VTT-R-03911-14

RESEARCH REPORT

SAFIR2014 Annual Plan 2014
Authors:

Jari Hämäläinen & Vesa Suolanen

Confidentiality:

Public

RESEARCH REPORT VTT-R-03911-14
2 (38)

Preface
The mission of the National Nuclear Power Plant Safety Research Programme 2011-2014
(SAFIR2014), derived from the stipulations of the Finnish Nuclear Energy Act, is as follows:
The objective of SAFIR2014 research programme is to develop and maintain experimental
research capability, as well as the safety assessment methods and nuclear safety expertise
of Finnish nuclear power plants, in order that, should new matters related to nuclear safety
arise, their significance can be assessed without delay.
The planning period 2011-2014 for the research programme involves licensing processes for
power plants that are in use and under construction, as well as overall safety evaluations
related to licence terms. These processes are reflected in many ways on national safety
research.
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 the research community is facing a change of generation. During the
programme period many of the experts who have taken part in construction and use of the
currently operating plants have been retiring. The licensing processes and the possibility of
recruiting new personnel for safety-related research projects give an opportunity for experts
from different generations to work together and facilitates knowledge transfer to the younger
generation.
The SAFIR2014 research programme is divided into nine research areas: 1) Man,
Organisation and Society, 2) Automation and Control Room, 3) Fuel Research and Reactor
Analysis, 4) Thermal Hydraulics, 5) Severe Accidents, 6) Structural Safety of Reactor
Circuits, 7) Construction Safety, 8) Probabilistic Risk Analysis (PRA), and 9) Development of
Research Infrastructure. Research projects of the programme have been chosen on the
basis of annual call for proposals.
In 2014 the planned volume of the SAFIR2014 programme is 10,3 M€ and 64 person years.
Main funding organisations are Finnish State Nuclear Waste Management Fund (VYR) with
5.7 M€ and VTT with 2.8 M€. Research is carried out in 45 projects.
SAFIR2014 programme ends after the research year 2014 and a final seminar will be
organised in March 2015. The ending of the program means also the final reporting of the
project results and evaluation of them by SAFIR2014 management bodies.
This report has been prepared by the programme director and project co-ordinator in
cooperation with the managers and staff of the individual research projects.
Espoo 29.8.2014
Authors
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1. Introduction
In December 2009, the Ministry of Employment and the Economy (MEE) appointed a
planning group to prepare a framework plan for the new national four-year research
programme on nuclear safety for the period 2011-2014. The research programme is based
on Chapter 7a "Ensuring availability of expertise" of the Finnish Nuclear Energy Act.
The Framework Plan [1] contains a proposal for the general outline of the National Nuclear
Power Plant Safety Research Programme, SAFIR2014. The programme covers essentially
the themes of the preceding SAFIR2010 programme (2007-2010) [2]. The plan has been
made for the period 2011–2014, but it is based on safety challenges identified for a longer
time span as well. Olkiluoto 3, the new nuclear power plant unit under construction and new
decisions-in-principle made by Parliament on the 1st of July 2010 have also been taken into
account in the plan. The construction of new power plant units increases the need of experts
in the area. At the same time, the retirement of the existing experts has taken place. These
factors together will call for more education and training, in which active research activities
play a key role. This situation also makes long-term safety research face a great challenge.
According to the Framework Plan, the research in the SAFIR2014 programme is organised
by research areas. The nine research areas are:
1) Man, Organisation and Society
2) Automation and Control Room
3) Fuel Research and Reactor Analysis
4) Thermal Hydraulics
5) Severe Accidents
6) Structural Safety of Reactor Circuits
7) Construction Safety
8) Probabilistic Risk Analysis (PRA)
9) Development of Research Infrastructure.
The purpose of the Framework Plan is to provide information to the authors of proposals on
research topics and on the main challenges and needs in each of the above-mentioned
research areas.
The public call for research proposals for 2014 was announced in the beginning of
September 2013. The Framework Plan was completed with two supplements. The first one
describes additional research topics identified after the Fukushima accident. The second
supplement describes need for development of new expertise on relevant research topics for
ensuring necessary analysis competence in the future. New expertise is needed to be
capable to fulfil the updated safety requirements (YVL guidance) of the Radiation and
Nuclear Safety Authority (STUK).
After the closure of the call, SAFIR2014 steering group, taking into account the evaluations
made by the reference groups, prepared a proposal for MEE regarding the set of projects to
be funded in 2014. The funding decisions were made by the Finnish State Nuclear Waste
Management Fund (VYR) in March 2014. The programme consists of 45 research projects
and programme administration. 40 projects are continuation to the projects started in 2011 or
2012 and five projects were started in 2013.
In addition to VYR, other key organisations operating in the area of nuclear safety are also
funding the programme. VYR funding is collected from the Finnish utilities Fortum Power and
Heat Oy, Teollisuuden Voima Oyj and Fennovoima Oy according to their MWth shares in
Finnish nuclear power plants (units in operation, under construction, and in planning phase
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according to the new decisions-in-principle). The planned volume of the SAFIR2014
programme in 2014 is 10,3 M€ and 64 person years.
SAFIR2014 Steering Group was nominated in September 2010. It consisted of
representatives of Radiation and Nuclear Safety Authority (STUK), Ministry of Employment
and the Economy (MEE), Technical Research Centre of Finland (VTT), Teollisuuden Voima
Oyj (TVO), Fortum Power and Heat Oy (Fortum), Fennovoima Oy, Lappeenranta University
of Technology (LUT), Aalto University (Aalto), Finnish Funding Agency for Innovation
(Tekes), and Finnish Institute of Occupational Health (TTL). In 2011 the Steering group was
completed with a representative of Swedish Radiation Safety Authority (SSM).

Figure 1.1 Organisations represented in the SAFIR2014 steering group.
This annual plan summarises the research plans of the individual projects (Chapter 2), and
provides financial statistics of the research programme (Chapter 3). Administrative issues are
summarised in Chapter 4. The detailed research plans of the projects are given in Appendix
1, their budgets in Appendix 2, and Appendix 3 contains lists of persons involved in the
research programme in the Steering Group, Reference Groups of the research areas and in
the research projects.
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2. Research areas and research projects in 2014
The SAFIR2014 research programme is divided into nine research areas:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Man, Organisation and Society
Automation and Control Room
Fuel Research and Reactor Analysis
Thermal Hydraulics
Severe Accidents
Structural Safety of Reactor Circuits
Construction Safety
Probabilistic Risk Analysis (PRA)
Development of Research Infrastructure

The research areas include both specific research projects and joint cross-disciplinary
projects with other areas. The research areas are presented with more detailed descriptions
of their research needs during the programme period 2011-2014 in SAFIR2014 Framework
Plan [1].
In 2014, the research is performed in 45 research projects. The planned total volume of the
programme is 10,3 M€ and 64 person years. The research projects in the above reseach
areas with their planned volumes are shown in Table 2.1.
Table 2.1 SAFIR2014 projects in 2014.
Research
area

Project

Acronym

Organisation(s)

Funding
(k€)

Volume
(person
months)

Managing safety culture
throughout the lifecycle of
nuclear plants
Sustainable and future
oriented expertise
Signalled and Silenced
Aspects of Nuclear Safety

MANSCU

VTT

250

17

SAFEX2014

Aalto, TTL

89

8.9

SISIANS

University of
Jyväskylä

86

8.5

Coverage and rationality of
the software I&C safety
assurance

CORSICA

Spinet, VTT

137.4

10

Human-automation
collaboration in incident
and accident situations

HACAS

VTT

192

13

Safety evaluation and
reliability analysis of nuclear
automation
Safety requirements
specification and
management in nuclear
power plants
Identification of FAult
situations PROpagating
BEtween different systems
and disciplines

SARANA

VTT, Aalto

274

25.4

SAREMAN

VTT, Aalto

192.5

15.5

IFAPROBE

Aalto

77.5

8

1.

2.
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3.
Criticality safety and
transport methods in
reactor analysis
Three-dimensional
reactor analyses
Development of Finnish
Monte Carlo reactor
physics code
Neutronics, nuclear fuel
and burnup
Extensive fuel modelling

CRISTAL

VTT

204

16.9

KOURA

VTT

234

16.2

KÄÄRME

VTT

210

18.8

NEPAL

Aalto

134

14.4

PALAMA

VTT

353

29.5

Enhancement of safety
evaluation tools
Experimental studies on
containment phenomena
OpenFOAM CFD-solver
for nuclear safety related
flow simulations
Numerical modelling of
condensation pool
PWR PACTEL
experiments
Modelling of steam
generators of nuclear
power plants
Uncertainty evaluation for
best estimate analyses
Thermal hydraulics and
fuel integrity in spent fuel
dry cask interim storage
facility

ESA

VTT

397

27.5

EXCOP

LUT

207.1

18.5

NUFOAM

VTT, LUT, Aalto

145

12.1

NUMPOOL

VTT

119

7.9

PAX

LUT

258

20.9

SGEN

VTT

101

7.4

UBEA

VTT

80

8

SPEFU

VTT

87

6.6

Core debris coolability
and environmental
consequence analysis
Chemistry of fission
products in containment
Thermal hydraulics of
severe accidents
Transport and chemistry
of fission products
Reactor vessel failures,
vapour explosions and
spent fuel pool accidents
Passive Containment
Cooling System tests

COOLOCEE

VTT

183

13

FISKES

VTT

148

11

TERMOSAN

VTT

152

9.3

TRAFI

VTT

249

17.1

VESPA

VTT

150

16.3

PCCS

LUT, VTT

157

12.5

4.

5.
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6.
Environmental influence
on cracking susceptibility
and ageing of nuclear
materials
Fracture assessment of
reactor circuit
Monitoring of the
structural integrity of
materials and
components in reactor
circuit
RI-ISI analyses and
inspection reliability of
piping systems
Advanced surveillance
technique and
embrittlement modelling
Water chemistry and
plant operating reliability
Fatigue affected by
residual stresses,
environment and thermal
fluctuations
Heavy fouling and
corrosion risks in the
cooling water systems of
NPPs and methods for
their mitigation

ENVIS

VTT

596

45

FAR

VTT

215

12

MAKOMON

VTT

172

9

RAIPSYS

VTT

117

8.3

SURVIVE

VTT

167

12

WAPA

VTT

172

11.2

FRESH

VTT

168

9.8

RICO

VTT

105

9

Impact 2014
Aging management of
concrete structures in
nuclear power plants
Structural mechanics
analyses of soft and hard
impacts
Seismic safety of nuclear
power plants. Targets for
research and education.

IMPACT2014
MANAGE

VTT
VTT, Aalto

710
140.8

17
8

SMASH

VTT

177

11.5

SESA

VTT, Aalto,
Univ. Helsinki

132

8.6

Extreme weather and
nuclear power plants
Risk assessment of large
fire loads
PRA development and
application
FinPSA knowledge
transfer

EXWE

FMI

109

11

LARGO

VTT

185

11.2

PRADA

VTT, Aalto

189

17

FINPSATRANSFER

VTT

169

14

Enhancement of
Lappeenranta
instrumentation of nuclear
safety experiments
Renewal of hot cell
infrastructure

ELAINE

LUT

270

18

REHOT

VTT

1350

36.5

VTT

286*

10.5*

7.

8.

9.

0.
Programme
ADMIRE
administration
*Includes VAT, period 1.1.2014-31.3.2015
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Brief descriptions of the projects are given in the following subsections.

2.1

Man, organisation and society

In 2014 the research area "Man, organisation and society" consists of three projects:
Managing safety culture throughout the lifecycle of nuclear plants (MANSCU) and
Sustainable and future oriented expertise (SAFEX2014) that were started in 2011, and
project Signalled and Silenced Aspects of Nuclear Safety (SISIANS) which was started in
2013.

Figure 2.1 Overall safety research in SISIANS project.
2.1.1

Managing safety culture throughout the lifecycle of nuclear plants (MANSCU)

The generic objective of the MANSCU project is to develop safety management approaches
with respect to three dimensions. Safety management approaches (such as rules and
procedures, training, event investigation practices, safety culture evaluations and
improvement programs, risk assessment and human performance programmes) should:
1. support the development of sufficient understanding and knowledge of nuclear
safety and risks as well as nuclear industry specific working practice demands.
2. take into account the needs of other contexts than running plants. Safety
management approaches should fit the purposes of design organisations,
collaboration networks and supply chains, both in pre-operational and operational
phases. The networks and supply chains may be multicultural and interdisciplinary.
3. support organisational alertness (mindfulness) to new risks which are based on
either technical or social phenomena. It also means avoidance of complacency and
constant effort of continual improvement.
In 2014 MANSCU project finalises the HUMAX subtasks and, in addition to that focuses on
publishing the generic lessons learned concerning practices for developing safety culture in
the nuclear domain (MODEL UPDATE subtask).
2.1.2

Sustainable and future oriented expertise (SAFEX2014)

The purpose of SAFEX2014 is to generate new knowledge on evaluation methods of HR
practices, knowledge and competence management in nuclear power industry and good
practices in the area of human resource management, leadership and collaboration between
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organizations. In addition, the SAFEX2014 aims at creating practices for the development of
leadership and management of human resources, guaranteeing expertise and promoting
collaboration of experts across organizational boundaries. Human resource management in
this project includes both HR-department /specialists and team/group leaders or supervisors.
As a result, SAFEX2014 generates:
Analysis of HR-practices in nuclear power industry with the special focus on Human
Performance Tools, experiences on them, and their applicability in nuclear power
industry.
Empirically based knowledge on best practices in human resource management and
supervisory work and leadership in nuclear power industry.
Evaluation and follow-up method of HR-management for nuclear power industry.
Evaluation of the participant organizations’ knowledge and competence management
practices and recommendations for future developments in the area of maintaining,
guaranteeing, and developing expertise (e.g. when experts retire).
Empirically based knowledge on best practices of expert collaboration across
organizational boundaries.
Specific goal in 2014 is analysing of human resource management in changing operational
environment. The project aims at identifying and developing appropriate methods and
practices for human resource management in the nuclear energy industry.
2.1.3

Signalled and silenced aspects of nuclear safety (SISIANS)

The objective of SISIANS is to connect social scientific approach with the analysis of nuclear
safety. The aim of the study is to deepen and widen the understanding of nuclear safety by
analysing from the social scientific perspectives the safety concept and the ways in which
safety and human and organisational aspects of safety have been constructed in
international nuclear safety organisations’ safety reports, national final stress test reports and
among old and young Finnish and British nuclear regulators. The emphasis is on the analysis
of the characteristics of the national nuclear safety practices and regulation. The study will
contribute to the improvement of international and national safety practices by incorporating
societal and cultural aspects of safety.

2.2

Automation and control room

In 2014 the research area "Automation and control room" consists of five projects. Four of
them are continuation to projects started in 2011: Coverage and rationality of the software
I&C safety assurance (CORSICA), Human-automation collaboration in incident and accident
situations (HACAS), Safety evaluation and reliability analysis of nuclear automation
(SARANA) and Safety requirements specification and management in nuclear power plants
(SAREMAN). In 2013, one project started additionally: Identification of fault situations
propagating between different systems and disciplines (IFAPROBE).
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Figure 2.2 Concept of model checking (SARANA project).
2.2.1

Coverage and rationality of the software I&C safety assurance (CORSICA)

The research project aims to improve the safety evaluation of I&C software in nuclear
industry by improving consciousness of software process assessment and rationality of
integrated evaluation methods. Problems to be solved are:
undetermined connection from software process evaluation to software reliability,
low level consciousness of coverage and rationality of V&V-methods in software
evaluation,
low effectiveness between communication of stakeholders in licensing of safety
software,
novel technology requires new qualification approaches,
lack of a standard for software product makes evaluation difficult.
2.2.2

Human-automation collaboration in incident and accident situations (HACAS)

The project focuses on studying how digital automation (I&C) and control room (CR)
upgrades affect resilient performance of CR personnel, how Human Factors Engineering
(HFE) activities should be organized in order to support plant safety and productivity, and
how humans and automation systems collaborate to accomplish safety and production goals
of nuclear power plants (NPPs). The aim is also to develop expertise on the accomplishment
of different HFE activities, strengthen delivery of expertise in Finland in the field of activitycentred design of NPP CR systems and further promote international collaboration with
research and expert organizations and institutions.
The project will collaborate with OECD/Halden Reactor Project (HRP) and Institute for
Energy Technology (IFE). The project will also collaborate with EdF (Electricité de France),
the Human Factors research team at IRSN (L'Institut de Radioprotection et de Sûreté
Nucléaire) and with the stakeholders of the NUGENIA (Nuclear Generation II & III
Association) in the design of new EU and corporate funded projects.
The main tasks in 2014 are the following:
Proceduralized activity in the new accident management
Development of an integrated approach to Human Factors Engineering
Automation awareness and automation competence development.
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2.2.3

Safety evaluation and reliability analysis of nuclear automation (SARANA)

The general objective of the whole four-year project is to develop methods and tools for
safety and reliability analysis of digital systems and utilize them in practical case studies. The
project builds a bridge between reference groups 2 and 8 by bringing together research
topics from both areas. The project will provide guidelines to analyse and model digital
systems in PRA context, bring together deterministic and probabilistic analyses for safety
assessment of plant designs, develop the reliability analysis tool YADRAT, investigate the
applicability of probabilistic model checkers, use model checking for analysing high-level
design architecture, develop an iterative and automatic algorithm for modular model checking
of large systems, develop methods for systematic model checking of complex asynchronous
systems, and investigate how different modelling approaches and tools can be used and
suited for the safety analysis of I&C in different phases of the plant lifecycle. The project will
follow and participate in the work of several international working groups and conferences in
its application areas.
2.2.4

Safety requirements specification and management in nuclear power plants
(SAREMAN)

The aim of the SAREMAN research project is to develop good practices for requirements
specification and management in nuclear power plants. The focus is on safety but also other
kinds of requirements related e.g. plant availability are concerned. This effort is founded on a
structured conceptual model of requirements and requirements engineering.
In order to limit the scope, SAREMAN focuses on I&C systems. This highlights the
multidisciplinary nature of requirements engineering involving, for example, safety analysis,
process engineering, human factors and automation. The principles of requirements
engineering are, however, common to several application areas. So, the results of the
project, consisting of precise terminology, guidelines on requirements engineering and use of
ICT tools in it will be widely applicable to the design and licensing of nuclear power plants.
In 2014 SAREMAN will continue its work in two main areas: safety-informed Systems
Engineering in the nuclear industry and Controlled Natural Language templates in I&C
development
2.2.5

Identification of fault situations propagating between different systems and
disciplines (IFAPROBE)

The aim of the project is to develop methodology for identifying fault situations, caused by
one initiating event, that propagate between automation systems, the process and the
physical layout. For early phase designs, it is important to be able to find interconnections
between systems that should not be there. For example, burning gases may propagate and
damage components in redundant systems that were thought to be immune to common
cause failures due to isolation or diversity. In order to capture such unanticipated scenarios,
simulation-based risk analysis is needed. Such analyses are made possible by defining a
cross-disciplinary framework for capturing allocations, mappings and propagation. The
capacity to simulate the failure of individual components must be integrated to such a
framework, so that the simulator can:
transition components to failure modes when exposed to environmental hazards
recognize component failures such as leaking as sources of environmental hazards
capture propagation of failure between automation and the physical process; for
example, if a sensor fails due to abnormal process or environmental conditions, the
simulation should capture the effect of the faulty measurement on the process.
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In 2014 the project will continue building on research performed during 2013 and also
explore new possibilities, such as evaluating algorithms for automatic critical event scenario
generation and investigating plant wide effects of critical event scenarios.

2.3

Fuel research and reactor analysis

In 2014 the research area "Fuel Research and Reactor Analysis" consists of five projects:
Criticality safety and transport methods in reactor analysis (CRISTAL), Three-dimensional
reactor analyses (KOURA), Development of Finnish Monte Carlo reactor physics code
(KÄÄRME), Neutronics, nuclear fuel and burnup (NEPAL) and Extensive fuel modelling
(PALAMA).

Figure 2.3 Fuel behavior modelling (PALAMA project). Flowchart depicting the logic and
execution order of the main FINIX code modules.
2.3.1

Criticality safety and transport methods in reactor analysis (CRISTAL)

The knowledge on various calculation methods must be maintained and improved. The
reactor physics code suite has to cover both normal and transient or accident conditions.
Moreover, the expertise in the field has to be improved as a lot of knowledge has been lost
recently due to retirement of some of the personnel. Criticality safety is an increasingly
important subject where more experts are needed. Determination of the uncertainty of
various parameters and their importance for the final results is necessary in order to
understand the accuracy of computer programs. These methods will be developed within this
project.
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2.3.2

Three-dimensional reactor analyses (KOURA)

The fundamental objective 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
VTT’s reactor dynamics codes must be constantly developed in order to be on the same
level as other codes used for similar purposes internationally. One of the main objectives in
this project is supplementing the code system with three-dimensional thermal hydraulics
modelling. 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 cooperation in the form of calculating benchmark problems organized
by e.g. OECD/NEA and AER. Another objective is to increase knowledge in the reactor
dynamics field.
2.3.3

Development of Finnish Monte Carlo reactor physics code (KÄÄRME)

The Serpent Monte Carlo reactor physics burnup calculation code has been developed at
VTT since 2004, and mainly funded from the reactor physics projects under the SAFIR and
SAFIR2010 research programmes. The objective of the KÄÄRME project is to gather the
future development of Serpent under its own well-specified task in SAFIR2014. The work is
divided between the improvement of existing capabilities, such as group constant generation
and built-in burnup calculation routines, and implementation of new features, following the
recent trends in reactor physics and Monte Carlo calculation.
Another important aspect is international collaboration, involving networking and interaction
with Serpent users, and participation in the scientific activities of the worldwide reactor
physics and Monte Carlo community.
In 2014 there are many important tasks and goals, but e.g. developing an automated
calculation sequence for burnup dependent group constant generation can be considered
one of the most important practical goals for KÄÄRME2014.
2.3.4

Neutronics, nuclear fuel and burnup (NEPAL)

The NEPAL project aims at the following general goals:
Development of methodology in Monte Carlo code systems: code comparisons (e.g.,
Serpent, FLUKA, MCNP) and their new applications (Triga, GEN4, Th-assemblies).
Development of computational efficiency and accuracy in various subroutines.
Evaluation of selected nuclear constants.
Coupling of Monte Carlo neutronics codes with temperature distribution of fuel pellet
(Doppler effect).
Accurate calculation of nuclide concentrations, especially concerning rare but
potentially important nuclides.
Mesoscopic description and modelling of nuclear fuel.
Education of experts: graduate programme (YTERA), strengthening expertise on
nuclear fuel. Knowledge on core calculation codes and their applications in special
cases (e.g., Th-assemblies in LWR core).
Preparedness for new international projects, e.g., JHR.
In 2014 important tasks are: accurate burnup calculations, and modelling of thermal creep
failure of fuel pellets.
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2.3.5

Extensive fuel modelling (PALAMA)

The general goal of PALAMA project is to develop and maintain competence and tools
required for independent nuclear fuel behaviour assessment in both normal operation and
accident conditions. The upcoming update to the regulatory guides creates a need to better
understand, describe and model phenomena related to increasing burnup and the statistical
nature of the fuel rod behaviour. Investigation into so-called design extension conditions
requires fuel behaviour studies broadened towards areas such as thermal hydraulics, reactor
dynamics and severe accidents. The increasing volume of Finnish nuclear power production
induces new challenges as the load following operation may be required and its effects to the
fuel performance must be understood. The fuel performance codes need to be systematically
validated, and the creation of a framework for such a purpose is one of the goals of the
project. The tradition of strong bilateral cooperation with foreign and international
organizations and international collaboration in the form of participation in benchmarking
programmes, working groups and conferences is upheld.

2.4

Thermal hydraulics

In 2014 the research area "Thermal Hydraulics" consists of eight projects. Seven of them
continue the work started in 2011: Enhancement of safety evaluation tools (ESA),
Experimental studies on containment phenomena (EXCOP), OpenFOAM CFD-solver for
nuclear safety related flow simulations (NUFOAM), Numerical modelling of condensation
pool (NUMPOOL), PWR PACTEL experiments (PAX), Modelling of steam generators of
nuclear power plants (SGEN) and Uncertainty evaluation for best estimate analyses (UBEA).
In 2013, one project started additionally: Thermal hydraulics and fuel integrity in spent fuel
dry cask interim storage facility (SPEFU).

Figure 2.4 Modelling loss-of-feedwater transient with FLUENT (SGEN project). Void fraction
at the centerline of the steam generator.
2.4.1

Enhancement of safety evaluation tools (ESA)

The objectives of the project are to develop and validate calculation methods for safety
evaluation of nuclear power plants. Both thermal hydraulic system analysis codes,
containment lumped parameter (LP) codes and CFD calculation methods are used. APROS
and TRACE codes will be validated with both separate effect and integral tests concentrating
on the phenomena important for the new plant concepts offered for the OL4 and the
Fennovoima plants. CFD methods to analysis containment behaviour will be enhanced.
Condensation models and modelling of containment condensers will be validated. An
important objective is to train new thermal hydraulic code users and educate young experts.
Participation in large international OECD/NEA and USNRC thermal hydraulic projects and
Nordic co-operation are essential parts of the project.
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2.4.2

Experimental studies on containment phenomena (EXCOP)

The main goal of the project is to gather an extensive experimental database on
condensation dynamics, heat transfer and structural loads, which can be used for testing and
developing computational methods used for nuclear safety analysis, such as Fluent, StarCD, NEPTUNE_CFD, TransAT, GOTHIC, APROS and TRACE. The behaviour at the
blowdown pipe outlet during air/steam discharge still needs to be investigated experimentally
in more detail to improve simulation models. The existing PPOOLEX test facility at
Lappeenranta University of Technology (LUT), including models of the drywell and wetwell
compartments and withstanding prototypical system pressure (0.5 MPa), will be used in the
experiments. In 2014, experiments with a steam discharge device (sparger) and a residual
heat removal (RHR) nozzle will be carried out in the PPOOLEX facility. Experiments on direct
contact condensation at the blowdown pipe outlet will continue in 2014 with a test series,
where the potential of the new high speed cameras can be comprehensively utilized.
To achieve to above mentioned goals sophisticated visual observation equipment has been
installed to the PPOOLEX test facility in 2013. These include three high speed cameras for
capturing the 3D nature of the phenomenon. The applicability of the measurement results for
the validation of CFD and lumped parameter codes will increase considerably.
Networking among international research organizations is enhanced via participation in the
NORTHNET framework and NKS/ENPOOL project. Analytical and numerical work of
Kungliga Tekniska Högskolan (KTH) is combined to EXCOP, ELAINE, NUMPOOL and ESA
projects of SAFIR2014. The EXCOP project has also a connection to the nuFoam project of
SAFIR2014, where PPOOLEX data on DCC is used for the validation of an OpenFOAMsolver.
2.4.3

OpenFOAM CFD-solver for nuclear safety related flow simulations (NUFOAM)

The main aim of the project is to validate the open source CFD-software OpenFOAM as a
tool for nuclear safety related simulations. National network of OpenFOAM users performing
nuclear safety CFD analysis is created, and connections with the international OpenFOAM
users and developers are formed. International co-operation will be utilized in order to
minimize the national development work.
In single-phase flow simulations, the aim is simulation of flow and heat transfer in a complex
geometry, especially in a fuel assembly and its head parts. Time dependent flow simulations
will be performed with accurate computational methods and models. Massively parallel
computing will be effectively utilized. As a result an improved understanding of the coolant
mixing in a fuel rod bundle is achieved. The results can be used in verifying safety issues
when increasing the burn up of the fuel.
An Euler-Euler two-phase solver is developed by using the OpenFOAM program library. The
work is done by adding heat transfer models into an existing solver OpenFOAM solver. First,
the solver for convective two-phase heat transfer is validated in simple flow geometries.
Second, a heat transfer model for subcooled nucleate boiling is implemented and validated in
a geometry relevant to fuel rod bundles. Third, the solver is further developed for high heat
fluxes in PWRs.
2.4.4

Numerical modelling of condensation pool (NUMPOOL)

The objective of the project is to develop two-phase and Fluid-Structure Interaction (FSI)
calculation methods that can be used for modelling of a pressure suppression pool of a
BWR. In particular, the direct-contact condensation occurring in the pool during a postulated
large-break loss-of-coolant accident is modelled. The loads on the wall structures are
calculated with Computational Fluid Dynamics (CFD) and the structural behaviour is
calculated with Finite Element Method (FEM). Coupled CFD-FEM calculations are performed
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to analyze the effect of the loads on wall structures. The numerical calculations are validated
by comparing the results to the experiments performed with the PPOOLEX facility.
In 2014, the work on implementing the Large Interface CFD model for direct-contact
condensation is finalized. The results are compared to new PPOOLEX experiments, where
3D high speed video recordings and possibly Particle Image Velocimetry (PIV)
measurements are available. The developed methods are tested for a sector of BWR
containment. Fluid-Structure Interaction (FSI) modelling with FEM is performed for a model
of BWR containment. A summary report is written, where the methods developed in the
project are described.
2.4.5

PWR PACTEL experiments (PAX)

The objective of the project is to utilize the PWR PACTEL test facility in an effective way in
nuclear safety research in Finland and internationally. The first step was the PWR PACTEL
calculation benchmark in the SAFIR2014 PAX project in 2011. The PWR PACTEL test
program continued in 2012 with one U-leg draining test series and participating in the
OECD/NEA PKL Phase 3 project in 2012 and 2013. The main circulation pumps for the PWR
PACTEL facility have been purchased in 2012 and were installed in 2013 in the ELAINE
project.
One of the main goals of the project is to validate the PWR PACTEL model for APROS and
TRACE codes. This validation work serves also other analysis work with these codes.
The PWR PACTEL test program will continue with a station blackout in the OECD/NEA PKL
Phase 3 project. The project will continue to end of 2015. With another test series the flow
reversing in the heat exchange tubes of the steam generators will be tested experimentally
with the PWR PACTEL facility.
2.4.6

Modelling of steam generators of nuclear power plants (SGEN)

Three-dimensional CFD simulation tool is developed for modeling pressure transients and
heat loads on the secondary sides of steam generators of nuclear power plants. The
developed models are applied to horizontal steam generators of VVER-440 power plants. In
2013, a model for the steam generator of an EPR nuclear power plant is constructed and
tested, and a stationary state of the EPR steam generator is calculated. In 2014, transient
situation of an EPR steam generator is modeled. In addition, a transient of VVER-440 steam
generator is simulated. The goal is to develop a model that can be used for the calculation of
pressure and heat loads and transport of impurities in steam generators. The model can be
used in the analysis of postulated accidents and in the life time management of steam
generators.
2.4.7

Uncertainty evaluation for best estimate analyses (UBEA)

The objective is to study the use of Best Estimate Plus Uncertainty (BEPU) approach of
thermal-hydraulic safety analyses with the system code APROS. Use of the BEPU approach
is studied in general, and more particularly, methods aiming at assessing the uncertainties of
various physical model parameters inherent to a thermal-hydraulic simulation tool. As a result
of the work, insight is gained on the internal sources of uncertainty within the APROS code,
including the accuracy of specific physical models and their ranges of validity. In addition, the
work leads to possible identification of physical models that cause particularly high
uncertainty in the simulation results, and as such require improvement.
2.4.8

Thermal hydraulics and fuel integrity in spent fuel dry cask interim storage facility
(SPEFU)

The objective is to develop and validate a method for the analysis of spent fuel dry cask
interim storage facility. A three-dimensional Computational Fluid Dynamics method is
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developed, which can be used for the analysis of the storage facility. This means that a
simplified model is developed, where all the fuel pins and cooling fins are not modelled in
detail. The peak cladding temperature is calculated and used in studying the integrity of the
fuel cladding during the interim storage. The phenomena affecting cladding integrity are
reviewed and models appropriate for the interim storage conditions are developed. The
issues of greatest safety significance are foreseen to be the cladding creep and the
behaviour of hydrides.

2.5

Severe accidents

In 2014 the research area "Severe Accidents" consists of six projects. Core debris coolability
(COOLOCE-E), Chemistry of fission products in containment (FISKES), Thermal hydraulics
of severe accidents (TERMOSAN), Transport and chemistry of fission products (TRAFI) are
continuation to projects started in 2011, Reactor vessel failures, vapour explosions and spent
fuel pool accidents (VESPA) started in 2012, and Passive Containment Cooling System tests
(PSSC) started in 2013.
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Figure 2.5 Modelling of Fukushima Unit 1 accident with MELCOR (TERMOSAN project).
2.5.1

Core debris coolability (COOLOCE-E)

The COOLOCE-E project focuses on two specific topics in the research area of severe
accidents: the coolability of ex-vessel core debris and the assessment of the environmental
consequences of radioactive releases. The main objective of the project is to assess the
coolability of representative porous debris beds based on the COOLOCE experimental data
produced earlier in the project. This consists of the verification and validation of the analytical
tools and methods commonly applied to model two-phase flow in the debris bed and predict
dryout. The identification and reduction of the uncertainties related to debris bed
configuration play key roles in this work. As the severe accident management strategy in
both Finnish and Swedish BWRs relies on cooling the core debris in a deep water pool,
collaborative experimental and analytical efforts by VTT and KTH are performed aiming for
comprehensive understanding of the yet unresolved, high-priority issues.
The objective of the environmental subtask is to clarify what technical possibilities are
practically available to calculate probability distributions of radiation doses from different
exposure pathways at distances beyond 20 km from the power plant. The ultimate target is to
answer the question of what countermeasures should be prepared outside the traditional
emergency planning zone.

