simulation Track, 
February 24-28, 2008, Austin, Texas. The Society for Computer Simulation. (funding outside the 
TRICOT project) 
 
J. Rintala: Implementation of the neutronics model of HEXTRAN/HEXBU-3D into APROS for VVER 
calculations. In: Proceedings of the 1th Symposium of the AER on VVER Reactor Physics and Safety.  
Dresden, Germany, September 22-26, 2003. Budapest: Atomic Energy Research (AER), 2008, pp. 445 - 
458, ISBN 978-963-372-638-9. 
 
M. Ilvonen & V. Hovi: The porous medium model PORFLO for 3D two-phase flow and its application to 
BWR fuel bundle simulations. Project Special Report. In: Suolanen, V., & Puska, E. K. (eds.). 
SAFIR2010, The Finnish Research Programme on Nuclear Power Plant Safety 2007-2010, Interim 
Report. VTT Research Notes 2466. Espoo: Technical Research Centre of Finland (VTT), pp. 131-141. 
ISBN 978-951-38-7266-3, ISSN 1235-0605 (soft back ed.).  http://www.vtt.fi/publications/index.jsp. 
 
H. Räty;: Tridimensional core transient analysis (TRICOT). TRICOT Summary Report. In: Suolanen, V., 
& Puska, E. K. (eds.). SAFIR2010, The Finnish Research Programme on Nuclear Power Plant Safety 
2007-2010, Interim Report. VTT Research Notes 2466. Espoo: Technical Research Centre of Finland 
(VTT), pp. 120-130. ISBN 978-951-38-7266-3, ISSN 1235-0605 (soft back ed.). 
http://www.vtt.fi/publications/index.jsp. 
 
 
Research institute reports 
 
A. Hämäläinen & Hanna Räty: Comparison of TRAB-3D-SMABRE versions for PWR in 2008. 
RESEARCH REPORT VTT-R-02411-09, 19 p. 
 
K. Rantamäki: Computational package of nodal reactor physics constants for TRAB-3D. RESEARCH 
REPORT VTT-R-01256-09, 57 p. (in co-operation with TOPAS project) 
 
E. Syrjälahti: Preliminary main steam line break calculations with HEXTRAN/SMABRE utilising the 
sensitivity analysis tool, RESEARCH REPORT VTT-R-05475-08, 9 p. 
 
V. Hovi: Calculations of Boiling Two-Phase Flow Using a Porous Media Model, RESEARCH REPORT 
VTT-R-04858-08, 112 p. MScTech thesis, Lappeenranta University of Technology.  
 
Elina Syrjälahti & Hanna Räty, Updates in HEXTRAN, TRAB-3D and TRAB-1D, RESEARCH 
REPORT VTT-R-00979-08, 7 p. 
 



 11

Total reactor physics analysis system (TOPAS): 
 
Scientific publications 
 
Wasastjerna, F., Using MCNP for fusion neutronics. VTT Publications 699 (2008). (Doctoral thesis) 
 
 
Conference papers 
 
Leppänen, J., On the feasibility of a homogenised multi-group Monte Carlo method in reactor analysis.  
International Conference on the Physics of Reactors “Nuclear Power: A Sustainable resource” 
(PHYSOR2008). September 14 -19, 2008, Interlaken, Switzerland, 8 p. 
 
Juutilainen, P., Simulating the Behaviour of the Fast Reactor JOYO. International Youth Nuclear 
Congress (IYNC 2008). September 20-26, 2008, Interlaken, Switzerland. 
 
Leppänen, J., On the Calculation of Reactor Time Constants Using the Monte Carlo Method. 
International Youth Nuclear Congress (IYNC 2008). September 20-26, 2008, Interlaken, Switzerland. 
 
 
Research institute reports 
 
Leppänen, J., PSG Status Report (March 2008). VTT-R-02580-08, 37 p. 
 
Pusa, M., Herkkyys- ja epävarmuuslaskenta TSUNAMI-ohjelmissa. VTT-R-02260-08. 39 p. 
 
Räty, A., On the One-Dimensional Condensation of Cross-Sections for Transient-Analysis. VTT-R-
06607-08. 32 p. 
 
 
Others 
 
Leppänen, J., PSG2 / Serpent – a Continuous-energy Monte Carlo Reactor Physics 
Burnup Calculation Code, Methodology – User’s Manual – Validation Report, VTT Technical Research 
Centre of Finland, November 24, 2008. 116 p. 
 
Internet home page for the PSG2 / Serpent code at http://montecarlo.vtt.fi/ 
 
 
 

http://montecarlo.vtt.fi/
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Numerical modeling of condensation pool (NUMPOOL): 
 
 
Research institute reports  
 
Pättikangas, T., Niemi, J. & Timperi, T., 2009. Modelling of blowdown of steam in the pressurized 
PPOOLEX facility, VTT Research Report VTT-R-03073-09, VTT Technical Research Centre of Finland, 
Espoo. 
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Improved Thermal Hydraulic Analysis of Nuclear Reactor and Containment 
(THARE):  
 
 
Conference papers  
 
W. Ambrosini, M. Bucci, N. Forgione, F. Oriolo, S. Paci, J-P. Magnaud, E. Studer, E. Reinecke, St. 
Kelm, W. Jahn, J. Travis, H. Wilkening, M. Heitsch, I. Kljenak, M. Babić, M. Houkema, D.C. Visser, L. 
Vyskocil, P. Kostka, R. Huhtanen; Comparison and Analysis of the Condensation Benchmark Results 
The 3rd European Review Meeting on Severe Accident Research (ERMSAR-2008) Nesseber, Bulgaria, 
23-25 September 2008, http://www.sar-net.org/upload/3-2_condensation-paper_final.pdf 
 
 
Research institute reports  
 
Hillberg S. TRACE model of the ROSA/LSTF, VTT-R-00319-09 
 
Inkinen P. OECD/ROSA Test 5-1 Simulation with APROS. VTT-R-00666-09 
 
Kurki J. Validation of APROS’ Upper Tie Plate CCFL Correlation in VVER 440 Geometry, VTT-R-
00730-09 
 
Hillberg S. Loss of Feed Water simulation with a PWR-PACTEL reference plant model. VTT-R-00805-
09 
 
Hänninen M. Simulation of MISTRA containment spray experiments with APROS, VTT-R-00654-09 
 
Lauerma S. OECD/ROSA Test 3-1 Simulation with APROS, VTT-R-03061-09. 
 
 
Others 
 
Hillberg S. OECD ROSA Program Review Group meeting, Garching, Germany, 20.-21.5.2008, travel 
report (In Finnish). 
 
Karppinen I. OECD PKL2 kick-off-meeting, Erlangen, Germany,  4.-5.6.2008, travel report (In Finnish). 
 
Karppinen I. OECD SETH-2 Programme Review Group (PRG) ja Management Board (MB) meetings, 
Paris, France, 17.-18.6.2008,  travel report (In Finnish). 
 
Karppinen I. OECD/NEA/CSNI/GAMA 11th working group meeting, Paris, France, 23.-26.9.2008,  
travel report (In Finnish). 
 
Karppinen I. OECD PKL2 Program Review Group meeting, Budapest, Hungary, 20.-21.10.2008, travel 
report (In Finnish). 
 
Hillberg S.  USNR/CAMP meeting, Rockville, USA, 5.-6.11.2008, travel report (In Finnish). 
 
Karppinen I. OECD ROSA Program Review Group meeting, Paris, France, 5.-6.11.2008 , travel report 
(In Finnish). 
 
 



 14

 
CFD modelling of NPP horizontal and vertical steam generators (SGEN): 
 
 
Research institute reports  
 
Pättikangas, T., Niemi, J. & Hovi, V. 2009. Implementation of a three-dimensional porosity model for a 
horizontal steam generator, VTT Research Report VTT-R-00783-09, Technical Research Centre of 
Finland, Espoo, 32 p. 
 
Hovi, V. 2009. The RPI boiling model, VTT Research Report VTT-R-01138-09, Technical Research 
Centre of Finland, Espoo, 20 p. 
 
Rämä, T. 2009. Simulation of the horizontal VVER-440 steam generator, Research Report FNS-
TERMO-144, Fortum Nuclear Services Ltd, Espoo, 22 p. 
 
Others 
 
Pättikangas, T., Niemi, J., Hovi, V., Rämä, T. & Toppila, T. 2009. CFD modeling of horizontal steam 
generators, in Puska, E.K. (ed.), 2009. SAFIR2010, The Finnish Research Programme on Nuclear Power 
Plant Safety 2007–2010, Interim Report, VTT Research Notes 2466, Technical Research Centre of 
Finland, Espoo, pp. 191–204. 
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Improvement of PACTEL Facility Simulation Environment (PACSIM):  
 
 
Research institute reports  
 
Vihavainen, J., TRACE-model for the PACTEL VVER facility. Research report PACSIM 1.1/2008, LUT 
Energy. Laboratory of Nuclear Engineering, Lappeenranta University of Technology, Lappeenranta.  
 
Vihavainen, J., Calculation of PACTEL pressure losses with TRACE code. Research report PACSIM 
1.2a/2008, LUT Energy. Laboratory of Nuclear Engineering, Lappeenranta University of Technology, 
Lappeenranta. 
 
Vihavainen, J., Calculation of PACTEL heat losses with TRACE code. Research report PACSIM 
1.2b/2008, LUT Energy. Laboratory of Nuclear Engineering, Lappeenranta University of Technology, 
Lappeenranta. 
 
Rantakaulio A., Modelling a vertical steam generator with TRACE for the PWR PACTEL model. 
Research report PACSIM 2.1/2008, LUT Energy. Laboratory of Nuclear Engineering, Lappeenranta 
University of Technology, Lappeenranta. 
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Condensation Experiments with PPOOLEX Facility (CONDEX):  
 
 
Conference papers  
 
Tanskanen, V., Lakehal, D., Puustinen, M., Validation of Direct Contact Condensation CFD Models Against 
Condensation Pool Experiment, Poster paper in XCFD4NRS Workshop and full paper in the proceedings, 12 
p., 9-12 September, Grenoble. 
 
Research institute reports  
 
Puustinen, M., Laine, J., Räsänen, A., PPOOLEX Experiments on Thermal Stratification and Mixing. 
Lappeenranta University of Technology, Nuclear Safety Research Unit, Research Report CONDEX 
1/2008, Lappeenranta, 2008., 22 p. + app. 8 p. 
 
Puustinen, M., Laine, J., Räsänen, A., PPOOLEX Experiments with a Modified Blowdown Pipe. 
Lappeenranta University of Technology, Nuclear Safety Research Unit, Research Report CONDEX 
2/2008. Lappeenranta, 2008., 25 p. + app. 10 p. 
 
Puustinen, M., Laine, J., PPOOLEX Experiments on Wall Condensation. Lappeenranta University of 
Technology, Nuclear Safety Research Unit, Research Report CONDEX 3/2008. Lappeenranta, 2008., 22 
p. + app. 12 p. 
 
Tanskanen, V., Jordan, A., Initialization of CFD Calculations of Steam Discharge Experiments. 
Lappeenranta University of Technology, Nuclear Safety Research Unit, Research Report CONDEX 
4/2008. Lappeenranta, 2008., 31 p. 
 
Others 
 
Tanskanen V., Puustinen M., Laine J., Validation of NURESIM-CFD against POOLEX Condensation 
Pool Experiment, Deliverable D2.1.15.2b, Final Report, European Commission 6th Euratom Framework 
Programme 2005-2008, Integrated Project (IP): NURESIM Nuclear Reactor Simulations, Sub-Project 2:  
Thermal Hydraulics, 24 p. February, 2008. 
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Large Break Loss-of-Coolant Accident Test Rig (LABRIG):  
 
 
Research institute reports  
 
Ylönen A. & Purhonen H., Large Break Blowdown Twst Facility Design, Research Report LABRIG 
1/2008, Lappeenranta University of Technology, Lappeenranta, 2008. 21p. 
 
Others 
 
Ylönen A., Large Break Blowdown Test Facility Study, Master’s thesis. Lappeenranta University of 
Technology, Lappeenranta, 2008. 
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Release of Radioactive Materials from a Degrading Core (RADECO):  
 
 
Research institute reports  
 
Zilliacus, R. & Kekki, T., Formation of organic iodide on painted surface in gas phase, VTT-R-00503-09, 
VTT, Espoo, 2009, 7 p.  
 
Suopajärvi, A., MELCOR calculations of ruthenium release during accidents occurring in oxygen rich 
conditions, VTT-R-00933-09, VTT, Espoo, 2009, 60 p. (Confidential) 
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Primary circuit chemistry of fission products (CHEMPC):  
 
 
Scientific publications 
 
Auvinen, A., Brillant, G., Davidovich, N., Dickson, R., Ducros, G., Dutheillet, Y., Giordano, P., 
Kunstar, M., Kärkelä, T., Mladin, M., Pontillon, Y., Séropian, C., Vér, N. Progress on ruthenium release 
and transport under air ingress conditions, Nuclear Engineering and Design, vol. 238 (12), pp. 3418-
3428, 2008. 
 
Conference papers  
 
Herranz, L. E., Ball, J., Auvinen, A., Bottomley, D., Dehbi, A., Housiadas, C., Piluso, P., Layly, V., 
Parozzi, F., Reeks, M. Progress in understanding key aerosol issues. The Third European Review 
Meeting on Severe Accident Research (ERMSAR 2008), September 23 - 25, 2008. Nesseber, Bulgaria. 
 
Giordano, P., Auvinen, Ari, Brillant, G., Colombani, J., Davidovich, N., Dickson, R., Haste, T., Kärkelä, 
T., Lamy, J. S., Mun, C., Ohai, D., Pontillon, Y., Steinbrück, M., Vér, N. Ruthenium behaviour under air 
ingress conditions: main achievements in the SARNET project. The Third European Review Meeting on 
Severe Accident Research (ERMSAR 2008), September 23 - 25, 2008. Nesseber, Bulgaria. 
 
Lyyränen, J., Kärkelä, T., Auvinen, A., Kåll, L., Järvinen, R., Jokiniemi, J. A computer controlled 
particle sampling system with an adjustable and constant dilution ratio and low sample losses. European 
Aerosol Conference, August 24-29, 2008, Thessaloniki, Greece. 
 
Research institute reports  
 
Kärkelä, T., Holm, J., Auvinen, A., Zilliacus, R., Tapper, U. Experimental study on iodine chemistry 
(EXSI) – Containment experiments with elemental iodine, VTT-R-00717-09, Espoo, 2009, 15 p. 
 
Kärkelä, T., Auvinen, A. Experimental study on iodine chemistry (EXSI) – Facility for primary circuit 
experiments, VTT-R-02791-09, Espoo, 2009, 11 p. 
 
Kärkelä, T., Auvinen, A., Zilliacus, R., Lyyränen, J., Pyykönen, J., Tapper, U., Raunio, T., Kekki, T., 
Kajolinna, T., Kåll, L., Jokiniemi, J. Primary circuit chemistry of fission products (CHEMPC). CHEMPC 
summary report, in Puska, E.K. (ed.), 2009. SAFIR2010, The Finnish Research Programme on Nuclear 
Power Plant Safety 2007 - 2010, Interim Report, VTT Research Notes 2466, VTT, Espoo, pp. 276 – 286. 
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Core Melt Stabilization (COMESTA):  
 
 
Scientific publications 
 
Sevón, T. A Heat Transfer Analysis of the CCI Experiments 1–3. Nuclear Engineering and Design, 
vol. 238 (2008), p. 2377–2386. 
 
Journeau, C., Bonnet, J.M., Boccaccio, E., Piluso, P., Sevón, T., Pankakoski, P.H., Holmström, S., & 
Virta, J. Current European Experiments on 2D Molten Core Concrete Interaction: HECLA and 
VULCANO. Proceedings of ICAPP '08, 2008 International Congress on Advances in Nuclear Power 
Plants, Anaheim, California, USA, 8–12 June 2008, paper 8058. 
 
Journeau, C., Bonnet, J.M., Godin-Jacqmin, L., Piluso, P., Tarabelli, D., Dufour, E., Spindler, B., 
Nicolas, L., Altstadt, E., Atkhen, K., Dutheillet, Y., Lamy, J.S., Bandini, G., Ederli, S., Barrachin, M., 
Cranga, M., Duriez, C., Fichot, F., Repetto, G., Koundy, V., Birchley, J., Bottomley, D., Buck, M., 
Burger, M., Cheynet, B., Dimov, D., Grudev, P., Stefanova, A., Dinh, T.N., Ma, W.M., Sehgal, B.R., 
Drath, T., Hollands, T., Kleinhietpass, I., Koch, M., Duspiva, J., Kiselova, M., Kujal, B., Vokac, P., 
Erdmann, W., Müller, C., Spengler, C., Fischer, M., Schmidt, W., Hellmann, S., Foit, J.J., Miassoedov, 
A., Steinbrück, M., Stuckert, J., Gallego, E., Garcia-Martin, M., Meleg, T., Ohai, D., Matejovic, P., 
Mathew, M., Sdouz, G. & Sevón, T. European Research on the Corium issues within the SARNET 
Network of Excellence. Proceedings of ICAPP '08, 2008 International Congress on Advances in Nuclear 
Power Plants, Anaheim, California, USA, 8–12 June 2008, paper 8047. 
 
Conference papers  
 
Spindler, B., Dufour, E., Dimov, D., Foit, J., Sevón, T., Cranga, M., Atkhen, K., Garcia-Martin, M., 
Schmidt, W. & Spengler, C. Simulation of Corium Concrete Interaction in a 2D Geometry: Recent 
Benchmarking Activities Concerning Experiment and Reactor Cases. The 3rd European Review Meeting 
on Severe Accident Research (ERMSAR-2008), Nessebar, Bulgaria, 23–25 September 2008. 
 
Research institute reports  
 
Sevón, T., Holmström, S., Virta, J., Kinnunen, T., Koskinen, P. & Kekki, T. HECLA-3 Experiment on 
Melt–Concrete Interactions. Research Report VTT-R-04906-08, VTT, Espoo, 2008, 32 p. 
 
Sevón, T., Kinnunen, T., Virta, J., Holmström, S., Koskinen, P. & Kekki, T. HECLA-4 Experiment on 
Melt–Concrete Interactions. Research Report VTT-R-01803-09, VTT, Espoo, 2009, 32 p. 
 
Sevón, T. MCCI Simulations with Empirical Heat Transfer Correlations. 
Research Report VTT-R-09156-08, VTT, Espoo, 2008, 30 p. 
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Hydrogen risk in containments and particle bed issues (HYRICI):  
 
 
Conference papers  
 
Takasuo, E. Modeling of Hydrogen-Air Detonations in the TONUS CFD Code and its Application to the 
FLAME F-19 Test. Proceedings of the 16th International Conference on Nuclear Engineering, ICONE-16, 
May 11-15, 2008, Orlando, Florida, USA. 
 
Wilkening, H., Kljenak, I., Ambrosini, W. , Bentaib, A. , Blumenfeld, L. , Dabbene, F., Malet. J., 
Reinecke, E.-A. , Takasuo, E., Travis, J. European Research on Issues Concerning Hydrogen Behaviour 
in Containment within the SARNET Network of Excellence. Proceedings of ICAPP’08, June 8-12, 
Anaheim, California, USA, 2008. Paper 8091.  
 
Research institute reports  
 
Holmström, S., Kinnunen, T., Pankakoski, P.H., Hosio, E. STYX dry-out heat flux testing with lateral 
coolant inflow. Research Report VTT-R-06910-08, 2008. Espoo, 23 p.  
 
Takasuo, E., Holmström, S., Kinnunen, T., Pankakoski, P.H., Hosio, E., Lindholm, I., Miettinen, J. 2009. 
HYRICI project special report – STYX dry-out heat flux testing with lateral coolant inflow, in Puska, 
E.K. (ed.), 2009. SAFIR2010, The Finnish Research Programme on Nuclear Power Plant Safety 2007 - 
2010, Interim Report, VTT Research Notes 2466. Espoo, Pp. 315 – 325. 
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Risk informed inspections of piping (PURISTA):  
 
 
Conference papers  
 
Simola, K. Eriksson, A. & Huerta, A. OEDC/NEA and JRC RISMET Project: Benchmarking of RI-ISI 
Methodologies. In Proc. of PSAM 9 — International Conference on Probabilistic Safety Assessment & 
Management, 18–23 May 2008, Hong Kong, China, paper 0380, IAPSAM — International Association 
of Probabilistic Safety Assessment and Management, Hong Kong, 2008. 
 
Research institute reports  
 
Cronvall, O., Männistö, I. & Alhainen, J. Development of Risk Informed In-Service Inspection Analysis 
Procedures and Application to Finnish BWR Unit Piping Components. VTT Research Report VTT-R-
00650-09. 48 p. 
  
Leskelä, E. Application of Noise and Attenuation to Assess Flaw Detectability in Ultrasonic Inspection 
Simulation. VTT Research Report VTT-R00658-09. 23 p. 
 
Vepsä, A. Processing of the measured axial strain variation data from pipeline RL61 of Loviisa 1 NPP 
unit. VTT Research Report VTT-R-06203-08. 52 p. 
 
Others 
 
Shepherd, B., Gandossi, L., & Simola, K., Link Between Risk-Informed In-Service Inspection and 
Inspection Qualification, Doosan Babcock report TR-08-071, 27 May 2008. 
 
Simola, K. & Gandossi, L., Mengolini, A., Cueto-Felgueroso, C. & Leijon, A., ENIQ Recommended 
practice 11: Guidance on expert panels in RI-ISI. European Commission, report EUR 22234 EN. 22 p. 
 
Simola, K., RISMET Project: Evaluation of Risk Ranking and Site Selection, and Conclusions of the 
Benchmark Exercise. Abstract in:  CSNI workshop on Risk-informed Piping Integrity Management 
NEA/SEN/SIN/IAGE(2008)6. 
 