RESEARCH REPORT VTT-R-03911-14
20 (38)
2.5.2

Chemistry of fission products in containment (FISKES)

Results of various experiments have shown that sump solution pH has major effect in fission
products release rate. Also the prediction of chemical environment in containment pools
should be studied. Nitric acid is a principal radiolytic compound produced in large scale, and
its production is another important factor when concerning the pH of aqueous solutions, as it
is a strong acid and a strong oxidizing agent.
Organic iodide formation in post-accident containment could result from homogeneous
processes in gas or aqueous phase, or from processes initiated at the painted surfaces in
containment. There is data available on the production of organic iodides from painted
surfaces, but reactions of iodine with paints are not known well.
From the beginning of core melting up to the control of the accident by stopping and cooling
the corium, the knowledge of corium physical properties as function of temperature are
essential to predict possible accident scenarios.
2.5.3

Thermal hydraulics of severe accidents (TERMOSAN)

The objective of the work is to improve modeling capabilities on severe accident thermal
hydraulics. MELCOR is Finland’s main severe accident analysis tool, and it will be used for
modeling of the Fukushima accident. ASTEC and MELCOR will be used for modeling of
Lappeenranta University of Technology passive containment cooling system experiments.
The international OECD THAI-2 research program will be participated in the frame of this
project. In the THAI-2 program, CFD calculations of hydrogen combustion experiments
during spray operation will be made.
2.5.4

Transport and chemistry of fission products (TRAFI)

The main goal in the project (2011-2014) is to find out the mechanisms how gaseous fission
products, especially iodine and ruthenium, are released from primary circuit into containment.
In addition, the behaviour of iodine in the containment gas phase will be studied.
During 2014, the project is divided into five subtasks. The first subtask is Jarmo Kalilainen’s
PhD thesis work, in which the deposition of particles on the walls will be measured with
Particle Imaging Velocimetry (PIV) in turbulent natural convection flow. The chemistry of
iodine in the primary circuit will be studied experimentally in the second subtask. In the third
subtask experiments on the radiolytic oxidation of gaseous iodine by beta radiation will be
conducted. In a severe accident the most important source of ionizing radiation is beta
radiation. The fourth sub-task is focused on the transport of ruthenium species through a
reactor coolant system. The follow-up of OECD/NEA STEM (Source Term Evaluation and
Mitigation Issues) program, which began in July 2011, will be continued in the fifth sub-task.
The transport of ruthenium and the reactions of iodine on the painted containment surface
are studied in the STEM program.
2.5.5

Reactor vessel failures, vapour explosions and spent fuel pool accidents
(VESPA)

The first goal of the project is to investigate the applicability of a commercial code Abaqus for
modelling reactor pressure vessel lower head deformations. An additional objective is the
knowledge transfer from senior scientists in training a new expert to mechanical analyses of
RPV lower head under severe accident conditions. Also readiness to analyse complete
accident scenarios involving vessel breach and its effect to ex-vessel phenomena with
integral code ASTEC will be reinforced.
The second goal is to evaluate steam explosion loads for PWR and BWR containments with
MC3D code. A target is to train a new code user and expert on vapour explosion area. This
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task has conjunction with SAFIR2014 SMASH project in structural effects of steam
explosions. Furthermore, VESPA project provides the Finnish contribution to Task 8 of NKS
project DECOSE (Debris Coolability and Steam Explosions) 2012-2014.
The third purpose of the project is to develop an analysis tool for studies of loss of coolant
accidents in spent fuel pools in the reactor building. The effect of different physical
phenomena to the accident scenario will be evaluated. The applicability of the PANAMA
(Polttoainealtaiden ANAlyysi ja MAllinnus) model to reproduce these phenomena needs to
be assessed.
2.5.6

Passive Containment Cooling System tests (PCCS)

The main goal of the PCCS project is to provide experimental data on the behaviour of
horizontal Passive Containment Cooling System (PCCS) condenser used in ABWRs for the
development and validation of computer codes. The first part of the experiments (thermal
hydraulic tests) serves the validation of system codes (APROS, TRACE) and thermal
hydraulic models of severe accident codes (MELCOR, ASTEC); while the second part
(aerosol tests) serves mostly the development and validation of severe accident codes.
Currently there is no data available on the behaviour of aerosols (deposition, condensation,
retention etc.) in horizontal PCCS. Flow conditions, which effect on the aerosol behaviour,
differ significantly in horizontal PCCS from those with vertical tubes. In the PCCS studies
close co-operation with the TRAFI and ESA projects of SAFIR2014 is essential.

2.6

Structural safety of reactor circuits

In 2014 the research area "Structural Safety of Reactor Circuits" consists of eight projects:
Environmental influence on cracking susceptibility and ageing of nuclear materials (ENVIS),
Fracture assessment of reactor circuit (FAR), Monitoring of the structural integrity of
materials and components in reactor circuit (MAKOMON), RI-ISI analyses and inspection
reliability of piping systems (RAIPSYS), Advanced surveillance technique and embrittlement
modelling (SURVIVE) and Water chemistry and plant operating reliability (WAPA) are
continuation to projects started in 2011. Fatigue affected by residual stresses, environment
and thermal fluctuations (FRESH) started in 2012, and Heavy fouling and corrosion risks in
the cooling water systems of NPPs and methods for their mitigation (RICO) started in 2013.
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Figure 2.6 Schematic illustration of microstructures and finite element results for equivalent
plastic strain of a failure micromechanism (ENVIS project).
2.6.1

Environmental influence on cracking susceptibility and ageing of nuclear
materials (ENVIS)

The project aims at gaining a better understanding of the influence of light water reactor
(LWR) environments on the ageing and environmentally-assisted cracking (EAC)
susceptibility of nuclear reactor materials. Understanding and measuring the cracking
susceptibility and ageing of nuclear reactor materials is needed to assure safe operation of
power plants. Both cracking susceptibility and ageing are dependent on the state of the
material in as-manufactured condition, and thus understanding of this condition in nuclear
components is of great importance. All this knowledge is particularly important due to the
long lifetimes of both the extended use of the existing power plants and the long design life
with also some new manufacturing techniques of the new-builds. The project focuses on:
Crack initiation of austenitic materials in LWR environments
Investigations of nuclear components and mock-ups
Characterisation of irradiated austenitic materials
Deformation behaviour under non-monotonic loading
Influence of environment on the fracture behaviour of LWR materials
Ageing of nuclear reactor materials
Development of biaxial load testing capabilities of fuel claddings
Knowledge transfer and international cooperation.
2.6.2

Fracture assessment of reactor circuit (FAR)

The objective of the 4-year project is to develop and to validate numerical and experimental
methods for reliable reactor circuit structural integrity assessment. Especially, to:
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Develop and evaluate numerical structural integrity assessment methods; evaluate
and further develop advanced methods - such as crack growth dependent
submodelling technique and extended finite element method (XFEM) - for nuclear
structural integrity assessment.
Study applicability and limitations of leak-before-break (LBB) approach; Limiting
factors, requirements for material input data, tearing instability, effect of ageing,
special features of LBB for narrow gap welds and dissimilar metal welds (DMW) will
be considered. Experimental and analytical methods for LBB will be developed.
Evaluate growth and criticality of real cracks with shallow or irregular shape in
structures; low-constraint fracture mechanical testing methods, transferability to
structures and advanced numerical methods will be developed.
Develop structural integrity assessment procedure for dissimilar metal weld (DMW)
based on realistic failure criteria of DMWs, and develop practice with which the zones
that are most critical for fracture can be identified and their fracture toughness and
mechanical strength can be determined reliably.
2.6.3

Monitoring of the structural integrity of materials and components in reactor circuit
(MAKOMON)

Non-destructive examination (NDE) and testing (NDT) techniques are the main tools to
inspect the structural integrity of the primary circuit components in the nuclear power plant.
The development of the NDT techniques towards more reliable and efficient in-service
inspections (ISI) promotes the safety of the nuclear power plant. Also the development of the
inspection techniques that can be applied to reactor circuit components where the access is
restricted can increase the reliability of ISI. The main objective of this project is to develop
those NDT techniques used in ISI.
Also the aim is to analyse the differences in artificial flaws and further verify the reliability of
NDE simulations. One objective of the project is to improve the eddy current inspection
inspection method to map the magnetite piles in a steam generator.
2.6.4

RI-ISI analyses and inspection reliability of piping systems (RAIPSYS)

The overall objective of the project is to support the implementation of risk-informed inservice inspection (RI-ISI) at Finnish nuclear power plants by studying and further developing
relevant issues related to RI-ISI. Objectives are:
For quantification of piping leak and break probabilities, the development of structural
reliability methods including probabilistic simulation procedures and probabilistic
fracture mechanics (PFM) applications.
Further development of methods for evaluating inspection capability in the form of
flaw detection probability functions.
Further development of risk informed in-service inspection (RI-ISI) analysis methods.
Strengthening inter-disciplinary readiness to combine structural integrity, NDT and
PSA expertise in Finland.
Active participation in international co-operation and education of experts.
2.6.5

Advanced surveillance technique and embrittlement modelling (SURVIVE)

The objectives of the project are: 1) validation of small specimen test techniques is focused
on fracture toughness T0-testing using small CT- and 3PB-specimens; 2) multiscale modeling
of fracture in multi-crystalline structures aims to model cleavage fracture in real materials, i.e.
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parameters affecting crack initiation and growth are considered in detail and will be included
in the analysis; 3) microstructural analysis and modeling using SANS, APT, PA and resistivity
measurements will be performed with high phosphorus VVER440 welds, which are used in
Finland and which have not been studied in large EC research programs; 4) reporting of old
data.
2.6.6

Water chemistry and plant operating reliability (WAPA)

The project focuses on two main objectives. The first objective is to develop understanding of
and a model for dissolution, deposition and re-entrainment of magnetite and soluble iron
species in the secondary circuit conditions. The model will include effects from water
chemistry, hydrodynamical conditions and thermal gradient. A set of focused experimental
methods need to be developed to determine some model parameters (e.g. surface charge /
zeta potential) and their dependence on water chemistry. The model will be verified through
experiments and literature data. Applications of the work include e.g. evaluation of the
possibilities of minimising magnetite formation and deposition onto steam generator and
other secondary side surfaces through water chemistry and hydrodynamics (hydrazine
injection, different amines, use of dispersants etc.).
The second objective is to develop understanding of and a model for crud deposition on and
redissolution from the fuel cladding surface. The model will be largely based on the work
carried out in Task 1, and will include effects from fuel cladding material, water chemistry,
hydrodynamical conditions and thermal gradient. The model will be verified through
experiments and literature data. Applications of the work include e.g. evaluating effects of
power transients, the effect of zinc injection on the crud behaviour, risk for axial offset
anomaly/crud induced power shift (AOA/CIPS) and the effects of increased Li/K
concentration on crud and cladding corrosion.
2.6.7

Fatigue affected by residual stresses, environment and thermal fluctuations
(FRESH)

The project aims at expanding and deepening understanding of fatigue behaviour
experienced by NPP pressure boundary components under realistic loads and environment.
The scope and accuracy of the fatigue analyses are planned to be significantly increased by:
resolving applicable stresses causing crack growth in thermal fatigue experiments,
studying changes in the residual stress state of overlay due to operational loads,
determining residual stresses in RPV due to cladding and
crack growth computations for thermal loads caused by turbulent mixing of water
flows.
Education of new experts is an essential part of this research project. The simulation of the
phenomena which are also studied experimentally will require understanding in both fields
and thus provides expert training for new research scientists. In addition, two postgraduate
scientist work in this project.
2.6.8

Heavy fouling and corrosion risks in the cooling water systems of NPPs and
methods for their mitigation (RICO)

The overall objective of the project is to identify the risks related to fast fouling, scaling and/or
corrosion of the cooling water systems of nuclear power plants and to develop
countermeasures to mitigate the risks.
In 2014 the project focuses on two main objectives. The first objective is to identify the risks
related to fast fouling, scaling and/or corrosion in the cooling water systems of nuclear power
plants. A special emphasis is given to contaminants which can cause rapid loss of heat-
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transfer capacity of the cooling systems. The risks will be evaluated based on laboratory- and
bench-scale studies. The second objective is education of new experts in the field of power
plant water chemistry.

2.7

Construction safety

In 2014 the research area "Construction Safety" consists of four projects: Impact 2014
(IMPACT2014), Aging management of concrete structures in nuclear power plants
(MANAGE), Structural mechanics analyses of soft and hard impacts (SMASH) and Seismic
safety of nuclear power plants: targets for research and education (SESA). All these projects
have started in 2011.

Figure 2.7 Calculated shear strain distributions in vertical (left) and horizontal (right) crosssections of a slab in an impact experiment (SMASH project).
2.7.1

Impact 2014 (IMPACT2014)

A general objective of Impact 2014 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. The target used will be force plate concrete wall
with reinforcement and wall-floor structure. The wall can be designed with pre-stressing bars
and liner. In 2014 also floor-wall structure will be tested. The test results will also be used for
numerical analysis in SMASH project in SAFIR 2014.
2.7.2

Aging management of concrete structures in nuclear power plants (MANAGE)

The acquisition of essential and up-to-date data on condition and performance of structures
is one of the issues that are secured in the development of the aging management system.
In this project the management of service life is extended to a larger aging management
system with a range of analysis tools and services related to monitoring, simulation, condition
assessment and structural analyses. The aging management system will contain several
management tools that use the same data assortment of a central database. This will
enhance the availability and usability of the existing data. In 2014 the main goals of the
project are:
Integration of the Ageing Management Platform into NPP’s systems
User training of NPP personnel
National and International research cooperation, and
Research to support performance assessment of ageing concrete infrastructure at
Finnish NPPs.
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2.7.3

Structural mechanics analyses of soft and hard impacts (SMASH)

The main objective of this project is to develop and take in use numerical methods for
predicting response of reinforced concrete structures to severe dynamic loads such as
impacts of projectiles and pressure waves due to explosions. The structures may additionally
be pre-stressed or covered with a steel liner. An impacting aircraft contains fuel which leads
to a high risk of fire. The aim of liquid research is a validated capability to simulate spreading
of burning liquid and smoke as a result of an aircraft impact. The final goal is to develop and
take in use methods and models for assessing airplane crashes against important protective
structures.
It is important to evaluate and prioritize the development needs based on the work already
done. The post-calculation of the tests conducted in the ongoing IMPACT project gives
valuable information on the applicability and development needs of the methods being used.
2.7.4

Seismic safety of nuclear power plants: targets for research and education
(SESA)

The objectives of the project are:
to study seismic qualification process and identify uncertainties which reflect and
cumulate to qualification of systems, structures and components against seismic
hazards
to refine the understanding of the seismic hazard and the related uncertainties in
Finland, especially for the potential locations for the new NPP’s in Finland
to develop an understanding of the participants in the design of the NPP of the
consequences of increased seismic demands compared to the existing experience
resulting from the previous NPP projects with no seismic requirements
to develop a proposal for the seismic certification process of the newly planned NPP
and its equipment
to asses operation (OBE) and shutdown (SSE) criteria of NPPs and study the
potential for permanent monitoring possibilities and requirements and of key
components, in order to facilitate inspection after an SSE.

2.8

Probabilistic risk analysis (PRA)

In 2014 the research area "Probabilistic Risk Analysis (PRA)" consists of four projects:
Extreme weather and nuclear power plants (EXWE), Risk assessment of large fire loads
(LARGO), PRA development and application (PRADA) and FinPSA knowledge transfer
(FINPSA-TRANSFER). FINPSA-TRANSFER started in 2012, and the other projects are
continuation to work started in 2011.
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Figure 2.8 Comparison of the heat release with very small drag coefficient (left) and very
large (right) at t=250 s (LARGO project).
2.8.1

Extreme weather and nuclear power plants (EXWE)

The overall objective of the research is to produce a comprehensive review of the frequency,
intensity, spatial and temporal variation and the impacts of the extreme weather and sea
level events that are relevant for the safety of nuclear power plants, as well as to clarify the
influence of climate change on these. Instrumental records and climate model simulations
are utilized. The study topics chosen for 2014 are in part a continuation for the studies in
2012-2013. The topics were identified most relevant in a discussion with the end users
(representatives of the power companies and the nuclear safety authorities). The research
topics are:
Meteotsunamis on the Finnish coast.
Probability of occurrence of extreme weather events that have not been observed in
Finland.
Synthesis of the EXWE outcomes in 2011-2014.
2.8.2

Risk assessment of large fire loads (LARGO)

The main objective of the project is the assessment of risks associated with large industrial
fire loads within NPPs, such as oil or electrical cables. The results of the project can be used
to ensure the fulfilment of defence-in-depth principle in fire protection. Specific requirements
set by the severity and nature of the fire for the elements of the defence-in-depth principle
will be studied, including the possibilities for detection and suppression and fire mitigation by
structural partitioning. The envisaged research includes the development of fire simulation
methods towards a validated capability to predict fire size under ventilation controlled
conditions and suppression, and development of a software tool for the interoperability of
stateof the-art fire and structural simulation models. The capability to evaluate the efficiency
of counter measures by plant personnel will be examined by further development and
practical application of the new fire-HRA –method. The sensitivity of digital automation to
smoke and heat will be studied to enable the prediction of damages in components and
systems for which empirical data is not yet available. The objective of the fire-HRA and
device response studies is the estimation of probability of successful safe shutdown.
2.8.3

PRA development and application (PRADA)

The project is focused on the development and application of probabilistic risk assessment
methodologies. Characteristic challenges in the field of probabilistic risk assessment are the
handling of uncertainty, lack of empirical data, need for enhanced contextuality and
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multidisciplinarity. As research trying to improve PRA should meet these challenges, the
project aims at fulfilling the goals outlined above by conducting research in three areas:
Human reliability analysis (HRA)
Dynamic PRA
Imprecise probabilities in PRA.
In 2014, the assessments of existing HRA applications will be finalized by extending the
assessments of existing HRA applications with more cases and PRAs. This work shall
provide an overview of the assessments done by developing guidance on the scope of HRA
applications and choice of methods for HRA applications.
2.8.4

FinPSA knowledge transfer (FINPSA-TRANSFER)

FinPSA and its predecessor SPSA are unique software tools developed by the Finnish
Centre for Radiation Safety (STUK) for carrying out probabilistic risk analyses. SPSA working
in DOS environment is a full level 1 and 2 PRA tool. FinPSA working in Windows
environment corresponds to the level 1 PRA part of SPSA, but has numerous new
capabilities compared to SPSA. The main objective of the project is to ensure the support
and development of a unique software tool, FinPSA, dedicated to the performance of
probabilistic risk analysis (PRA) for nuclear power plants. A general objective is to develop
and demonstrate practice and skills in the development of software products critical to safety.

2.9

Development of research infrastructure

In 2014 there are two projects focused on the development of research infrastructure:
Enhancement of Lappeenranta instrumentation of nuclear safety experiments (ELAINE) and
Renewal of hot cell infrastructure (REHOT).

Figure 2.9 Conceptualization of hot cell suite planned for engineering design (REHOT
project).
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2.9.1

Enhancement of Lappeenranta instrumentation of nuclear safety experiments
(ELAINE)

The main goal of the project is to increase the quality and quantity of the measured data
generated by the Nuclear Safety Research Unit at Lappeenranta University of Technology
(LUT) in order to meet the requirements imposed by today’s CFD modeling.
One of the main challenges in experimental research is “extracting” the studied physical
quantities from the test arrangement for the use of the analysts as numerical data. In nuclear
safety research this data is mostly used in validation purposes. Quality of the data depends
on the capabilities of the data gathering chain. The needs for the quality (and quantity) of test
data has changed dramatically in the last few years, mainly due to more extensive use of
CFD computation. The focus is now on 3D quantities instead of series of single point
measurements, i.e. velocity fields, etc. One important quantity in thermal hydraulics is heat
flux, and testing of a sensor directly measuring heat flux is ongoing. Another challenge is
how to store and distribute this research data to the end users of the results.
In addition to these general objectives, the main circulation pumps for the PWR PACTEL
facility were installed in 2013. In connection with the installation of the pumps general
maintenance of the PACTEL/PWR PACTEL facility was launched and will be continued in
2014.
2.9.2

Renewal of hot cell infrastructure (REHOT)

The objective of this project is to plan and execute the hot cell and hot laboratory portion of
the infrastructure renewal, including the planning and making of critical equipment
investments for the facility, and training of the technical personnel that will be staffing the
facility, carried out in tandem with the design and construction of the Centre for Nuclear
Safety (CNS). Central to 2014 is the Engineering Design of the hot cells, which is being
outsourced to an appropriate company selected by competitive bid. The principle piece of
equipment to be purchased in 2014 is the electrodischarge machine (EDM), for which
competitive bidding was carried out in 2013.
In 2014 the project is divided into three subprojects as follows:
Subproject 1 is dedicated to the hot cell design and construction project, which will
define and guide the technical construction of the hot laboratory portion of the new
building in tandem with the engineering design of the CNS. Central to this are the
shielding cells themselves, to be constructed of suitable materials and equipped with
appropriated manipulators and devices to provide protection against human radiation
exposure in line with the ALARA principle. Training for the hot cell environment is also
included.
Subproject 2 focuses on procurement of research equipment to be installed in the hot
cells, particularly executing the competitive bidding process for each item. This
subproject also includes the nuclearization for the new equipment and training for
their use.
Subproject 3 is to assure continuous exchange of information between the VTT
project team and the engineering design team carrying out the design and
construction work of the building itself, as it pertains to the aspects involving the
interface between the building systems and the hot laboratory and hot cells facilities
(structural, electrical, ventilation, fire protection, security, etc.).
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3. Financial and statistical information
The planned total cost of the programme in 2014 is 10.30 M€. The major funding partners
are VYR with 5.71 M€, VTT with 2.79 M€, Fortum with 0.21 M€, NKS with 0.20 M€, Aalto
University with 0.19 M€, TVO with 0.15 M€, and other partners with 1.04 M€ (Fig. 3.1). The
volume, funding and costs of SAFIR2014 research projects in 2014 are shown in Table 3.1.
The total volume of the programme in 2014 is planned to be 64 person years. The personnel
costs make up the major share of expenses (Figure 3.2).

Figure 3.1 Financing of the SAFIR2014 programme in 2014.
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Table 3.1 Resource plan summary of SAFIR2014 in 2014.

RESEARCH REPORT VTT-R-03911-14
32 (38)
Table 3.1 Resource plan summary of SAFIR2014 in 2014 (cont.)
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Table 3.1 Resource plan summary of SAFIR2014 in 2014 (cont.)
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Figure 3.2 Expenses of the SAFIR2014 programme in 2014.
Figure 3.3 shows VYR and total funding in the projects of the nine research areas1 in 2014.
Figures 3.4 and 3.5 illustrate the distribution of VYR and total funding to the nine areas of
SAFIR2014, respectively.

Figure 3.3. VYR and total funding in SAFIR2014 research areas in 2014.

1

In Figures 3.3-3.8, following abbreviations have been used for the research areas: Human for Man,
Organisation and Society; Automation for Automation and Control Room; Core for Fuel Research and
Reactor Analysis; Thermal for Thermal Hydraulics; Severe for Severe Accidents; Materials for
Structural Safety of Reactor Circuits; Construction for Construction Safety; PRA for Probabilistic Risk
Analysis (PRA); Infra for Development of Research Infrastructure.
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Figure 3.4. Distribution of VYR funding to SAFIR2014 research areas in 2014.

Figure 3.5. Distribution total funding to SAFIR2014 research areas in 2014.
Figure 3.6 illustrates the distribution of person years to the nine research areas of
SAFIR2014 in 2014. The investment in experimental equipment is reflected in the smaller
share of person years versus funding especially in the area Development of Research
Infrastructure.
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Figure 3.6. Planned person years in SAFIR2014 research areas in 2014.
Figures 3.7 and 3.8 show VYR and total funding realised in 2011-2013 [3,4,5] and planned
for 2014 in the research areas. A notable change between 2011 and 2012 was the increase
in funding of the research infrastructure development area. Further, the inclusion of
Fukushima accident related new research topics increased the volume of severe accidents
and PRA areas at the same time. In 2014, VYR funding was still increased in the
infrastructure area. A slight increase is also in the man, organisation and society area.

Figure 3.7 VYR funding in the research areas during 2011-2014.
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Figure 3.8 Total funding in the research areas during 2011-2014.
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4. Organisation and management
The programme management bodies, the steering group and the reference groups, will meet
on regular basis. Reference groups have four meetings annually for following the project
progress. The steering group has normally four meetings during the year. Projects are also
supported by ad hoc groups, which will meet upon the needs of the specific projects. New ad
hoc groups may be formed on the initiative of the project managers, the reference groups or
the steering group. The persons involved in the steering and reference groups, as well as
programme staff and their main duties are listed in Appendix 3.
The information on the research performed in SAFIR2014 is communicated formally via the
quarterly progress reports of the projects, the annual report of the programme and
SAFIR2014 web pages. Additional information will be given in seminars organised in the
various research areas. The detailed scientific results will be published as articles in scientific
journals, conference papers, and separate reports.
SAFIR2014 programme ends after the research year 2014 and a final seminar will be
organised in March 2015. The ending of the programme also means the final reporting of the
project results and extra meetings of the management bodies for the evaluation of the
results.
In addition to conducting the actual research according to the annual plans, SAFIR2014
functions as an efficient conveyor of information to all organisations operating in the nuclear
energy sector in Finland. It is also an open discussion forum that helps participation in
international co-operation and planning of new research activities.
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RESEARCH PLAN for 2014/REVISED

Managing safety culture throughout the lifecycle of nuclear plants (MANSCU)
Turvallisuuskulttuurin hallinta laitosten elinkaaren eri vaiheissa
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011– 2014
Pia Oedewald
1,7 person-years
250
VYR 85 k€, NKS 31 k€, VTT 100 k€, Ringhals 34 k€

Objectives
The generic objective of the MANSCU project (2011-2014) is to develop safety management
approaches with respect to three dimensions. Safety management approaches (such as rules and
procedures, training, event investigation practices, safety culture evaluations and improvement
programs, risk assessment and human performance programmes) should:
1) support the development of sufficient understanding and knowledge of nuclear safety
and risks as well as nuclear industry specific working practice demands.
2) take into account the needs of other contexts than the operating units. Safety
management approaches should fit the purposes of design organisations, collaboration
networks and supply chains, both in pre-operational and operational phases. The
networks and supply chains may be multicultural and interdisciplinary.
3) support organisational alertness (mindfulness) to new risks which are based on either
technical or social phenomena. It also means avoidance of complacency and constant effort
of continual improvement.
Background
Current theories of organisational safety emphasise that safety is more than absence of accidents
and incidents (Woods & Hollnagel 2006; Hollnagel 2008, Reiman & Oedewald 2008). The
resilience engineering approach to safety management understands safety as the organisational
ability to succeed in varying conditions (Hollnagel 2009). Thus, safety management practices
should not solely encompass activities aiming at analysing and eliminating possibilities of
failures, rather safety management should aim at creating organisational capabilities for safe
performance in different circumstances. This premise has been the basis of the organisational
assessment approaches developed at VTT, namely the CAOC (cf. Reiman & Oedewald 2007)
and the DISC-model (cf. Oedewald et al., 2011, Macchi et al., 2011) were the aim is to evaluate
the organisation’s potential for safety.
In the nuclear industry many activities, for example maintenance, design work, construction of
new plants and emergency management involve dealing with unforeseen situations and
performing underspecified work tasks (cf. Weick & Sutcliffe 2007, Reiman 2011, Oedewald et
al. 2012, Grote 2012). In order to smoothly cope with these the culture of the organisation needs
to support flexibility and adaptability to some degree. Rules and instructions do not cover all
circumstances thus the actions or decisions are based on worker or management expertise (cf.
Gotcheva et.al 2013). In order for the actions and decision to be safe they need to be based on
sound understanding of the possible risks and safety impacts of the decisions and actions.
Achieving and maintaining sufficient understanding of safety and risks across the organisation is
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not self-evident, however. The nuclear safety related risks are intangible and they realize
infrequently. Some technical phenomena are complex and hard to anticipate e.g. in the design
stage (Macchi et. al in progress). The hazards may also be considered distant due to multiple
technical barriers and strict distribution of responsibilities among different actors.
Nuclear industry’s ability to develop safety management practices which communicate the risk
and safety information effectively and in a motivating manner is a topical challenge. The new
power plant projects and modernisations of the operating units require such an amount of
employees and services that it’s necessary to utilise subcontractor companies and new workers
with little or no previous experience in nuclear industry. The safety management practices need to
take into account the heterogeneity and diverse cultural backgrounds of the employees.
However, even experienced nuclear power organisations may have developed a culture where
mindfulness towards the risks and preparedness for unexpected situations is inadequate. One of
the mechanisms of drifting into failure is to take the past success as a guarantee of future success
(Dekker 2011). It may lead to reduced vigilance towards weak signals of danger, overreliance of
the competence in the organisation or overconfidence over the technical barriers and generic
complacency in the organisation.
In recent years most Nordic nuclear power plants have been implementing so called Human
Performance programmes which have their guidance from INPO (e.g. 2006) and WANO (e.g.
2006). According to the Department of Energy (DOE), Human Performance programmes have
two main objectives: to reduce errors and to strengthen controls (DOE, 2009). This definition
suggests that human performance programmes represent an outdated view on organisational
safety, focusing on eliminating errors rather than on creating capabilities. However, various
approaches exist on how to develop, implement and conduct human performance programmes
(e.g., Addison & Haig, 2006; IAEA, 2001; Cox et al 2004) and thus there is possibility to tailor
them to support development of sound safety culture, and to improve capabilities for resilience.
Specific Goals in 2014
In 2014 MANSCU project finalises the HUMAX subtasks and, in addition to that focuses on
publishing the generic lessons learned concerning practices for developing safety culture in the
nuclear domain (MODEL UPDATE subtask).

Subtask 1: HUMAX - Maximizing human performance in maintenance
9,5 person months, 133 k€. Funding: VYR: 40 k€, VTT: 28 k€, NKS: 31 k€, RAB:34 k€
The objective of the HUMAX subtask is to create understanding on how Human Performance
programmes affect safety of maintenance and how they could be improved in Nordic nuclear
plants. The research questions of the project are:
What are the expected benefits of human performance tools applied in nuclear power
plant maintenance?
What have the measurable benefits of human performance tools been so far in the plants
(e.g. reduced number of failures, licensee event reports, human errors)?
How do maintenance personnel perceive the application and effects of human
performance tools?
What characterizes successful human performance tools and implementation processes?
What aspects of maintenance work are most effectively met by use of human
performance tools, and what could be solved by other socio-technical means?
The tasks to be carried out at 2014 (together with IFE Halden and Vattenfall) are:
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1. Analysis of the results of the international survey. The survey was administered as a web
survey in fall 2013 to human performance experts and coordinators at different plants
e.g. in the USA, UK, France and Spain.
2. Continuing the analysis of the case studies in three Nordic nuclear plants: one Swedish
(Ringhals) and two Finnish (Loviisa and Olkiluoto). Two of the plants have implemented
human performance tools and one is about to implement in 2014. The methods used in
the case studies are field observations, document analysis and interviews.
3. Developing recommendations on how to design and implement effective human
performance tools. Furthermore guidance for NPPs on what kind of maintenance
activities human performance tools could support, for what type of activities other sociotechnical solutions are needed and what these solutions could be.
4. Dissemination of findings to the participating power companies in personnel training
days (e.g. TVO arranges 5 training days 2014 for their personnel) and in a joint
workshop between the different power companies.
5. Final report to be published in the NKS series and a scientific article.
Subtask 2: MODEL UPDATE - Theoretical reflections of safety culture model and safety
management practises for future needs
5 person months, 80 k€ =>7,5 person months 117k€. Funding: VYR: 45 k€ VTT: 72 k€
In 2014 the MODEL UPDATE focuses on summarising the lessons learned from the various case
studies and theoretical work that has been carried out during MANSCU project. Especially the
analysis on ways to improve management of safety in design activities is elaborated. A final
report with a tentative title “Developing safety culture and organisational resilience in nuclear
power organisations” will be published. In the report we will discuss both assessment of safety
culture and practical approaches for improving safety culture and organisational resilience.
Furthermore two scientific articles, one focusing on application of the DISC safety culture model
in a networked context (such as in a construction project context) and one on safety culture issues
in design processes will be written and submitted for publication.
In addition to the writing work, MODEL UPDATE includes international collaboration. P.
Oedewald is a member of the OECD/NEA WGHOF expert group which will meet twice in 2014.
Furthermore IAEA organises a meeting on Global safety culture where Oedewald has been
invited as a facilitator, and which is very relevant for MANSCU-project generic objectives point
of view. These tasks will require travelling and working time for reading and writing. Some
researchers of MANSCU also participate in two conferences in 2014 to report DESIGN and
HUMAX findings.
The proposed MODEL UPDATE task is expected to significantly contribute to building up and
maintaining the expertise in the area of safety culture and human factors in the nuclear industry.
The scientific publishing is meant to educate experts in the nuclear industry and to contribute to
the PhD studies of the researchers.
The tasks in 2014 are:
Final report: “Developing safety culture and organisational resilience in nuclear power
organisations” (4 person months)
Scientific publishing: two articles in a refereed scientific journal and two conference
papers and participation in the conferences (2,7 person months)
Participation in the OECD/NEA/WGHOF meetings (1 week)
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Participation in IAEA’s National culture impacts in safety culture (2 weeks)
Deliverables
Task
Deliverable
1

NKS final report of Humax project

1

Scientific paper on Expected and experienced benefits of Human performance
programmes

2

VTT publication: “Developing safety culture and organisational resilience in nuclear
power organisations”

2

A scientific article on DISC model in networked organisations

2

A scientific article on human and organisational issues in design activities in nuclear
industry

2

Two conference papers.