Simola, K., Hietanen, O. & Kuusinen, P. Current Status and Experience of Application of RI-ISI in 
Finland. Abstract in:  CSNI workshop on Risk-informed Piping Integrity Management 
NEA/SEN/SIN/IAGE(2008)6. 
 
Simola, K. Activities on Risk-Informed In-Service Inspections in the European Network for Inspection 
Qualification (Abstract + presentation). In: 4th International Workshop on Risk-Base Engineering, 18-20 
November 2008, Tokyo, Japan. Pp. 199-211. 
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Fatigue endurance of critical equipment (FATE):  
 
 
Conference papers  
 
Solin, J., Alhainen, J., Karlsen, W., 2009. Fatigue of primary circuit components (FATE-Safir) – Cyclic 
behaviour and fatigue design criteria for stainless steel. In Puska, E.K. (ed.) SAFIR2010 The Finnish 
Research Programme on Nuclear Power Plant Safety 2007-2010 Interim Report, VTT Research Notes 
2466, Espoo 2009, p. 339-353.  
 
Research institute reports  
 
Karlsen, W., 2008. Deformation microstructures of 316L stainless steel after interrupted low-cycle 
fatigue tests. VTT Research Report VTT-R-07909-08, Espoo 2008, 16 p.  
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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, 378(2008)45-
54. 
 
Bojinov, M., Gaonkar, K., Ghosh, S., Kain, V. Kumar, K. and Saario, T., Characterisation of the oxide 
layer on carbon steel during hot conditioning of primary heat transport systems in heavy-water reactors, 
Corrosion Science Journal, (in press). 
 
Research institute reports  
 
Saario, T. and Kinnunen, P., Sensitivity studies of the CDE-technique – effect of fluoride impurity on 
oxide growth on fuel cladding material E110 in WWER water, VTT Research Reports, VTT-R-00294-
09. 
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Monitoring of the structural integrity of reactor circuit (RAKEMON):  
 
 
Research institute reports  
 
Sarkimo, M., Simulation of ultrasonic inspections on the test block YP 001, VTT-R-00634-09, VTT 
Research Report, VTT, Espoo, 2009, 19 p. 
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Fracture assessment for reactor circuit (FRAS):  
 
 
Scientific publications 
 
Ulbricht, A., Bergner, F., Böhmert, J., Valo, M., Mathon, M.-H., and Heinemann, A. SANS response of 
VVER440-type weld material after neutron irradiation, post-irradiation annealing and reirradiation. 
Philosophical Magazine (2007) Vol. 87, No. 12, 1855–1870 
 
Conference papers  
 
Valo, M. & Bulsari, A. Free form nonlinear modeling of VVER-440 surveillance data. Proc.Conf. 
IGRDM14: 2008. International Group for Radiation Damage Me-chnanisms in Pressure Vessel Steels. 
Pitsburgh, Pennsylvania, April 20-25, 2008. IGRDM.  
   
Research institute reports  
 
Calonius, K. Preliminary numerical Studies on Dynamic Behaviour of Pipelines. VTT Research Report 
No VTT-R-01637-08, Espoo 2008. 
 
Cronvall, O. Practical inclusion and behaviour of welding residual stresses in structural integrity analyses 
of NPP primary circuit components. VTT Research Report No VTT-R-00962-09. Espoo 2009. 
 
Elers, L. The validity of fracture resistance curve characterization methods for extended ductile crack 
growth. VTT Research Report No VTT-R-10197-08. Espoo 2008 
 
Keinänen, H. Engineering tools for fracture assessment and development of sub-modelling technique. 
VTT Research Report No VTT-R-04305-08. Espoo 2008. 
 
Keinänen, H., Kaunisto, K., Kuutti, J. Application of Zencrack code for crack initiation and growth cases. 
VTT Research Report NoVTT-R-00513-09 
 
Valo, M. Nonlinear analyses of VVER-440 surveillance data. VTT Research Report No VTT-R-03047-08. 
Espoo 2009. 
 
Timperi, A. Large-eddy simulations of mixing layers. VTT Research Report No VTT-R-00363-09. Espoo 
2009. 
 
Others 
 
Elers, L. The validity of fracture resistance curve characterization methods for extended ductile crack 
growth. Helsinki University of Technology, Master’s Thesis, 12 May 2008. 83 p 
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Influence of material, environment and strain rate on environmentally assisted 
cracking of austenitic nuclear materials (DEF SPEED):  
 
Scientific publications 
 
Karlsen, W., Ivanchenko, M., Ehrnstén, U. Yagodzinskyy, Y., Hänninen, H.  Microstructural 
Manifestation of Dynamic Strain Ageing in AISI 316 Stainless Steel. Submitted for Journal of Nuclear 
Materials for publication. 

Saukkonen, T., Ehrnstén, U., Hanninen, H. Microstructure and Plastic Strain Distribution of an AISI 304 
Stainless Steel Power Plant Pipe Weld Studied by EBSD. Submitted for Journal of Microscopy for 
publication. 

Ivanchenko, M., Yagodzinskyy, Y., Hanninen, H.: Effect of Plastic Deformation on Anelastic 
Mechanical Losses in Multicomponent Substitutional Austenitic Alloys, Materials Science and 
Engineering A, 442, 2006, p 458-461. 
 
 
Conference papers  
 
Saukkonen, T., Ehrnstén, U., Hänninen, H. Microstructure and Plastic Strain Distibution in an AISI 304 
Stainless Steel Power Plant Pipe Weld Studied by EBSD. Royal Microscopical Society, 15th Electron 
Backscatter Diffraction Meeting, 31 March-1 April 2008, University of Sheffield, England.  
 
Ivanchenko, M., Yagodzinskyy, Y., Hänninen, H. Effect of DSA on Interstitial Redistribution in AISI 
316NG steel and Inconel 600 Alloy. Proceedings of Third Nordic Symposium for Young Scientists in 
Metallurgy, TKK, Espoo, Finland, May 14-15, 2008. HUT, Faculty of Chemistry and Material Science, 
Department of Material Science and Engineering, Multiprint Oy, Espoo, 2008. pp. 68 - 71. 
 
Karlsen, W., Toivonen, A., Ehrnstén, U.  Post-irradiation microstructure and mechanical behaviour of a 
highly-irradiated core internal component material. Full paper and presentation at the Enlarged Halden 
Programme Group Meeting, Loen, Norway, 19-22.5.2008. 
 
 
Research institute reports  
 
Karlsen, W. Characterisation of LWR-irradiated Stainless Steel internal components by FEG-STEM. 
Research Report VTT-R-07773-07, 10.10.2008. 
 
Ahonen, M. Ympäristön ja muodonmuutosnopeuden vaikutus austeniittisten materiaalien 
murtumisvastuskäyttäytymsieen. Tutkimusraportti VTT-R-06172-08, 15.10.2008. 
 
Others 
 
Saukkonen, T, Virkkunen, I, Ehrnstén, U., Hänninen, H., Residual Strains and Stresses in Austenitic 
Stainless Steel and Dissimilar Metal Joints. ICG-EAC 2008, April 20 – 25, Båstad, Sweden 2008. 

Ehrnstén, U., Hänninen, H., Saukkonen, T. Investigations on EAC using Super Slow Strain Testing in 
simulated LWR conditions. Presentation at the Workshop on detection, avoidance, mechanisms, 
modelling and prediction of SCC initiation in water-cooled nuclear reactor plants. Beaune, France, 
September 7-12, 2008. 
 
Karlsen, W., Ehrnstén, U., TEM characterisation of irradiated austenitic stainless steel. Presentation at 
IASCC Review meeting in Halden, 5-6.11.2008.  
 



 28

Hänninen, H., Ehrnstén, U., Saukkonen, T. Deformation localization in materials having non-
homogeneous microstructures. Proactive Aging Management Group Meeting. Tohoku-Hokkaido research 
cluster of NISA project. October 29 – 31, 2008. Tohoku University, Japan. 
 
Ahonen, M., Ehrnstén, U., Brederholm, A., Hänninen, H. J-R testing of Alloy 182 and 52 Weld 
Metals in Low-temperature Hydrogenated PWR Primary Water. Presentation at MRP Expert Panel 
Meeting on LTCP, Los Angeles, California, November 14, 2008 
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Service Life Management System of Concrete Structures in Nuclear Power Plants 
(SERVICEMAN): 
 
 
Conference papers  
 
Vesikari, E. & Landolfo, R., 2008. Durability and Service Life Prediction Methodologies. COST C 25. 
Sustainability of Constructions. Integrated approach to Lifetime Structural Engineering. Proc Int 
Seminar. Dresden 6-7 Oct. 2008. 8 p.   
 
Landolfo, R. & Vesikari, E., 2008. State-of-the-art report on Service Life Design Methods. COST C 25. 
Sustainability of Constructions. Integrated approach to Lifetime Structural Engineering. Proc Int 
Seminar. Dresden 6-7 Oct. 2008. 11 p.  
  
Vesikari, E., 2008. Life Cycle management Tools using LIFECON Procedures and Calculation Methods. 
COST C 25. Sustainability of Constructions. Integrated approach to Lifetime Structural Engineering. 
Proc Int Seminar. Dresden 6-7 Oct. 2008. 10 p. 
 
Kuosa, H., Vesikari, E., Holt, E. & Leivo, M., 2008. Field and Laboratory Testing and Service Life 
Modelling in Finland. Nordic Miniseminar on Nordic Exposure Sites, 12 – 14 Nov. 2008. 18 p. 
   
Research institute reports  
 
Vesikari E., 2009. Service Life Management System SERVICEMAN. Part I User manual & Part II 
Calculation principles. The Finnish Programme on Nuclear Power Plant Safety 2007 – 2010. Research 
Report VTT-R-11305-08. 45 p. 

Vesikari E. & Rissanen T., 2009. Risk Assessment Methods with Special Reference to Aging Effects in 
Containment Buildings of Nuclear Power Plants. The Finnish Programme on Nuclear Power Plant Safety 
2007 – 2010. Research Report. VTT-R-10610-08. 51 p. 

Others  
 
Turunen, E. & Iivonen, P., 2009. Serviceability limit state and crack width analysis of concrete structures 
according to Eurocode 2. The Finnish Programme on Nuclear Power Plant Safety 2007 – 2010. Research 
Report. 31 p. 
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Structures under soft impact (SUSI):  
 
 
Research institute reports  
 
Calonius, K., Hakola, I., Kuutti, J., Martikainen, H., Saarenheimo, A. and Tuomala, M. IMPACT Tests: 
Test Facilities and Application Methods, Part 2. Research Report VTT-R-01028-09. 107 p. 
 
Numerical Studies on Reinforced Concrete walls Subjected to Impact Loads. Saarenheimo, A. and 
Tuomala, M. Research Report VTT-R-01922-08. 116 p. 
 
Silde, A. and Kankkunen, A. Experimental Results of Liquid Dispersal in IMPACT Tests no. 641, 644, 
645, 646, 650, 652, 653, 674, 688, 689, 695 and 696. Research Report VTT-R-1830-09. 
 
Calonius, K., Hakola, I., Hostikka, S., Kuutti, J., Lastunen, A., Martikainen, H., Saarenheimo, A., Silde, 
A. and Tuomala, M. IMPACT and SUSI summary report, in Puska, E.K. (ed.), 2009. SAFIR, The Finnish 
Research Programme on Nuclear Power Plant Safety 2007 - 2010, Interim Report, VTT Research Notes 
2466. VTT Processes, Espoo, Pp. 446-473. 
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CHAllenges in Risk-Informed Safety MAnagement (CHARISMA):  
 
 
Scientific publications 
 
Holmberg, J.-E., Männistö I., Risk-informed classification of systems, structures and components, 
Rakenteiden Mekaniikka (Journal of Structural Mechanics), Vol. 41, No 2, 2008, 90–98. 
 
Conference papers  
 
Bladh, K., Holmberg, J.-E., Pyy, P., An Evaluation of the Enhanced Bayesian THERP Method Using 
Simulator Data, In Martorell et al. (eds.): Proc. of ESREL 2008, Valencia, Spain, 22-25 September 2008, 
Taylor & Francis Group, London, 2008, pp. 227–232. 
 
Bäckström, O., Häggström, A., Simola, K., Interpretation and Risk Evaluation of Technical Specification 
Conditions. In Proc. of PSAM 9 — International Conference on Probabilistic Safety Assessment & 
Management, 18–23 May 2008, Hong Kong, China, paper 0308, IAPSAM — International Association 
of Probabilistic Safety Assessment and Management, Hong Kong, 2008. 
 
Bäckström, O., Häggström, A., Simola, K., Interpretation and Risk Evaluation of Technical Specification 
Conditions. In Proc. of Castle Meeting 2008, Haikko Manor, 10–11 June 2008, paper TU5_2, Fortum 
Nuclear Services, Espoo, 2008. 
 
Holmberg, J.-E., Bladh, K., Oxstrand, J., Pekka P., The Application of the Enhanced Bayesian THERP in 
the HRA Methods Empirical Study Using Simulator Data. In Proc. of PSAM 9 — International 
Conference on Probabilistic Safety Assessment & Management, 18–23 May 2008, Hong Kong, China, 
paper 0180, IAPSAM — International Association of Probabilistic Safety Assessment and Management, 
Hong Kong, 2008. 
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Holmberg, J.-E., Sandberg, J., Simola, K., Matkakertomus OECD/NEA/CSNI/WGRISKin 
vuosikokouksesta ja alatyöryhmien kokouksista Pariisissa 3–7.3.2008, VTT-R-03390-08, Espoo, 
28.4.2008. 
 
Holmberg, J.-E., Matkakertomus OECD/NEA/WGRISKin teknisestä kokouksesta koskien digitaalisen 
I&C luotettavuusanalyysiä Pariisissa 21–24.10.2008, VTT-R-10365-08, Espoo, 28.11.2008. 
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Research institute reports  
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Others 
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OECD/Nuclear Energy Agency 

Committee on Nuclear Regulatory Activities (CNRA), J. Laaksonen STUK , 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 
* Working Group on Fuel Safety (WGFS),  R. Sairanen, STUK, S. Kelppe, VTT 
* 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, TEM, 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 

* Expert Group on Structural Materials for Innovative Nuclear Systems (SMINS), L. Heikinheimo, VTT  

Information System on Occupational Exposure (ISOE), V. Riihiluoma, STUK, K. Alm-Lytz, STUK 
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NEA Projects 

CABRI Water Loop Project 2000–2010. Umbrella Agreement with OECD, bilateral Agreement with 
IRSN; 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, I. Karppinen, 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  

MCCI-2 Project on Severe Accidents (ex-vessel), Management Board, Programme Review Group, T. Sevón, 
VTT 

SERENA-2 Project on Steam Explosions, Management Board, R. Sairanen, STUK, Programme Review 
Group, I. Lindholm, VTT 

THAI Project on Thermal-hydraulics, Hydrogen, Aerosols, Iodine, E. Takasuo, VTT, R. Sairanen, STUK 

BIP Project on Behaviour of Iodine, T. Kekki, VTT, R. Sairanen, STUK 

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  

* Project Review Group, J. Marttila, STUK, M. Lehto, STUK, J. Pesonen, TVO, Tunturivuori, TVO, K. 
Jänkälä Fortum Nuclear Services, Siren, Fortum Nuclear Services 
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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). 

Senior regulators’ Working Group, J. Laaksonen, STUK 
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International Atomic Energy Agency 

Nuclear Safety Standards Committee, L. Reiman, STUK 

International Nuclear Event Scale (INES), K. Tossavainen, STUK 

Incident Reporting System (IRS), T. Eurasto, STUK 

Incident Reporting System for Research Reactors (IRSRR), K. Alm-Lytz, STUK 

Technical Working Group on NPPInstrumentation and Control (TWG-NPPI&C), J. Valkonen, 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 “Advanced, Surveillance, Diagnostics, and Prosnostics 
Techniques Used for Health Monitoring of Systems, Structures, and Components in Nuclear Power 
Plants”, A. Koskinen, VTT 

* CRP Coordinated Research Programme “Scientific Basis and Engineering Solutions for Cost-
effective Assessments of Software Based I&C Systems”, H. Harju, VTT 

* CRP FUMEX II; Coordinated Research Programme on “Improvement of models used for fuel 
behaviour simulation”, S. Kelppe VTT 

* International Working Group on Water Reactor Performance and Technology (IWGFPT), 
R. Teräsvirta, Fortum 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  
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Nuclear Fission Safety in the Sixth Framework Programme 

Consultative Committee Euratom-Fission (CCE-Fission), J. Aurela and A. Väätäinen, TEM 

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). 
 SARNET, A. Auvinen, VTT 

* EC Collaboration with International Science and Technology Center (ISTC) project Ex-vessel 
Source Term Analysis (EVAN. 

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  
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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, TEM, 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 

Probabilistic safety assessment and management (PSAM) conferences 

* Organising committee, R. Virolainen, STUK 

International Group for Radiation Damage Mechanisms in Pressure Vessel Steels (IGRDM), K. Wallin 
and M. Valo, VTT, J. Kohopää, Fortum Nuclear Services 

International  Co-operative group for environmentally assisted cracking (ICG-EAC), U. Ehrnstén 

ASTM E-10, M. Valo, VTT 

* committee E-10 on Nuclear Technology and Applications 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 

ASME, R. Rintamaa, VTT 
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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 (IRSN), Cadarache, France 

* Design and testing of ruthenium measuring instrumentation, A. Auvinen, J. Jokiniemi, U. Backman, VTT 
* Behaviour of highly irradiated fuels in case of reactivity accident and the SCANAIR computer code, S. 

Kelppe, VTT; 
* 2008: Application of SCANAIR v_6_6  and Validation of Selected Models   

Source term separate effect test program (IRSN, CEA, EDF), A. Auvinen VTT 
* International source term scientific analysis working group (SAWG). 
* International source term chemistry interpretation circle (CHEMIC). 
 

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),T. Sevón , 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) 

* 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 

Commissariat à l'Énergie Atomique (CEA), Saclay, France 
 
*Co-operation in the use and validation of the TONUS code, E. Takasuo, VTT 

 
Stuttgart University/IKE, Germany 
 
*Application of the WABE/MEWA code to particle bed coolability, E. Takasuo, VTT 
 

Swedish Nuclear Power Inspectorate (SKI), Sydkraft, OKG and Vattenfall Ab, Sweden 

* SKI Forskningnämnd, U. Ehrnstén, VTT 
* SSM Reaktorsäkerhetsnämd, L. Reiman, STUK, K. Wallin, VTT 

Strålsäkerhetsmyndigheten (SSM), Sweden 

* SSM-VTT collaboration on FRAPCON and FRAPTRAN code validation and development,  S. 
Kelppe, VTT 
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University of Illinois, USA 

* Computational fracture mechanics, assessment of damage, K. Wallin, 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 

London City University / Adelard LLP, J. Valkonen, 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 
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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 

ISO/IEC JTC1 SC7 (Software and Systems Engineering)/Working Group 10 (Process Assessment), R. 
Nevalainen, TTY 
 

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 

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  

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 

EPRI Alloys 690/52/152 Expert Panel, U. Ehrnstén, VTT, H. Hänninen, HUT 
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Tridimensional core transient analysis method (TRICOT) 
Master of Science in Technology: 

Hovi, Ville. Calculations of Boiling Two-Phase Flow Using a Porous Media Model. 
Lappeenranta University of Technology, Master’s Thesis, 14 May 2008.  112 p. (VTT 
Research Report VTT-R-04858-08). 

Total reactor physics analysis system (TOPAS) 

Doctor of Technology: 

Wasastjerna, F. Using MCNP for fusion neutronics. Espoo: Technical Research Centre 
of Finland, 2008. 68 p. + app. 136 p. (VTT Publications 699. ISBN 978-951-38-7129-1; 
ISSN 1235-0621). (Helsinki University of Technology – Department of Engineering 
Physics) 

Large Break Loss-of-Coolant Accident Test Rig (LABRIG) 

Master of Science in Technology: 

Ylönen A., Large Break Blowdown Test Facility Study, Lappeenranta University of 
Technology, Master’s Thesis, 26 March 2008. 60 p. 

 

Fracture assessment for reactor circuit (FRAS) 

Master of Science in Technology: 

Elers, L. The validity of fracture resistance curve characterization methods for extended 
ductile crack growth. Helsinki University of Technology, Master’s Thesis, 12 May 
2008. 83 p. (VTT Research Report VTT-R-10197-08). 
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Influence of material, environment and strain rate on environmentally assisted 
cracking of austenitic nuclear materials (DEFSPEED) 

Master of Science in Technology: 

Ahonen, M. Ympäristön ja mudonmuutosnopeuden vaikutus austeniittisten materiaalien 
murtumisvastuskäyttäytymiseen. Teknillinen Korkeakoulu, Diplomityö. 18.4.2008. 80 
s. (VTT  Tutkimusraportti VTT-R-06172-08). 

CHAllenges in Risk-Informed Safety MAnagement (CHARISMA) 

Master of Science in Technology: 

Suopajärvi, A. Modeling of Phenomenological Uncertainties in Level 2 Probabilistic 
Safety Assessment of a Nuclear Power Plant, Helsinki University of Technology, 
Master’s Thesis, 19.5.2008. (VTT-R-03384-08, May 2008) 

Implementation of Quantitative Fire Risk Assessment in PSA (FIRAS) 

Doctor of Technology: 

Hostikka, S. Development of fire simulation models for radiative heat transfer and 
probabilistic risk assessment. Espoo: Technical Research Centre of Finland, 2008. 103 
p. + app. 82 p. (VTT Publications 684. ISBN 978-951-38-7099-7; 978-951-38-7100-0). 
(Helsinki University of Technology, Institute of Mathematics) 

Master of Science in Technology: 

Matala, A. Estimation of solid phase reaction parameters for fire simulation. Helsinki 
University of Technology, Master’s Thesis, 26 June 2008. 107 p. (VTT Research Report 
VTT-R-05864-08). 
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Extreme weather and nuclear power plants (EXWE) 

Master of Science in Meteorology: 

Karoliina Ljungberg, Estimation of temperature extremes in Finland using a one 
dimensional atmospheric model (in Finnish, Suomessa esiintyvien lämpötilan 
ääriarvojen mallintaminen yksidimensioisilla ilmakehämalleilla). Master’s Thesis, 
University of Helsinki, Division of Atmospheric Sciences. 
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International travels in MANOR project in 2008 

Reiman, T. & Oedewald, P. Third Resilience Engineering Symposium, Juan-Les-Pins, 
October 28-30, 2008, France. 
 