Applications
The models and methods developed in MANSCU can be utilised by the power companies and
regulators when they carry out safety culture (self)assessments, organisational oversight and
event analysis. The results apply both for operating plants and for the new nuclear build projects.
Furthermore, the results support power companies when they develop their safety management
activities, especially those that aim for improving human reliability in maintenance (for example
their Human performance programs). The project also provides unique models for supporting the
quality of design processes, which can be utilised by various organisations in the nuclear domain.
Education of experts
The project includes two young researchers and PhD students.
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RESEARCH PLAN for 2014/version 2

Sustainable and Future Oriented Expertise (SAFEX2014)
Kestävää ja kehittyvää tulevaisuuden osaamista
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011– 2014
Eerikki Mäki
0,85 person-years
89 k€
VYR 65 k€, Aalto University 11 k€, Työterveyslaitos 13
k€,
ohje: päärahoittajat spesifioidaan, esimerkissä mainittu aikaisemmin esiintyneitä. Otherskohtaan merkitään mahdollinen useasta pienestä em. tahojen ulkopuolisesta lähteestä peräisin
oleva rahoitus. Oma rahoitus (esim. VTT, Aalto...) tulee aina indikoida selkeästi.
1 person year = 10.5 person months.
Objectives
The purpose of SAFEX2014 (in years 2011-2014) is to generate new knowledge on
evaluation methods of HR practices,
knowledge and competence management in nuclear power industry and
good practices in the area of human resource management, leadership and
collaboration between organizations.
In addition, the SAFEX2014 aims at creating practices for
the development of leadership and management of human resources
guaranteeing expertise and
promoting collaboration of experts across organizational boundaries.
Human resource management in this project includes both HR-department /specialists and
team/group leaders or supervisors.
As a result, SAFEX2014 generates:
Analysis of HR-practices in nuclear power industry with the special focus on
Human Performance Tools, experiences on them, and their applicability in nuclear
power industry.
Empirically based knowledge on best practices in human resource management and
supervisory work and leadership in nuclear power industry.
Evaluation and follow-up method of HR-management for nuclear power industry.
Evaluation of the participant organizations’ knowledge and competence
management practices and recommendations for future developments in the area of
maintaining, guaranteeing, and developing expertise.
Empirically based knowledge on expert collaboration across organizational
boundaries.
SAFEX2014 delivers and disseminates information and results in many forms. Research reports
summarize subproject’s results and conclusions. Research reports can be public or only for
participant organizations. Short articles in practically oriented journals disseminate the findings
for the broader public interested in research topics. National and international science forums and
Finnish nuclear energy community (e.g. SAFIR2014 seminars) are used to disseminate and
discuss the results. And finally, the results are implemented into daily work practices by active
participation of the participating organizations.
Background
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In the near future, Finnish nuclear power industry is facing several challenges in the area of
knowledge and competence management and expertise development. Reasons for these challenges
include start-up of new power plants, global labor markets, and “baby boomers” retirement peak.
Two preceding SAFIR funded research projects by the applicants (Disseminating Tacit
Knowledge and Expertise in Nuclear Power Plants, Diamond 2004-2006 and Expert work in
safety critical environment, SafeExpertNet, so called SAFEX 2007-2010) identified individual
and organizational factors related to expert work and development of expertise in nuclear power
industry. SAFEX2014 builds on research group’s earlier findings of expert work and expertise
development in nuclear energy industry.
In SAFEX2014 -project the focus is especially on the development of human resource
management and leadership practices as well as improvement of expert collaboration across
organizational boundaries. SAFEX2014 provides knowledge on and support for developing
methods and practices that create sustainable expertise in nuclear power industry. The importance
of these themes has been recognized widely in nuclear power industry organizations and e.g. in
IAEA1.
Fennovoima, Fortum Technical Support unit, Loviisa nuclear power plant, Posiva and Radiation
and Nuclear Safety Authority Finland have expressed their interest to participate SAFEX2014.
Specific Goals in 2014
1 Human resource management in changing operational environment
The subproject aims at identifying and developing appropriate methods and practices for human
resource management in the nuclear energy industry. The focus is on methods and practices that
support the work of HR-specialists and supervisors. The purpose of this task is to strengthen safe
and reliable work and management practices.

1.1

Assessment and follow-up of well-being and expertise development and
collaboration capabilities of the nuclear power expert network (Funding: VYR, Aalto
University, Finnish Institute of Occupational Health)

The work includes modification of SAFEX survey and data collection from participating
organizations (data to be gathered March 2014). Data analysis, and organization specific
presentations and development focused feedback sessions (only for the use of the participating
organization). The research group is not able to conduct interviews in the 5-6 organizations
participating to the survey because of their labor intensity, even though the reference group
showed some kind of interest for the interviews. Instead the feedback sessions will be carried out
by using participatory approach.

1.2

Integration and dissemination of research results (Funding: VYR, Aalto University,
Finnish Institute of Occupational Health)

This subtask involves analysis of the longitudinal data (survey data from years 2008, 2010, 2012,
2014) and qualitative data (interviews done earlier by the research group). Main emphasis is on
1

IAEA NE Series No. NG-G-2.1 Managing human resources in the field of nuclear energy (2009),
IAEA-TECDOC-1510: Knowledge Management for Nuclear Industry Operating Organizations (2006),
IAEA-TECDOC-1399: The nuclear power industry’s ageing workforce: Transfer of knowledge to the
next generation (2004), IAEA-TECDOC-1364. Managing human resources in the nuclear power industry:
Lessons learned

3
writing and reporting results for practitioners in the industry and scholars in the academic
community.

Deliverables
Task

Deliverable

1.1

Organization specific summaries and interactive and development focused feedback
sessions (n=5-6) (themes include e.g. competence management and development,
supervisory work, well-being, interorganizational collaboration) based on SAFEX
surveys.

1.2

Deliverables include different types of publications based on research group’s scientific
work. Following publications are already in progress:
Kurki et al. Who detects the learning challenges in complex work? 11th International
Symposium on Human Factors in Organisational Design & Management and the 46
Annual Nordic Ergonomics Society Conference (ODAM-NES 2014), 17 - 20 August
2014 in Copenhagen, Denmark. This paper will be further developed and published in
Finnish too. Publication forum for the Finnish version is still open.
Mäki et al. Assessment method for analyzing and developing human resource management
practices in nuclear power industry. ENC 2014, The European Forum to discuss Nuclear
Technology Issues, Opportunities & Challenges, 11 - 15 May 2014, Marseille, France.

In addition, the research group will write a thematic report (in Finnish) based on the
findings of the Safex-surveys. First Author Pahkin K.
In addition, a working paper Career planning practices in nuclear power industry will be
written by Lindström et al.
Applications
The results are especially intended for the participating organizations (and their partners). The
results can be immediately utilized in participating organizations. Follow-up results serve a good
tool for development in participating organizations. Knowledge on nuclear power industry human
resource management practices, supervisory work and leadership, interorganizational
collaboration, and enhanced understanding on experts’ work, work processes and competences
enables organizations and experts themselves to develop the work environment and respond to
changes in it. More generally, SAFEX2014 findings can be utilized in entire nuclear power
industry on the long run.
Education of experts
The results are used for educational purposes in Aalto University School of Science, other
involved universities and organizational training programs within the organizations of the nuclear
power network. Results may be also utilized in e.g. IAEA technical meetings.
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Signalled and Silenced Aspects of Nuclear Safety (SISIANS), Cultural Isomorphic
Pressures (CIP)
Ydinturvallisuuden korostetut ja vaiennetut näkökohdat, kulttuuriset
yhdenmukaistavat paineet
Duration
Project manager
Volume and funding 2013
Funding sources (keuro) 2013

2014-2015
Marja Ylönen
9 person months/year 2014, 86 Keuro
VYR 60 keuro, University of Jyväskylä
26 keuro

Objectives
The objective of this study is to deepen and widen the understanding of nuclear safety by
analysing from the social scientific perspective the international nuclear safety requirements
and the specific culture of national nuclear safety regulation in Finland and the UK. Through
the concept of institutional isomorphism one looks at both international and national
pressures and institutional arrangements, which may either spread effective understanding of
safety or lead to contrasting understandings and approaches among people working in safetyrelated organisations.
Hence, the objective of the study is to analyse cultural patterns through the concept of
institutional isomorphism. In contemporary society there are several processes which make
organisations more similar to each other. DiMaggio and Powell (1983) have identified three
mechanisms through which institutional isomorphic change occurs. 1) Coercive isomorphism
stems from national institutional patterns, such as centralization of the state, or the structure
of the national economy, or national patterns of interest organizations that can make national
regulatory regimes more homogeneous and less similar to international regulatory regimes in
the same sector. The opposite may as well occur, namely, that in a particular sector the
national regulatory regime is more affected by international patterns, to which national
governments have subscribed, than national ones. 2) Mimetic isomorphism may derive from
an uncertain environment which creates pressures to imitate other organisations, which are
considered successful. 3) Normative isomorphism derives from professionalization, i.e. need
to establish a cognitive base and legitimation for occupational autonomy. Both formal
education, training courses and professional networks are important centers for the
development of organizational norms, professional behavior and similar orientations among
certain profession and experts (Halffman 2005, 464). All three pressures to isomorphism may
play a role in the nuclear sector, since they affect the what, how and who or safety-related
action. Isomorphism is important to the extent that it may strengthen and spread effective
understandings of, and approaches to, safety (one may call this ‘awareness’), but it may also
engender inability to detect specific needs and requirements (one may call this ‘blindness’),
or else it may lead to contrasting understanding and approaches among bodies involved in
nuclear safety that are exposed to different isomorphic pressures (one may call this ‘clash’).
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As a whole the study will contribute to the SAFIR2014 programme by providing research
results, which increase understanding of relevant societal, institutional and cultural aspects of
nuclear safety. At a more general level it will be possible to improve understanding of the
features that are both beneficial and detrimental to nuclear safety regulation in our culture and
institutional set up.

Background
National and international upgrading of nuclear safety after the Fukushima nuclear power
accident and the harmonization attempts of safety requirements at the international and
national level make nuclear safety a relevant research topic. The global safety regime cannot
be improved properly or be efficient without understanding the national cultural patterns
related to safety. In addition, new nuclear power-equipped countries, with their own specific
cultures, not to mention the continuous need to improve safety in the era of new technologies,
construction of new nuclear plants and ageing of nuclear reactors, make it urgent to
understand which kinds of cultural patterns may enhance or limit nuclear safety and the
current international attempts to harmonize safety approaches. The relevance of cultural
aspects of safety is emphasized, for example, by the forthcoming IAEA’s workshop on
Global Safety Culture - National Cultural Impact on Safety Culture (IAEA 2013).
The concept of safety culture became a relevant research topic since the 1980s within the
nuclear safety community, and it has been used as tool to avoid accidents also within other
high-risks industrial sectors, such as petroleum and gas industry (Silbey 2009; Kringen 2008).
A wealth of research and analysis on safety culture (Lee and Harrison 2000; Choudry 2007)
and the Fukushima disaster’s effects on the future of nuclear power and nuclear safety have
already been conducted (Jorant 2012; Ohsuga 2012; Funabashi and Kitazawa 2012; Thomas
2012; Pfotenhauer et al 2012). The majority of safety culture studies focuses on what happens
inside nuclear power plants and thus ignores cultural and societal factors external to specific
organisations that may have important effects on safety and safety regulation. For these
reasons this study builds on a larger perspective than the mainstream concept of safety
culture. The notion of institutional isomorphism is deployed as a tool to analyse cultural
patterns of safety (see theoretical frame).
There is a call for studies, which combine the analysis of international nuclear safety
regulations and national cultural features of safety, looking at them from the perspective of
institutional clusters and isomorphic features. That kind of study is of major importance
because it can show ‘blind spots’ of and clashes between, international safety requirements
(the International Atomic Energy Agency’s (IAEA) Safety Standards, Western European
Nuclear Regulators’ Association (WENRA) and national ones, or else between a national
nuclear sector and other relevant regulatory fields, such as environmental ones, which may
contribute to nuclear safety. In addition, new developments within the field of social control,
such as co-regulatory regimes, combining traditional governmental regulatory regimes and
self-regulation, may create contradictions and different understandings among bodies
involved in nuclear safety, and thus need to be reflected (Lindoe et al. 2013). The possible
clashes between national nuclear regulation and other regulatory fields or between national
and international nuclear regulation become highly relevant in the context of the
harmonization efforts of nuclear regulation made by Western European Nuclear Regulators’
Association (WENRA 2013).
2

This study continues and expands on the ongoing SAFIR- project on Signalled and Silenced
Aspects of Nuclear Safety, with its emphasis on national cultural patterns. The SISIANS
project started in May 2013 and is based on documentary analysis of international
organisations’ safety standards and reports (IAEA, WENRA), and on the analysis of National
Nuclear Energy Act and national safety requirements of STUK. The project looks at the
comprehensiveness of national requirements in relation to international ones, and identifies
national cultural frame within which safety is maintained. The SISIANS project provides an
important background work for 2014 research. The documentary analysis provides ideas for
drawing questions and issues for interviews.
Goal of this study is to analyse the specific culture of national nuclear safety regulation in
Finland and the United Kingdom. The UK was selected because of its plans to construct new
nuclear reactors. In 2014 10-15 interviews with people working at safety related institutions
in Finland will be conducted and analysed. Comparisons between international safety regime,
national safety requirements and safety practices (cultural patterns) will be made. In 2015 1520 British nuclear safety regulators will be interviewed and comparisons between Finnish and
British cultural isomorphic features will be carried out. The expected outcome is the
specification of cultural patterns and institutional arrangements, which structure nuclear
safety in Finland and the UK.
The author of this research plan has written article drafts on (De)politicization of nuclear
power: Finland after Fukushima, and Signalled and Silenced aspects of nuclear Safety, which
contribute to the research plan. She has also presented preliminary results of the SISIANS
project in Society for Risk Analysis Conference in Trondheim, European Sociological
Association’s Conference in Torino and Society for Social Studies of Science and
Technology Conference in San Diego. She established contacts with American, Japanese and
South-Korean researchers who are dealing with nuclear safety issues. The aim is to cooperate with these scholars, for example by preparing a common research project and
publication.

Specific Goals in 2014
Interviews with 10-15 people working at safety related institutions in Finland
Analysis of the interviews
Comparisons between the international safety regime, national safety requirements and safety
practices (cultural patterns).
Writing article draft on the basis of interviews
Deliverables
1. Writing article draft on the basis of 2013 SISIANS research and finalizing the article
2. Participation in International conferences (Society for Risk Analysis Conference in
Istanbul, and International Sociological Association’s Conference in Yokohama, Japan,
there are specific Post-Fukushima sessions)
3

3. Report on preliminary results of the interviews.
4. Outline of second article manuscript related to nuclear safety.

Specific Goals in 2015
Outline of institutional set-up of British nuclear safety regulation
Preparation work for thematic interviews
Interviews with 15-20 English nuclear safety regulators
Analysis of the interviews
Comparisons between Finnish and English nuclear safety regulators’ safety perceptions and
practices as well as cultural (isomorphic features)

Deliverables
1. Writing 2 article drafts on the basis of analysis, finalizing the articles
2. Participation in international conferences and dissemination of research results
3. Report on preliminary results of the interviews
Applications
Research results will support the improvement of nuclear safety by deepening and broadening
the understanding of safety.
Education of experts
It is a question of post-doctoral research, results will be published in international and
national journals and will be discussed with end-users.

4
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Coverage and rationality of the software I&C safety assurance, CORSICA
Turvallisuuskriittisten I&C ohjelmistojen täsmällinen ja kattava varmistaminen
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Timo Varkoi
0,9 person-years
137,4 k€
VYR 105,0 k€, VTT 32,4 k€

Objectives

The research project aims to improve the safety evaluation of I&C software in nuclear
industry by improving consciousness of software process assessment and rationality of
integrated evaluation methods.
Problems to be solved:
- undetermined connection from software process evaluation to software reliability,
- low level consciousness of coverage and rationality of V&V-methods in software
evaluation,
- low effectiveness between communication of stakeholders in licensing of safety
software,
- novel technology requires new qualification approaches,
- lack of a standard for software product makes evaluation difficult.
Background

CERFAS project in the previous SAFIR2010 research program developed a model to
certify safety-critical systems and software in the nuclear power domain. These previous
research activities are further extended for general evaluation for example in the
following topics:
- adequacy and relevance of process capability assessment in technical product
evaluation,
- coverage and rationality of required development and assurance methods,
- cooperation and communication between stakeholders in licensing process,
- certification and evaluation issues in using new technologies, for example FPGA,
- need for new standard(s) in technical safety evaluation of nuclear I&C systems
Use of evaluation concepts, methods and tools from other domains is also important,
because nuclear standards are not detailed enough to be adequate for certification needs.
Expertise from other domains is used also to validate the results of CORSICA tasks.
Specific Goals in 2014

1 Development Nuclear SPICE assessment method and process (Funding: VYR 22,1 k€)
The task aims at developing integrated Nuclear SPICE (formerly S4N) assessment
method to assess software development processes as part of certification or qualification
of safety critical I&C systems and software. In 2014 the method will be completed. Future
opportunities to further develop safety and information security as process quality
characteristics are studied.
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The volume of task 1 is 1,9 person months. The task leader is Timo Varkoi (FiSMA).
The task is divided into three subtasks.
1.1 Completion of integrated Nuclear SPICE Process Assessment Model
Integrated Nuclear SPICE Process Assessment Model (PAM) is update to include
relevant Common Position 2010 and YVL B.1 and E.7 requirements to ensure
consistency and model coverage. Appropriate assessment evidence classes are defined to
support management of assessment scope for different purposes.
The design principle of Nuclear SPICE PAM is to be modular, to add new methods and
evidence types, if and when required.
Further analysis of assessment tools are conducted for effective evidence handling and
results determination. Implementation alternatives of Nuclear SPICE PAM will be
specified based on openly available SPICE tools.
New topics for future development will be considered: 1) inclusion of assurance cases
as an evidence class; 2) use of Nuclear SPICE in assurance process; and 3) evaluation of
the process quality based on safety and security aspects instead of capability.
1.2 Completion of Nuclear SPICE assessment process
Based on the validation feedback, the assessment process is finalized. An integrated and
documented Nuclear SPICE assessment process will adapt to various types of assessment
classes in rigour and scope. It defines minimum requirements for each defined assessment
type. Determination and consolidation of assessment results will be tested and finalized.
Assessment of possible new process qualities from task 1.1 are considered for future
development options of the assessment process. Also, the development of emerging
security assessment models is followed and supported as appropriate.
1.3 Validation of integrated Nuclear SPICE
Primary activity of the final year is to conduct pilot assessments to test Nuclear SPICE
PAM and assessment process in real-life situations. Assessment feedback is collected and
necessary modifications to Nuclear SPICE PAM and assessment process will be carried
out.
Further validation of Nuclear SPICE is done as international cooperation between
European research organizations that share the interest in safety-critical process
assessment. Main methods are publication and review of technical and research papers.
Also workshops/tutorials can be organized to exchange ideas and get feedback.
2 Comparison of safety standards (Funding: VYR 17,2 k€, VTT 3,6 k€)
In 2004, the International Electrotechnical Commission (IEC) has issued the current
version of the safety standard IEC 62138 (Nuclear power plants - Instrumentation and
control important for safety - Software aspects for computer-based systems performing
category B or C functions).
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As the IEC 62138 is being updated, the requirements and changes in the generic safety
standards, especially IEC 61508-3 should be taken into account. Because of this, the
standard IEC 62138 should be compared against IEC 61508-3 to see how the scopes of
the standards differ in general. A similar comparison exists in the standard IEC 61513
(Annex D) where IEC 61513 is compared against IEC 61508.
The comparison is two-fold. First, the main differences between the two standards are
identified. This includes the scopes of the standards and the concepts and terminology
used. In the second part of the comparison the individual sections / clauses of the two
standards are mapped to corresponding sections / clauses of the other. The results of the
comparison will be published in a working paper.
The volume of this task is 1,5 person months. The task leader is Risto Nevalainen
(FiSMA).
3 Test set generation for function block based systems (Funding: VYR 19 k€, VTT 9,3
k€)
The task focuses on structural testing of function block based systems. As it is typically
not possible to test the system exhaustively, a set of test cases should be selected in some
rational manner.
Many function block based systems cannot be tested so that all possible sequential
combinations are covered. The systems can be analysed exhaustively through formal
methods such as model checking. However, model checking cannot be used to verify very
large systems. Additionally, model checking is always based on a model of the system,
and does not eliminate the need for testing. Since all system behaviours cannot be gone
through in tests, a method for determining an adequate test set is needed. A test set can be
considered adequate when a high coverage with respect to some coverage metric is
achieved.
In this task we develop methods for generating test sets for function block based systems.
Coverage metrics have previously been developed for function block diagrams. These
coverage metrics are based on interpreting the function-block diagram as a data flow
diagram. The data flow diagram can then be used to produce several data path conditions
that are basically requirements for system input values. Full test coverage is achieved by a
set of tests that fulfils all possible data path conditions.
In 2013, we created a proof-of-concept method for generating the test cases from the data
path conditions automatically. The method uses a model of the function block based
design, and then searches for test cases in which the data path conditions are fulfilled. The
tool utilizes model checking to determine feasible test cases. The model checker is used to
output counter-examples that are possible paths that fulfil a given test requirement. The
counter-examples can be used for defining test cases.
In 2014, the objectives of this task are:
Previously we have used certain data flow based coverage metrics for
determining the requirements for the test cases. Other requirements for
determining test coverage should be explored. Test coverage in function block
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based systems may be defined in other ways, and other coverage metrics may
be available. For example, the currently used coverage metrics do not account
for the values of internal memories, or inputs that are not Boolean type in their
coverage calculations. The inclusion of these properties to the coverage
metrics should be explored.
The concept tool development is continued. Potential improvements include:
1. Test case optimization. It is possible to create a smaller number of test
cases so that a single test case fulfils multiple test requirements. Some
sort of optimization is needed to form the test set in a sensible way so
that the number of test cases is small and each test case remains
relatively simple, while the number of fulfilled test requirements is
maximized.
2. A better test sequence parser that derives the test inputs from the
counter-examples output by the model checking tool.
3. The current tool uses hardcoded function block descriptions, and the
conditions on which an input of the function block affects the outputs
need to be manually written. A more sensible way of modelling
function blocks and determining the conditions in a more automatic
way is needed.
Tool development will be continued with a prioritization on improvements that reduce
manual work. Tool development can be further continued in another project if necessary.
The results of the task will be published in a working paper or a conference article.
The volume of this task is 2 person months. The task leader is Jussi Lahtinen (VTT).

4 Novel technologies (Funding: VYR 27,7 k€ , VTT 13,6 k€)
4.1 Hazard analysis methods of digital I&C systems
The earlier research in SAFIR research programmes and the practical examples
analysed in several projects have shown that designing software-based I&C
(instrumentation and control) systems is challenging. The main issues in systems
development are in the increasing complexity and demands for safety. Numerous
dependencies, multiple disciplines involved and characteristics of new (digital)
technologies create the need to go beyond traditional design and V&V techniques.
Complexity seems to be an intrinsic characteristic of software: Even if all components
of a software-based system behave as originally designed, bad things may still happen
because of undiscovered or misunderstood failure modes and mechanisms. Due to
increased complexity, accidents often result from dynamic unexpected behaviour of
systems and interactions among components, not just component failures (Nancy
Leveson’s book: Engineering Safer World). Moreover, capabilities and flexibility
(resilience) should be built into the systems so that they can survive situations that can’t
be foreseen and tested in advance. These challenges put pressure on the nuclear industry
not only to introduce world-class systems engineering (SE) practices but also to enhance
them with new safety engineering principles and practices.
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The overall objective of this task is to find out what kinds of failures, e.g. active
failures, can realistically be discovered in software-based digital systems with the
available analysis methods.
The work plan of this task is:
To make a compact state of the art review on hazard analysis methods for
critical software. The current usage, limitations and possible new applications
of methods like FMEA (Failure Modes & Effects Analysis), FTA (Fault Tree
Analysis), HAZOP (Hazard and Operability Analysis), STPA (Systems
Theoretic Process Analysis), and PGA (Purpose Graph Analysis) will be
reviewed. New and emerging methods will be identified and tried out in a
practical case study if possible.
Nuclear-specific features and needs, along with recommendations on how to
apply the methods in the nuclear domain will be provided based on the case
study.
The applicability of the methods, including the effort needed for learning and
utilisation, will be analysed and reported.
To deepen the understanding of the problem area, it is possible to participate
in an international meeting or conference related to the topic.
This task has connections to other projects in RG2. As one its objectives, HACAS project
aims at integrating human factors and ergonomics into the systems engineering process.
For that purpose, the literature is reviewed about design principles of complex and safetycritical socio-technical systems (e.g. STAMP – Systems-Theoretic Accident Model and
Processes, resilience engineering). This will be done together between CORSICA and
HACAS. Also the SAREMAN project has earlier touched these issues by defining the
basic modelling concepts for systems and their life-cycle processes. In 2014, SAREMAN
plans to review the standards and literature in order to create a clear understanding of the
nature of active failures. SAREMAN will especially identify different active failure
mechanisms while CORSICA looks for methods that can be used to detect these failures.
In addition, SARANA project deals with active failures in a work package aiming at
developing methods for formal analysis of source code. Source code analysis is one
approach for detecting and preventing common cause failures and active failure modes at
the design phase of the plant.
The work will be started in 2014 and possibly continued in 2015 in the new SAFIR
programme.
The volume of subtask 4.1 is 2,5 person months.
4.2 Design and V&V of systems on FPGA
Since the field-programmable gate array (FPGA) technology is rather new for
implementing safety-critical application-level functions in the nuclear power industry,
the related design and the V&V methods have not matured to the same level as
traditional hardware and software related methods.
Additionally, there is no international consensus on the licensing, design and V&V
methodologies of FPGA applications in NPPs. Many countries and regulatory
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organisations have their own view on how the design and V&V should be conducted.
Since the design process of FPGA devices resembles software design, software related
standards can be used to some extent. FPGA design requires also that the hardware
issues are taken into consideration.
In 2011 and 2012 the CORSICA project has followed relevant conferences and
workshops on the subject, and reported user experiences in the use and licensing of
FPGA based systems in the nuclear domain.
In 2013, the CORSICA project identified good design and V&V methods and practices
that are commonly accepted among different regulatory organisations. The methods
were tested using a case study to verify their usability and applicability for actual
designs.
In 2014, the objective of the task is to continue to follow the latest developments on
design, V&V and licensing of FPGA’s. In practise, this means actively following the
international working groups, conferences and workshops within the area.
The volume of subtask 4.2 is 0,5 person months.
The task 4 leader is Janne Valkonen (VTT).
5 Safety demonstration templates (Funding: VYR 6,5 k€, VTT 3,2 k€)
Utilities are required to demonstrate in a clear and unarguable way that nuclear power
plants and their systems are safe. In the current practice, a Safety Analysis Report
(SAR) provides an overall view of the safety of the plant or system. However, SARs are
not formally structured and their focus is on the solutions with less emphasis on
requirements and safety arguments. Thus, the information needed to demonstrate safety
may be scattered.
The objective of this task is to introduce and demonstrate the idea of formal, structured
safety demonstration templates that can be used to argue that a system (or part of it) has
certain properties and features. To prove the concept and make plans for further work, a
short example of using the template will be presented. The role and relationship
between SARs and formally structured evidence will be investigated and discussed with
experts involved in preparing SARs.
The volume of the task is 0,6 person months. The task leader is Janne Valkonen (VTT).
6 Management (Funding: VYR 12,6 k€, VTT 2,6 k€)
This task contains project management, reporting and publishing activities. CORSICA
will organise two ad hoc meetings during 2014 about project results and related topics.
The project follows and has co-operation with several international conferences and
activities, such as:
EuroSPI 2014. A Functional Safety workshop is organized annually, in
which CORSICA represents the nuclear power domain.
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SPICE 2014. Progress and experiences in Nuclear SPICE have been
presented earlier as papers and a tutorial. The plan is to propose a conference
paper in 2014.
ISOFIC 2014. International Symposium on Future I&C for Nuclear Power
Plants.
7th International Workshop on the Application of FPGAs in NPPs.
The volume of the task is 1 person months. The task leader is Timo Varkoi (FiSMA).
Deliverables
Task Deliverable
1

Working report: Advanced Nuclear SPICE assessment process

1

Working report: Integrated Nuclear SPICE Process Assessment Model

2

Working report: Comparison of IEC 62138 and IEC 61508-3

3

Working report or a conference paper.

4

Working report on hazard analysis methods.

4

Slide set: Advances in FPGA research and licensing

5

Slide set: Safety demonstration templates - concept and example

6

Two ad hoc meetings for SAFIR2014 partners.