Reiman, T. IAEA consultancy meeting on the Development of Leading Indicators for 
Effective Management Systems and Safety Culture in a Nuclear Power Plant 
Organization. 4.-8.2.2008, Vienna, Austria.   
 
Reiman, T. NEA workshop on “justifying the suitability of nuclear licensee 
organisational structures, resources and competencies - methods, approaches & good 
practices”. 8-10.9.2008, Uppsala, Sweden. 
 
Reiman, T. & Oedewald, P. HUSC core group meeting, April 2008, SKB, Stockholm, 
Sweden.  
 
Haavisto, M-L. HUSC core group meeting, October 27-29, Barsebäck, Sweden. 
 
Reiman, T., Haavisto, M-L., Oedewald, P. HUSC safety culture symposium. December 
4th 2008, Arlanda, Sweden. 
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International travels in MODSAFE project in 2008 

 
J. Valkonen, K. Björkman, J.J. Hämäläinen, J. Frits, K. Heljanko, I. Niemelä, Project 
meeting with Adelard LLP at London City University. October 1-2, 2008.  
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International travels in CERFAS project in 2008 

 
Nevalainen, Risto, SPICE2009 conference 26 – 28.5.2008, Erlangen, Germany.  
 
Johansson, Mika, EuroSPI2009 conference 3 – 5.9.2008, Dublin, Ireland. 
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International travels in O’PRACTICE project in 2008 

 
Laarni, J., The Enlarged Halden Programme Group meeting, Loen, Norway, May 18-23, 
2008.  
 
Norros, L., The Enlarged Halden Programme Group meeting, Loen, Norway, May 18-
23, 2008. 
 
Norros, L., NEA/WGHOF (Working Group on Human and Organisational Factors) 
meeting, Paris, France, May, 2008. 

Norros, L., NEA/WGHOF (Working Group on Human and Organisational Factors) 
meeting, Uppsala, Sweden, September, 2008. 

Norros, L., European Conference on Cognitive Ergonomics (ECCE 2008), Funchal, 
Portugal, September 16-19, 2008. 
 
Salo, L., European Conference on Cognitive Ergonomics (ECCE 2008), Funchal, 
Portugal, September 16-19, 2008. 
 
Savioja, P., European Conference on Cognitive Ergonomics (ECCE 2008), Funchal, 
Portugal, September 16-19, 2008. 
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International travel in the POKEVA project in 2008 

 
Kekkonen, L., Kelppe, S.  Stengård, J-O. Enlarged Halden Programme Group Meeting, 
Loen Norway, 18.-23.5.2008.  
 
Kelppe, S. OECD/CSNI Working Group on Fuel Safety Plenary Meeting and LOCA 
Benchmark Seminar. Böttstein Germany 10.-12.9.2008. 
 
Vanttola, T. OECD Halden Project Programme Group Meeting. Stockholm Sweden, 
14.-15.10.2008. 
 
Kelppe, S. Water Reactor Fuel Performance Meeting WRFPM 2008. Seoul Korea, 16.- 
24.10.2008. 
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International travels in TRICOT project in 2008 

 
Miettinen J.,  OECD NEA BFBT benchmark Workshop, March 31 – April 1, Garching, 
Germany 
 
Syrjälahti E.,  AER Working group D, March 31 – April 1, Garching, Germany 
 
Syrjälahti E.,  OECD/NEA Benchmark for Uncertainty Analysis in Best-Estimate 
Modelling (UAM)  – Second workshopApril 2-4, Garching, Germany 
 
Miettinen, J., 2008 International Congress on Advances in Nuclear Power 
Plants (ICAPP '08),  
Embedded International Topical Meeting at the 2008 ANS Annual Meeting, June 8-12, 
2008  •  Anaheim, California, USA. 
 
Rintala, J. 18th Symposium of AER on VVER Reactor Physics and Reactor Safety, 
October 6-10, 2008, Eger, Hotel Eger Park, Hungary. 
 
Seppälä, M. Seminar and Training on Scaling, UNcertainty and 3D COuPled 
Calculations in Nuclear Technology, 3D S.UN.COP 2008, 13.-24.10.2008, Petten & 
Alkmaar, The Netherlands. 
 
E.K. Puska, NUTHOS-7, 7th International Topical Meeting on Nuclear Reactor 
Thermal Hydraulics, Operation and Safety. Seoul, Korea, 5 - 9 Oct. 2008. 
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International travels in TOPAS project in 2008 

 
Leppänen, J., Workshop on Advanced Reactors with Innovative Fuels. February 20–22, 
2008, Fukui, Japan. 
 
Pusa, M., Sensitivity and Uncertainty Analysis Training Course using SCALE TSUNAMI. 
February 25–29, 2008, Paris, France. 
 
Leppänen, J., International Nuclear Codes Workshop/MCNEG – 2008. March 3–6, 2008, 
Sellafield Ltd, Risley, Cheshire, UK. 
 
Pusa, M., Second Workshop for the OECD Uncertainty Analysis in Modelling Light 
Water Reactor Benchmark (UAM-2). April 2–4, 2008, Garching, Germany. 
 
Ranta-aho, A., 13th Meeting of AER Working Group E. April 2–4, 2008, Prague, Czech 
Republic. 
 
Ranta-aho, A, MCNP/MCNPX Intermediate Workshop. May 12–16, 2008,  Lisbon, 
Portugal. 
 
Anttila, M., OECD NEA meeting. June 24, 2008, Paris, France. 
 
Rantamäki, K., Frédéric Joliot & Otto Hahn Summer School on Nuclear Reactors –  
Physics, Fuels and Systems. August 20–29, 2008, Aix-en-Provence, France. 
 
Leppänen, J., International Conference on the Physics of Reactors (PHYSOR’08). 
September 14–19, 2008, Interlaken, Switzerland. 
 
Leppänen, J., International Youth Nuclear Congress (IYNC 2008). September 20–26, 
2008, Interlaken, Switzerland. 
 
Pusa, M., 2008 international school in nuclear engineering, Experimental validation and 
calibration of numerical simulation models. September 29 – October 3, Paris, France.  
 
Pusa, M., First meeting of the Expert Group on Uncertainty Analyses for Criticalify Safety 
Assessment (UACSA). December 4–5, 2008, Paris, France. 
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International travels in NUMPOOL project in 2008 

 
Timperi, A., 16th International Conference on Nuclear Engineering, ICONE16, May 11–
15, 2008, Orlando, Florida, USA. 
 
Pättikangas, T., Northnet Roadmap 3 Reference Group Meeting, Älvkarleby, Sweden, 
June 2, 2008. 
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International travels in THARE project in 2008 

 
Junninen P. OECD PSB-VVER Program Review Group meeting, 27.1.2008, Paris, France 
 
Karppinen I. Northnet Steering Committee meeting, 1.2.2008, Stockholm, Sweden. 
 
Pättikangas T. Northnet Roadmap3 meeting, 7.2.2008, Stockholm, Sweden 
 
Hillberg S. OECD ROSA Program Review Group meeting, 20.-21.5.2008, Garching, 
Germany. 
 
Inkinen P. OECD ROSA Program Review Group meeting, 20.-21.5.2008, Garching, 
Germany. 
 
Karppinen I. Northnet Roadmap3 meeting, 2.6.2008, Älvkarleby, Sweden. 
 
Karppinen I. OECD PKL2 kick-off-meeting, 4.-5.6.2008, Erlangen, Germany. 
 
Karppinen I. OECD SETH-2 Programme Review Group (PRG) ja Management Board 
(MB) meetings, 17.-18.6.2008, Paris, France. 
 
Karppinen I. OECD/NEA/CSNI/GAMA 11th working group meeting, 23.-26.9.2008, 
Paris, France. 
 
Karppinen I. OECD PKL2 Program Review Group meeting, 20.-21.10.2008, Budapest, 
Hungary. 
 
Hillberg S.  USNR/CAMP meeting, 5.-6.11.2008, Rockville, USA. 
 
Karppinen I. OECD ROSA Program Review Group meeting, 5.-6.11.2008, Paris, France. 
 
Karppinen I. OECD SETH-2 Programme Review Group meeting, 20.-21.11.2008, 
Villigen, Switzerland. 
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International travels in CONDEX project in 2008 

 
Puustinen, M., Purhonen, H., Tanskanen, V., Pättikangas, T., NORTHNET Roadmap 3 
Meeting. June 2, 2008, Älvkarleby, Sweden. 
 
Tanskanen, V., XCFD4NRS workshop. September 9-12, 2008, Grenoble, France. 
 
Tanskanen, V., Training Session on TransAT code. October 22, 2008, Zurich, Switzerland. 
 
Tanskanen, V., NURESIM Seminar and SP2 meeting. November 24-28, 2008, Madrid, 
Spain. 
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International travels in RADECO project in 2008 

 
Kekki, T., OECD/BIP Programme Review Group 2nd Meeting, May 26-27, 2008, Paris, 
France. 
 
Kekki, T., OECD/BIP Programme Review Group 3rd Meeting, November 24-25, 2008, 
Paris, France. 
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International travels in CHEMPC project in 2008 

 
Auvinen A., ARTIST conclusion meeting, 20-26.1.2008, Villingen, Switzerland. 
 
Auvinen A., ISTC EVAN project final meeting, 3-4.3.2008, Budapest, Hungary. 
 
Auvinen A., Phebus FP, ISTP and SARNET follow-up meetings, 1-4.4.2008, Bergen, 
Netherlands. 
 
Auvinen A., Phebus FP and ISTP follow-up meetings, 14-20.10.2008, Aix-en-Provence, 
France. 
 
Kärkelä, T., Researcher mobility at IRSN / Cadarache Centre, 23.11 – 06.12.2008, 
Cadarache, France 
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International travels in COMESTA project in 2008 

 
Lindholm, I., OECD SERENA-2 Program Review Group and Management Board 
meetings. January 15–16, 2008, Paris, France. 
 
Sevón, T., OECD MCCI-2 Program Review Group and Management Board meetings.  
April 14–17, 2008, Argonne, Illinois. 
 
Sevón, T., CSARP (Cooperative Severe Accident Research Program) & MCAP 
(MELCOR Cooperative Assessment Program) meetings. September 15–20, 2008, 
Bethesda, Maryland. 
 
Lindholm, I., OECD SERENA-2 Program Review Group and Management Board 
meetings. October 14–16, 2008, Daejeon, Korea. 
 
Sevón, T., OECD MCCI-2 Program Review Group and Management Board meetings. 
November 11–14, 2008, Paris, France. 
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International travels in HYRICI project in 2008 

 
Takasuo, E. 16th International Conference on Nuclear Engineering. May 11-15, 2008, 
Orlando, Florida, USA. 
 