Applications
The results of the project can be applied to practical, real life cases by utilities, regulator,
and I&C manufacturers. The Nuclear SPICE process assessment method is relevant as
such for certification, qualification and licensing needs. Most important stakeholders are
I&C providers, nuclear power plants and national authorities. Results are generally
applicable in any country, not limited to Finland.
The comparison of safety standards prepares Finnish contribution to standards
development in IEC TC45A.
Task 3 (Test set generation for function block based systems) is of practical use to the
V&V of digital I&C systems used in NPPs. The developed methods provide greater
structural test coverage in function-block based designs.
The research on FPGA-based applications, their design, V&V and licensing is useful to
the Finnish stakeholders as the technology may be brought to systems in the highest
safety categories.
Currently, the main issues in systems development are in the increasing complexity and
demands for safety. To answer this challenge, CORSICA looks for methods that could
identify e.g. difficult active failures.
Education of experts
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One of the objectives of CORSICA is to transfer educate young professionals to become
experts in the area. Thus, several young researchers have been and will be involved in the
project.
VTT plans to employ a summer trainee in 2014.
The Nuclear SPICE assessment training for utilities, regulators and I&C suppliers is
offered as an independent course based on the developed models and methods.
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Human-automation collaboration in incident and accident situations (HACAS)
Ihmisen ja automaation yhteistyö häiriö- ja hätätilanteissa
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Jari Laarni
1.24 person years
192 k€
VYR 93 k€, VTT 49 k€, HRP In-kind 38 k€, NKS 12 k€

Objectives
The project focuses on studying how digital automation (I&C) and control room (CR) upgrades
affect resilient performance of CR personnel, how Human Factors Engineering (HFE) activities
should be organized in order to support plant safety and productivity, and how humans and
automation systems collaborate to accomplish safety and production goals of nuclear power
plants (NPPs). The aim is also to develop expertise on the accomplishment of different HFE
activities, strengthen delivery of expertise in Finland in the field of activity-centred design of
NPP CR systems and further promote international collaboration with research and expert
organizations and institutions.
The research output to be produced will be the following: First, practical methods and
guidelines for the design and usage of emergency operating procedures supporting operator
practices in accident management are produced. Second, tools and guidelines are developed to
support different stakeholders in the accomplishment of HFE activities during different stages of
the plant/project life cycle. Third, knowledge on factors affecting automation awareness and
automation skills in plants based on digital automation and Human-System Interfaces (HSIs) is
provided, and methods for the assessment of automation awareness and skills are developed.
The project will collaborate with OECD/Halden Reactor Project (HRP) and Institute for Energy
Technology (IFE). The project is partly funded by HRP, and additional funding has been
requested from Nordic Nuclear Safety Research (NKS) network under the leadership of IFE. The
project will also collaborate with EdF (Electricité de France), the Human Factors research team at
IRSN (L'Institut de Radioprotection et de Sûreté Nucléaire) and with the stakeholders of the
NUGENIA (Nuclear Generation II & III Association) in the design of new EU and corporate
funded projects.
Background
Effective and efficient functioning of the operating personnel plays a key role in the safe
production of nuclear power. Paradoxically, on the one hand, emergency operating procedures
(EOPs) help CR operators to perform their tasks safely and efficiently even in high workload
situations; on the other hand, strict adherence to EOPs may even hamper operators’ situation
monitoring and process control in accident situations. Currently, the general view is that the main
objective in accident management is to ensure the adaptive functioning of operating personnel,
especially during events that have some characteristics that are difficult to anticipate. This kind of
resilient operator performance is mainly based on continuous and active monitoring of the power
process and on adaptive response strategies. More research is needed on how the resilient
practices of CR crews develop during digital I&C and CR upgrades.
In order to support system resilience, there is a need for more integrated systemic approaches to
HFE that are tightly integrated into the engineering design process from the beginning. The main
goals for a unified comprehensive HFE process are to define appropriate roles and responsibilities
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for personnel, to support the design and development of usable and functional HSIs and to ensure
the safety and reliability of human performance. There is also a need for more systemic, processoriented safety models and accident analysis techniques that place more emphasis on proactive
analysis, learning and recovery from accidents. In addition, it has to be developed longitudinal
stepwise approaches to verification and validation of CR systems that cover all test activities from
testing of the design to simulator training exercises and to the integrated system validation, and
develop tools and good practices for the accumulation of validation evidence over test activities
and for the derivation of conclusions from test data.
New safety automation based on digital technology is more complex on its architecture and
functionality which may have an impact on automation awareness and automation skills.
Apparently, the introduction of digital automation and HSIs has safety implications, and therefore
new tools and practices are needed to help to manage possible problems caused by digital I&C
systems. There is, however, little knowledge and research on safety risks associated with accident
management based on digital automation; nor is there much knowledge of training challenges
caused by the new I&C and HSIs.
In 2011-13, the research in the project has focussed on several main areas: First, we have studied
the effect of routines of procedure usage on the management of severe accidents, the parallel use
of EOPs and safety HSIs in accident management, and the procedure design process from the HF
perspective. Second, we have studied the effect of digital I&C systems on operator practices in
accident situations, developed tools for the evaluation of CR modernization strategies and for the
selection of an optimal modernization strategy for CR systems, and reviewed approaches for more
integrated and unified HFE processes. Third, we have identified challenges in the design of
interactive large screen displays (LSDs) for the simulator environments; and fourth, we have
developed an integrated validation concept for multi-stage modernization projects. Fifth, we have
prepared a literature review on operators’ automation awareness and on the effect of automation
complexity on automation awareness and skills. Sixth, we have designed an Apros-based
simulation demonstrator for testing automation awareness in experimental settings and outlined a
questionnaire-type test for measuring automation awareness and competence.
The HACAS project has especially focussed on high scientific quality and impact, and during the
first three years 23 scientific papers have been published in the project. The project researchers
have also participated in several conferences and meetings in the nuclear field and presented more
practical papers related to the project’s research topics. In addition, the project researchers have
participated in the activities of international forums concerned with HFE. Research conducted in
the HACAS project has been continued in confidential contract projects in which more innovative
practical methods for operating personnel training, HFE plan development and CR system
validation have been developed.
In 2014, the purpose is to continue the work undertaken in the last three years, and a special aim in
the all three main tasks is to synthesize the findings and results from the previous years and derive
conclusions and practical recommendations from them. Additionally, three new project tasks will
be launched, the first concerning review of new systemic safety and accident analysis methods and
approaches, the second concerning development of new guidance for ISV testing, and the third
concerning skill development among I&C maintenance personnel.
Specific Goals in 2014
The project is divided into three parallel sub-projects (‘main tasks’ in the following text), and two
of them are further divided into several tasks. The main tasks are the following:




Proceduralized activity in the new accident management
Development of an integrated approach to Human Factors Engineering
Automation awareness and automation competence development

3
The second main task also includes the participation in the OECD/NEA CSNI Working Group on
Human and Organisational Factors (WGHOF).
The research activities in these main tasks are organized into the following tasks in 2014.
Main task 1. Proceduralized activity in the new accident management ConOps (2.5 person
months; funding: VYR 12 k€, NKS 12 k€, HRP In-kind 12 k€)
The task provides knowledge of usage practices of EOPs in accident management and their
implications on accident management Concept of Operations (ConOps).
The task aims at studying the usage of emergency operating procedures in digital CRs, and the
requirements for procedure-based activities in the implementation of safety management ConOps.
The role of procedures in accident management will be studied by comparing findings from earlier
studies of procedure usage and of accident management ConOps, and by analysing procedure
designers’ opinions and comparing them to simulator test findings and recent Fukushima case
reports. The task also includes the evaluation of the method developed by HRP for measuring
procedure competence by testing it in a simulator test.
The task will continue the work done in the project during 2011-13, and it includes the
synthesization of the main findings from studies conducted in 2011-2013 and their reporting.
Main task 2. Development of an integrated approach to Human Factors Engineering (5.0 person
months; funding: VYR 63 k€, VTT 12 k€)
The main task aims at (1) developing guidelines for building unified HFE programs for the
nuclear field; (2) investigating the interrelationships between Human Reliability Analysis (HRA)
and Verification and Validation (V&V) of CR systems; and (3) outlining an integrated
longitudinal and stepwise V&V process for CR evaluation, and participating in the development
of new practices for ISV.
The main task consists of the following activities in 2014:
Task 2.1 Development of an integrated HFE process (1.5 person months)
The task provides practical tools for the development of a unified HFE process for extensive I&C
modernisations and new build projects that is tightly integrated into Systems Engineering (SE)
activities from the beginning.
In this task the aim is to identify approaches for a unified HFE process and for considering HF
issues early in the design of CR systems, to outline a comprehensive and integrated HFE process
model based on Finnish practices and experiences, and to develop guidelines for building HFE
programs and for managing and organizing them. The aim is to collaborate with the SAREMAN
project in the development of a unified approach for SE and HFE activities.
The task includes organizing a workshop with representatives of the Finnish power companies
and/or participating in an international workshop/seminar on HFE process design. The task
includes the preparation of a final report on the development of a unified HFE process
synthesizing the findings from 2012, 2013 and 2014.
Task 2.2 Assessment of Human Factors impacts on safety (1.5 person months)
The task provides practical tools for the evaluation and prioritisation of validation results from the
perspective of Human Reliability Analysis.
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The task focusses on consideration of the interrelationships between HRA and CR system
validation. The aim is to investigate how HRA should be considered in the design and
implementation of CR system validation activities, and how CR validation results should be
considered in HRA, and specifically in the modelling and quantification of errors that occur after
an initiating event (i.e., type C HRA).
The task includes the preparation of a research report on the application of CR system validation
in HRA modelling and quantification.
Task 2.3 Validation concept in multi-stage modernisation projects (2.0 person months)
The task provides more reliable and valid methods for the verification and validation of CR and
HSI renewals in multi-stage modernization projects. Especially, the proposed longitudinal and
stepwise V&V process with a requirement-based approach for deriving conclusions from test data
provides a unique and new perspective to CR validation.
A requirement-based approach for the system validation of CR systems in a multi-stage
modernization projects will be refined and further developed. The development work in this task
is built on the work done in corporate funded projects, and the results are immediately applicable
in these kinds of projects.
Another task is to actively participate in OECD/NEA/WGHOG ISV task group work by preparing
position papers on the selected topical areas and by participating in an international workshop on
ISV method development. The objective of the work is to develop new approaches for ISV testing
and to provide concepts that can be used to improve the existing guidance.
The task includes also the participation in the normal activities of OECD/NEA/WGHOF. Project
manager Jari Laarni acts as a Finnish delegate in the WGHOF. Active participation assumes two
WG-meetings in 2014 and some work within the work tasks adopted by the WGHOF.
The task includes the preparation of a conference paper on the method development and a
progress report on WGHOF ISV work.
Main task 3. Automation awareness and automation competence development (5.5 person
months; funding: VYR 18 k€, HRP In-kind 26 k€, VTT 37 k€)
The main task aims at studying factors affecting operators’ automation awareness in digital
control rooms; developing and testing methods for the evaluation of automation awareness and
automation
skills;
and
acquiring
knowledge/insights
concerning
automation
awareness/competence and training of automation maintenance personnel in Finnish NPPs.
The main task consists of the following main activities in 2014:




Empirical test concerning the scheduled testing of the emergency diesel system using the
Apros-based simulator environment
Development of evaluation methodology for the assessment of automation awareness in
simulated accident and incident situations
Study on automation skills development among I&C maintenance personnel.
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Task 3.1 Effect of user interface solutions on the development of automation awareness (2.0
person months)
The task provides knowledge and insight of human factors implications associated with
monitoring and controlling digital automation systems, and especially regarding the role of
automation awareness in operator work.
The first aim is to synthesize the main findings of the research done in 2011-2013 and refine the
Apros-based simulator environment developed in 2012-2013. Secondly, an empirical test
concerning the scheduled testing of the emergency diesel system will be conducted by using the
simulator environment. Faulty states will be generated the management of which requires a high
level of automation awareness. The task is aiming to evaluate the designed user interface solutions
and to investigate their impact on automation awareness together with field operators. The
empirical findings are reported in a final report that synthesizes the main results of Task 3.1 and
3.2.
Task 3.2 Evaluation of automation awareness in simulated accident scenarios (1.5 person months)
Even though automation awareness is considered to be an important element of a CR operator’s
situation awareness, especially in highly-digitalized NPPs, there is no well-founded theoretical
model of automation awareness and method for its measurement. The task provides a practical
method for the evaluation of automation awareness that is readily available for use in simulator
training and in validation test activities.
The task focuses on the systematic conceptualisation and operationalization of the notion of
automation awareness and on the development of a theoretical model. The evaluation method that
has been outlined in 2012-2013 for the measurement of automation awareness in simulated
accident and incident situations will be refined and further tested in the Fortum Loviisa subsystem validation tests.
In this task the outline of the theoretical model and the evaluation method for the measurement of
automation awareness will be presented in a final report that also synthesizes the main results of
Task 3.1 and 3.2.
Task 3.3 Automation skills development among I&C maintenance personnel (2.0 person months)
The task provides knowledge and insights of the state of the art of the competence of automation
maintenance personnel and guidelines for the development of their training.
The skill requirements of the automation maintenance personnel are increasing with the adoption
of digital automation, but there are some findings suggesting that their training is not sufficient to
ensure their competence. The task aims at acquiring knowledge concerning the competence of
automation maintenance personnel and their training needs by interviewing automation
maintenance personnel in the two Finnish nuclear power plants.
The task includes the analysis of the interview data and preparation of a conference article on the
competence and training of automation maintenance personnel.
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Deliverables
Task/
Subtask

Deliverables

1

Research report on procedure usage in accident management

1

Conference article on procedure usage

2.1

Research report on integrated HFE process development

2.2

Research report on the application of CR system validation in HRA modelling and
quantification

2.3

Conference article on the requirement-based validation concept

2.3

Progress report on WGHOF ISV work

3.1

Final report on automation awareness and its measurement (joint with Task 3.2)

3.2

Final report on automation awareness and its measurement (joint with Task 3.1)

3.3

Conference article on the competence and training of automation maintenance
personnel

Applications
In general, the project will help designers, representatives of NPPs and representatives of
authorities to better take into consideration of Human Factors issues in their work. The results
provide information of prospects, limitations and risks of new technologies and procedures, and
guidelines for their development and for training concerning their use. The results will also help
develop guidance for more unified and comprehensive HFE processes and for the management
and control of HFE activities in both modernization and new build projects, and guidance for the
design and evaluation of safety-critical I&C systems, procedures and HSIs.
More specifically, the results of the study can be used for several purposes. First, it can provide
support for the development of safe operational practices for accident management based on
resilient use of EOPs and HSIs. Second, our research provides direct evidence of functionality,
usability and safety of hybrid CRs especially in incident and accident situations. Third, the results
provide procedures and practices for the design and evaluation of CR systems from the HFE
perspective. Fourth, the research provides information about the prospects and challenges in the
acquisition of competence based on digital automation, CR systems and new procedures, and
therefore the results can be used in the development of methods and practices for operator and
maintenance personnel training.
Education of experts
A special emphasis is put on the development of new expertise in the HFE topic areas. Active
international collaboration provides basis for continuous updating of competence for all those who
participate in this project. Three young researchers preparing their doctoral theses on the subjects
of the project are involved.
The aim is also to provide a high-quality learning environment for students willing to prepare their
Master’s thesis on the topics of the project.
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Safety evaluation and reliability analysis of nuclear automation (SARANA)
Ydinvoima-automaation turvallisuuden ja luotettavuuden arviointi
Duration
2011– 2014
Project manager
Janne Valkonen
Volume and funding 2014
2,4 person-years
274 k€
Funding sources (k€) 2014
VYR 188 k€, Aalto 19,9 k€, VTT 54 k€, NKS 12,1 k€
1 person year = 10.5 person months.
Objectives
The general objective of the project (2011-2014) is to develop methods and tools for safety and
reliability analysis of digital systems and to utilize them in practical case studies. The project
builds a bridge between risk analysis and automation experts (SAFIR reference groups 2 and 8)
by bringing together research topics from both areas. The project will provide guidelines to
analyse and model digital systems in PRA context, bring together deterministic and probabilistic
analyses for safety assessment of plant designs, develop the reliability analysis tool YADRAT,
improve an iterative and automatic algorithm for modular model checking of large systems, and
develop more efficient methods for systematic model checking of asynchronous systems. The
project will follow and participate in the work of several international working groups and
conferences in its application areas.
Background and results in 2011-2013
The main issue in the SARANA project is providing methods and tools to support verification
and safety demonstration of complex technological systems (i.e. modern nuclear power plant and
its automation) and to apply various formal and model-based approaches for those purposes.
The basis for applying formal model checking methods in the safety analysis of digital system
designs was developed in the MODSAFE project in the SAFIR2010 programme. The work has
been continued in SARANA project in 2011-2013 by developing an iterative algorithm able to
search for a composition of modules that at the same time is computationally manageable and
covers enough modules to prove the fulfilment of temporal properties in the original model. The
developed algorithm performs faster than the techniques based on bounded model checking
(BMC) or binary decision diagrams (BDD) in 86% of the test cases. The algorithm has also been
successfully used together with liveness-to-safety reduction, allowing the verification of liveness
properties of the system. Based on preliminary tests, the algorithm outperforms the standard
NuSMV model checking method in verification of liveness properties. Diversity has been
introduced to the model checking tool chain by developing tools that can check symbolic model
verifier (SMV) models without the help of NuSMV model checker and contain no shared code.
Thus, several independent model checkers can be used simultaneously to verify the same model.
A taxonomy of hardware and software related failure modes has been proposed for modelling
digital systems in PRA, and a fictive digital protection system (DIGREL system) has been
developed as an example. A draft of practical guidelines for analysis and modelling of digital
systems in probabilistic safety assessment (PSA) for the nuclear power plants has been prepared.
An approach to use Bayesian Belief network (BBN) in the quantification of software reliability
has been prepared commonly with the EU FP7 project HARMONICS. The reliability analysis
tool YADRAT has been developed further by improving its scalability and performance. It has
also been benchmarked with another commercial tool DYMONDA. The DIGREL system has
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been used to develop a new modular modelling methodology that enables the inclusion of
hardware failures to traditional model checking models. This brings PRA analysis and model
checking closer to each other and provides a good basis for further methodology development.
Two international workshops / ad hoc meetings have been organised on design and licensing of
nuclear automation and safety demonstrations.
Specific goals and work packages in 2014
1 Digital systems reliability
1.1 Reliability analysis of digital systems in PRA context (DIGREL) (Funding: VYR 12,8 k€,
NKS 12,1 k€, VTT 7,3 k€)1
The objective of this task is to provide guidelines to analyse and model digital systems in PRA
context. In 2011, the failure modes taxonomies defined in several countries were compared and
discussed. Proposals for hardware and software related failure modes taxonomies were made and
an example digital nuclear power plant protection system and corresponding PRA-model were
developed. The taxonomies and the example model were developed further in 2012 and 2013.
A taxonomy report has been prepared by the WGRISK/DIGREL task group, and it will be
submitted to WGRISK for commenting in the beginning of 2014. In 2013, a new focus area was
software reliability quantification based on an approach outlined jointly between SARANA
project and the EU FP7 project HARMONICS. Part of the work has been done in collaboration
with AREVA GmbH and it will be finalised in 2014. Besides to the finalisation of the WGRISK
taxonomy report and the software reliability quantification method, the main effort in 2014 will
be to summarise the previous years’ work into a “Nordic guidelines on the reliability analysis of
digital I&C in PSA” (tentative name of the report).
The volume of this task is 2,5 person months and the task leader is Kim Björkman (VTT).
1.2 YADRAT development (funding VYR 19,5 k€, VTT 10,4 k€)
The dynamic flowgraph methodology (DFM) is an approach for reliability analysis of digital
instrumentation and control systems. The YADRAT tool developed at VTT is based on
interpreting the DFM model as a binary decision diagram (BDD). YADRAT has been
implemented so that the DFM model can be translated into SMV (symbolic model verifier) code
that can further be examined with the formal model checking tool NuSMV. The objective of this
task is to develop a qualified tool for the reliability analysis of dynamic systems.
In 2013, a new case study to test how well DFM is suited for large systems and to test the
scalability and usability of YADRAT to such systems was performed. Additionally, a
comparison between FinPSA (a unique software tool developed at STUK for PRA) and
YADRAT was performed. The benefits and limitations of both tools in modelling digital I&C
systems were analysed. The tool comparison showed that the scalability of FinPSA is much better
than that of YADRAT.
In 2014, the main goal is to develop an approach to use YADRAT as a supporting tool for digital
I&C analysis in PRA. The aim is to continue the benchmark study (started in 2012) between two
DFM approaches YADRAT and DYMONDA. Benchmarking is performed in cooperation with
an American company ASCA Inc. which is the developer of DYMONDA. Additionally, the
1

Includes VTT’s share of funding of the NKS project DIGREL. In addition, the shares of Risk Pilot and
Lloyd’s Register Consulting of the NKS project are totally 68,3 k€.
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possibility to develop a simple interface between YADRAT and FinPSA to exchange information
between the two tools is studied.
The volume of this task is 2,5 person months and the task leader is Kim Björkman (VTT).
1.3 Synergies of methods and tools developed for nuclear I&C analysis in RG2 projects
(Funding: VYR 8,7 k€, VTT 6,3 k€)
The different techniques and methods used for modelling and analysing nuclear I&C have been
investigated and their roles and levels of abstraction have been clarified in earlier projects. As
SARANA and also other projects in reference group 2 concern several methods and techniques
which are often investigated and also used as such, there is a need to look at them as a whole and
try to find some connecting points among them. In 2012 and 2013, two workshops were
organized: Design and licensing of nuclear automation – processes, practices and tools, and
Safety demonstrations and licensing of nuclear automation – principles, practices and tools.
The main objective is to organize one more workshop / joint ad hoc meeting to discuss topical
issues in nuclear I&C. The detailed theme of the workshop will be decided together with the
project managers and the members of the RG2. It can either be some specific topic like in 2012
and 2013, or comprehensive presentations of the achievements of the RG2 projects during the
SAFIR2014 programme.
The volume of this task is 1 person months and the task leader is Janne Valkonen (VTT).
2 Formal systems analysis
2.1 Formal analysis of large systems (Funding: VYR 37,6 k€, VTT 7 k€, Aalto 3,1 k€)
Model checking has been successfully used to analyse individual functions of safety-critical I&C
systems. In the nuclear domain, it is common to cope with hardware failures by implementing
several subsystems that execute the same physical function using design diversity in software
and/or hardware. It may be necessary to examine these diverse subsystems simultaneously, e.g.
because the specifications may in fact cover their combined behaviour, and to also additionally
check that the diverse subsystems have no unintended interactions. Unfortunately, currently
available classical model checking methods do not always scale to analysing these large and
complex combined systems.
In the SARANA project, we have developed an iterative technique for model checking large
modular systems. The technique uses abstraction based over-approximations of the model
behaviour, combined with iterative refinement. In 2014, the main objectives of this task are:
Continue the implementation of the algorithm. This mostly consists of improvements in
usability and making the use of the algorithm more practical. Currently, a separate data file is
required as an input for the algorithm. It would be beneficial if a single model file could be
used as an input for the algorithm.
Previously we have experimented with a liveness-to-safety reduction technique combined with
our algorithm. The reduction allows the verification of liveness properties that would not
otherwise be possible in our algorithm. We will find out whether the liveness-to-safety
reduction could be more closely integrated into the algorithm.
Publishing the work related to algorithm development in a journal paper or as a conference
paper.
If possible within the resources allocated to the task, the following research issues will also be
addressed:
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Other model checking engines can be integrated to the current algorithm. Now we use two
separate algorithms of NuSMV in parallel. Also other model checking tools could be added to
the tool portfolio in parallel. This objective relies on the progress of the portfolio task.
In previous years, we have developed a methodology for modelling hardware failures. The
models created using this methodology tend to become very large. However, the algorithm
developed for large modular systems is not directly usable for these models because of
modelling methodology differences. A new systematic abstraction and verification
methodology for these models will be considered and developed if possible. This objective is
also closely connected with task 2.3.
The volume of this task is 4,5 person months and the task leader is Jussi Lahtinen (VTT).
2.2 System level interfaces and timing issues (Funding: VYR 19,2 k€, Aalto 4,8 k€)
In the earlier development of model checking methodology for nuclear I&C verification, the usual
assumption has been that the analysed system is one fully synchronous entity through which all
signals are able to traverse within a single system clock cycle. However, this assumption does not
hold especially for distributed systems, where the subsystems employ different clocks. Model
checking such systems reliably can be especially challenging. Another timing-related challenge in
model checking nuclear automation systems is the large difference in component time scales. The
rate at which logical circuits operate is much faster than that of delay elements or actuators, for
example. Model checking such designs efficiently and reliably with the current tools is difficult.
Previously in the SARANA project we have studied three model checkers and their corresponding
modelling methodologies to tackle the challenge described above. We have had two case studies
from Fortum to test the tools, and each of them seems to have some strengths and weaknesses.
The Aalto Timed Model Checker (ATMOC) tool looks promising as it combines features from
NuSMV and UPPAAL tools. In 2014, the objectives of this task are:
Further develop the ATMOC tool to support a larger subset of the NuSMV input language
used by the case studies. ATMOC has so far been developed outside the SAFIR programme
in Aalto.
Study the best modelling methodology for asynchronous I&C systems.
Find a candidate for a new case study. Due to decreased funding, we will not implement it in
the year 2014.
A new version of ATMOC will be released, and a report or conference paper will be published on
its use in the nuclear domain.
The volume of this task is 3 person months and the task leader is Keijo Heljanko (Aalto).
2.3 Plant-level models and failure modelling (Funding: VYR 28 k€, VTT 10,6 k€, Aalto 1,6 k€)
When the fault tolerance of systems is analysed, the complex functioning (internal memories,
timings) of digital I&C is not exhaustively considered. On the other hand, when the digital I&C
systems are analysed through e.g. model checking, the architecture level failure assumptions, and
effects of the different failures on the system level are not typically addressed. This task intends
to combine these two approaches by integrating plant level models and failure modelling
methodology with models describing the logical I&C functions in detail.
In 2013, we created the basic methodology for modelling failures in I&C systems, and modelled a
case study system that covers several NPP safety systems. The created methodology follows
closely the PRA approach to failures. Also the failure modes used in the model are similar to the
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ones used in PRA. The case study model covers the failures of I&C units (including e.g. the
processor and data modules), data connections, pumps, valves and measurements. Common cause
failures can also be included in the model. Behaviour of the case study model can be exhaustively
analysed on the plant level under various assumptions about hardware failures. In 2014, the
objectives of the task are:
To test and analyse the previously created case study in more detail. Especially, the
automation logics need to be replaced with more realistic logical designs, in which there is
more timing involved. The resulting model should be analysed to see how much influence the
added timers have on the verification times of the model.
Examining the developed case study model with related PRA models. The same case study
model has been modelled for model checkers and for FinPSA. It would be interesting to find
out what kinds of synergies and additional benefits the two approaches provide to each other.
What kind of additional value model checking can provide for PRA analysis? Can the
information obtained from PRA analyses somehow be used in e.g. automatic generation of
corresponding model checking models?
Techniques for model abstraction should be explored since the resulting case study model is
very large. The plant-level model is also quite modular, which suggests that compositional
verification approaches could be used for verification in the plant level. This means that a
plant-level property could be verified as several properties of the subsystems. This objective
is closely related to task 2.1 as well.
After 2014, the work on verification approaches for plant-level models and the work on PRA
synergies can continue in new research projects. These topics are important but probably cannot
be sufficiently addressed within the project year. The results of this task will be published in a
conference article.
The volume of this task is 3,5 person months and the task leader is Jussi Lahtinen (VTT).
2.4 Model checking tool portfolio (Funding: VYR 22 k€, Aalto 5,5 k€)
The motivation of this task is to provide better confidence in the results of model checking.
Specifically, if the model checker reports no errors, one may doubt the correctness of the result. If
two model checkers containing no shared code give the same result, confidence is naturally
higher. Another way to get increased confidence is to provide an independently checkable proof
from the model checker.
We have developed a prototype tool chain to model check SMV models without using any code
from NuSMV model checker. This is done by first converting the model from SMV to AIGER,
which is the input format used in the Hardware Model Checking Competition. After this
conversion, a number of tools can be used for the actual model checking. Additional benefit is the
possibility to use multiple different model checking algorithms in parallel and using the result of
the one that finishes first. In this case, some confidence is traded for speed. We have also
published a paper in the HVC’2013 conference, describing how to get independently checkable
proofs for liveness properties. The accompanying tool for the paper is available under a liberal
license.
In 2014, the objectives of this task are:
Integrate proof checking to the work flow. In the best case, this could combine the speed of
using the first available result with increased confidence in the result.
Integrate the necessary tools to production workflow at VTT, allowing for a wider adoption
of the developed method. For successful integration, solutions are needed for converting not
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only the model, but also the properties, as well as translating the counterexamples produced
by AIGER based model checkers back into the function block based representation used in
VTT tools. The production workflow and the requirements for AIGER tool integration will
be specified.
The volume of this task is 3,4 person months and the task leader is Keijo Heljanko (Aalto).
2.5 Formal analysis of source code (Funding: VYR 20,8 k€, VTT 2,3 k€, Aalto 4 k€)
The digital nuclear I&C systems contain a fair amount of source code (e.g. C code) in platform
software, application software and in smart instruments. In the SARANA project, we have
mainly concentrated on applying formal methods on models based on design diagrams which are
not the final implemented software product. Also, our emphasis has been on the application
software level instead of software platforms. Platform software and its code implementation can
contain errors that may lead to common cause failures in multiple systems or active failure
modes. Their correctness is therefore crucial. Also similar source code analysis issues exist in
various smart instruments containing embedded software. Focusing our attention towards the
final source code of software implementations would bring more confidence in the correctness of
the systems. This would enable detecting and preventing common cause failures and active failure
modes at the design phase of the plant. This task has links to CORSICA, SAREMAN and
HACAS projects which consider active failures in a wider scope.
Many approaches exist for analysing source code. Static code analysis methods analyse code
without executing the program. Typically static analysis produces false warnings that need to be
ruled out manually, making them laborious to use. Dynamic symbolic execution (DSE) is a
hybrid method that combines benefits from static analysis and automated testing. The Aalto
research team has already done extensive tools development work around DSE based testing
outside the SAFIR context. The plan is to apply these techniques in the nuclear context. In 2014,
the objectives of this task are:
Write a brief state-of-the-art report on the topic of source code analysis, and identify
potential targets for the methods in the nuclear automation domain. Also, the applicability of
the different methods will be analysed. Experiences from the nuclear field in other countries
(e.g. France) will be reported and taken into account.
Find out what kind of tools are available. Selected tools will be tested in practice (e.g., some
of Polyspace verifier, FRAMA-C, Klocwork, LCT, and KLEE).
If possible, a small case study will be found in 2014. The case study would optimally be a
small piece of C code that is used in some automation system, preferably in nuclear domain.
The code is analysed using the tools found suitable in the preliminary study.
The results will be published in working paper.
The volume of this task is 3 person months and the task leader is Keijo Heljanko (Aalto).
3 Management, publishing and international co-operation
3.1 Management, publishing etc. (Funding: VYR 19,5 k€, VTT 10,1 k€, Aalto 0,8 k€)
This task contains project management and part of the reporting and publishing activities.
There are several projects and forums that SARANA project will co-operate with, including:
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Euratom FP7 project HARMONICS (Harmonised Assessment of Reliability of MOdern
Nuclear I&C Software)
OECD/NEA Working Group RISK
Halden Reactor Project
IAEA working group NPPIC
Nordic PSA Group
NKS
Co-organizing the Hardware Model Checking Competition
Conference PC memberships: Computer Aided Verification (CAV), Concur, ACSD,
FMCAD
VTT’s projects on model checking tool development (e.g. MODCHECK, CORRECT)
In addition to reports and publications listed in the task descriptions, there are several potential
topics for co-authored publications, including:
Visualisation of counterexamples for function block diagrams (in cooperation with
MODCHECK and CORRECT projects)
Model checking in the licensing of I&C software for NPPs (in cooperation with Fortum)
Automatic translation of function block diagram for model checking (in cooperation with
Fortum and the CORRECT project)
Suitable conferences for e.g. topics listed above include:
European Safety and Reliability Conference 2014 (ESREL), Wroc aw, Poland, 14-18 Sep,
2014
Probabilistic Safety Assessment and Management (PSAM 12), Honolulu, Hawaii, USA, 2227 June, 2014.
The 33rd International Conference on Computer Safety, Reliability and Security
(SAFECOMP 2014), Firenze, Italy, 10-12 Sep, 2014,
IEEE International Conference on Industrial Informatics (INDIN 2014), Porto Alegre, Brazil,
27-30 July, 2014.
International Symposium on Future I&C for Nuclear Power Plants (ISOFIC), Jeju, Republic
of Korea, 24-28 Aug, 2014.
ANS 9th International Topical Meeting on Nuclear Plant Instrumentation, Control, and
Human Machine Interface Technologies (NPIC&HMIT 2015), Charlotte, NC, 22-26 Feb,
2015.
ANS International Topical Meeting on Probabilistic Safety Assessment and Analysis (PSA
2015), Sun Valley, ID, USA, 12-17 Apr, 2015.
Enlarged Halden Programme Group Meeting (EHPG 2014), Røros, Norway, 7-12 Sep,
2014.
The volume of this task is 2 person months and the task leader is Janne Valkonen (VTT).
Deliverables
Task

Deliverable

1.1

Failure modes taxonomy for reliability assessment of digital I&C systems for PSA –
Final
version.
Nordic guidelines on the reliability analysis of digital I&C in PSA.

1.2

Working paper and conference publication.
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1.3

Workshop / ad hoc meeting proceedings.

2.1

A journal paper or a conference publication.

2.2

Working paper or a conference publication.

2.3

Working paper or a conference publication.

2.4

Working paper or a conference publication.

2.5

Working paper or a conference publication.

3.1

Conference publication

Applications
The results of the project are applicable in the safety and reliability analysis of NPP automation
(I&C). The inspection of automation functions (e.g. functional block diagrams) becomes easier
when the methods are systemized and tools automated. Formal evaluation of large and complex
systems becomes easier. The developed guidelines for analysing and modelling digital systems in
PRA context will harmonize practices for PRA modelling. Development of approaches to
integrate deterministic and probabilistic analyses will facilitate the overall safety demonstration of
nuclear power plants.
The results of the project will be useful for safety authority, power companies, automation system
vendors and independent V&V organisations.
Education of experts
The funding of Aalto University will be used for employing a doctoral student, summer trainees,
and postdoctoral research staff.
VTT considers employing trainees during the project.
Researchers’ interdisciplinary expertise on reliability and safety analysis will be increased due to
integration of research topics from automation and PRA areas. Also the members of the reference
groups 2 and 8 have an opportunity to share knowledge between the research areas.
Finally, it should be noted that several tasks have an educational aspect, since they include
development of guidelines, concepts, demonstration cases and description of safety assessment
approaches. These deliverables will be developed jointly by the research community and the end
users. The deliverables can be utilized later for educational purposes.

1
Liite 2a
SAFIR2014

29.1.2014

RESEARCH PLAN for 2014/version 2

Safety requirements specification and management in nuclear power plants (SAREMAN)
Turvallisuusvaatimusten määrittely ja hallinta ydinvoimalaitoksilla
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Teemu Tommila, VTT
15,5 person-months
192,5 k€
VYR 127 k€, VTT 32 k€, Aalto University 25,5 k€,
TVO 2 k€, Fortum 2 k€, Fennovoima 2 k€, Posiva 2 k€

Objectives
The aim of the SAREMAN research project is to develop good practices for requirements
specification and management in nuclear power plants. The focus is on safety but also other
kinds of requirements, e.g. plant availability, are concerned. This effort is founded on a
structured conceptual model of the power plant, its requirements and the requirements
engineering process.
SAREMAN is a four-year project 2011-2014. From a consistent, domain-specific terminology
the project proceeds to requirement modeling and documentation methods, working practices
and finally to utilization of information technology in requirements engineering (Figure 1). In
order to limit the scope, SAREMAN focuses on I&C systems. This highlights the multidisciplinary nature of requirements engineering involving, for example, safety analysis, process
engineering, human factors and automation. The principles of requirements engineering are,
however, common to several application areas. So, the results of the project, consisting of
precise terminology, guidelines on requirements engineering and use of ICT tools in it will be
widely applicable to the design and licensing of nuclear power plants.

Figure 1. Overall work plan for the four-year period.

Background and activities in 2011 - 2013
Clearly stated requirements and traceability to design solutions are a key prerequisite for
demonstrating plant safety. Good practices for documentation and information management in
general are necessary for seamless communication in large, geographically distributed project
organizations. For critical subsystems also structured or even formal modeling methods and
analysis tools can be beneficial. Due to the large amount of information, dependencies and
modifications, information technology tools are needed in the design, construction and
operation of power plants. The challenges in nuclear energy domain are similar to other areas
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of the industry, and lessons learned, for example from using commercial requirements
engineering tools, could be applied to nuclear facilities.
During the first project year 2011, the project focused on terminology and recommendations for
readable and unambiguous requirement statements. SAREMAN defined the first version of a
semi-formal conceptual model for nuclear power plants and requirements engineering. A review
on the readability of design artefacts was carried out focusing on the fundamental elements of
readability and on available software tools. Related to the clarity of requirement statements, the
project applied the EARS approach to structured natural language requirement templates (Easy
Approach to Requirements Syntax) for analyzing regulatory guidelines. Document templates were
defined for a Concept of Operations (ConOps) and a System Requirements Specification (SyRS).
The templates and other results were then applied to produce sample documents for renewal of a
rod control system.
In 2012 the research was focused on three areas: 1) modeling and management of traceability of
design information; 2) guidance for high-quality requirement specifications; and 3) ensuring
regulatory compliance throughout the life-cycle of a system. Moreover, the deliverables from the
first project year were refined on the basis of the lessons learned. The conceptual model from
2011 was extended with the analysis of traceability relationships. Similarly, the previous report on
Concept of Operation was refined and completed with a review of collaborative design practices
in the context of Safety Analysis Reports. In area 2, guidelines for writing structured natural
language requirements (EARS) were improved, and the EARS+ method, which features greater
rigor and enforces the presence of further key elements, was analyzed for applicability in nuclear
power. A short designer’s guide to requirements engineering was written to summarize the
research results achieved so far. As for focus area 3, a joint ad hoc meeting of several SAFIR
projects to discuss the licensing process and communication between the utility and regulator.
The project employed a Master’s Thesis student to work on this topic.
According to the overall plan, SAREMAN focussed on more practical issues during 2013. Firstly,
defining and implementing efficient systems engineering1 and licensing processes were recognised
as challenge that is common to the utilities and the regulators. In this area, a Master’s Thesis on
ensuring compliance with regulatory requirements was finalized. On the basis of the literature
review from 2012, the project participated in the preparation of the join ad-hoc meeting on safety
demonstrations and licensing organized by the SARANA project in September. Researchers also
observed the VAHA project, a joint effort of STUK and several companies to collect metadata
that describe characteristics of the requirements in the YVL guides. Moreover, SAREMAN
contributed to the collaboration by providing a shared workspace in VTT’s SharePoint system.
Secondly, SAREMAN tackled the issue of vague and ambiguous written requirements by
developing requirement templates and utilizing them in formal model checking of I&C systems.
This task was based on previous work and recommendations of well-formed written requirements
(e.g. ISO/IEC/IEEE 29148, BoilerPlates and EARS). They were combined with the principles of
CNL and terminology of the domain to define recommended requirement templates. To limit the
scope, SAREMAN focused on formal requirements needed in model checking safety-critical I&C
functions. A prototype software tool was used to demonstrate the templates in the systems
engineering and model checking processes. In addition to these two main topics, earlier working
reports were refined and summarized towards a consistent “body of knowledge” on requirements
engineering. The following issues were covered: conceptual models and terminology; developing
Safety Cases and writing Safety Analysis Reports; and practical guidance for control engineers.
1

According to INCOSE (International Council on Systems Engineering, www.incose.org) Systems
Engineering is an ”interdisciplinary approach and a means to enable the realization of successful systems”.
It focuses on defining customer needs and required functionality early in the development cycle,
documenting requirements, and then proceeding with design synthesis and system validation while
considering the complete problem area.
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Specific goals in 2014
SAREMAN will continue its work in two main areas: safety-informed Systems Engineering in the
nuclear industry and Controlled Natural Language templates in I&C development. According to
the overall plan (Figure 1), the focus is shifting towards practical solutions and tools. In addition,
because 2014 is the last project year, the plan is to refine the main research reports and guidelines.
The work, 15,5 person months in total (VTT 7,0 pm, Aalto 8,5 pm), is divided into the following
tasks (Figure 2).
Previous results
from SAREMAN
SIMPRO and
TIKOSU,
VAHA initiative

T1 Conceptual
model

YVL guides, VAHA

SAREMAN, SIMPRO

Refined conceptual model

T2 Requirement
attributes

Input to CORSICA and HACAS

Contributions to VAHA
Conference paper

T3 Traceability
information
model

Demonstration
Working report

Ad-hoc

Standards and
literature

Working report 2013

T4 Active
failures

T5 Natural
language
templates

Working report,
inputs to CORSICA

Working report
Conference paper

Figure 2. SAREMAN tasks in 2014.

Task 1: Refined conceptual model of plant systems, life-cycle and traceability (VTT 1,0 pm, Aalto
0,5 pm)
SAREMAN has been working in the previous years on a conceptual model of
power plant systems, traceability and life-cycle processes (Tommila et al.2).
Meanwhile, a Systems Engineering artefact model (SEAModel) is being created by
in a Tekes project called SIMPRO (Alanen et Valkama.3). It is based on the
TIKOSU model created in an earlier project called TIKOSU. The context of
SEAModel (and TIKOSU) is machines and machine automation. The TIKOSU
model (Alanen & al.4) has been implemented on various software platforms to
provide a tool for management of design artefacts and their traces. Several such
implementations are currently under work in industrial cases.
In this task, the conceptual model of SAREMAN and the SEAModel are combined
to comprise a refined information model for nuclear power plants. In addition,
2

Tommila, T. & Raatikainen, M. Conceptual model for safety requirements specification and
management in nuclear power plants.SAREMAN project, working report.
3
ALANEN, J. & VALKAMA, P. Systems Engineering Artefact Model – SEAModel. VTT Research
Report VTT-R-06629-13 - Valtion Teknillinen Tutkimuskeskus (To be published in the end of the
SIMPRO-project).
4
ALANEN, J., VIDBERG, I., NIKULA, H., PAPAKONSTANTINOU, N., PIRTTIOJA, T. and
SIERLA, S., 2011. Engineering data model for machine automation systems. VTT Tiedotteita - Valtion
Teknillinen Tutkimuskeskus, (2583), pp. 1-137.
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related work of the utilities and the regulator (e.g. in the VAHA initiative) is taken
into account and relevant terminology incorporated into the new model. The goal is
that the resulting conceptual model and associated glossary are useful in design
guidelines and practices in the nuclear domain. In particular, the conceptual model
is used in other tasks of the SAREMAN project. The main links to other tasks are:





Task 2: Vocabulary is discussed in the context of attribute values of
YVL requirements in the VAHA project.
Task 3: Traceability information model is detailed and implemented in
a tool demonstration.
Task 5: Concepts are used as the basis of the domain ontology needed
for the CNL template definitions.

The task leader is Teemu Tommila (VTT).
Task 2: Regulatory requirement attributes in design and licensing (VTT 1,0 pm, Aalto 5,0 pm)
The SAREMAN project will contribute to the nuclear industry-wide VAHA
initiative. The VAHA initiative originates from the industry to define attributes and
attributes values especially for YVL requirements. It is now involving the key
stakeholders in the field, i.e. the three utilities, Posiva and STUK. The objectives of
VAHA include greater agreement between parties about YVL requirements, and
better predictability and repeatability of licensing process. The contributions of
SAREMAN focus on the following themes:










Provide descriptive documentation about as well as theoretical basis
and justification for the attributes and values
Follow, observe and report the work, collect further development
needs, and report the general lessons learned
Manage the collaboration platform for the members of the VAHA
initiative (VTT Sharepoint)
Participate in and provide input for setting the attribute values for nontrivial requirements.
Provide support for the VAHA initiative. This includes development,
deployment, maintenance and hosting of the KLAD tool that is used by
license holders and STUK in the setting of attributes, as well as data
import and export to and from the tool. Additionally, necessary
documentation and training will be provided.
Validate and study in practice the adherence of regulatory processes to
defined attribute values especially in the light of possibility for
increased predictability and repeatability
Asses practices for tracing YVL requirements throughout a
subcontracting chain and design. This has a linkage to Task 3 but the
focus here is on regulatory requirements.

The task leader is Eero Uusitalo (Aalto).
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Task 3: Demonstration of a traceability information model (VTT 1,0 pm)
The aim of this task is to build a practical demonstration of the refined conceptual
model from Task 1. The focus is on traceability relationships between design
artefacts. Selected parts of the model, here called the NPP-SEAModel, are
implemented on a commercial requirements management (or similar) platform to
demonstrate the traceability of systems engineering artefacts from requirements to
design, from design to implementation, from implementation to verification and
validation, and finally back from verification and validation to the original
requirements.
The demonstration involves a case where a stakeholder expresses requirements
(functional requirements) to the main contractor who performs a risk assessment
and creates high-level design artefacts. The conceptual design of one system is then
passed on with the requirements to a sub-contractor. The sub-contractor, also using
the NPP-SEAModel, provides the sub-system implementation and the verification
and validation reports back to the main contractor. Traceability of the systems
engineering artefacts on the main contractor level as well as on the sub-contractor
level is demonstrated. Furthermore, traceability of the requirements and the
verification and validation artefacts between the main contractor and the subcontractor is demonstrated. The demonstration involves a simple partial case such
that the implementation of the conceptual model from Task 1 is verified to provide
the necessary traces between the core engineering artefacts (requirements,
functional and physical architecture specifications, implementations and
verification & validation artefacts.
In this case it is assumed that the sub-contractor has access to the tool that executes
the NPP-SEAModel implementation. The default commercial tool used for this
demonstration is Rational DOORS.
The results of the demonstration will be reported in a slide presentation with notes.
The task leader is Jarmo Alanen (VTT).
Task 4: Active failures of software-based I&C systems (Aalto 1,5 pm)
One of the main challenges of automation system development in the nuclear
domain is the increasing complexity of software-based automation systems while
the demand for demonstrating safety remains. Numerous dependencies, the
multiple disciplines involved and characteristics of software-based systems create
the need to look beyond failures of systems as resulting in loss of functionality. In
particular, the complexity of software-based systems creates potential for
unexpected, potentially hazardous behaviors that can be difficult to detect in testing
and V&V activities. Therefore, addendum 1b of the SAFIR2014 framework plan
has requested research on “active failures” of software-based automation systems.
The term “active failure” is not widely used in automation systems, but in this case
pertains to automation systems performing actions that are not desired, specified or
expected and might be potentially unsafe for a given situation. The terminology
used to classify different kinds of failures, such as “systematic failure”, “software
common cause failure”, “malfunction” and “spurious actuation” are often used in
mixed meanings in different contexts, sometimes including active failures
implicitly or explicitly. A characteristic of the nuclear domain is that certain
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classification of failures immediately implies the failures have to be mitigated by
appropriate countermeasures, such as fulfillment of fault criteria, or by applying
the diversity principle.
In this task, a literature review, especially focusing in standards, is performed with
the intent of understanding the problem area better and enabling understanding of
how active failures are understood and dealt with in different domains. This
activity also builds heavily on the experiences our researcher accumulated while
working in STUK, where the work was closely linked with challenges related to
active failures. Additionally, this activity supports the work performed in the
CORSICA project, where the applicability of various analysis methods of active
failures of software-based automation is researched. Active failures are seen as
potential topic for a joint ad-hoc meeting with CORSICA, SARANA and HACAS
projects.
As the result of this task, a working report will be prepared, and potential for
scientific publication will be assessed based on the results.
The task leader is Eero Uusitalo (Aalto).
Task 5: Controlled Natural Language templates in I&C development (VTT 3,5 pm, Aalto 1,0 pm))
During the previous three years, the SAREMAN project has collected both the
conceptual basis and recommended practices for requirements definition and
management. In 2013 the project focused on role of Controlled Natural Language
(CNL) templates in writing well-formed requirements. The purpose of a restricted
vocabulary and standardized sentence structures is two-fold. Firstly, they help
requirements engineers in writing unambiguous and understandable requirements
that can be easily communicated to all project partners and subcontractors in the
supply chain. Secondly, the template approach allows requirements to be
formalized and processed by various software tools. In the SAREMAN project, the
specific target was model checking of I&C functions. A preliminary set of
templates and the needs for future tool support were defined.
In 2014 this work is will be continued with refined template collections and tool
development. As before, two different application areas are considered: 1)
authoring system-level requirements as part of the Systems Engineering process;
and 2) formalizing the requirements into the temporal logic presentation needed in
model checking.
Even if model checking is in the focus, this task aims to also at more general results
in the area of systems engineering. The project explores the types of system
requirements and good ways to express them in writing. The types of requirements
are very diverse. So, detailed templates or tools may not be a realistic goal. While
model checking focuses on functional requirements, systems engineers need to
consider non-functional and process requirements, as well. In addition to individual
requirement statements, more complex sequences and scenarios need to be
considered. In particular, architectural safety requirements concerning, e.g.,
diversity, physical separation and functional isolation, are important.
On the basis of the review from 2013, an optional tool demonstration will be
considered. Again, model checking is the area where concrete results can be
expected. However, also more general templates can be tested. A possible tool
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environment for that is DOORS. Also technologies for exchanging requirements
data between model checking tools and RM systems can be reviewed.
Similar to earlier project years, the cumulative research results, covering systems
modeling concepts, traceability and design guidelines, will be updated with the
lessons learned.
The task leader is Antti Pakonen (VTT).

Task 6: Project management (VTT 0,5 pm, Aalto 0,5 pm))
This task is reserved for agreements, progress reporting and reference groups
meetings.
The task leader is Teemu Tommila (VTT).

Deliverables
Task

Deliverable

1.

“Conceptual model for safety requirements specification and management in nuclear
power plants”, updated working report

2.

Workshop reports on the progress, results and lessons learned in the VAHA project.
A conference paper describing the VAHA initiative, reporting results and lessons learned
from the project.
Release of the KLAD tool as open source after VAHA-A has ended.

3.

Traceability information model, tool demonstration and presentation slides

4.

Working report on the concept of active failures.
Possible conference paper on the concept of active failures in different application
domains.

5.

“Controlled natural language requirements in the design and analysis of safety critical I&C
systems”, updated working report and template collection
“A software tool in defining and formalizing requirements”, demonstration and working
report
“A control engineer’s introduction to requirements engineering”, updated working report
Submission of “Applying structured natural language to regulatory requirements in
nuclear domain” to Requirements Engineering Journal.
Conference paper on the use of controlled natural language requirements in model
checking safety-related I&C functions.

Applications
The primary users of project results are design engineers and public authority that benefit from
guidelines and common terminology. This results in more accurate, verifiable and readable
requirements and enhanced collaboration between project organizations and engineering
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disciplines. Furthermore, the results improve traceability of requirements to design solutions, thus
supporting licensing of plant systems. Some of the results will be used by VTT for developing its
services to the utilities and regulators.

Education of experts
The results of the project can be used as support material in design projects and also for training
of designers in various engineering disciplines. Selected topics will be discussed in ad-hoc
meetings already during the project.
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Identification of FAult situations PROpagating BEtween different systems and disciplines
(IFAPROBE)
Järjestelmien välillä etenevien vikatilanteiden tunnistaminen
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2013– 2014
Nikolaos Papakonstantinou
0.76 person-year
VYR 52 k€, Aalto 25.6 k€

77.6 k€

Objectives
The aim of the project is to develop methodology for identifying fault situations, caused by one
initiating event, that propagate between automation systems, the process and the physical
layout. For early phase designs, it is important to be able to find interconnections between
systems that should not be there. For example, burning gases may propagate and damage
components in redundant systems that were thought to be immune to common cause failures
due to isolation or diversity. In order to capture such unanticipated scenarios, simulation-based
risk analysis is needed. Such analyses are made possible by defining a cross-disciplinary
framework for capturing allocations, mappings and propagation. The capacity to simulate the
failure of individual components must be integrated to such a framework, so that the simulator
can:
•
transition components to failure modes when exposed to environmental hazards
•
recognize component failures such as leaking as sources of environmental hazards
•
capture propagation of failure between automation and the physical process; for
example, if a sensor fails due to abnormal process or environmental conditions, the
simulation should capture the effect of the faulty measurement on the process
Background
Simulation-based safety analysis of the process and automation has already been used in the I&C
renewal project of the Loviisa nuclear power plant (e.g: testing of Framatome ANP GmbH

I&C system, design and testing of MMI, testing of Invensys Systems GmbH I&C, severe
accident management). However, simulation frameworks need to be extended to capture the
failure propagation described under the objectives. For example, steam or burning gases may
damage sensing, cabling or actuators, thus causing a loss of related control system functions.
Current state-of-the-art needs to be extended with an automation hardware model, allocation of
control system functions to the hardware, and mapping of the hardware to the physical layout. The
allocations and mappings must enable the propagation of the failures during simulation, and the
behavior of automation and physical components must be set to failure modes when abnormal
environmental or process conditions exist. Fundamental scientific research is needed to define a
framework that captures systems, allocations, interactions and propagation in tool-independent
terms. This project builds on the FFIP (Functional Failure Identification and Propagation)
framework, which is being extended by the applicants based on discussions with the Finnish
nuclear sector; most recent journal publications in 2012 are [1,2].

2
Specific Goals in 2014
The project will continue building on research performed during 2013 and also explore new
possibilities, such as evaluating algorithms for automatic critical event scenario generation and
investigating plant wide effects of critical event scenarios. It has been planned with
VTT/(Hämäläinen/Karhela) that this is a prestudy, and if the prestudy is successful, it is
preparation for a joint project with VTT for the SAFIR 2015-2018 project call.
Summary of research accomplished in 2013
A basic data model for environment layout models was developed. The main element of the
environment models is the "room" that has volume and supports the monitoring of water,
temperature and humidity levels. Rooms in these models are connected through doors which can
be open or closed. An automation hardware model based on the PSK standard 5963 was used as
the link between automation and environment. The automation hardware components, such as
motor controllers (pumps, valves), cables and cable shelves, are mapped to certain heights in
specific rooms. Environment related failure mode triggers have been added to the automation
hardware components. The effects of process component failures are directed to the environment
model, e.g. a leak from a tank adds water to the room where the tank is located. An example was
prepared in Apros 6, a simple process/automation model, containment nodes for the environment
model and structural components for the automation hardware and functional model. That
example was used to demonstrate the interactions between process, automation, automation
hardware and environment and it was presented along with preliminary simulation results to the
reference group 2 members during the quarterly meetings. The Functional Failure Identification
and Propagation (FFIP) failure propagation analysis method was extended to support safety
functions and more simulation results (e.g. temperature and pressure readings), enabling an event
tree overview of the behavior of the system under assessment. The case study of the project will
be the spent fuel pool cooling system of a nuclear power plant. The design data for this case study
has been provided by Fortum, and the project has ongoing support by Fortum's experts. A generic
process and instrumentation diagram and a draft layout diagram of the case study have been
prepared and presented to the reference group 2 members. The case study is being further
developed and modelled in Apros 6.
Research in 2014
1 Tasks of the prestudy
1.1 Environment model
In this project, the environment refers to the interior of the reactor building. The ultimate goal of
the research is to support the analysis of new reactors in the early design phase. The framework is
defined in general terms to support flood, humidity and temperature propagation, and practical
work in the APROS simulator is done with this work in mind.
The environment model developed in 2013 lead to an academic publication and was used
successfully in an example in Apros 6. During the processing of the case study it was identified
that the environment model needs to be extended in order to describe more realistic situations.
Added environment elements are needed such as doors with limited tolerance to flood (fail open
when the flood level reached a height limit), staircases, rooms with metal mesh floors (allowing
flood to propagate to rooms below) and rooms with metal mesh ceilings (allowing steam to enter
the rooms above). The possibility of modelling additional flood propagation paths, such as drain
and ventilation pipes will be investigated. The resulting environment data model will used for the
case study of task 1.3.
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1.2 Failure propagation analysis method
The failure propagation analysis method will be extended to utilize the simulation results of
multiple automatically generated critical event scenarios. The use of different scenario generation
algorithms will be evaluated for the identification of weaknesses of the system under assessment.
These scenario generation algorithms will be used against the case study of task 1.3. The goal is to
identify scenarios that trigger cross-discipline (environment, automation, process) failure
propagation and cause harmful plant-wide effects. The simulation Server tool will be used to
facilitate the multiple simulation runs, with the support of VTT's Computer simulation technology
team.
1.3 Action research and case studies
The research method is action research (AR) with case studies. AR practitioners develop and test
their scientific proposals by making theoretically informed interventions to real-world problem
solving. This research method has been successfully implemented with Fortum as an industrial
partner. Fortum has interest in nuclear power plant safety, as a plant operator, but also has a strong
interest in the development of the Apros 6 process simulation tool. The Apros 6 is heavily used in
this project, with emphasis on the development of structural components and the use of
containment nodes.
The case study of the project (spent fuel pool cooling system) will be co-simulated with the
generic Nuclear Power Plant (NPP) model, also provided by Fortum, in Apros 6. The generic NPP
model will be linked to the case study through the environment model. The spent fuel pool cooling
system and the generic NPP model are independent in terms of automation and process, but key
components of the generic NPP model may be located in rooms affected by failures of the spent
fuel pool cooling system. These failure propagation mechanisms will be studied, and the case
study will provide results for the plant wide effects of critical event scenarios.
1.4 Automation hardware model
The architecture of the I&C system with all of its dependencies is critical for the nuclear safety.
A rigorous simulation framework depends on a formal definition of a model of the I&C
hardware architecture. There are national and international standards that give good starting
point for the needed descriptions. For example PSK standard 5963 “Description of Automation
Main and Subclasses” is one national standard describing control system hardware concepts
and their relationships like cabinets, racks, cards, cables, cable shelves, field equipment etc.
The most important from this are hardware parts located in the process environment like cables,
cable shelves and field equipment.
The automation hardware model will be extended to cover sensors and the addition of more
automation hardware components will be investigated. Multiple failure modes will be modelled
such as the sensor giving a zero value, a maximum value or getting frozen at the value before
the failure.
After this prestudy is completed, a follow-up project can produce a complete automation
hardware model including 3D positioning of cables along shelves, which can support a detailed
and automated mapping of equipment from the automation hardware model to locations in the
physical environment.
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Deliverables
Task

Deliverable

1.1

Data model specifying the environment. Apros 6 diagrams presenting the application of
the data model to the case study (linked to task 1.3).

1.2

Algorithm state chart diagrams for automatic critical event scenario generation. Scientific
publication related to this research. Results of these algorithms when run against the case
study (linked to task 1.3).

1.3

Apros 6 diagrams of the spent fuel pool cooling system case study (environment,
automation hardware, automation and process models). Simulation results from the case
study, possible identification of cross-discipline failure propagation. Simulation results
covering the plant wide effects of critical event scenarios when the case study is linked
through the environment model with the generic Nuclear Power Plant model.

1.4

Extension to APROS simulator library with the addition of structural components,
modelling automation hardware components. Apros 6 diagrams presenting the application
of these library components to the case study (linked to task 1.3).

Applications
The immediate application of the results is to the analysis of flooding and steam in existing
reactors. The research also provides the starting point to analysis of early designs of new reactors
after 2013. These analyses require the modeling of fire, propagation of fire gases, chemical
reactions due to burning and the resulting changes in mass fractions of the gases. The work in
each of the tasks presented above is performed extensibly, so that these phenomena may be
incorporated to the framework.
Education of experts
By maintaining the current rate of publication, the project manager Nikolaos Papakonstantinou
can obtain a docentship in the safety of nuclear automation during the project. Such qualifications
can be used to significantly strengthen and raise the profile of the education on nuclear safety in
Aalto University; Papakonstantinou is currently one of the teachers on the course “Safety Critical
Control Systems”.
References
1.

Nikolaos Papakonstantinou, Seppo Sierla, David C. Jensen, and Irem Y. Tumer
(2012) Simulation of Interactions and Emergent Failure Behavior During Complex
System Design. Journal of Computer and Information Science in Engineering 12(3), 10
pages.
2.
Sierla S., Tumer I., Papakonstantinou N., Koskinen K., Jensen D. (2012) Early
integration of safety to the mechatronic system design process by the functional failure
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CRiticality Safety and Transport methods in reactor anALysis (CRISTAL)
Kriittisyysturvallisuus ja kuljetusmenetelmät reaktorianalyysissä
Duration
2011– 2014
Project manager
Karin Rantamäki
Volume and funding 2014
1.60 person-years
Funding sources (k€) 2014
VYR 120 k€, VTT 84 k€
1 person year = 10.5 person months.

204 k€

Objectives
The knowledge on various calculation methods must be maintained and improved. The reactor
physics code suite has to cover both normal and transient or accident conditions. Moreover, the
expertise in the field has to be improved as a lot of knowledge has been lost recently. In most of
the subprojects presented in more detail below the know-how depends on one person who is still
in the learning phase. For example, criticality safety is an increasingly important subject where
more experts are needed. Determination of the uncertainty of various parameters and their importance for the final results is necessary in order to understand the accuracy of computer programs. These methods will be developed within this project.
The project is planned to continue during the four years of the SAFIR2014 program with updated
goals to be specified on a year-by-year basis.
Background
VTT has a comprehensive computer code system for stationary reactor physics calculations. The
suite is partly in-house-made but also internationally obtained codes are used. New fuels and
reactor designs, new loading strategies and the continuing trend towards higher fuel burnups
make it necessary to further improve and validate the code system to be able to cope with the new
challenges. The results from stationary calculations are also needed as input for dynamical safety
analyses.
Since the resources of a single country are limited, research in reactor physics is dependent on
international co-operation, where the work is presented e.g. in benchmark studies, conferences
and international publications. Finnish participation in the field of reactor physics, for instance in
the work of NEA and AER, is included in the project.
Specific Goals in 2014
1 Calculation methods
The current knowledge on the deterministic and stochastic calculation methods as well as nodal
methods will be maintained and improved. Strong expertise is needed in this field, where the
know-how has been jeopardised. The current code suite provides the basis for several safety analyses.
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1.1 Transport and inventory methods (Funding: VYR, VTT)
The training in inventory calculation is continued. Training is needed in the use of both SCALE
(TRITON/NEWT and ORIGEN) and DOORS (TORT/BOT3P) packages for radiation transport
and inventory calculations. This is facilitated by the calculation of two benchmarks. The NEA
benchmark C5G7, “Benchmark on Deterministic Transport Calculations without Spatial Homogenisation” will provide practice in the use of BOT3P/TORT and the EPRI benchmark for “Quantifying Fuel Reactivity Depletion Uncertainty” in the use of the SCALE-package.
The project will also assist in including Serpent in the cross-section-calculation chain. The task
here is to assist with the format needed for HEXBU-type material constants. In addition some test
runs with HEXBU are performed for comparison between material constants prepared in the
“traditional” way and the “new” way.
1.2 Sensitivity and uncertainty analysis (Funding: VYR, VTT)
Sensitivity and uncertainty analysis based on generalized perturbation theory (GPT) has been
implemented to CASMO-4 previously. In 2014, research will focus on extending the GPT methodology to kinetic parameters, homogenized two-group total and self-scattering cross-sections
and assembly discontinuity factors. After including these responses to the uncertainty calculation
system, the modified code can be used to produce a complete set of uncertainty data for a following full core calculation. Calculations will be compared with TSUNAMI-2D and the project will
take actively part in the UAM benchmark.
2 Criticality safety
The main aim of this subproject is to train new experts in this field. The knowledge has been
jeopardised due to loss of experts during the last few years. The know-how and the methods
should be brought to a level where it can benefit the authorities and the power companies. In addition, the criticality code validation should be brought to an appropriate level. This is increasingly important as the enrichment of the fuel has increased and the burnup credit will be taken into
use.
2.1 Basic criticality safety knowledge (Funding: VYR, VTT)
To increase VTT’s expertise in criticality safety analyses the training of the researchers will continue. They will study and learn the basic theory and familiarise themselves with the criticality
safety standards. This will be facilitated by developing and validating calculation methods and by
participating in the activities of the OECD/NEA Working Party for Nuclear Criticality Safety
(WPNCS) as well as international benchmark calculations. The statistical treatment of the bias of
the validation also needs the study of the methodology and standards.
2.2 Validation package (Funding: VYR, VTT)
Especially as the enrichment of the fuel increases and when the use of burnup credit will be enabled, the validation of criticality codes becomes more and more important. It is imperative to
know with sufficient margin that the fuel stays subcritical in all conditions outside the reactor.
With the use of burnup credit this margin becomes smaller and it becomes even more important
to know the systematic deviation of the codes from reality. The work to create a large enough
validation package (eventually at least 100 - 200 critical lattices) for the reactor physics codes
used at VTT for criticality safety analyses will be continued. This is important in order to fulfil
the criteria of the international standards. It is a tedious work, but is essential for the future use of
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codes and libraries. In addition to MCNP the validation package will also be continued for Serpent. The package will be based on the International Handbook of Evaluated Criticality Safety
Benchmark Experiments.
In 2014, the package is increased with at least one set of critical experiments. In addition, the
script is extended to do the analysis of the data. There will be needed trend analyses with the possibility for visual inspection of the data as well as a statistical treatment to obtain the systematic
bias of the calculation system.
3 Reactor dosimetry
The subproject aims at maintaining and increasing the ability of VTT to perform reactor dosimetry measurements and analyses, such as pressure vessel embrittlement studies. This is accomplished by educating new experts in the field and contributing to the international research. The
importance of this subproject is increased in 2014 as a lot of expertise in the field was lost due to
the retirement of Tom Serén in 2013.
3.1 Reactor Dosimetry (Funding: VYR, VTT)
The thermal and fast flux distributions of FiR-1 Triga Mk-II reactor are determined by irradiating neutron dosimeters in the central thimble and several irradiation positions of the Lazy Susan
irradiation ring. The measurements are compared to numerical results calculated with Serpent in
a conference article that will be sent to the ISRD (International Symposium on Reactor Dosimetry). This task provides valuable hands-on experience on practical reactor dosimetry and at the
same time validates both the Serpent Monte Carlo code and the Triga model against measured
data.
4 International 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.
Participation in the NEA working groups and benchmarks is one of the most important ways of
validating the methods and codes used in reactor analysis. Project members intend to take part in
the work on criticality safety studies.
The project is represented in OECD/NEA Nuclear Science Committee (NSC) as well as its
“Working Party on Nuclear Criticality Safety”. The project will also participate in the activities
of OECD/NEA’s groups UAM and UACSA (Expert Group on Uncertainty Analysis in Modelling & Expert Group on Uncertainty Analyses for Criticality Safety Assessment) as well as the
burnup credit expert group (EGBUC) and ADSNF (Assay Data of Spent Nuclear Fuel).
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5 Management
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.
Deliverables
Task

Deliverable

1.1

Reports on benchmarks

1.2

Journal publication on sensitivity and uncertainty work

2.1

Report on criticality work

2.2

Status report on validation package

3.1

Conference paper on dosimetry work

4

Summaries on NEA co-operation or report on WPNCS work

5

Information exchange within groups

Applications
The objective of the code system is to cover the whole range of calculation in reactor analysis. It
should cover the whole cycle from fuel, through core analysis to spent fuel studies. The codes are
aimed for static cases but they also provide various data for transient and accident studies. Most
safety analyses depend on data originating from the reactor physics calculations. Therefore it is
important to keep up-to-date both the code system and the know-how.
The system is to be used for research as well as the needs of the safety authorities and power
utilities in order to ensure safe and economic use of the nuclear power plants. The criticality code
validation benefits all the actors in the field as it gives more reliability in the criticality safety
analyses. The broadened knowledge base serves the utilities and the authorities as calculation
needs can be fulfilled more reliably when it no longer depends on just one person.
Education of experts
CRISTAL is an essential tool for educating experts in the field of reactor physics. The project
personnel will participate on training courses:
1-2 persons will participate in the CASMO-SIMULATE CMS course
1 person will participate in the TSUNAMI course
Training in transport and inventory methods is performed through calculation of benchmark
work.
Education in criticality safety is performed through participation in expert and working groups of
NEA and AER.
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Three-dimensional reactor analyses (KOURA)
Kolmiulotteiset reaktorianalyysit
Duration
2011– 2014
Project manager
Elina Syrjälahti
Volume and funding 2014
1.5 person-years
Funding sources (k€) 2014
VYR 117 k, VTT 117 k€
1 person year = 10.5 person months.

234 k€

Objectives
The fundamental objective 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 VTT’s reactor
dynamics codes must be constantly developed in order to be on the same level as other codes used
for similar purposes internationally. One of the main objectives in this project is supplementing
the code system with three-dimensional thermal hydraulics modelling.
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 cooperation in the form of calculating benchmark problems organized by e.g. OECD/NEA and
AER. Another objective is to increase knowledge in the reactor dynamics field.
Background
VTT has developed its own dynamics calculation codes for independent safety analyses during
the predecessors of the SAFIR2014 research programme. The TRAB, TRAB3D and HEXTRAN
codes have been successfully used for transient analyses of BWRs, PWRs and VVERs in Finland
and elsewhere. Besides the reactor dynamics codes, thermal hydraulics codes have been
developed, most recently the PORFLO code. The three-dimensional PORFLO code can be
applied from sub-channel to large scale modelling, e.g. for whole pressure vessel.
To be state-of-the-art internationally the models of the codes must be constantly improved as the
knowledge of physical phenomena and computer capabilities increase. Furthermore, new fuel and
reactor designs, new loading strategies, new regulatory guides and the continuing trend towards
higher fuel burnups make it necessary to further improve as well as validate the code system to be
able to cope with the new challenges. At the moment, increased computer capabilities offer
possibilities to significant improvements in thermal-hydraulics modelling, which would enable the
analysis of more demanding scenarios, such as design extension conditions.
Own code development is an excellent way to increase expertise. On the other hand, in-house
codes permits more freedom in development and coupled use than commercial or open-source
codes.
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Specific Goals in 2014
1 Three dimensional core hydraulics
The objective of this subproject is to develop methodology for 3D two-phase thermal-hydraulic
modelling of the nuclear reactor core and to increase knowledge of the thermal hydraulic
phenomena in the nuclear reactor core and pressure vessel. The objective is to calculate free fluid
volume mixing in the downcomer and lower plenum, and enable calculation of cross flows and
mixing in open PWR cores, like EPR or AES-2006, in coupled calculations of reactor dynamic
transients.
1.1 Code development and coupling (Funding: VYR, VTT)
The capability of PORFLO to function as the 3D thermal-hydraulic part of a reactor dynamic
transient calculation system will be tested by simulations of the VVER-440 plant with the
coupled code system PORFLO-HEXTRAN/SMABRE. The final goal is the calculation of the
AER 7th benchmark, which considers start-up of a cold loop of a VVER-440. The PORFLO 3D
domain would be connected with plant system description at the 6 cold leg inlets, and with core
TH & neutronics at core lower end. To save resources, an applicability of readily available
(Fortum) 3D mesh of the downcomer and lower plenum will be examined as an objective that it
could be used with possible modifications. The first approach would be a parallel coupling, where
PORFLO receives time-dependent inlet data from SMABRE, and produces the corresponding
time dependent core entry data, where mixing of hot and cold coolant was calculated in a CFD
fashion.
Bi-directional data exchange will first use a straight-forward implementation in the form of files,
including 3D power distribution, other scalar variables (pressure, temperatures, void fraction /
quality), vector variables (velocities, flow rates of mass and enthalpy) and a scheme for waiting
for appropriate files to emerge from the other code. It is attempted to use semantically and
syntactically similar approach in all interfaces, including code coupling and user input files. All
the code development concerning coupling will be done with ensuring that each code is able to use
a time step appropriate for its important physical phenomena and that each of the coupled codes
can be easily replaced by its newer version.
Code development is focused on the development of the coupling. Development of the PORFLO
code is done outside the project, but some necessary support and debugging for applications is
done also in the KOURA project.