Takasuo, E. 3rd Meeting of the Programme Review Group and Management Board of the 
OECD THAI project. May 28-30, 2008, Eschborn, Germany. 
 
Takasuo, E. 4th Meeting of the Programme Review Group and Management Board of the 
OECD THAI project. November 26-28, 2008, NEA, Issy-les-Moulineaux, France. 
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International travels in PURISTA project in 2008 

 
Vepsä, A. The 26th International Modal Analysis Conference, IMAC. February 4-7, 2008, 
Orlando, USA. 
 
Simola, K., RISMET project meeting. February 20–21, 2008, Petten, the Netherlands. 
 
Simola, K., IAEA Consultancy for developing an IAEA-TECDOC on Guidance for RI-ISI 
of NPPs. March 10–12, 2008, Vienna, Austria. 
 
Simola, K., ENIQ Task Group on Risk meeting. April 17–18, 2008, Derby, the United 
Kingdom. 
 
Simola, K. The 9th International Probabilistic Safety Assessment and Management 
Conference, PSAM 9. May 18–23, 2008, Hong Kong, China. 
 
Simola, K., CSNI Workshop on Risk-informed Piping Integrity management. June 2–4, 
2008, Madrid, Spain. 
 
Simola, K., ENIQ Steering Committee meeting. June 11–12, 2008, Petten, the 
Netherlands. 
 
Simola, K., IAEA Consultancy for developing an IAEA-TECDOC on Guidance for RI-ISI 
of NPPs. September 23–25, 2008, Vienna, Austria. 
 
Männistö, I. & Simola, K., ENIQ Task Group on Risk meeting. September 29, 2008, 
Gothenburg, Sweden. 
 
Simola, K., 4th International Workshop on Risk Based Engineering. November 18–20, 
2008, Tokyo, Japan. 
 
Simola, K., ENIQ Steering Committee meeting. December 10–11, 2008, Budapest, 
Hungary. 
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International travels in WATCHEM project in 2008 

 
Saario, T., visiting scientist period at Bhabha Atomic Research Centre (BARC), India, 
1.1.-31.3.2008.  Development of in situ techniques for monitoring of passivation of 
primary circuit surfaces during Hot Functional Testing period of a new nuclear plant. 
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International travels in RAKEMON project in 2008 

Kauppinen, P., The 5th International Conference "Safety Assurance of NPP with 
WWER". May 29 - June 1, 2008, Sankt Peterburg, Russia. 
 
Koskinen, A., Coordinated Research Programme (CRP) meeting on Advanced, 
Surveillance, Diagnostics and Prognostics Techniques Used for Health Monitoring of 
Systems, Structures and Components in Nuclear Power Plants, May 27-30, 2008, 
Vienna, Austria. 
 
Koskinen, A., Visiting Scientist at Fraunhofer Institute IZFP, September 29 - November 7, 
2008, Saarbrücken, Germany. 
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International travels in FRAS project in 2008 

 
Calonius, K. Kärnteknik 2008, Stockholm, November 26-27, 2008.  
 
Cronvall, O. Kärnteknik 2008, Stockholm, November 26-27, 2008. Travelling costs partly 
covered by FRAS-project. 
 
Planman, T., IAEA Co-Ordinated Research Project on Master Curve Approach to 
Monitor Fracture Toughness of RPVs in NPPs. 3rd Research Coordination Meeting 
(RCM), 7-9 April 2008, Vienna, Austria. 
 
Planman, T., Advisory Meeting on the CRP “Master Curve Approach to Monitor the 
Fracture Toughness of Reactor Pressure Vessels in Nuclear Power Plants”, 10-11 April 
2008, Vienna, Austria. 
 
Valo, M., International Group for Radiation Damage Mechnanisms in Pressure Vessel 
Steels. Pitsburgh, Pennsylvania, April 20-25, 2008. IGRDM 14. 
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International travels in DEF SPEED project in 2008 

 
L.Taivalaho. SCAP-SCC Working Group Meeting; Paris, France March 10-12, 2008 
 
U. Ehrnstén, W. Karlsen, S. Penttilä, H. Hänninen (HUT). ICG-EAC (International Co-
operative Group on Environmentally Assisted Cracking) meeting, Båstad, Sweden, 21-
25.4.2008.  
 
W. Karlsen. Enlarged Halden Programme Group Meeting, Loen, Norway, 19-22.5.2008. 
 
U. Ehrnstén. Initiation work shop, Beaune, France, 7-12.8. 2008 
 
P. Aaltonen. SCAP-SCC project meeting, Paris, 12-13.11, 2008 
 
U. Ehrnstén. Halden IASCC workshop, Halden, Norway. 5-6.11.2008 
 
P. Penttilä, W. Karlsen, U. Ehrnstén and H. Hänninen. ICG-EAC meeting, Båstad, 
Sweden, 19-24.4.2008 
 
W. Karlsen. CIR project meeting (in connection to ICG-EAC), Båstad, Sweden, 
24.4.2008. 
 
H. Hänninen. EPRI MRP 690 expert panel meeting, November, LA USA. 12-13.11.2008 
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International travels in SERVICEMAN project in 2008 

 
Vesikari, E., OECD/NEA/CSNI/IAGE annual Concrete work group meeting, 31st March, 
2008, Paris, France. 
 
Vesikari E., COST C25 Meeting, 4th – 5th April. Belgrade, Serbia. 
 
Vesikari E., COST C25 Midterm seminar, 6th-7th Oct, 2008 Dresden, Germany. 
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International travels in CHARISMA project in 2008 

 
Holmberg, J.-E. ASAMPSA2 inception meeting, February 19, 2008, Paris, France. 
 
Holmberg, J.-E., OECD/CSNI/WGRISK annual meeting and PSA safety goal task 
meeting, March 3–5, 2008, Paris, France. 
 
Holmberg, J.-E. Conference PSAM 9 — International Conference on Probabilistic 
Safety Assessment & Management, May 18–23, 2008, Hong Kong, China 
 
Holmberg, J.-E., Work meetings of NKS-project "The Validity of Safety Goals." 
September 24, and December 3, 2008, Solna, Sweden. 
 
Holmberg, J.-E., WGRisk Digital I&C Technical Meeting, October 21–24, 2008, Paris, 
France. 
 
Holmberg, J.-E. ASAMPSA2 End users needs workshop, October 28–29, 2008, Hamburg, 
Germany. 
 
Holmberg, J.-E., Workshop of the NKS-project "The Validity of Safety Goals." December 
2, 2008, Arlanda, Sweden. 
 
Lindholm, I. and Männistö I., ASAMPSA2 technical meeting, December 1, 2008, Paris, 
France. 
 
Männistö, I., Conference PSA 2008 — Challenges to PSA during the nuclear 
renaissance. International Topical Meeting on Probabilistic Safety Assessment & 
Analysis and Work meeting of the International HRA Empirical Study, Knoxville, 
Tennessee, September 7–11, 2008. 
 
Simola, K., OECD/CSNI/WGRISK annual meeting, March 6–7, 2008, Paris, France. 
 
Simola, K., Seminar of NKS-project risk-informed technical specifications, April 25, 
2008, Arlanda, Sweden. 
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International travels in FIRAS project in 2008 

 
Hostikka, S., OECD/PRISME benchmarking, programme review group and management 
board meetings. 22-24.10.2008, Aix-en-Provence, France 
 
Matala, A. Conference presenation at International association of fire safety science 
(IAFSS) international symposium. Karlsruhe, Germany, 21 - 26 Sept. 2008. 
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International travels in EXWE project in 2008 

 
Venäläinen, A., European Conference on Applied Climatology (ECAC), 29 September – 
03 October 2008, Amsterdam, The Netherlands. 
 
Venäläinen, A., Jylhä, K. ENSEMBLES Project 5th general assembly, 20.-23. October 
2008, Santander, Spain. 
 
Venäläinen, A., Jylhä, K. CES annual meeting, May, 5.-7. May, Norrköping, Sweden.  
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International travels in SAHA2008 project in 2008 (1.4.2008-31.3.2009) 

Vanttola, T., OECD/NEA CSNI meeting, June 10, 2008, Oslo, Norway. 
 
Puska, E.K., CCE-Fission Committee, 3rd meeting, June 24, 2008, Brussels, Belgium. 
 
Puska, E.K., CCE-Fission Committee, 4th meeting, October 2, 2008, Brussels, Belgium. 
 
Puska, E.K., HUSC-Seminar, December 4, 2008, Stockholm-Arlanda, Sweden. 
 
Vanttola, T., OECD/NEA CSNI meeting, December 9, 2009, Paris, France. 
 
Puska, E.K., CCE-Fission Committee, 5th meeting, February 19, 2009, Brussels, 
Belgium. 
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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) 

Senior Adviser Pekka Pyy Teollisuuden Voima Oyj (TVO) 
Head of Section Marjo Mustonen Teollisuuden Voima Oyj (TVO) 
Manager Sami Hautakangas Fortum Power and Heat Oy (Fortum)  
Senior Engineer Ritva Korhonen Fortum Nuclear Services Oy  
Professor Rainer Salomaa Helsinki University of Technology 

(TKK) 
Professor Riitta Kyrki-Rajamäki Lappeenranta University of Technology 

(LUT) 
Counsellor Jaana Avolahti Ministry of Employment and the 

Economy (TEM) 
Chief Engineer Jorma Aurela, TEM 
contact person 

Ministry of Employment and the 
Economy (TEM) 

Researcher Jan-Erik Lindbäck Swedish Radiation Safety Authority 
(SSM), Expert 

Senior Adviser Harri Heimbürger Radiation and Nuclear Safety Authority 
of Finland (STUK), Expert 

Director Juhani Hyvärinen Fennovoima Oy (Fennovoima), Expert 
Programme director Eija Karita Puska, 
secretary 

Technical Research Centre of Finland 
(VTT) 
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SAFIR2010 Reference Groups / Tukiryhmät 
 
Chairpersons and members / Puheenjohtajat ja jäsenet 3.11.2008 
 

1. Organisation and human factors / Organisaatio ja ihminen 
 
Person Organisation 
Matti Vartiainen, chairperson TKK 
Nina Koivula  STUK 
Kirsi Levä 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 
Kaj Söderholm 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 
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4. Thermal hydraulics / Termohydrauliikka 

 
Person Organisation 
Eero Virtanen, chairperson STUK 
Nina Lahtinen STUK 
Antti Daavittila VTT 
Anitta Hämäläinen VTT 
Juha Poikolainen TVO 
Mikko Lemmetty TVO 
Timo Toppila Fortum Nuclear Services Oy 
Heikki Kantee Fortum Nuclear Services Oy 
Timo Siikonen TKK 
Virpi Kouhia LTY 

 
 