1.2 Rod bundle simulations – Closure models and validation (Funding: VYR, VTT)
Validation in two-phase cases with rod bundle simulations is not done in 2014.
2 Reactor dynamics
The subproject aims at developing improved modelling methods for reactor dynamic phenomena,
improving models in dynamic reactor analysis codes TRAB3D and HEXTRAN, as well as
testing and validating these methods against plant measurements and code-to-code comparisons.
2.1 Neutronics and core power (Funding: VYR, VTT)
With the TRAB3D and the HEXTRAN codes it is possible to calculate the power of each fuel
assembly at each axial node during the transient. In this task the accuracy of the neutronics
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models is improved by a pin-wise power distribution model. Implementation of the pin-power
reconstruction method begun on 2012 and in 2013 first test calculations for the whole chain of
pin power reconstruction including CASMO and TRAB3D calculation and then related pin
power reconstruction were done. Currently the pin power reconstruction code is used separately
after the TRAB3D calculation. In 2014 combination of the codes under common host program
will be started and testing of calculation chain will be continued.
The Serpent code will be included in the cross section calculation chain in the KÄÄRME project.
The calculation chain will be tested with the transient calculation with the HEXTRAN or
TRAB3D code.
2.2 Fuel rod modelling (Funding: VYR, VTT)
The FINIX fuel module was developed in the PALAMA project during 2012 and 2013. The
FINIX module was coupled to TRAB3D and TRAB-CORE and different types of transients were
calculated in the KOURA project in 2013. However, in these simulations, initial state of fuel rods
in the beginning of transient was as fabricated except the given burnup. Significant changes take
place in the fuel rod during its normal reactor life, and also these changes should be considered in
initial state of the transient calculation. In 2011, properties of a representative fuel rod with
accumulated burnup were studied in the PALAMA project. In 2014 that work will be utilized in
the KOURA project, and initialization of a fuel rod with accumulated burnup will be
implemented to the reactor dynamics codes. Code improvements will be tested with appropriate
test calculations.
2.3 Reactor dynamics of boiling water reactors
OECD/NEA/NSC launched the O2 BWR stability benchmark in 2011. The benchmark is based
on the instability incident at Oskarshamn-2 at February 25, 1999, and the whole series of events
leading to the instability is intended to be calculated. VTT decided to participate in the
benchmark with the TRAB3D code, with the intention to broaden and deepen the understanding
of BWR phenomena, and train a new expert in BWR dynamics.
A TRAB3D model for the Oskarshamn-2 reactor was constructed from scratch in 2012 and
modelling of the transient calculation began in 2013. Due to the delays in the benchmark schedule
the work will be put on hiatus and VTT follows, if the benchmark will proceed.
The open EPR and e.g. AES-2006 cores promotes the use of more detailed thermal hydraulics in
the core. The internally coupled TRAB3D-SMABRE consists of the code versions used in future
couplings with PORFLO. Even if stand-alone calculations with these code versions separately
give the same result as parallelly coupled code versions, the combined code needs more validation
efforts. The validation of internal coupling consist today of two cases for BWR and two cases for
PWR. Additionally, some new validation cases should be introduced. Finalization of all these
validation inputs for future use and more detailed documentation of calculations ends the
development effort performed for the internal coupling.

3 Co-operation, QA and project administration
Objective of this subproject is to ensure that VTT’s calculation system is workable, to enhance
expertise and to be aware of the international development.
3.1 International co-operation (Funding: VYR, VTT)
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Participation in the OECD Nuclear Energy Agency (NEA) working groups and benchmarks is
one of the most important ways of validating the methods and codes used in reactor analysis.
This project will include the participation in the meetings of the NEA Working Party on the
Scientific Issues of Reactor Systems (WPRS), which is responsible for the organization of the
reactor dynamics benchmarks among other activities.
The cooperation and information exchange on VVER safety within the AER framework together
with other countries that use VVER reactors will also be continued.
VTT participates in the OECD/NEA O2 benchmark, in which stability transient of Oskarshamn2 BWR plant will be modelled. Modelling activities will be put on hiatus, but VTT follows if
benchmark is active again. VTT will also follow the OECD/NEA Uncertainty analysis
benchmark series (UAM), with the aim of participating in the reactor dynamic calculation
exercises that begin later.
3.2 QA and documentation (Funding: VYR, VTT)
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 limited development work that cannot be foreseen.
Compilation of the systematic validation matrix for TRAB3D, HEXTRAN and SMABRE will be
continued in this subproject to ease systematic re-calculation of the validation cases. Modification
of source code of the reactor dynamics codes to correspond to the standard Fortran language will
be continued when needed for the proper operation of on Linux platform and for the coupling
with other codes as PORFLO.
The results of the work done during the SAFIR2014 program and its predecessors are published
as VTT research reports as well as in international journals and conferences. In 2014 at least
ICONE-22 conference is participated with the paper on the PORFLO.

3.3 Project management and information exchange (Funding: VYR, VTT)
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.

Deliverables
Task

Deliverable

1.1

First version of coupled code PORFLO-HEXTRAN/SMABRE

1.2

Not done in 2014

2.1

Research report on pin power model

2.2

Paper in scientific journal or conference paper on the modelling of fuel rods.

2.3

Research report including user instructions for internally coupled TRAB3D/SMABRE
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3.1
3.2

3.3

Travel reports summarizing the OECD/NEA WPRS activity, conference papers etc.
Final version of the conference paper on the PORFLO applications
Paper in scientific journal or conference paper on cross section calculation chain (together
with KÄÄRME and CRISTAL project)
Documentation of code improvements and validation
Project plans, progress reports, annual reports etc.
Paper and other material to the SAFIR2014 Final seminar

Applications
The three-dimensional reactor dynamics codes TRAB3D and HEXTRAN have been used for
independent safety analyses of Finnish and foreign nuclear power plants. This project ensures the
constant development of the codes, so that they will remain on the high, internationally recognized
level. The whole calculation system, which also includes the reactor physics and fuel performance
analysis tools, can be used for research as well as the needs of the safety authorities and power
utilities in order to ensure safe and economic use of the nuclear power plants.
Currently the most important application for which the three-dimensional flow model PORFLO is
developed is 3D TH of a reactor pressure vessel (RPV) at various levels of detail, but the code is
kept general-purpose enough to allow various other NPP applications. Development done within
KOURA has spawn many useful applications in other projects. With cartesian mesh, PORFLO
was already used for a variety of applications, including BFBT bundle, VVER steam generator,
EPR RPV, and COOLOCE particle bed. Coolability calculations of core debris particle beds
(test facility or plant scale) are an example of flow through porous medium in the ‘traditional’
sense.
PORFLO is the instrument of cutting-edge scientific work in the NUMPS project, funded by the
Academy of Finland.
Education of experts
In 2013, the project staff will include three research scientists at postgraduate stage (two young
scientist under 35 years.
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Development of a Finnish Monte Carlo Reactor Physics Code (KÄÄRME)
Suomalaisen Monte Carlo –reaktorifysiikkakoodin kehittäminen
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011– 2014
Jaakko Leppänen
1.8 person-years
VYR 120 k€, VTT 90 k€

210 k€

Objectives
The Serpent Monte Carlo reactor physics burnup calculation code has been developed at VTT
since 2004, and mainly funded from the reactor physics projects under the SAFIR and
SAFIR2010 research programmes. The objective of the KÄÄRME project is to gather the
future development of Serpent under its own well-specified task in SAFIR2014. The work is
divided between the improvement of existing capabilities, such as group constant generation
and built-in burnup calculation routines, and implementation of new features, following the
recent trends in reactor physics and Monte Carlo calculation.
Another important aspect is international collaboration, involving networking and interaction
with Serpent users, and participation in the scientific activities of the worldwide reactor physics
and Monte Carlo community.
The project is planned to continue during the four years of the SAFIR2014 programme, with
updated goals to be specified on a year-by-year basis.
Background
Serpent is the first Monte Carlo neutron transport code developed specifically for group constant
generation and other lattice physics applications, and the code has been well received by the
international reactor physics community. Serpent has been publicly distributed for research and
educational use since May 2009, and is currently used in 100 organizations in 28 countries around
the world. Some of the most active user organizations include top-ranking universities and
research laboratories, such as University of California, Berkeley, Texas A&M University,
Massachusetts Institute of Technology (MIT) and Idaho National Laboratory (INL) in the United
States. In Finland, Serpent development and applications have given topics for eight doctoral
theses (six on-going), several Master’s and Bachelor's theses, and more than 50 publications
(theses, research reports, conference papers and scientific journal articles).
Specific Goals in 2014
The first part of the KÄÄRME project was focused on fixing the shortcomings related to memory
usage and parallelization of the Serpent code. This was accomplished during the first year by rewriting the source code from scratch, and the beta version of the new Serpent 2 code was made
available to the users in January 2012. The remaining capabilities were implemented in the new
version during the following two years. Additional funding received from the Academy of
Finland for multi-physics research has allowed the KÄÄRME project to focus on topics that can
be considered particularly important for national competence in nuclear safety. These tasks will
be further emphasized in KÄÄRME2014, and some of the specific goals are introduced below.
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1 Development (Funding: VYR, VTT)
The purpose of this sub-project is to develop new features and capabilities in the Serpent 2 Monte
Carlo code. The main focus for 2014 is in group constant generation, and once completed,
Serpent 2, together with reactor simulator codes developed at VTT and STUK, will form a
complete and independent calculation system for the safety analyses of Finnish nuclear reactors.
This capability is considered important for maintaining and improving national compentence in
the field of reactor safety, with source-code level understanding of the underlying physics and
calculation methods.
Homogenization
Generation of homogenized multi-group constants for determinstic reactor simulator calculations
has been one of the main goals for Serpent development since the beginning in 2004. The code is
already capable of generating most of the input parameters needed for nodal diffusion
calculations, and the missing parts (reactor time constants required for transient simulations) will
be completed in 2014.
Automated group constant generation sequence
Group constants generated for a simulator calculation must cover all assembly types and reactor
operating conditions. The data is parameterised according to state points and burnup, and
producing the full set of constants requires hundreds or even thousands of runs, with branch and
coefficient calculations. Managing the data is a complicated task, and developing an automated
calculation sequence for burnup dependent group constant generation can be considered one of
the most important practical goals for KÄÄRME2014.
Integrating Serpent into deterministic core simulations
The previously described capabilities allow Serpent to be integrated into deterministic fuel cycle
and transient simulator calculation systems. At VTT this means the ARES and HEXBU-3D codes
for stationary and TRAB-3D and HEXTRAN for transient simulations. This can be considered
the ultimate goal for the KÄÄRME project, and the coupling will be carried out in collaboration
with the CRISTAL and KOURA projects.
Gamma and coupled neutron-gamma transport simulation
Work on gamma physics started as an M.Sc. project in 2013. The methods will be completed
within KÄÄRME2014. The main reason for developing gamma and coupled neutron-gamma
transport simulation mode in Serpent is to obtain better understanding on the deposition of fission
power in coolant and structural materials. Explicit modeling of gamma heating will improve the
accuracy of coupled neutronics / thermal hydraulics calculations, especially in ex-core structures,
such heavy steel reflectors.
Multi-physics
Even though the majority of multi-physics related work with Serpent is carried out in the
Academy of Finland NUMPS project, some general, safety-related topics are inlcuded in
KÄÄRME2014 as well. This is especially the case for fuel performance coupling, which is
handled both externally and internally, using the FINIX fuel behaviour module. The work will be
carried out in close collaboration with the PALAMA project.
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2 International collaboration (Funding: VYR, VTT)
This sub-project aims at participating in the scientific activities of the international reactor
physics community and collaboration with Serpent user organizations.
The Serpent developer team will participate in the PHYSOR-2014 international reactor physics
conference in Kyoto, Japan, 28th Sept. - 3rd Oct, 2014. The project manager is a member of the
Technical Program Committee, and the Serpent team has been asked to organize a half-day
workshop at the beginning of the conference.
The OECD/NEA Working Party on Nuclear Criticality Safety (WPNCS) has recently established
an Expert Group on Advanced Monte Carlo Techniques, where Serpent developers were invited
to participate. The group meetings will be attended by one or two project group members in 2014.
The three-year tradition of annual Serpent user group meetings has proven an excellent means to
form international contacts and share experience among the user community. The fourth
international Serpent UGM will be organized in 2014.
The project manager was elected for a 3-year term in the Executive Committee of American
Nuclear Society Reactor Physics Division. The ANS RPD is responsible of organizing the
PHYSOR conferences, and the membership provides good contacts with the international reactor
physics community.
3 Validation and support (Funding: VYR, VTT)
This sub-project covers the daily interaction with the Serpent users, such as updating the manual
and answering questions via e-mail and at the Serpent discussion forum. In 2014, the input
manual will be extended to cover the new features in Serpent 2.
Another important topic is code validation, for which most of the work is done outside the
KÄÄRME project. The automated group constant generation sequence will be validated in
collaboration with the CRISTAL and KOURA projects. Other validation tasks carried out
together with CRISTAL include criticality and assembly-level burnup calculations in comparison
to MCNP and CASMO codes and experimental data, and simulation of dosimetry measurements
perfomed at the FiR-1 reactor.
4 Project management and information exchange (Funding: VYR, VTT)
The sub-project 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.

Deliverables
Task

Deliverable

1

Serpent progress report 2013, scientific publications

2

Conference papers in PHYSOR-2014

3

Code updates

4

Information exchange withing groups

4
Applications
The new methods and capabilities developed in 2014 will be implemented in Serpent 2, which
was made available to the user community for beta-testing in January 2012. The public release is
scheduled for late 2014 or early 2015.
The maintenance of publicly available Serpent 1 continues, but the work is limited to bug fixes
and minor modifications. All essential capabilities of Serpent 1 are also available in Serpent 2.
The typical applications include group constant generation, burnup calculations and research
reactor modelling. The use of Serpent for producing input data for deterministic core simulators is
expected to considerably increase once the automated calculation sequence is completed.
Education of experts
Use and development of Serpent relates directly or indirectly to four Ph.D. projects at VTT
(Viitanen, Valtavirta, Kurki, Hovi). One doctoral thesis was completed in 2013 (Pusa), and one
(Viitanen) is to be completed in late 2014 or early 2015. One M.Sc. project (Kaltiaisenaho) was
started in 2013 and will be completed in 2014. Two Finnish universities (Aalto University and
Lappeenranta University of Technology) are actively using Serpent, and it is likely that the work
will provide topics for several B.Sc and M.Sc. projects and special assignments in 2014.
The project has educational value for the international community as well, as Serpent is used for
teaching purposes in an increasing number of universities, and it provides topics for M.Sc. and
Ph.D. work.
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Neutronics, nuclear fuel and burnup (NEPAL)
Neutroniikka, ydinpolttoaine ja palama
Duration
2011– 2014
Project manager
Jarmo Ala-Heikkilä
Volume and funding 2014
1.4 person-years
Funding sources (k€) 2014
VYR 100 k€, Aalto 34 k€
1 person year = 10.5 person months.

134 k€

Objectives
The NEPAL project aims at the following general goals:
Development of methodology in Monte Carlo code systems: code comparisons (e.g.,
Serpent, FLUKA, MCNP) and their new applications (Triga, GEN4, Th-assemblies)
Development of computational efficiency and accuracy in various subroutines.
Evaluation of selected nuclear constants.
Coupling of Monte Carlo neutronics codes with temperature distribution of fuel pellet
(Doppler effect).
Accurate calculation of nuclide concentrations, especially concerning rare but potentially
important nuclides.
Mesoscopic description and modeling of nuclear fuel.
Education of experts: doctoral programme YTERA, strengthening expertise on nuclear
fuel. Knowledge on core calculation codes and their applications in special cases (e.g.,
Th-assemblies in LWR core).
Preparedness for new international projects, e.g., JHR.
Background
The Fission and Radiation Physics Group at Aalto University School of Science concentrates on
developing calculation methods for reactor physics, modeling basic physical and chemical
phenomena in nuclear fuel and researching new fuel cycles and next generation nuclear reactors.
The activities seamlessly combine education and research of nuclear engineering. The essential
field of know-how of the group covers physics-based analyses and numerical computation,
especially development of Monte Carlo codes.
The behavior of high-burnup fuel in a quasi-stationary situation mainly depends on the
mechanical strength of the cladding and its ability to transfer heat to the coolant. The
characteristics of fuel pellets are described on the basis of empirical data. Reliable modeling
outside of the normal operating parameters necessitates thorough understanding of the phenomena
and their modeling in a mesoscopic scale. The effects of neutronics must be known and also the
fast neutron transients must be described. Behavior of a porous, chemically complex medium in a
radiation field is a challenge to model. Besides mechanical strength the composition of nuclear
fuel is important to know for radioactivity analysis methods and disposal of spent nuclear fuel.
Specific Goals in 2014
Subtask 1.1
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We model the accurate composition of uranium and as a special case Th-based LWR-fuel at high
burnup (above 60 MWd/kgHMi), developing burnup algorithms and comparing their accuracy
and performance. Accurate burnup calculations aim at finding rare but potentially problematic
nuclides. These could comprise strong absorbers or other reactor-physically important nuclides.
Additionally, it could be important to know accurate concentrations of nuclides that are important
for spent fuel disposal or nuclear safeguards.
In 2013, we continued the work on characterizing spatial instability, its implications and the
applicability and improvements of existing methods. These and previous investigations are
covered in a doctoral thesis on Monte Carlo burnup calculation methodology that was defended
publicly in December 2013.
In 2014, we plan to send the fresh postdoc to Oak Ridge National Laboratory (ORNL) in the
USA for 12 months for cooperation in testing and development of burnup calculation
methodology (subtask 1.1). ORNL is one of the leading organizations in the field of nuclear
engineering and their reactor physics group is tackling similar problems as we are. This visit
serves to increase our knowledge in this field, and as far as possible, the new methods will be
implemented in Serpent to serve its user community as a whole.
ORNL have committed themselves to publishing the results in peer-reviewed articles or openly
accessible reports. Negotiations concerning the visit are underway between Aalto and ORNL.
ORNL will make their final funding decision by the end of January 2014. The scientist exchange
that is currently planned for the period Mar-2014 to Feb-2015 will be co-funded by the NEPAL
project (VYR and Aalto) and ORNL.

The work in subtask 1.1 will focus on developing, testing and comparison of accurate and robust
methods for burnup calculation, especially for the modeling of larger and more complex
geometries than have traditionally been handled. Examples of specific topics include:
Further development and comparison of recently published stable burnup calculation
algorithms, e.g.:
The possibility of creating a higher order version of the SIE method (Stochastic
Implicit Euler) by combining it with the higher order methods developed earlier
Correction of the bias and other possible improvements in equilibrium xenon
calculations
Comparison of SIE and the equilibrium xenon method in their current or improved
forms
Improved performance and memory usage in large and detailed geometries
Further fine-tuning verification and validation of previously presented burnup algorithms
Analysis of error propagation in burnup calculations
Applications of previously developed and above mentioned methodology to special cases
for the purpose of validation and/or testing/demonstrating their ability to handle large and
detailed or otherwise difficult problems.
Subtask 3.1
We have constructed a mesoscopic simulation model of the thermal creep failure of fuel pellets.
The model includes damage accumulation from radiation-induced fission gas buildup, and the
behavior of the gases themselves. The buildup induces microcracking which couples back to the
gas dynamics. In 2013 the diffusion model based on continuum percolation has proven to produce
results that are qualitatively similar to empirical observations: fission gases are released in bursts.
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In 2014 the goal is to further increase the realism in our model (subtask 3.1). In order to produce
quantitative predictions, more information and models are needed on the percolation threshold,
growth rate of damages and thermal creep failure. We will publish a peer-reviewed article on the
model and results. Additionally, we will present our results in the Nuclear Materials Conference
in Hilton Clearwater, Florida, USA (27-30 Oct 2014). Its proceedings will be published in The
Journal of Nuclear Materials.
Summary
The subtasks in 2014 are the following:
1.1 Accurate burnup calculations (VYR, Aalto, 7.5 person months)
2.1 Master's thesis on burnup calculations (VYR, Aalto, not financed in 2014
3.1 Modeling of thermal creep failure of fuel pellets (VYR, Aalto, 6.0 person months)
4.1 Collaboration and project management (VYR, Aalto, 0.9 person months)

Deliverables
Task

Deliverable

1.1

Publication, conference paper, or report

1.1

Publication, conference paper, conference presentation, or report

1.1

Travel report (12-month scientist exchange)

2.1
3.1

Publication on fuel pellet modeling

3.1

Conference paper on fuel pellet modeling (NuMat 2014)

3.1

Travel report (NuMat 2014)

Applications
The NEPAL project belongs to the research area 3 “Fuel research and reactor analysis”.
Development of Monte Carlo codes and models is on the international scientific level. The project
complies well with the goals of this research area as specified in the SAFIR2014 Framework Plan
and collaborates with VTT projects in this area.
Education of experts
The most important result of the project is education of new experts on nuclear engineering and
the sustainable recruiting of new students to an academic research and education environment.
We expect two doctoral theses to be ready by the end of the SAFIR2014 programme. Doctoral
studies are further enhanced by integrating the graduate students in the NEPAL project into the
YTERA doctoral programme that started in January 2012.
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A few master's theses, bachelor's theses and special assignments are made annually in the
research group.. Teaching of nuclear engineering and recruiting of new experts is done in close
collaboration with VTT, STUK and the power companies. It is essential that the group maintains
a critical mass before the new experts leak to project work at other organizations.
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Extensive fuel modelling
Polttoaineen laaja-alainen mallinnus (PALAMA)
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Ville Tulkki (acting project manager since 16.12.2013 is
Timo Ikonen)
2.8 person-years
353 k€
VYR 197 k€, VTT 101 k€, HRP 55 k€

Objectives
The general goal of PALAMA project is to develop and maintain competence and tools
required for independent nuclear fuel behaviour assessment in both normal operation and
accident conditions. The upcoming update to the regulatory guides creates a need to better
understand, describe and model phenomena related to increasing burnup and the statistical
nature of the fuel rod behaviour. Investigation into so-called design extension conditions
requires fuel behaviour studies broadened towards areas such as thermal hydraulics, reactor
dynamics and severe accidents. The increasing volume of Finnish nuclear power production
induces new challenges as the load following operation may be required and its effects to the
fuel performance must be understood. The fuel performance codes need to be systematically
validated, and the creation of a framework for such a purpose is one of the goals of the project.
The tradition of strong bilateral cooperation with foreign and international organizations and
international collaboration in the form of participation in benchmarking programmes, working
groups and conferences is upheld.
Background
Reactor fuel, as regards both its construction and materials, is a product under continuous
development. The progress largely stems from expectations on efficiency, particularly through
striving for higher fuel discharge burnups. Expected revisions of the regulatory guides will set
new limits for acceptable ranges of fuel use and improved models and codes are required for
assessments.
The investigation into the effects of increasing burnup has been ongoing for years with strong ties
to experimental work performed at the OECD Halden Reactor Project. Methods for statistical
approach at steady state conditions have been created but need to be implemented to the latest
code versions. A statistical tool for transient analysis was created during SAFIR2010, but a
verification of its capabilities remains. In-house development of the FINIX fuel module continues.
Active collaboration tasks with the PNNL regarding the FRAPCON/FRAPTRAN code line, as
well as with the IRSN and the SCANAIR RIA code are ongoing. These tools need to be developed
and validated further while their areas of application are concurrently widened.
Specific Goals in 2014
1 New requirements and models
The subproject aims at investigating fuel-relevant phenomena and developing models to describe
them. The incentives rise from the upcoming new regulatory guides, new design features such as
use of fuel with additives, high burnup, and prospective load-follow operation of the power plants.
Also effects of design extension conditions are considered.
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1.1 Reviews (Funding: VTT, VYR)
The long-term goals of the project include several subjects that are either new or that have been
given less effort of late.
In Finland, fuel cycle analysis has been traditionally considered part of the study of reactor
physics. However, internationally fuel cycle analysis also covers studies related to
nonconventional fuels and accident tolerant fuel designs. In this subtask, the synergy between
reactor physics and fuel performance is acknowledged by enrolling an expert from fuel cycle
analysis to develop the fuel models applicable to the advanced cycle schemes studied in the KYTfunded KEPLA (Kehittyneet polttoainekierrot, Advanced fuel cycles) project. In PALAMA the
effect of incorporating actinide burning in LWR fuel is studied from the fuel performance
viewpoint. Current literature is reviewed and literature correlations are implemented to the FINIX
fuel behaviour module.
A Master’s thesis on a module describing chemical interactions in a nuclear fuel rod is to be done
during 2014. The module would be able to simulate the chemical interactions between the fuel
matrix, water and the cladding, as well as selected chemically aggressive fission products. The
work is co-funded by the Academy of Finland project IDEA.
1.2 Model development (Funding: VTT, VYR)
SCANAIR development is continued in collaboration with the IRSN as VTT’s in-kind
contribution required by the code licence. In previous years SCANAIR’s BWR capabilities have
been enhanced by inclusion of new BWR-relevant material properties. In 2014 the BWR TH
conditions are further investigated.
The FINIX fuel module, developed in PALAMA during 2012 and 2013, is capable of describing
the coupled temperature feedback during a fast reactivity transient. For 2014, no new FINIX
model development is planned in PALAMA. However, collaboration with FINIX users requires a
small amount of code upkeep and support.
2 Statistical methods
The subproject aims at developing and updating tools for statistical investigation of fuel
behaviour. Both steady state and transient operations are considered.
2.1 Statistical steady state (Funding: VTT, VYR)
The script for statistical investigation of steady state code results was created in 2012 and a
publication was submitted to Nuclear Engineering and Design in 2013. In 2011 the method for
initializing a fuel model at burnup was developed. This work is planned to be continued in
KOURA, where FINIX was implemented in TRAB3D in 2013, and its initialization at burnup is
planned for 2014. As it is, no tasks are foreseen in this subtask for 2014.
2.2 Statistical transients (Funding: VTT, VYR)
The statistical script developed for FRAPCON simulations in 2012 was extended to include
initialization and execution of statistical FRAPTRAN simulations in 2013. In 2014, the script is
used for a statistical study of uncertainties and sensitivities in fuel transient behaviour. A similar
study was performed for steady state uncertainties and sensitivities in PALAMA during 2013.
3 Validation
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The credibility of any code or model relies on its respective validation against independent
experimental data. This subproject aims to create a systematic way for the validation of the
modifications to the codes. Also international benchmarking against other codes will add to the
validation base.
3.1 Validation (Funding: VTT, VYR)
The automatic results provided by SPACE validation tool are improved in order to enhance their
usability to the end user. A capability to read ENIGMA input is to be created into FINIX in order
to enable FINIX developers to use SPACE validation database and tools.
PNNL has announced that the new versions of its fuel performance codes FRAPCON and
FRAPTRAN will be published in early 2014. VTT has made its own versions of the PNNL codes
by adding extra input and output options as well as interface to the thermal hydraulic code
GENFLO for improved accident simulations. The VTT modifications are to be implemented to
both FRAPCON-3.5 and FRAPTRAN-1.5.
In 2013 FRAPTRAN-GENFLO was extended to bundle geometry so that simulation of the
behaviour of several interactive fuel rods with different properties and pin powers would become
possible. The new bundle simulation system is tested against data from international experiments.
The integration of FINIX to the Serpent 2 is documented.
3.2 Benchmarks (Funding: VTT, VYR)
On-going international fuel performance code benchmarking programmes are participated in.
During 2014, the OECD Benchmark for Uncertainty Analysis in Best-Estimate Modelling (UAM)
is continuing. Programmes scheduled to start in 2014 include the second part of OECD/CSNI
Working Group on Fuel Safety’s (WGFS) RIA fuel codes benchmark and IAEA Coordinated
Research Programme FUMAC. Within the WGFS, another benchmark exercise on fuel behaviour
in LOCA is being seconded.
The OECD UAM benchmark consists of three phases, out of which the first, neutronics
calculations, has nearly finished. The second phase, announced in the UAM-5 workshop in 2011,
is to include an exercise focusing on fuel behaviour modelling. The work done on uncertainty and
sensitivity analysis in PALAMA during 2012 and 2013 is the basis of VTT participation.
RIA fuel codes benchmark phase 2 is a continuation of the benchmark exercise which started in
2011. The second phase of the benchmark is planned to address the questions that remained to be
clarified in the first phase. It is tentatively outlined that the agenda would include e.g. a complete
uncertainty analysis of a selected RIA simulation case, and a sensitivity analysis of the impact of
initial state on transient results. The benchmark outline is planned to be finalized during
September 2014 WGFS meeting. The participation in the benchmark meetings is planned as a part
of PALAMA 2014 activities.
IAEA CRP FUMAC (Fuel Modelling in Accident Conditions) is a spiritual successor of FUMEX
programmes in post-Fukushima era, incorporating fuel behaviour both during design basis and
severe accident situations. The programme is supposed to be starting in 2014, and participation in
the kick-off meeting is planned as a part of PALAMA 2014 activities.

4 Halden Reactor Project
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This subproject is dedicated to in-kind work for the Halden Reactor Project. The topics will be
yearly agreed upon with HRP. The results of this task partly complement those of subprojects 1
and 3.
4.1 Halden in-kind work (Funding: Halden)
There are several known sources of uncertainty in the Halden experimental results. However the
effect of each individual source to the resulting experimental uncertainty is not straightforward to
deduce. Previously, Halden has evaluated the propagation of uncertainties in reactor power
measurements using analytical methods, which require a number of approximations and
simplifications. To complement the approximate analytical calculations with more precise
numerical results, a Monte Carlo investigation to the combined effect of the uncertainties is
proposed to be performed as a part of the in-kind work.
The further details of the in-kind work are to be agreed with Halden Project.
5 Project administration and international collaboration
The subproject is reserved for project administration, the participation in international working
groups such as the OECD/NEA WGFS, bilateral co-operation, conference participation and
preparation of publications.
5.1 Project administration (Funding: VTT, VYR)
This subtask consists of the project administration work including regular SAFIR2014 reporting,
the presentations for the SAFIR2014 final seminar and the preparation of the PALAMA final
report.
5.2 International collaboration (Funding: VTT, VYR)
The current memberships in international working groups are OECD/CSNI WGFS and ETSON
SAG; also the following of the progress of the OECD/IRSN CABRI Water Loop Project and the
launching of the Jules Horowitz International Programme are done under this subtask. The
seminars will be participated in and reported upon. Conference participation and possible
collaboration such as meetings with the IRSN and the FRAPCON/FRAPTRAN user group are
included in this subtask. Relevant international training courses will be participated in. In 2014 the
publication of the results of the previous years’ work done in PALAMA is emphasized.
6 Melodie creep device test
Melodie is an instrumented biaxial irradiation creep experiment for a Zy-4 cladding tube
specimen. The Melodie sample holder is equipped with online control of the biaxial loading
and online monitoring of the creep strain. The main objective is to develop a sophisticated and
reliable device for future in-core material experiments. The Melodie device was developed as
part of the Finnish in-kind contribution to Jules Horowitz Reactor (JHR) project. The in-core
experiment is scheduled to start in the OSIRIS reactor at CEA Saclay, France in January 2014.
6.1 Prototype tests (Funding: VTT, VYR)
Research Scientist Santtu Huotilainen is to participate conducting the Melodie experiment in
France. His stay in France in 2014 is to be financed by SAFIR2014 projects PALAMA and
ENVIS, Academy of Finland funded project IDEA and CEA. The results of the tests will be
reported.
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Deliverables
Task

Deliverable

1.1

Study on the effect of including actinides in LWR fuel. Master’s thesis on nuclear fuel
chemistry.

1.2

Report on SCANAIR in-kind work.

2.1

No work is planned in this subtask during 2014.

2.2

Journal manuscript on uncertainty and sensitivity analysis of transient fuel behaviour.

3.1

Improvements to SPACE automatic results. Implementation of VTT modifications to
FRAPCON-3.5 and FRAPTRAN-1.5. Journal manuscript on GENFLO bundle simulation.
Report on FINIX implementation to Serpent 2.

3.2

Participation in UAM workshop, participation in the kick-off meetings of the new
benchmarks.

4.1

Report on Halden in-kind work.

5.1

Reporting to reference group, 2014 annual report, PALAMA final report.

5.2

Reports on WGFS activity. Journal manuscripts on FINIX and previous years’ work on
statistical LOCA investigations. EHPG2014 and TopFuel2014 conference publications.

6.1

Report on initial Melodie test results.

Applications
Tasks and intended results are in line with the objectives set by the SAFIR2014 Framework Plan.
Many substance targets have been taken from the Plan and others are a result of discussions with
the members of the SAFIR2010 reference group and representatives of the utilities. The results of
the project should be usable in evaluating the behaviour of nuclear fuel in normal and off-normal
situations.
Education of experts
The current staff of the project contains one research trainee with an intent on Master’s Degree in
2014 and six scientists at postgraduate stage (Arkoma, Huotilainen, Kättö, Syrjälahti, Tulkki,
Valtavirta), as well as a young generation PhD to be trained to the field of fuel analysis. The
PALAMA project is also used to introduce existing professionals from other fields to nuclear fuel
modelling. International training courses will be attended according to availability and relevance.
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Enhancement of Safety Evaluation tools (ESA)
Turvallisuusanalyysityökalujen kehittäminen
Duration
2011 – 2014
Project manager
Ismo Karppinen,
Volume and funding 2014
2.6 person-years
Funding sources (k€) 2014
VYR 227 k€, VTT 170 k€
1 person year = 10.5 person months.

397 k€

Objectives
The objectives of the project are to develop and validate calculation methods for safety evaluation
of nuclear power plants. Both thermal hydraulic system analysis codes, containment lumped
parameter (LP) codes and CFD calculation methods are used. APROS and TRACE codes will be
validated with both separate effect and integral tests concentrating on the phenomena important
for the new plant concepts offered for the OL4 and the Fennovoima plants. CFD methods to
analyse containment behaviour will be enhanced. Condensation models and modelling of
containment condensers will be validated. An important objective is to train new thermal
hydraulic code users and educate young experts. Participation in large international OECD/NEA
and USNRC thermal hydraulic projects and Nordic co-operation are essential parts of the project.
Background
The proposed new nuclear power plant concepts in Finland have new passive and active
emergency heat exchangers. Especially in the passive systems the driving forces are small and
therefore evaluation of their performance with computational methods requires models that are
validated for these conditions. Boiling water reactor concepts ABWR and ESBWR have isolation
condensers (IC) to control reactor circuit pressure and passive containment condensers (PCCS) to
cool containment atmosphere. The APWR PWR concept has also containment coolers. Modelling
of condensers was studied in the ALWR research program some 10 years ago, but the models and
codes have been further developed and new validation is needed.
Finland participates in the OECD research programs and in the EU activities. These large
experiment and research programs can be best utilized by modelling and simulating the
experiments. Northnet co-operation with Swedish organizations facilitates code development and
validation based on PPOOLEX experiments in Lappeenranta University. International cooperation is also necessary for training young experts and for maintaining the know-how.
Specific Goals in 2014
1 Validation of primary system analysis codes
The subproject aims at validating the system codes APROS and TRACE in safety analysis of the
existing and new nuclear power plants.
1.1 APROS validation with PKL3 station black out tests.
The station black out (SBO) test H2.1 will study delayed accident management (AM) with
reduced system availability. An accident scenario with complete loss off electricity combined with
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additional system faults has raised interest after the Fukushima accident. The main objectives of
the test are to study effectiveness of AM-measures and performance of core exit thermocouple
(CET) measurements in detection of core heat-up. The PKL test will be modelled with APROS
code. The task includes participation in the international calculation exercise planned in the
OECD/PKL analytical group. The supplementary SBO test in PWR-PACTEL facility
(SAFIR2014 PAX project) will also be modelled with APROS to validate the code.
1.2 APROS validation with LUT PCCS experiments
LUT will study heat transfer in in a passive containment cooling system (PCCS) heat exchanger
in SAFIR2014 PCCS project (research area 5). The test facility includes horizontal heat
exchanger submerged in a water pool modelling the PCCS of the ABWR plant. Validation of
APROS heat transfer models will be extended with these new tests studying condensation
efficiency in steam/air atmosphere. The results will be compared with ASTEC and MELCOR
calculations in TERMOSAN SAFIR2014 project.
1.3 Modelling of VVER-1000 pump trip with TRACE/PARCS
Reactor core response on switching-off one main circulation pump is studied with measured plant
data
in
the
OECD/NEA
Kalinin-3
benchmark
(http://www.oecdnea.org/science/wprs/egrsltb/Kalinin-3/index.html). The Exercise 2 in which the core and the
vessel is model and inlet and outlet boundary conditions are provided will be simulated with
TRACE/PARCS code. The work will be conducted by a trainee as Master’s Thesis.
2 Validation of containment analysis methods
The subproject aims at validating both the APROS containment and the Fluent CFD for
containment analysis. Proposed validation cases deal with gas concentration and stratification
phenomena in the containment and address hydrogen explosion risk in accident scenarios like the
Fukushima accident.
2.1 Modelling of MISTRA PAR experiments
Effects of passive auto-catalytic recombiners (PAR) on gas stratification are studied in OECD
HYMERES research program with experiment in MISTRA facility. Convection flows induced
by the PAR simulators will mix initially stratified and helium rich gas layer in the lower part of
the vessel. Helium is used in the experiments to simulate hydrogen. The experiment will be
modelled with the Fluent and APROS containment codes, and code calculations will be compared
to measured data.
2.2 OECD CFD benchmark
A blind CFD benchmarking activity based on the erosion of a stratified layer by a buoyant jet in a
model containment volume is going on in OECD, utilising experiment in PANDA facility. The
work started already in 2013 and will continue. The deadline for calculation is in April 2014 and
the results will be presented in the CFD4NRS conference in September. Common journal article
will be written from the benchmark results.
2.3 NUGENIA containment benchmark
This work is continuation to the SARNET generic containment benchmark in which the common
computer codes used in containment analyses worldwide (MELCOR, ASTEC, COCOSYS,
GOTHIC, SPECTRA, ECART, FUMO, APROS) were compared with well-defined accident
scenario. Similar nodalization based on a German PWR with 1300 MWe was used in all
calculations to facilitate detailed code to code comparisons. Hydrogen distribution and
management with PAR system inside a large dry containment will be studied in a new accident
scenario. SBLOCA with relative small steam and hydrogen flows was studied in the previous
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benchmark. In the proposed benchmark higher break flow and consequently different flow
conditions and resulting stratification are studied.
3 International co-operation
3.1 OECD/GAMA
Participation in the OECD/NEA/CSNI Working Group on the Analysis and Management of
Accidents (GAMA) is done within the project. The annual volume of work covers participation in
working group meeting and informing of GAMA activities in Finland.
3.2 OECD/HYMERES
OECD/HYMERES project investigates complex safety-related scenarios of high relevance for
LWR containment thermal-hydraulics. Steam/gas mixing and stratification will be studied with
well instrumented large scale experiments in PANDA and MISTRA test facilities in 2013-2016.
The subtask covers the annual fee of the OECD project and participation in project meetings.
3.3 OECD/PKL3
OECD/PKL3 project (2012-2015) will study complex heat transfer mechanisms and boron
precipitation processes under postulated accident situations in PKL test facility. Station blackout
(SBO) transient with very late initiated procedures to prevent a core melt (Fukushima scenario) is
one of the tests. Complementary experiments will be done in ROCOM, PMK and PWR PACTEL
test facilities. The subtask covers VTT participation in project meetings.
3.4 USNRC/CAMP
The task covers VTT's participation in the USNRC's Thermal-Hydraulic Code Applications and
Maintenance Program (CAMP). Participants will receive the latest versions of NRC codes
(TRACE and PARCS), as well as assessment results and experience and information gained in
the CAMP. The annual volume of work covers participation in meetings and distribution of new
code versions. The participation fee of CAMP is included in the project costs
3.5 NORTHNET
NORTHNET is a Nordic network for thermal-hydraulics and nuclear safety research. The idea of
the network is to combine the resources of different research teams in order to carry out more
ambitious and extensive research programs than would be possible for the individual teams. The
work is guided by the steering committee formed from the Swedish and Finnish end users. The
work has been organised in three technical areas (RoadMaps):
RM 1: Thermal-hydraulics in fuel assemblies.
RM 2: Thermal-hydraulics within the reactor coolant pressure boundary.
RM 3: Thermal-hydraulics within the reactor containment.
This subtask covers the coordination of research work in the RM3.
3.6 FONESYS
Participation in the network among the thermal-hydraulic system code developers. The
FONESYS network contains the following organizations: the VTT Valtion Teknillinen
Tutkimuskeskus, Finland; the Commissariat à l'Energie Atomique (CEA), the AREVA NP SAS
(AREVA-NP), France; the Gesellschaft für Anlagen- und Reaktorsicherheit (GRS) mbH,
Germany; Gruppo di Ricerca Nucleare San Piero a Grado of Università of Pisa
(GRNSPG/UNIPI), Italy; the Korea Atomic Energy Research Institute (KAERI), the Korea
Institute of Nuclear Safety (KINS); the FSUE OKB-Gidropress, Russian Federation. The
objectives of the network are:
improve the TH-SYS codes and their application in licensing process and safety
analysis;
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identify area of improvement and share experience on graphical user interface (GUI),
SYS-TH code coupling with other numerical tools, such as 3-D neutron kinetic, fuel pin
mechanics, Computational Fluid Dynamics (CFD), etc.;
share experience on code inadequacies and cooperate in identifying experiments and/or
code to code benchmarks for resolving the deficiencies;
share user experience on code scalability, applicability, and uncertainty studies;
establish acceptable and recognized procedures and thresholds for V & V;
maintain and improve user expertise and documented user guidelines for applying the
code.
Task includes participation in a numerical benchmark with the APROS code.
3.7 OECD/ATLAS
The three year research project (2014-2017) will study design extension conditions (DEC) such
as station black out (SBO), complete loss of feed water (TLOFW) and medium break loss of
coolant accidents (MBLOCA) in the ATLAS facility, a scaled full pressure and full temperature
model of the APR1400 reactor. The research programme is under planning in OECD/NEA and
will probably start in 2014. The task includes estimated participation fee and participation in the
programme review group.
4 Co-ordination
Project co-ordination is included in this sub-task.

Deliverables
Task

Deliverable

1.1

Report of APROS calculations of the PKL3 H2.1 test.
Report of APROS calculations of the PWR PACTEL test
Common journal article of PKL3 analytical exercise.

1.2

Validation report of APROS calculations of the LUT PCCS tests.

1.3

Master’s Thesis on core kinetics application with TRACE/PARCS.

2.1

Report of MISTRA PAR experiment calculations with Fluent and APROS.

2.2

Conference paper and common journal article of OECD CFD benchmark simulations.

2.3

Common report of NUGENIA containment benchmark with benchmark participants.

Applications
The validated APROS models will be used in evaluation of the safety of the existing and new
nuclear power plants in Finland. Especially the safety evaluation of the new concepts with
passive safety features will be enhanced. The advanced LP nodalization concepts are developed
and tested for containment analyses to simulate the buoyancy driven flow and associated gas
stratification phenomena more reliably. The validated TRACE code will be used in independent
analysis of the Loviisa power plant. The validated Fluent models will be used in analyzing gas
distribution in containment.
Education of experts
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Young scientists will elaborate their skills with APROS and TRACE codes and in international
co-operation in OECD projects. A Master’s Thesis will be prepared in the project.
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Experimental studies on containment phenomena (EXCOP)
Suojarakennuksessa tapahtuvien ilmiöiden kokeellinen tutkimus
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Markku Puustinen, Lappeenranta University of Technology
1.8 person-years
207.1 k€
VYR 128 k€, NKS 29.1 k€, NORTHNET 50 k€

Objectives
The main goal of the project is to gather an extensive experimental database on condensation
dynamics, heat transfer and structural loads, which can be used for testing and developing
computational methods used for nuclear safety analysis, such as Fluent, Star-CD,
NEPTUNE_CFD, TransAT, GOTHIC, APROS and TRACE. The behaviour at the blowdown pipe
outlet during air/steam discharge still needs to be investigated experimentally in more detail to
improve simulation models. The existing PPOOLEX test facility at Lappeenranta University of
Technology (LUT), including models of the drywell and wetwell compartments and withstanding
prototypical system pressure (0.5 MPa), will be used in the experiments. In 2014, experiments with
a steam discharge device (sparger) and a residual heat removal (RHR) nozzle will be carried out in
the PPOOLEX facility. Experiments on direct contact condensation at the blowdown pipe outlet
will continue in 2014 with a test series, where the potential of the new high speed cameras can be
comprehensively utilized.
To achieve to above mentioned goals sophisticated visual observation equipment has been
installed to the PPOOLEX test facility in 2013. These include three high speed cameras for
capturing the 3D nature of the phenomenon. The applicability of the measurement results for the
validation of CFD and lumped parameter codes will increase considerably.
Networking among international research organizations is enhanced via participation in the
NORTHNET framework and NKS/ENPOOL project. Analytical and numerical work of Kungliga
Tekniska Högskolan (KTH) is combined to EXCOP, ELAINE, NUMPOOL and ESA projects of
SAFIR2014. The EXCOP project has also a connection to the nuFoam project of SAFIR2014,
where PPOOLEX data on DCC is used for the validation of an OpenFOAM-solver.
Background
A common feature of current BWRs is the use of large suppression pools with a venting system for
the mitigation of immediate consequences of possible Large Break Loss-of-Coolant Accidents
(LBLOCAs), such as a main steam line break (MSLB). Also, in certain light water reactor (LWR)
concepts, during emergency cooling conditions, mixtures of steam and non-condensable gas are
blown into a pool of water. In both cases, steam/gas bubbles form at the vent pipe outlet and
condense or break up. Pressure pulses generated by collapsing steam bubbles due to rapid
condensation may cause considerable loads or even damage when they impact upon a structure.
Condensation pool issues have been studied at LUT and VTT within the SAFIR2010 and
SAFIR2014 research programs. The PPOOLEX test facility, including adequate models of the
drywell and wetwell compartments, has made the experimental examination of a large variety of
issues possible. Chugging, DCC, structural loads from condensation related oscillations, condensation
on the drywell walls and thermal stratification/mixing, among other things, have been of interest.
Numerical modelling work has accompanied the test program. Gas/steam discharge experiments
in PPOOLEX have been modelled with computational fluid dynamics (CFD), lumped parameter and
structural analyses codes. LUT and VTT have co-operated closely in the numerical modelling of the
experiments.

Nordic cooperation has been enhanced via the NORTHNET framework. The analytical work of
KTH has been combined to the SAFIR2014 projects EXCOP, NUMPOOL and ESA. Calculation
tools and methods have been examined and models of GOTHIC code have been validated on the
basis of the PPOOLEX experiments.
The understanding of different phenomena in BWR containment during air/steam discharge has
increased and knowledge of the ability of different computer codes to reproduce the measured
behaviour has grown. However, developing and validating the thermal-hydraulic analysis and
simulation codes continues to be an important research area. Condensation related phenomena in
suppression pool during air/steam discharge still needs to be experimentally investigated in more
detail to improve simulation models. Particularly, CFD grade measurement data of DCC is needed.
Specific Goals in 2014
1. Experiments with spargers and nozzles
KTH is developing and implementing the Effective Heat Source (EHS) and Effective Momentum
Source (EMS) models in GOTHIC code. To provide necessary data for the development of the
models two series of experiments in the PPOOLEX facility have been carried out in collaboration in
2012-2013. These experiments on the development of thermal stratification during a low mass flow
rate period and on complete mixing due to chugging regime have covered a large area of the
condensation mode map. Accurate estimations of the frequency and amplitude of oscillations of the
free water surface in the blowdown pipe for the assessment of the effective momentum have been
obtained. To finalize the development and validation work of the EMS and EHS models additional
tests with a steam discharge device (sparger) and a residual heat removal nozzle are still needed.
Spargers have an effect on mixing conditions in the suppression pool via the momentum generated by
the movement of steam/water interface inside them. In the PPOOLEX experiments, data on mixing of
a thermally stratified water volume in a pressure suppression pool at different conditions of steam
injection through a sparger and water injection through a RHR nozzle will be provided.
1.1 Facility modifications and measurements (Funding: VYR 8 k€, NORTHNET 8 k€, NKS 4 k€)
Models of a sparger and RHR system nozzle with accompanying pipework will be constructed and
installed to PPOOLEX. A fine resolution both in space and time for temperature measurements inside
the sparger and in the suppression pool is needed to get an accurate value for created momentum and
knowledge of the effectiveness of mixing.
1.2 Experiments with spargers and nozzles (Funding: VYR 7.5 k€, NORTHNET 42 k€, NKS 9 k€)
Experiments on the dynamics of free water surface inside the sparger with different steam mass flow
rates and transient times and on mixing conditions created by water injection through a RHR system
nozzle will be carried out in the PPOOLEX facility according to a detailed test plan written by KTH
on the basis of pre-test calculations. A unique and representative experimental database on the
frequency and amplitude of oscillations inside the sparger will be generated. The experiment results
will be used by KTH to further develop and validate the EMS and EHS models in order to reduce
uncertainties and improve accuracy in predictions.
2. Experiments on direct-contact condensation (DCC)
The goal of the DCC experiments is to produce high grade measurement data of rapid steam
condensation processes in order to support the development work of chugging models to be
implemented in CFD and system codes. The calculations of the previous PPOOLEX experiments
have indicated incomplete condensation in cases with air/steam mixtures. In order to improve
condensation related models the DCC phenomenon needs to be investigated experimentally in more
detail. Therefore, three high speed cameras for capturing the three dimensional shapes of bubbles
have been added to the PPOOLEX facility in 2013 with funding granted through the infrastructure
improvement program of the university. Furthermore, the PIV measurement system can be utilized

for determining flow fields in cases where the steam discharge rate is small and condensation takes
place only at the blowdown pipe outlet.
2.1 Facility modifications and measurements (Funding: VYR 2 k€, NKS 5.1 k€)
A densely instrumented DN100 blowdown pipe will be used in the experiments. The pipe is already
in place and therefore there is no need for significant modifications. The pipe length is such that
existing windows in the wetwell compartment of PPOOLEX can be used to get the field of view of
the PIV measurement system to an optimal position for capturing flow fields further away from the
blowdown pipe outlet and around large collapsing steam bubbles. The simultaneous use of the high
speed cameras and PIV system requires some changes to the lighting conditions in the wetwell pool.
2.2 Experiments on DCC (Funding: VYR 57.5 k€, NKS 11 k€)
A test series on DCC, where the potential of the sophisticated PIV system and of the new high speed
cameras for capturing the details of DCC related phenomena can be comprehensively utilized, will be
carried out in the PPOOLEX test facility in 2014. Behaviour of a collapsing steam bubble will be
filmed from three angels and flow fields around the bubble in the pool volume will be determined
with the PIV system. Pattern recognition algorithms being developed in the SAFIR2014/ELAINE
project will be utilized to speed up the analysis of test data. Flow fields will be also measured in a test
condition, where the steam/water interface at the blowdown pipe outlet is semi-stable and no violent
condensation processes are present. CFD grade data for verification/validation of numerical models
will be recorded from both test cases. The detailed test matrix and procedure will be developed
together with the simulation partners to optimize the test conditions.
3. CFD calculations
Experiment analysis in the EXCOP project will be supported by simulations with NEPTUNE_CFD
and TransAT codes. Also OpenFOAM code could be used later within SAFIR/nuFOAM project.
Participation to the EU/NURESAFE project ensures the licenses to use NEPTUNE_CFD and
TransAT codes within the NURESAFE project, and partially, also in future at LUT. High-speed
video data from the PPOOLEX experiments will be analysed with pattern recognition algorithms and
then utilized in the model validation and improvement work of NEPTUNE_CFD and TransAT codes.
3.1 CFD calculation of PPOOLEX experiments (Funding: VYR 24 k€)
Promising results have been obtained in NEPTUNE_CFD simulations of previous POOLEX
chugging tests (STB-28). Also the overall results of mildly sheared stable steam-water interface
condensation simulations of POOLEX STB-31 test were satisfactory with NEPTUNE_CFD,
TransAT and OpenFOAM codes. However, to validate and develop the calculation models and
analysis methods further, it is necessary to simulate experiments equipped with more advanced
instrumentation. As a stable interface case, a PIV experiment will be simulated in order to compare
PIV and CFD flow fields with each other. The simulation of such a case should be quite
straightforward, but the data analysis would be time demanding. Concerning the chugging case,
simulation of a test with a 3D camera recording will be started. This simulation will be challenging
and should be carried out as 3D. According to the earlier NEPTUNE_CFD results the task should be
possible. The development work of pattern recognition methods in the SAFIR/ELAINE project will
help with the analysis of the test results and their comparison to the simulation results, because the
quantitative condensation rate obtained with simulations would be connected to the experiment via
qualitative chugging behaviour recorded by the cameras.
4. Project management, Nordic co-operation and publications
4.1 Project management, Nordic co-operation and publications (Funding: VYR 29 k€)
Nordic co-operation will be enhanced via participation to the work done in the NORTHNET
framework. The updated NORTHNET Roadmap 3 research plan will form the basis for joint research
and collaboration. A summary report describing earlier work in the EXCOP project, application areas
and further research needs will be written.

Deliverables
Task

Deliverable

1.2
2.2
3.1
4.1

Experiments with spargers and nozzles
Experiments on direct contact condensation
A report on CFD calculations and model improvements
Summary report of work done in the EXCOP project

Applications
The main benefit of the project will be achieved through the use of the experiment results in the
development and validation of CFD and lumped parameter system codes, such as Fluent, Star-CD,
NEPTUNE_CFD, TransAT, OpenFOAM, GOTHIC, APROS and TRACE. Using the information
gained from the experiments could also directly solve certain open questions of suppression pool
related safety systems in existing BWRs. Furthermore, the connections of thermal hydraulics and
structural loads will be studied in real conditions. This connection will be developed towards twoway coupling in the computational environment at VTT and verified against the experiments. More
reliable prediction of suppression pool behaviour based on the combined use of CFD and structural
analysis codes validated against experimental data can be directly utilized in the safety analysis of the
Nordic power plants and it thus can improve the safety of their operation. The results can be used by
power companies, nuclear safety authorities and research organizations.
Education of experts
The project personnel include nuclear experts at different stages of their professional career including
researchers who have written their masters’ theses earlier in SAFIR2014 projects. The participation
of postgraduate and master students in the experimental and analytical work at LUT as well in the
analytical part at VTT and KTH promotes the education of a new generation of nuclear experts and
knowledge transfer. The development work of pattern recognition methods in subtask 3.1 will form
the basis for the doctoral studies of Elina Hujala.
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OpenFOAM CFD-solver for nuclear safety related flow simulations (nuFoam)
OpenFOAM CFD-ratkaisija ydinturvallisuuden virtaussimulointeihin
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Timo Pättikangas
1.2 person-years
145 k€
VYR 105 k€, VTT 20 k€, Aalto University 10 k€,
LUT 10 k€

Objectives
The main aim of the project is to validate the open source CFD-software OpenFOAM as a tool
for nuclear safety related simulations. A national network of OpenFOAM users performing
nuclear safety CFD analysis is further developed, and connections with the international
OpenFOAM users and developers are formed. International co-operation will be utilized in
order to minimize the national development work.
In single-phase flow simulations, the aim is a simulation of flow and a heat transfer in a
complex geometry, especially in a fuel assembly and its head parts. Time dependent flow
simulations will be performed with accurate computational methods and models. Massively
parallel computing will be effectively utilized. As a result an improved understanding of the
coolant mixing in a fuel rod bundle is achieved. The results can be used in verifying safety
issues when increasing the burn up of the fuel.
An Euler-Euler two-phase solver is developed by using the OpenFOAM program library.
The work is done by adding heat transfer models into an existing solver OpenFOAM solver.
First, a solver for two-phase heat transfer is validated in simple flow geometries. Second, a heat
transfer model for subcooled nucleate boiling is implemented and validated in geometry
relevant to fuel rod bundles. Third, the solver is further developed for high heat fluxes in
PWRs.
Background
Computational Fluid Dynamics (CFD) is already a widely used tool in the nuclear safety analysis.
The benefit of using CFD was recently demonstrated in the analysis of the control rod problems
that occurred in the Oskarshamn and Forsmark nuclear power plants. The analysis was based on
both experiments and CFD simulations.
In commercial CFD software, the source code and the implementation of the numerical
methods are not openly available. Thus, the possibilities to modify the solver or to include new
models are limited. In addition, the license policy prevents effective utilization of parallel
computer resources. The use of open source software in the nuclear safety analysis would increase
its transparency as more parties will have an access to the simulation tools. The more effective
utilization of parallel computing would allow the use of better physical models and detailed
computational grids. This would improve the accuracy and reliability of modeling and increase
the number of situations where CFD methods can be utilized.
The use of open source CFD software, especially OpenFOAM, is becoming more popular in
industrial applications. In Finland, OpenFOAM is used at technical universities and it has been
applied in cases brought up by the industry. In Sweden, the project called “OpenFOAM User
Group for Nuclear Applications” was started in 2008. The participants are KTH-Reactor
Technology, Forsmark, Ringhals, Vattenfall R&D, ÅF and WH-Plant analysis and it is funded by
Northnet Roadmap 1. Helmholtz-Zentrum Dresden-Rossendorf (HZDR) started its OpenFOAM
project in 2013.
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Specific Goals in 2014
1 Simulation of single-phase flows
Advanced heat transfer solvers for single-phase flows are developed and validated. The main
application is fuel rod bundles.
1.1 Simulation of a flow and heat transfer in a fuel-rod bundle (Funding: VYR, Aalto University)
Single-phase flow and heat transfer are important topics in nuclear applications. Since the size of a
computational grid is huge for a fuel rod bundle, it is still among the 'grand challenges' of CFD.
Heat transfer is less studied aspect in comparison with friction. Recently LES-based methods
including detached eddy simulation (DES) have become popular in CFD research. In 2012 the
main purpose was to verify the RANS- and DES approaches. Heat transfer modeling will also be
included. In 2013-14 various RANS-models will be tested as connected with heat transfer.
Additionally vibrations in piping or process components can be studied or a flow in a containment
can be simulated.
This subtask is done mainly at Aalto University.
1.2 Effect of spacer grids on the flow (Funding: VYR, Aalto University)
The spacer grids are difficult to model accurately and on the other hand the grids affect the heat
transfer and pressure losses in the fuel rod bundle. As a whole-length bundle is beyond the limits
of the practical computer resources available, the grid region is modeled accurately with detailed
DES and LES analyses. The problems with the periodic boundary conditions were solved in 2013.
Computations are facilitated by developing a new synthetic inlet boundary condition for LES
applications. Explicit algebraic RSM (EARSM) will be tested in 2013-14.
This subtask is done mainly at Aalto University.
1.3 Auxiliary validation cases (Funding: VYR, Aalto University)
In addition to the fuel rod bundles, other validation cases will be chosen. These will be selected
later, as shortcomings from the other simulations have been encountered. Some basic heat-transfer
cases are calculated in order to test the heat transfer modeling in OpenFOAM. Furthermore,
OpenFOAM is validated against the DNS solutions available.
This subtask is done mainly at Aalto University.
2 Simulation of two-phase flows
OpenFOAM multiphase models and solver are developed and validated for boiling in light water
reactors. The first main goal is the development and validation of models and solver for the
simulation of boiling in PWRs. In addition, model for direct-contact condensation is developed
and tested. The models are formulated so that they can also be applied to other boiling and
condensation phenomena in nuclear safety analysis.
2.1 Development of two-phase solver for boiling (Funding: VYR, NKS, VTT)
In 2013, multiphase simulation of a fuel rod bundle experiment is performed by using the
developed OpenFOAM solver for sub-cooled nucleate boiling. The accuracy of the current
implementations of the turbulence and interfacial force models are evaluated. The material
properties for mixtures of vapor and liquid water are improved.
In 2014, the implemented OpenFOAM solver for sub-cooled nucleate boiling is re-written
based on the OpenFOAM release version 2.2.2 or the newest version available. The models
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developed earlier are ported either into the two-phase or the multiphase solver of OpenFOAM.
The new solver is tested and improved where weaknesses are found. In previous work, it has been
found that the turbulence modeling and the near-wall treatment are likely to prove challenging in
complex geometries.
Work on the modeling of the bubble size distributions is continued.
This subtask is done mainly at VTT and at Aalto University.
2.2 Modeling of direct-contact condensation (Funding: VYR, LUT)
The low condensation rate test case POOLEX STB-31 has been simulated successfully with
OpenFOAM previously in this project. The obtained results corresponded well with the test data
and earlier simulations with NEPTUNE_CFD code. Calculations of a more vigorous chugging
condensation case (the POOLEX STB-28 test) will be carried out during the upcoming phase of
the project. Simulations would be challenging, and a compressible flow solver would be needed.
Steam tables would bring notable benefits for this task. Numerical modeling of direct-contact
condensation (DCC) will be carried out by using the direct contact condensation models
implemented previously to the OpenFOAM code i.e. the Hughes & Duffey model and the model
of Lakehal et al. Numerical stability of the simulation would be a remarkable result per se, but a
long enough simulation with the Hughes & Duffey model could be comparable to the earlier
promising NEPTUNE_CFD chugging simulations.
This sub project benefits from the results of SAFIR EXCOP and ELAINE projects. These
projects provide models and data for validation purposes. Concerning the upcoming period, the
main outcome from these projects is the development of pattern recognition methods and bubble
size calculation for chugging analysis. As future aim, more comprehensive validation of
condensation models and OpenFOAM (nuFOAM) solver against the POOLEX/PPOOLEX
experiments will become possible.
This subtask is done mainly at LUT.
2.3 Validation of the boiling model (Funding: VYR, NKS, VTT)
The validity region of the developed model is determined by performing simulations of a fuel rod
bundle test case. Data available from international partners or benchmarks are used for the
validation. First, calculations of experiments on two-phase mixing of air and water caused by
spacer grids are continued in co-operation with Arto Ylönen (LUT). A publication on the
simulation results is planned. Second, NUPEC PSBT benchmark data is used for the validation of
the boiling model. Alternatively, experimental data from international partners developing
OpenFOAM can be used.
This subtask is done mainly at VTT and at Aalto University.
2.4 Alternative ways for the boiling model (Funding: VYR, Aalto)
Simple ways to handle the wall boiling are implemented to OpenFOAM. These alternatives are
based on a few input parameters that are varied in order to find the effect of various terms on the
results. Debora-results will be used as test cases.
This subtask is done mainly at Aalto University.
3 National and international co-operation
3.1 National and international co-operation (Funding: VYR)
The national network of OpenFOAM users in the nuclear safety applications is coordinated. Cooperation with the Royal Institute of Technology (KTH) is performed within a project proposal
submitted to NKS. CFD group on nuclear technology at the Helmholtz-Zentrum Dresden-
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Rossendorf (HZDR) is participating in the co-operation. Co-operation on multi-phase solver
development with a European chemical industry consortium is continued.
A web portal is administered to share documentation and source code within the project.
The project is coordinated at VTT.
Deliverables
Task

Deliverable

1.1&1.2

Report on the modeling spacer grids in fuel rod bundles. (Aalto)

1.3

Report on the validation of heat transfer model in a fuel rod bundle. (Aalto)

2.1

Report on the new version of the two-phase solver for subcooled nucleate boiling:
physical models and implementation. (VTT)

2.3

Report on the validation calculation of subcooled nucleate boiling in a fuel rod
bundle. (VTT)

2.2

Report on the modeling of a chugging experiment. (LUT)

2.4

Report on the testing of alternative boiling models (Aalto)

Applications
The main result of the project is an open source CFD simulation tool for nuclear safety. This will
be beneficial for all the Finnish organizations that use CFD analysis in the evaluation of nuclear
safety. The results of the project can be utilized already during the first year in single flow
calculations. The project deepens the knowledge on the flow and heat transfer in the head parts of
fuels assemblies.
Education of experts
DI Tomas Brockmann (Aalto University) and M.Sc. Giteshkumar Patel are working in the project.
The research work included in the project will be a part of their doctoral thesis. DI Juho Peltola
(VTT) performs his graduate studies during the project.
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Numerical modelling of condensation pool (NUMPOOL)
Lauhdutusaltaan numeerinen mallintaminen
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Timo Pättikangas, VTT
0.75 person-years
119 k€
VYR 50 k€, NKS 29 k€, VTT 40 k€

Objectives
The objective of the project is to develop two-phase and Fluid-Structure Interaction (FSI)
calculation methods that can be used for modeling of a pressure suppression pool of a BWR. In
particular, the direct-contact condensation occurring in the pool during a postulated large-break
loss-of-coolant accident is modeled. The loads on the wall structures are calculated with
Computational Fluid Dynamics (CFD) and the structural behavior is calculated with Finite
Element Method (FEM). Coupled CFD-FEM calculations are performed to analyze the effect of
the loads on wall structures. The numerical calculations are validated by comparing the results
to the experiments performed with the PPOOLEX facility.
In 2014, the work on implementing the Large Interface CFD model for direct-contact
condensation is finalized. The results are compared to new PPOOLEX experiments, where 3D
high speed video recordings and possibly Particle Image Velocimetry (PIV) measurements are
available. The developed methods are tested for a sector of BWR containment. Fluid-Structure
Interaction (FSI) modelling with FEM is performed for a model of BWR containment. A
summary report is written, where the methods developed in the project are described.
Background
The NUMPOOL project is planned to be part of ENPOOL project, which has been proposed to
be partly funded by NKS. The ENPOOL project consist of the combined effort done at LUT,
VTT and KTH to implement the ideas outlined in the NORTHNET Roadmap 3 on experiments
and modeling of pressure suppression pools. The work done in the ENPOOL project is reported
to the NORTHNET Roadmap 3 Reference Group.
In 2013, the studies of the chugging phase have been continued. “The large interface model”
implemented in NEPTUNE_CFD and published recently by P. Coste has been studied. The
interface tracking model of Coste has been implemented in Fluent. The direct-contact
condensation model has been modified so that the grid cells adjacent to the interface cell are also
used in the heat transfer calculation. Calculation of turbulence separately for each phase instead of
mixture has been tested. The models for knobbly and wavy interfaces presented by Coste are
being studied. Simulations of PPOOLEX experiments are performed by the end of year 2013.
Modeling of the PPOOLEX experiment with the acoustic-structural FEM model has been
performed. Different values for the pool damping have been tested and the pool dynamic behavior
has been compared with the experiment. The coefficients for the Rayleigh damping of the
structure have been studied for the acoustic-structural FEM model of the containment. Mesh
sensitivity studies have also been performed. Simulations of the PPOOLEX experiments and
BWR containment during chugging are performed by the end of year 2013.
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Specific Goals in 2014
1 CFD modeling of condensation
The so-called chugging phase of blowing vapor into a pressure suppression pool is studied.
1.1 CFD modeling of chugging and pressure loads (Funding: VYR, VTT)
The work on implementing the Large Interface CFD model for direct-contact condensation is
finalized. Models for the effect of the turbulence on the interphasial area are improved, where
the knobbly, wavy and rippled structure of the interface is modelled. The results are compared
to new PPOOLEX experiments, where 3D high speed video recordings and possibly Particle
Image Velocimetry (PIV) measurements are available.
1.2 Simulations of BWR blowdown with a sector model of BWR (Funding: VYR, NKS, VTT)
A sector model of BWR containment is constructed. The behaviour of the condensation model
is tested in the BWR geometry.
2 Fluid-Structure Interaction modeling
Two-way coupled FSI calculations are performed for PPOOLEX experiments and for a model of a
of BWR containment.
2.1 FSI calculations of PPOOLEX experiments (Funding: VYR, NKS, VTT)

FSI calculations of PPOOLEX experiments are performed by using the Star-CCM+
CFD code and the Abaqus FEM code. The bi-directional explicit and implicit FSI
coupling of Star-CCM+ and Abaqus are used for modelling the PPOOLEX experiments.
The two different coupling methods are compared with each other and with the earlier
acoustic-structural FEM calculations.
2.2 FSI calculation with an acoustic model of BWR (Funding: VYR, NKS, VTT)
FSI calculations of BWR containment are performed by using the acoustic-structural FEM model.
Full containment with 16 vent pipes is modeled by using stochastic loading. The statistics of the
pressure amplitude, i.e. mean value and standard deviation, are first studied from the PPOOLEX
experiments. Calculations with variable pressure amplitude are then performed and compared with
the earlier results with constant pressure amplitude. Study of the effects of water sonic velocity
and pressure pulse shape on the containment response is also continued.
A summary report is written, where the methods developed in the project are described.
Deliverables
Task

Deliverable

1

CFD calculations of blowdown with model of a sector of BWR containment

2

FEM calculations of chugging loads in a BWR containment

1&2

Summary report on the CFD and FEM methods developed in the project.