5. Severe accidents / Vakavat onnettomuudet 
 
Person Organisation 
Risto Sairanen, chairperson STUK 
Lauri Pöllänen, vice-chairperson STUK 
Ilona Lindholm VTT 
Pekka Viitanen TVO 
Janne Vahero 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  
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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 
Esko Mikkola VTT 
Pentti Kauppinen VTT 
Kaisa Simola VTT 
Risto Himanen TVO 
Kari Taivainen TVO 
Kalle Jänkälä, vice-chairperson Fortum Nuclear Services Oy 
Toivo Kivirinta Fortum Power and Heat Oy 
Ahti Salo TKK 
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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 
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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 
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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 
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Project Personnel 2008 
Projektien henkilöstö 2008 
 
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 
Elina Pietikäinen, B.A. (Psych) VTT Trainee research scientist 
Marja-Leena Haavisto, LicPsych VTT Operating experience subtask 
 
 
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 
Deputy project manager: Eerikki Mäki, HUT 
Person Org. Task 
Krista Pahkin, MSc FIOH Project manager, Participation in task 1 

(subtasks 1.1. and 1.2.) and 3 
Anneli Leppänen, PhD FIOH Participation in task 1 (subtasks 1.1. and 

1.2.) and 3 
Eila Järvenpää, Professor HUT Participation in task 2 and 3 
Eerikki Mäki, PhD HUT Participation in task 1.2, 2 and 3 
Tanja Kuronen-Mattila, MSc HUT Participation in task 1.2, 2 and 3 
Task 1. Nuclear expertise 
Subtask 1.1. Supporting development of good practices on support and development 
of expertise 
Subtask 1.2. Survey on "How the content of learning organisations supports expertise 
and its development in organisations" 
Task 2. Collaboration and knowledge sharing in nuclear expert community 
Task 3. Publishing and dissemination of results 
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Model-based safety evaluation of automation systems (MODSAFE) 
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, Case studies, Applicability 
of model checking in software validation, 
Safety Cases, Development of model 
checking methodology   

Kim Björkman,  
M.Sc. (Tech.) 

VTT Case studies, Applicability of model 
checking in software validation, Safety 
Cases, Development of model checking 
methodology   

Jari Hämäläinen, 
D.Sc.(Tech.), Technology 
manager 

VTT Safety Cases  

Jussi Lahtinen,  
M.Sc.(Tech.) 

TKK / 
VTT 

Case studies, Development of model 
checking methodology 

Ilkka Niemelä, Professor TKK Case studies, Applicability of model 
checking in software validation, Safety 
Cases, Development of model checking 
methodology 

Keijo Heljanko, Professor TKK Case studies, Applicability of model 
checking in software validation, Safety 
Cases, Development of model checking 
methodology 

Juho Frits, Research Trainee TKK Case studies, Applicability of model 
checking in software validation, 
Development of model checking 
methodology 
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Certification facilities for software (CERFAS) 2008 
Ohjelmistojen sertifiointivalmiuksien kehittäminen 
Research organisation: VTT and TTY 
Project manager: Hannu Harju, VTT 
 
Person Org. Task 
Hannu Harju, Tech.lis VTT Project manager, product certification and 

independent verification and validation issues.  
Jussi Lahtinen, MScTech VTT Product assessment and certification. Expert in 

formal methods.  
Jukka Ranta, Tech.lis VTT Product assessment and product certification. 

Verification tools and methods. 
Risto Nevalainen, Tech.lis. TTY Deputy project manager, process assessment,  

certification and software assurance.  
Mika Johansson, MScTech TTY 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 
Iina Aaltonen, MscTech VTT Enhancement of the functioning of a joint 

cognitive system, Evaluation of control 
rooms and human-system interfaces 

Hanna Koskinen, MA VTT Enhancement of the functioning of a joint 
cognitive system, Evaluation of control 
rooms and human-system interfaces 

Jari Laarni, PhD VTT Project manager, Enhancement of the 
functioning of a joint cognitive system, 
Evaluation of control rooms and human-
system interfaces 

Marja Liinasuo, MA VTT Enhancement of the functioning of a joint 
cognitive system, Evaluation of control 
rooms and human-system interfaces 

Leena Norros, Professor VTT Deputy project manager, Enhancement of 
the functioning of a joint cognitive system, 
Evaluation of control rooms and human-
system interfaces 

Leena Salo, MscTech VTT Enhancement of the functioning of a joint 
cognitive system, Evaluation of control 
rooms and human-system interfaces 

Paula Savioja, MscTech VTT Enhancement of the functioning of a joint 
cognitive system, Evaluation of control 
rooms and human-system interfaces 
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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; Fuel Behaviour  
Kekkonen, Laura VTT ENIGMA Code Development 
Pietarinen, Kari VTT Thermal Hydraulics; ENIGMA Code Devel. 
Stengård Jan-Olof VTT FRAPTRAN-GENFLO Development 
Miettinen, Jaakko VTT Thermal Hydraulics; GENFLO Code 
Arffman, Asko VTT Trainee; Probabilistic Transient Assessments 
Rintala, Jukka VTT Probabilistic Transient Assessments 
Ghan, Simiam VTT Trainee; Fuel Behaviour Modelling 
 
 
Tridimensional core transient analysis methods (TRICOT) 
Kolmiulotteiset transienttianalyysimenetelmät  
 
Research organisation: VTT  
Project manager: Hanna Räty (Elina Syrjälahti until June 2008) 
 
Person  Task 
   
Räty Hanna, MScTech VTT Acting project manager, TRAB-3D/SMABRE
Hovi, Ville, MScTech VTT PORFLO development and applications 
Hämäläinen Anitta, DrTech VTT TRAB-3D/SMABRE 
Daavittila Antti, MScTech VTT Deputy project manager, TRAB-3D validation 

with TRACE/PARCS comparisons. On 
parental leave from mid-February until end of 
2008. 

Ilvonen Mikko, MScTech VTT PORFLO development and applications 
Miettinen Jaakko, LicTech VTT TRAB-3D/SMABRE, PORFLO development 

and applications. Passed away in August 
2008. 

Rantamäki Karin, DrTech VTT Development of method to create 3D nodal 
data for TRAB-3D 

Seppälä Malla, MScTech VTT Training for use of the TRACE/PARCS code 
and sensitivity analysis tool  

Syrjälahti Elina, MScTech VTT Project manager, Uncertainty and sensitivity 
analysis of reactor dynamics codes. On 
parental leave since June 2008. 
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Total reactor physics analysis system (TOPAS) 
Kattava reaktorifysikaalinen laskentaohjelmisto 
 
Research organisation: VTT  
Project manager: Petri Kotiluoto, VTT 
 
Person Org. Task 
Markku Anttila, MScTech VTT Cross sections, criticality safety and isotopic 

concentrations, development of sensitivity 
analysis methodology 

Pauli Juutilainen, Technical 
University Student 

VTT Criticality safety and isotopic concentrations 

Petri Kotiluoto, PhD VTT Project manager, development and validation 
of Monte Carlo and other transport methods 

Jaakko Leppänen, DTech VTT Cross sections, development and validation of 
Monte Carlo and other transport methods 

Maria Pusa, MScTech VTT Development of sensitivity analysis 
methodology 

Anssu Ranta-aho, MScTech VTT Criticality safety, isotopic concentrations, 
development and validation of nodal methods, 
deputy project manager 

Karin Rantamäki, DTech VTT Cross sections, CASMO validation 
Antti Räty, University 
Student 

VTT Development and validation of nodal methods, 
1D data condensation 

Frej Wasastjerna, LicTech VTT Development and validation of Monte Carlo 
and other transport methods 
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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, CFD modeling of 

condensation pool 
Jarto Niemi, MScTech VTT CFD modeling of condensation pool 
Antti Timperi, MScTech VTT Modeling of fluid-structure interactions 
 
 
Improved Thermal Hydraulic Analysis of Nuclear Reactor and Containment 
(THARE) 
Kehittyvät termohydrauliikka-analyysit 
 
Research organisation: VTT  
Project manager: Ismo Karppinen, VTT  
 
Person Org. Task 
Seppo Hillberg, MScTech VTT Deputy project manager , validation of APROS 

and TRACE codes 
Heikki Holmström, 
MScTech 

VTT Follow-up of USNRC/CAMP 

Risto Huhtanen, MScTech VTT CFD calculations of containment 
Markku Hänninen, 
LisTech 

VTT Validation of APROS containment model 

Pasi Inkinen, trainee VTT Validation of APROS with ROSA tests 
Pasi Junninen, MScTech VTT Validation of APROS 
Ismo Karppinen, 
MScTech 

VTT Project manager, follow-up of OECD/GAMA, 
OECD/ROSA, OECD/SETH2, OECD/PKL2,  
co-ordination of Northnet RM3 

Joona Kurki, MScTech VTT Validation of APROS 
Juha Kyttälä, MScTech VTT CFD calculations of containment 
Sampsa Lauerma, trainee VTT Validation of APROS 
Jarto Niemi, MScTech VTT Model development for CFD applications in 

containment 
Timo Pättikangas, DrTech VTT Follow-up of Northnet 
Jukka Ylijoki, MScTech VTT Validation of APROS 
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CFD modelling of NPP horizontal and vertical steam generators (SGEN) 
Ydinvoimalaitosten vaaka- ja pystyhöyrystinten mallintaminen 3D 
virtauslaskennalla 
 
Research organisations: VTT and Fortum Nuclear Services Oy 
Project manager: Timo Pättikangas, VTT 
 
Person Org. Task 
Timo Pättikangas, DTech VTT Project manager, development of CFD models 

for steam generators 
Ville Hovi, MScTech VTT CFD and APROS modelling of steam 

generators 
Jaakko Miettinen, MScTech VTT Development of porosity model for steam 

generators 
Jarto Niemi, MScTech VTT Development of CFD models for steam 

generators, development of FLUENT–APROS 
coupling 

Tommi Rämä, MScTech FNS CFD modeling of VVER-440 horizontal steam 
generator 

Timo Toppila, MScTech FNS CFD modeling of VVER-440 horizontal steam 
generator 

 
 
Improvement of PACTEL Facility Simulation Environment (PACSIM) 
PACTEL koelaitteiston simulointiympäristön kehittäminen 
 
Research organisation: LUT  
Project manager: Juhani Vihavainen, LUT 
 
Person Org. Task 
Juhani Vihavainen, Lic.Tech LUT Project manager, PACSIM project, TRACE 

code modelling and calculations 
Heikki Purhonen, DrTech LUT Deputy project manager 
Antti Rantakaulio, student, 
research trainee 

LUT TRACE code modelling and calculations 

Virpi Kouhia, MScTech LUT Modeling of experiments, Apros code 
Vesa Riikonen, MScTech LUT Data management of experiments 
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Condensation experiments with PPOOLEX facility (CONDEX) 
Lauhdutuskokeet PPOOLEX laitteistolla 
 
Research organisation: Lappeenranta University of Technology 
Project manager: Markku Puustinen, Lappeenranta University of Technology 
 
Person Org. Task 
Markku Puustinen, MScTech LUT Project manager, Experiment planning and 

analysis 
Heikki Purhonen, DTech LUT Deputy project manager, OECD planning, 

International tasks, Experimental work 
Jani Laine, MScTech LUT Experiment analysis 
Vesa Riikonen, MScTech LUT Data acquisition, Experimental work 
Antti Räsänen, MScTech LUT Instrumentation, Data acquisition, Data 

conversion, Visualization, Control systems, 
Experimental work 

Vesa Tanskanen, MScTech LUT Computer simulations, Experimental work 
Arto Ylönen, MScTech LUT Computer simulations, Experimental work 
Anne Jordan, MScTech LUT Experiment analysis 
Mika Pikkarainen, MScTech LUT Instrumentation, Visualization, Experimental 

work 
Harri Partanen, Engineer LUT Designing of test facilities, Experimental work 
Hannu Pylkkö, Technician LUT Construction, operation and maintenance of 

test facilities, Experimental work 
Ilkka Saure, Technician LUT Construction, operation and maintenance of 

test facilities, Experimental work 
 
 
 
Large Break Loss-of-Coolant Accident Test Rig (LABRIG) 
Ison vuodon kokeiden koelaitteisto 
 
Research organisation: LUT  
Project manager: Heikki Purhonen, LUT 
 
Person Org. Task 
Heikki Purhonen, DTech LUT Project manager 
Arto Ylönen, MScTech LUT Research Scientist 
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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 

project, Iodine experiments  
Riitta Zilliacus, MSc VTT Deputy project manager, Iodine experiments 
Maija Lipponen, MSc VTT Iodine experiments 
Jaana Rantanen VTT Iodine experiments 
Ilona Lindholm, MScTech VTT Shutdown conditions  
Atso Suopajärvi, MScTech VTT Shutdown conditions  
 
 
Primary circuit chemistry of fission products (CHEMPC) 
Fissiotuotteiden primääripiirin kemia 
 
Research organisation: VTT  
Project manager: Teemu Kärkelä, VTT 
 
Person Org. Task 
Teemu Kärkelä, MScTech VTT Project manager, Iodine experiments 
Ari Auvinen, MScTech VTT Deputy project manager, Participation in 

Phebus, ISTP and ISTC EVAN projects, 
Iodine experiments - interpretation of results 

Jorma Jokiniemi, Professor VTT Participation in Phebus and ISTP projects 
Unto Tapper, PhD VTT Electron microscopy - iodine experiments 
Raoul Järvinen, Technician VTT Construction of experimental facility 
Riitta Zilliacus, MSc VTT Chemical analysis - iodine experiments 
Maija Lipponen, MSc VTT Chemical analysis - iodine experiments 
Leif Kåll, MScTech VTT Control program of experimental facility 
Tuula Kajolinna, Engineer VTT Gas compound analysis - iodine experiments 
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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 program, CSARP program, Core 
support plate analysis 

Eveliina Takasuo, 
M.Sc. (Tech.) 

VTT Deputy project manager 

Jorma Hietikko, technician VTT HECLA experiments 
Stefan Holmström, 
Lic.Sc. (Tech.) 

VTT HECLA experiments 

Kari Ikonen, D.Sc. (Tech.) VTT Core support plate analysis 
Ari Iltanen, technician VTT HECLA experiments 
Tommi Kekki, M.Sc. (Tech.) VTT HECLA experiments 
Tuomo Kinnunen, engineer VTT HECLA experiments 
Pertti Koskinen VTT HECLA experiments 
Ilona Lindholm, 
M.Sc. (Tech.) 

VTT OECD SERENA-2 program 

Petri Pesonen, technician VTT HECLA experiments 
Jouko Virta, M.Sc. (Tech.) VTT HECLA experiments 
Jouni Welling, technician VTT HECLA experiments 
 
 
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, modeling of particle beds 

and hydrogen behaviour, follow-up of 
international programmes  

Stefan Holmström, LicTech VTT Experimental work on particle bed coolability, 
STYX test facility manager 

Tuomo Kinnunen, Engineer VTT Experimental work on particle bed coolability 
Pekka H. Pankakoski, 
MScTech 

VTT Experimental work on particle bed coolability 
(part-time employee) 

Ensio Hosio, Technician  VTT Experimental work on particle bed coolability, 
(part-time employee) 

Ilona Lindholm, MScTech VTT Particle bed coolability analysis 
Jaakko Miettinen, LicTech VTT Particle bed coolability analysis using WABE 
Risto Huhtanen, LicTech VTT FLUENT modeling and coding 
Juha Kyttälä, MScTech VTT FLUENT modeling of the THAI tests 
Tuomo Sevón, MScTech VTT Deputy project manager 
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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 methodology, link between 
inspection qualification and probability of 
detection (POD) 

Ari Vepsä, MScTech VTT Deputy project manager, vibrations and 
probabilistic fracture mechanics 

Jouni Alhainen, MScTech VTT Probabilistic fracture mechanics software 
development 

Otso Cronvall, MScTech VTT Probabilistic fracture mechanics 
Esa Leskelä, MScTech VTT NDT simulations 
Ilkka Männistö, MScTech VTT Markov modelling for piping rupture risks and 

POD sensitivity analyses 
Matti Sarkimo, LicTech VTT NDT simulations 
 
 
Fatigue of primary circuit components (FATE) 
Primääripiirin komponenttien väsyminen 
 
Research organisation: VTT  
Project manager: Jussi Solin  
Deputy project manager: Wade Karlsen  
 
Person Org. Task 
Jussi Solin, MScTech  VTT Project manager, Participation in all subtasks  
Wade Karlsen, PhD  VTT Deputy project manager, Transmission 

electron microscopy  
Jouni Alhainen, MScTech  VTT Development of transient simulation, Fatigue 

experiments  
Esko Arilahti, Tech.  VTT Design and use of bellows fatigue equipment, 

Fatigue experiments  
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Water chemistry and oxidation in the primary circuit (WATCHEM) 
Vesikemia ja hapettuminen reaktoripiirin olosuhteissa 
 
Research organisations: VTT, UCTM* and BARC** 
Project manager: Timo Saario, VTT 
 
Person Org. Task 
Timo Saario, DrTech VTT (1.1.-31.3.2008 

at BARC) 
Project manager, Participation 
in IAEA FUWAC work, Hot 
Functional conditioning 

Petri Kinnunen, DrTech VTT Deputy project manager, 
Participation in IAEA 
FUWAC work, modeling 

Vasil Karastoyanov, M.Sc.  UCTM, (1.4.-
30.6.2008 at VTT) 

Fuel cladding experiments, 
modeling 

Kiran Kumar, PhD  BARC, (1.10.-
31.11.2008 at VTT) 

Hot Functional conditioning – 
method development 

Martin Bojinov, Professor UCTM HFT data analysis, modeling 
of oxidation 

* University of Chemical Technology and Metallurgy, Sofia, Bulgaria, **Bhabha 
Atomic Research Centre, India 
 
Monitoring of the structural integrity of reactor circuit (RAKEMON) 
Rakenteiden eheyden monitorointi 
 
Research organisation: VTT  
Project manager: Ari Koskinen, VTT 
 
Person Org. Task 
Ari Koskinen, MScTech VTT Project manager, Pilot monitoring system 

design and planning 
Pentti Kauppinen, PhD VTT Deputy project manager 
Aarne Lipponen, BScTech  VTT NDE-methods 
Matti Sarkimo, LicTech VTT Simulations with CIVA and NDE-methods 
Stefan Sandlin, MSc VTT Fibre optical sensors, subharmonic ultrasonic 

inspection 
Esa Leskelä, MScTech VTT Simulations with CIVA and NDE-methods 
Kari Lahdenperä, LicTech VTT NDE-methods 
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Fracture assessment for reactor circuit (FRAS) 
Reaktoripiirin murtumisriskin arviointi 
 
Research organisation: VTT  
Project manager: Pekka Nevasmaa / Päivi Karjalainen-Roikonen, VTT 
 
Person Org. Task 
Kim Calonius, MScTech VTT Loads transferred by supports 
Antti Timperi, MScTech  VTT Fluid-structure interaction 
Otso Cronvall, MScTech VTT Residual stresses 
Heikki Keinänen, MscTech 
Kalle Kaunisto, Res. Trainee 
Juha Kuutti, MScTech 

VTT Engineering assessment tools 

Anssi Laukkanen, MScTech 
Tapio Planman, MscTech 
Päivi Karjalainen-Roikonen, 
MscTech 

VTT Assessment of 3D flaws 

Anssi Laukkanen, MScTech VTT Micromechanical modelling 
Heikki Keinänen, MScTech 
Kalle Kaunisto, Res. Trainee 
Juha Kuutti, MScTech 

VTT Development of sub-modelling technique 

Lauri Elers, Res. Trainee 
Anssi Laukkanen, MScTech 
Tapio Planman, MScTech 

VTT Ductile crack growth measuring capacity 

Matti Valo, MScTech, 
Tapio Planman, MScTech 

VTT Irradiation embrittlement 
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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, MSc VTT Project manager, responsible for SSSRT tests 

and report archiving, SEM-investigations, ICG 
EAC board member 

Wade Karlsen, PhD VTT Deputy project manager, TEM investigations 
Aki Toivonen, PhD VTT Autoclave test performance 
Matias Ahonen, MSc VTT J-R tests in environment (Master degree 4/08) 
Laura Taivalaho, MSc VTT TEM-investigations, SCAP-project (resigned 

8/08) 
Pertti Aaltonen, MSc VTT CIR and SCAP project manager 
Esko Arilahti, engineer VTT J-R tests in environment 
Pasi Kuivalainen, engineer VTT Autoclave tests 
Marketta Mattila, technician VTT Water chemistry for autoclave test, 

metallography  
Arto Kukkonen, technician VTT Scanning electron microscopy, Specimen 

preparation 
Hannu Hänninen, professor HUT responsible for project research performed at 

HUT 
Tapio Saukkonen, MSc HUT EBSD measurements 
Mykola Ivanchenko, MSc HUT DSA-investigations as part of doctoral thesis 

work 
Sirpa Laine-Leimu, 
information service assistant 

VTT Electronic archive piloting of nuclear 
materials reports  

Anssi Neuvonen, service 
manager 

VTT Electronic archive piloting of nuclear 
materials reports  
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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 Finalising 

databases, 1.2 Service life modelling, 1.3 
Programming of SLM Tool, 1.4 Life cycle 
analyses, 3 Risk analyses and 5 International 
cooperation  

Esa Turunen, MScTech ÅF-Enprima Task 2.2 Serviceability limit state design  
Tommi Rissanen, MScTech  VTT Task 3 Risk analyses 
Liisa Salparanta, MScTech VTT Task 4 BTS Project  
Hannele Kuosa, MScTech VTT Task 4 DuraInt Project 
 

IMPACT 2010 

 
Research organisation in 2008: VTT (30.4.2009) 
Project manager: Ilkka Hakola, VTT 
 
Person Title Org. Task 

Tasks: 1.1 Management; 1.2 Apparatus,  
1.3 Pre-stressed walls, 1.4 Basic walls 

Ilkka Hakola, MScTech MScTech VTT Project manager, 1.1, 1.2, 1.3, 1.4 

Vepsä Ari 
MScTech VTT Assistant project manager, 1.1, 1.2, 1.3, 

1.4 
Calonius Kim Mathias MScTech VTT 1.3, 1.4 
Halonen Matti MScTech VTT 1.2, 1.3, 1.4 
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