3
Applications
The capabilities developed in the project can be used in simulations of various phenomena
occurring in the pressure suppression pool. In particular, methods and capabilities are developed
for the calculation of loads on the plant structures. The project also improves the reliability of
multiphase calculations and coupled CFD-FEM calculations in nuclear safety applications.
Education of experts
One post-graduate student works in the project and is educated in thermal hydraulics of
multiphase flows and fluid-structure interactions.
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PWR PACTEL experiments (PAX)
PWR PACTEL kokeet
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Vesa Riikonen,
2.0 person-years
258 k€
VYR 223 k€, TVO 15 k€, AREVA 20 k€

Objectives
The objective of the project is to utilize the PWR PACTEL test facility in an effective way in
nuclear safety research in Finland and internationally. The first step was the PWR PACTEL
calculation benchmark in the SAFIR2014 PAX project in 2011. The PWR PACTEL test program
continued in 2012 with one U-leg draining test series and participating in the OECD/NEA PKL
Phase 3 project in 2012 and 2013. The main circulation pumps for the PWR PACTEL facility
have been purchased in 2012 and were installed in 2013 in the ELAINE project.
One of the main goals of the project is to validate the PWR PACTEL model for APROS and
TRACE codes. This validation work serves also other analysis work with these codes.
The PWR PACTEL test program will continue with a station blackout in the OECD/NEA PKL
Phase 3 project. The project will continue to end of 2015. With another test series the flow
reversing in the heat exchange tubes of the steam generators will be tested experimentally with the
PWR PACTEL facility.
Background

The new nuclear power plants in Finland will contain vertical steam generators. The
experimental work in Finland has focused on the horizontal steam generators. The PWR
PACTEL facility with vertical steam generators was constructed and taken into operation in the
PAOLA project in 2009 to fulfill the new needs. The first experiments with PWR PACTEL were
carried out in 2010 after the facility characteristics (pressure losses, heat losses etc.) had been
defined. One of these first experiments was chosen as a test transient for an international
benchmark calculation exercise coordinated through the SAFIR2014 PAX project. The exercise
offered a possibility to check the skills of the analysts in organizations performing thermal
hydraulic safety analyses of nuclear power plants. The PWR PACTEL test program continued in
the PAX project with two other test series in 2011. These tests focused on supporting the earlier
characterizing experiments in higher pressure and on experimentally verifying the flow reversal in
the steam generator tubes.
In 2012, the PAX project continued with the U-leg draining experiments and through participation
in OECD/NEA PKL Phase 3 project by planning the first PWR PACTEL experiment. Code
simulations were used in the pre-test analyses of the experiment.
In 2013 the main circulation pumps for the PWR PACTEL facility were installed in the
ELAINE project. The pressure and heat losses of the modified parts were defined and the
facility description was updated in the PAX project. In the OECD/NEA PKL Phase 3 project the
first PWR PACTEL experiment was carried out.
In 2014 the PWR PACTEL test program in the PAX project will continue with a station blackout
experiment in the OECD/NEA PKL Phase 3 project. Station blackout can be connected to one or
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more external initiating events (e.g. Fukushima). The OECD/NEA PKL Phase 3 project will
continue to end of 2015. The third PWR PACTEL experiment in the project will be carried out in
2015. With another test series the flow reversing in the heat exchange tubes of the steam
generators will be tested experimentally with the PWR PACTEL facility.
Specific Goals in 2014
1 PWR PACTEL tests
The subproject aims at carrying out experiments in the PWR PACTEL facility and planning and
analyzing experiments with the help of thermal hydraulic computer codes. The PWR PACTEL
test program will continue with a station blackout experiment in the OECD/NEA PKL Phase 3
project. This work is also part of the validation of the APROS and TRACE codes.
1.1 Participating in the OECD/NEA PKL Phase 3 project (Funding: VYR 130 k€, TVO 15 k€,
AREVA 20 k€)
Three PWR PACTEL experiments have been agreed to be included in the OECD/NEA PKL
Phase 3 project. The first experiment (cool down procedures in presence of isolated steam
generators) was carried out in 2013. The second experiment (station blackout) will be carried out
in 2014. The OECD/NEA PKL Phase 3 project will continue to end of 2015. The APROS and
TRACE code simulations are needed in the pre-test calculations to help the experiment planning
and in the post-test calculations to improve the simulation models and to validate the codes.
1.2 Flow reversing in the heat exchange tubes of the steam generators (Funding: VYR 57 k€)
According to the theory the flow in the heat exchange tubes of the steam generators with small
flows will reverse in the longest tubes. The computer codes have given results that the location of
flow reversing might depend on if the flow is increased or decreased. This can be tested
experimentally with the PWR PACTEL facility with few experiments.
2 Project management and documentation
2.1 Project management and documentation (Funding: VYR 16 k€)
Preparation to the SAFIR2014 final seminar and the reference group meetings.
3 OECD/NEA PKL Phase 3 project fee
3.1 OECD/NEA PKL Phase 3 project fee for 2014 (Funding: VYR 20 k€)
OECD/NEA PKL Phase 3 project participation fee for Finland is 70 k€, yearly contribution
varies from 15 to 20 k€.
Deliverables
Task

Deliverable

1.1

Report on the OECD/NEA PKL Phase 3 project experiment with PWR PACTEL

1.2

Quick look report on the flow reversing in the heat exchange tubes of the steam generators
experiments with PWR PACTEL

Applications
The results of the project can be applied in the evaluation and development of the thermal
hydraulic computer codes used in the safety analyses of nuclear power plants. Using information
gained in the PWR PACTEL experiments could also directly solve some open questions related to
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the behavior of vertical steam generators. The results of the project can be used by Finnish power
companies, nuclear safety authorities and research organizations.
Education of experts
Young specialists take part in the experimental and analytical work in the project, thus enhancing
their expertise in nuclear safety research.
The results of the project will be used as material for publications and theses.
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Modeling of steam generators of nuclear power plants (SGEN)
Ydinvoimalaitosten höyrystimien mallintaminen
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2013–2014
Timo Pättikangas, VTT
0.70 person-years
101 k€
VYR 44 k€, VTT 25 k€, Fortum 22 k€, TVO 10 k€

Objectives
Three-dimensional CFD simulation tool is developed for modeling pressure transients and heat
loads on the secondary sides of steam generators of nuclear power plants. The developed
models are applied to horizontal steam generators of VVER-440 power plants. In 2013, a model
for the steam generator of an EPR nuclear power plant is constructed and tested, and a
stationary state of the EPR steam generator is calculated. In 2014, transient situation of an EPR
steam generator is modeled. In addition, a transient of VVER-440 steam generator is simulated.
The goal is to develop a model that can be used for the calculation of pressure and heat loads
and transport of impurities in steam generators. The model can be used in the analysis of
postulated accidents and in the life time management of steam generators.
Background
Three-dimensional CFD models for the secondary side of horizontal and vertical steam generators
have previously been developed. The tubes of the primary circuit are modeled with the APROS
system code and the outer wall temperature is interpolated into the FLUENT model of the
secondary side. In the FLUENT model, the geometry of the primary circuit is not described in
detail but the drag force and the heat transfer are described with a porous media model.
The developed steam generator model has previously been applied and validated against steady
state and transient experiments in the steam generator of the PWR PACTEL facility. In addition,
the model has been applied to calculations of VVER-440 steam generator.
Specific Goals in 2014
1 Development of phase change models
1.1 Improvement of two-phase models (Funding: VYR, VTT)
Three-dimensional CFD model for the EPR steam generator is further developed based on the
results obtained on the steady state simulations. Refinements are done both in the Apros and
CFD models. The modeling of the material properties of the liquid-water is improved by using
the compressible liquid model of new versions of Fluent. Improvements are needed especially in
the modeling of the transient situations, where the specific heat capacity varies rapidly when
pressure changes on the secondary side. Possibilities for better description of heat capacity of the
liquid phase are tested.
1.2 Modeling of VVER-440 steam generator (Funding: Fortum)
An APROS simulation of VVER-440 transient is performed by using the detailed model for the
steam generator. The boundary conditions for the simulation are obtained from the simulation
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with an APROS model for the plant, which is performed in Task 2. The temperatures of the
primary tubes are interpolated to the mesh of the CFD model and used as boundary conditions in
the simulations performed in Task 2.
2 Simulation of plant transient
2.1 Simulation of a Loviisa plant transient (Funding: Fortum)
In year 2013, a pressure transient with a larger pressure change was calculated, where
condensation occurs. The behavior of the wall evaporation and condensation models is evaluated.
According to the results the decrease of 6 bars in the steam generator was not enough to inflict
strong evaporation. Based on the results achieved in 2013 Main Steam Line Break (MSLB)
transient, in which over 30 bars pressure decrease in steam generator occurs, is chosen for 2014
transient.
The chosen transient is first calculated by using an APROS model for the power plant. The results
of the analysis are used as boundary conditions for detailed analysis of the steam generator, where
the temperatures of the primary tubes are solved by using a detailed APROS model of the steam
generator. This work is done in co-operation with Subtask 1.2. The calculated temperatures of the
primary tubes are used as a boundary condition for three-dimensional CFD calculation of the
secondary side of the steam generator.
3 Modeling of an EPR steam generator
3.1 Simulation of a transient in EPR steam generator (Funding: VYR, VTT)
An Ad hoc Group meeting of the SGEN project is arranged for choosing a suitable transient for
analysis. Suitable candidates could be loss of feed water or rupture of a primary tube in the steam
generator. Transient is chosen for the simulation based on the recommendations of the Reference
Group and the Ad hoc Group.
First, the transient is modeled by using the EPR model at VTT, and the boundary conditions for
the detailed Apros model of the primary circuit are determined. Second, the detailed Apros model
of the steam generator is used for the calculation of the transient. The calculated outer wall
temperatures of the primary tubes are interpolated to the CFD model of the secondary side. Third,
a CFD simulation of the transient is performed. The obtained results are presented to the Ad hoc
Group and reported.
Deliverables
Task

Deliverable

2 & 1.2

Report on calculation of a Loviisa plant transient

3 & 1.1

Report on a transient in the EPR steam generator

Applications
Methods for the calculation of pressure and heat loads and transport of impurities in steam
generators are developed. These methods can be used in the analysis of postulated accident
situations and in the life time management of steam generators. In addition, the developed twophase models can also be applied in other nuclear safety applications, where two-phase flow of
steam and liquid water needs to be analyzed.
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Education of experts

Two young scientists work in the project. Young scientist are educated in performing
nuclear safety analysis is complex situations, where three-dimensional multiphase
phenomena occur. In addition, they learn to design and construct user-defined sub-models
in the ANSYS Fluent CFD code and to perform nuclear safety analysis by using the
multiphase models of Fluent.
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Uncertainty Evaluation for Best-Estimate Analyses (UBEA)
Best-estimate -turvallisuusanalyyseihin yhdistetty epävarmuuksien arvioiminen
Duration
2014
Project manager
Joona Kurki
Volume and funding 2014
0.76 person-years
Funding sources (k€) 2014
VYR 46 k€, VTT 34 k€
1 person year = 10.5 person months.

80 k€

Objectives
To study the use of Best Estimate Plus Uncertainty (BEPU) approach of thermal-hydraulic safety
analyses with the system code APROS. Use of the BEPU approach is studied in general, and
more particularly, methods aiming at assessing the uncertainties of various physical model
parameters inherent to a thermal-hydraulic simulation tool. As a result of the work, insight is
gained on the internal sources of uncertainty within the APROS code, including the accuracy of
specific physical models and their ranges of validity. In addition, the work leads to possible
identification of physical models that cause particularly high uncertainty in the simulation results,
and as such require improvement.
Background
Conventionally, the safety analyses carried out in relation to licensing of nuclear installations
have been performed using the conservative approach, i.e. by showing that according to a
numerical simulation, the required safety criteria are met even when pessimistic (conservative)
assumptions are made whenever the value of some parameter influential to the simulation is
uncertain. In addition to the obvious drawback that the conservative safety analyses result in
suboptimal operation of the facility due to widened safety margins, there is a graver problem with
the approach: it has been observed that making multiple independently conservative assumptions
doesn’t always lead to conservative overall behaviour. In the BEPU approach, uncertainties
affecting the analysis simulations are taken into account more realistically, typically through
calculating the same simulation case numerous times, with varying the values all uncertain
parameters by statistical sampling from their predetermined probability distribution functions
(PDF) at the beginning of each simulation run. The main problem with the BEPU approach lies in
the determination of these PDF’s. The BEPU approach has been studied in multiple international
research programs, such as OECD/NEA BEMUSE program, and the currently on-going
OECD/NEA PREMIUM benchmark exercise, in which different methods for determining the
uncertain PDF’s are compared.
Specific Goals in 2014
1 Reflooding uncertainty quantification
The subproject aims at gaining insight into uncertainties related to the physical models describing
the reflood phenomena within the APROS code, and also into the application of input uncertainty
methods such as CIRCÉ and FFTBM.
1.1 VEERA simulation model (Funding: VYR, VTT)
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An APROS simulation model of the VEERA facility is developed and its correct behaviour
verified against three VEERA boil-off experiments.
1.2 Quantification of uncertainties (Funding: VYR, VTT)
Probability density functions of the most influential physical model input parameters affecting
reflooding calculations are determined with the help of CIRCÉ and/or FFTBM methods, using
data from APROS simulations of a series of VEERA reflooding experiments. The determined
PDF’s are then verified by a Best Estimate Plus Uncertainty calculation of a few VEERA
reflooding experiments not used in the quantification process.
1.3 Comparison to PREMIUM results (Funding: VYR, VTT)
The probability density functions determined in task 1.2 are compared to those determined within
the PREMIUM benchmark. The PDF’s are first compared against each other, and then the
PREMIUM PDF’s are used for BEPU calculation of a VEERA experiment. Likewise the
VEERA PDF’s can be used for BEPU calculation of a FEBA and/or a PERICLES-2D
experiment.
2 PREMIUM Benchmark Analyses
The subproject aims at finalizing VTT’s participation to the OECD/NEA PREMIUM benchmark
exercise. VTT participates in the exercise using the APROS code, and engineering judgment for
quantification of the input uncertainties.
2.1 Reporting (Funding: VYR, VTT)
All the practical work in the PREMIUM benchmark has been carried out during the past two
years, but the benchmark project will not end before the year 2014. Small effort is still required
for final documentation and participation in the final benchmark meeting.

Deliverables
Task

Deliverable

1.3

Report on uncertainty quantification based on VEERA reflooding experiments

Applications
The best estimate plus uncertainty approach is an alternative to the conventionally used
conservative approach in licensing nuclear installations. Taken that all relevant sources of
uncertainty can be accounted for, the BEPU approach provides more reliable prediction of plant
performance in different accident scenarios, which in turn manifests itself in increased safety and
more optimal performance of the plant. Study on input uncertainty methods will contribute to the
validation of APROS, and increase understanding of its reliability. In addition, the methods and
tools developed during the project are utilized in the SAFIR 2014 / ESA project.
Education of experts
A young researcher will continue the work related to his Master’s Thesis subject, deepening his
understanding of the topic.
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Thermal hydraulics and fuel integrity in spent fuel dry cask interim storage facility
(SPEFU)
Lämmönsiirto ja polttoaineen eheys väliaikaisessa käytetyn polttoaineen kuivavarastossa
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2013–2014
Risto Huhtanen, VTT
0.6 person-years
87 k€
VYR 40 k€, VTT 22 k€, Fennovoima 25 k€

Objectives
The objective is to develop and validate a method for the analysis of spent fuel dry cask interim
storage facility. A three-dimensional Computational Fluid Dynamics method is developed,
which can be used for the analysis of the storage facility. This means that a simplified model is
developed, where all the fuel pins and cooling fins are not modelled in detail. The peak cladding
temperature is calculated and used in studying the integrity of the fuel cladding during the
interim storage. The phenomena affecting cladding integrity are reviewed and models
appropriate for the interim storage conditions are developed. The issues of greatest safety
significance are foreseen to be the cladding creep and the behaviour of hydrides.
Background
Used fuel rods from nuclear power plants have to be contained in interim storages for about 40
years before the final disposal. The interim storage can be either water cooled or air cooled. In
Finland the present facilities are water cooled storages with active cooling loop. Another
possibility is an air cooled storage where cooling is driven by natural convection. This solution
contains no active components, which is an advantage in exceptional situations.
Fuel behaviour during dry storage is actively investigated because in many countries interim
storage times are foreseen to be extended to 100 years. Fuel behaviour models include irradiation
integrally, and as such are not necessarily applicable to the interim storage conditions. Possible
damage mechanisms include creep rupture and hydride-induced effects. The hydrides also reduce
the ductility of the fuel cladding, possibly creating challenges during the fuel handling phase.
Recently, several studies on heat transfer of dry cask storages have been published, where
Computational Fluid Dynamics (CFD) is used. In three-dimensional CFD calculations, the fuel
pins or even the cooling fins of casks cannot be modelled in detail in CFD analysis of the whole
storage room because the numerical mesh would be extremely large. Therefore, some modelling
assumptions and their validation are needed. The Peak Cladding Temperatures of the fuel pins are
obtained as a result of the CFD analysis, which can be used for studying the integrity of the fuel
cladding during the years of interim storage.
Specific Goals in 2014
Task 2. Long term behaviour of spent fuel in dry cask storage
2.2 Damage mechanisms (Funding: VYR, VTT, Fennovoima)
Hydride-induced damage mechanisms, such as delayed hydride cracking, are investigated in the
second subtask during the 2nd year. These affect fuel long term behaviour and may introduce
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challenges to fuel handling, as the hydrides alter the properties of the fuel rods. Model for
hydride effects is investigated.
The results of the literature review for the fuel temperature are used as boundary conditions for
the analysis of the long term behaviour of the fuel and fuel cladding. In order to study the creepout during interim dry storage, the cladding creep models are extended to describe the
prevailing conditions. Safety thresholds for internal pressures and temperatures are determined
based on the new creep models.
Task 4. CFD modelling for heat transfer on the cooling fins (Funding: VYR, VTT)
The cooling fins increasing the surface area of the cask are a challenge in CFD analysis because
a very fine mesh is needed due to geometrical details if the fins are included as they appear in
reality. A model for heat transfer on the fins is needed when heat removal from the whole
facility is calculated. This applies both to convective and radiation heat transfer.
Transition from laminar to turbulent flow probably occurs in natural convection along the cask
surface. Validation of the near-wall treatment of the CFD analysis is necessary.
5. CFD modelling of multiassembly spent fuel tests (Funding: VYR, Fennovoima, VTT)
Each fuel storage cask contains several fuel rod assemblies. Heat transfer between the
assemblies and to the wall of the cask has to be modelled in a manner developed in Task 3. Task
4 includes development and validation of a simplified model for the multiassembly spent fuel
cask internals. Some temperature measurement data is available for validation of the calculation
in ref. [5].
The temperature on the fuel rod surface has to be limited to a certain value in order to ensure the
integrity of the rod shell. The modelling option to be used is selected in order to calculate
maximum the Peak Cladding Temperature with a sufficient safety margin.
Deliverables in 2014
Task
2
4&5

Deliverable
Report on the long term behaviour of spent fuel in dry cask storage
Report on the CFD modelling of cooling fins and multiassembly tests

Applications
Methods and expertise for analysing thermal hydraulics and fuel integrity in spent fuel dry cask
interim storage facility are developed and validated. The methods can be used by the regulating
authorities and power companies for the analysis of storage facilities.
Education of experts
Two post graduate students, Tech. Lic. Ville Tulkki and MSc. Asko Arkoma, are working in the
project.

1

Liite 2a
SAFIR2014

28.1.2014

RESEARCH PLAN for 2014/version 2

Core debris coolability and environmental consequence analysis (COOLOCE-E)
Sydänromukeon jäähdytettävyys ja ympäristövaikutusten arviointi
Duration
2012-2014
Project manager
Eveliina Takasuo, VTT
Volume and funding 2014
1.26 person-years
183 k€
Funding sources (k€) 2014
VYR 74 k€, NKS 28 k€, VTT 81 k€
1 person year = 10.5 person months.
Objectives
The COOLOCE-E project focuses on two specific topics in the research area of severe accidents:
the coolability of ex-vessel core debris and the assessment of the environmental consequences of
radioactive releases. The main objective of the project is to assess the coolability of representative
porous debris beds based on the COOLOCE experimental data produced earlier in the project.
This consists of the verification and validation of the analytical tools and methods commonly
applied to model two-phase flow in the debris bed and predict dryout. The identification and
reduction of the uncertainties related to debris bed configuration play key roles in this work. As
the severe accident management strategy in both Finnish and Swedish BWRs relies on cooling the
core debris in a deep water pool, collaborative experimental and analytical efforts by VTT and
KTH are performed aiming for comprehensive understanding of the yet unresolved, high-priority
issues.
The objective of the environmental subtask is to clarify what technical possibilities are practically
available to calculate probability distributions of radiation doses from different exposure
pathways at distances beyond 20 km from the power plant. The ultimate target is to answer the
question of what countermeasures should be prepared outside the traditional emergency planning
zone.
Background
The COOLOCE experiments have shown that a conical (heap-like) debris bed has poorer
coolability than a cylindrical, evenly distributed bed. This is primarily due to the greater height of
the conical configuration and the resulting, increased thermal loading near the top of the heap.
Other debris bed geometries (and flow modes) have also been addressed in the experiments. The
results form a consistent set of geometry variations available for simulation code and model
validation.
Simulation code validation is of crucial importance because plant scale assessment is done using
such codes. The basic tool used to model coolability and predict dryout is MEWA 2D (developed
by IKE/Stuttgart University) which is capable of covering many types of symmetric debris beds.
To complement the MEWA simulations, VTT has extended the modeling to include a full-3D
CFD type approach applicable also in complex geometries and flow configurations together with
free flow zones. The debris bed formation is inherently a complex process that includes many
uncertainties which have to be taken into account in the analyses at least by conducting parameter
variations.
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Due to the common interest in BWR safety in Finland and Sweden, joint activities by VTT and
KTH are conducted within the framework of the NKS project DECOSE (Debris Coolability and
Steam Explosion, 2012-2015). Both organizations have a strong background in severe accident
research, and the co-operation and information exchange have been found beneficial. For
instance, KTH has provided VTT measurements of effective particle diameter, and some of the
uncertainties related to dryout heat flux measurements have been quantified by comparison of
experimental results.
The draft of the general safety requirements of the IAEA presents requirements to plan
radiological protection measures outside the traditional emergency planning zone [1]. For this
purpose, it is necessary to evaluate radiation doses from severe accidents at the distances from 20
km up to 300 km. Because weather strongly affects the dose, it is necessary to treat weather
conditions as a changing parameter in the dose distribution calculations. In principle, a large
amount of different weather conditions are needed. Currently there are two primary codes,
ARANO and VALMA, applicable for the task. ARANO is a straight line, constant weather
model. VALMA is a trajectory based, changing weather model.
Specific Goals in 2014
1 COOLOCE
This subproject contains all the activities related to debris bed coolability. Following the trend in
2013, the focus in 2014 is further shifted towards analytical activities to ensure that the analyses
and modeling of the COOLOCE experiments can be concluded within the frame of the current
programme.
1.1 Experiments (Funding: VYR, VTT, NKS)
One dryout experiment will be conducted and documented: truncated cone geometry
(COOLOCE-13). According to the current estimates of debris bed spatial distribution, this type
of geometry is the most representative one. The bed has heap-like shape but no sharp tip as in the
fully conical geometry. Previously, the tip of the cone has been found problematic because (1) a
highly local dryout - which is not a clearly defined coolability limit - is formed in this area and (2)
it seems likely that the melt jet break-up and the settling of the quenched particles in the water
pool is somewhat irregular process, resulting in a rounded top part rather than a conical tip [2-4].
Thus, the truncated cone can be considered a best-estimate case in plant scale assessment which
is why experimental data of this geometry is valuable in simulation code validation.
1.2 Maintenance and acquisitions (Funding: VYR, VTT, NKS)
The test facility modifications and maintenance necessary to conduct the truncated cone
experiment will be done. The central heaters of suitable length will be purchased and installed
into the conical test bed arrangement, particles and a new wire net will be re-installed, electrical
connections will be done etc.
1.3 Analytical work and modeling (Funding: VYR, VTT, NKS)
The analytical work aims at code and model validation which increases the capability to model
the debris bed coolability for the needs of power plant assessment reliably and in detail. In-depth
evaluation of the experimental results will be performed. The specific topics in 2014 are
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1)

Pre- and post-test calculations of the truncated cone geometry, establishment of
improved coolability criterion for the conical and partially conical, heap-like geometries
by investigation of heat transfer at the tip of the cone and comparisons between the
conical and truncated geometries

2)

Verification and validation of the new MEWA code version by simulations of
experimental configurations. The simulation cases consider the key geometries and take
into account the (possible) validation matrix delivered with the new MEWA, e.g. possible
needs to make own additions to the existing validation cases

3)

Participation to a workshop and training of the new MEWA version to be arranged
to the international code users by IKE in Stuttgart in the winter of 2014

4)

Development of the CFD approach to a level which allows reliable modeling of
debris beds of complex geometries which will be demonstrated by calculations with
realistic debris bed shapes such as the truncated cone

5)

Documentation of the work, conclusions and collection of the best practices from
the work conducted in 2012-2014 to be reviewed jointly with KTH in task 1.4.

1.4 NKS joint activities (Funding: NKS)
The collaborative activities in the frame of NKS will be conducted. The joint activities in the
NKS/DECOSE project include code-to-code comparisons, development of recommendations and
best practice guidelines for simulations, defining reference cases for coolability analysis in plant
accident conditions and, as mentioned above, post-test analysis and code validation against
experiments. In order to strengthen the co-operation in the modeling work and develop a common
understanding on the current status and maturity of the simulation codes, a “working visit”
between KTH and VTT researchers will be arranged.

2 Environmental consequence analysis (Funding: VYR, VTT)
In this subproject, the applicability of the codes ARANO and VALMA for long-distance
radiation dose calculations will be examined, taking into account the level of detail in the physical
models and the computational effort (CPU time). Dose calculations are done for the distances
from 20 to 300 km using both codes. Integration times of doses are varied e.g. when effectiveness
of evacuation is considered. The results are compared. The simulations also produce an insight
into the effect of changing weather conditions such as rain starting later during dispersion. The
applicability of the codes and the results of the comparison calculations are presented in a
research report.

3 Project management (Funding: VYR, VTT)
The coordination of the project work will be done. This includes participation to the SAFIR2014
meetings and seminars, preparing the presentation materials for such meetings, writing progress
reports and annual reports, planning for SAFIR2018, project communications, information
exchange and other management duties.
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Deliverables
The list of deliverables for 2014 is presented in the following table.

Task

Deliverable

1.1

Technical report of the truncated cone experiment

1.3

Research report of the simulations and analytical work

1.3

Journal/conference paper submitted, effect of flow mode on coolability

1.4

Reports for NKS

2.0

Research report on the long-range atmospheric dispersion calculations

3.0

SAFIR2014 internal reports

Applications
The long-term cooling of the ex-vessel debris bed in the flooded lower drywell of the containment
has been adopted as the severe accident management strategy at the Olkiluoto BWRs. A noncoolable condition might pose a threat to the containment integrity. Awareness of the different
phenomena and the remaining uncertainties (as well as their management) related to the debris
bed coolability form the basis for decision making by the end-users. The project aims to build a
comprehensive review of the status of debris coolability research and answer the key questions
from the Finnish point of view. In addition, it is ensured that the computational tools used to
analyze coolability in plant scale are up-to-date and validated for the task.
Finnish and Swedish researchers have a common interest in the BWR severe accident
management, and end-users in both countries can utilize the project results. Both the VTT
experiments and the extensive experimental programme of KTH produce data that cannot be
obtained elsewhere. The frame of the NKS project offers a good opportunity to follow the
research at KTH, benefits the project by providing assistance with the analyses of the
COOLOCE experiments and increases the visibility of the research (e.g. participation to
international publications). Benefits of similar type are also gained from the co-operation with
IKE.
The new requirements of the IAEA demand preparedness up to 300 km in the case of a reactor
accident. Planning for the preparedness necessitates information about the typical and maximum
dose levels at the target area. This subtask gives prerequisites for producing information and also
preliminary dose estimates are obtained. The results will be utilized by STUK and the local
authorities in planning countermeasures for abnormal radiation situations.

Education of experts
A trainee research scientist is included in the project personnel as well as professionals under 35
years of age. The project manager will prepare her doctoral dissertation on debris bed coolability
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based on the publications made during the project. (The funding source for writing the
dissertation will be decided later.) The development of the 3D approach in subproject 1 serves as
excellent professional training for researchers because it is a challenging task that requires
understanding of the two-phase flow models for porous media and the source code level of the
simulation tools. The aspect of learning from the Fukushima accident is included in subproject 2.

References
[1] IAEA Safety Standards Series No. GSR Part 7. (Draft) Preparedness and response for a
nuclear or radiological emergency, General Safety Requirements. International Atomic Energy
Agency. Vienna, 2015.
[2] S. Yakush, P. Kudinov. Effects of Water Pool Subcooling on the Debris Spreading by
Coolant Flow. Proceedings of ICAPP 2011. Nice, France, May 2-5, 2011, paper 11416.
[3] Quenching simulations in E. Takasuo et al. Experimental and Computational Studies of the
Coolability of Heap-like and Cylindrical Debris Beds. 5th European Review Meeting on Severe
Accident Research (ERMSAR-2012), Cologne (Germany), March 21-23, 2012.
[4] A. Karbojian et al. A scoping study of debris bed formation in the DEFOR test facility.
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Chemistry of fission products in containment (FISKES)
Fissiotuotteiden kemia suojarakennuksessa.
Duration
2014– 2014
Project manager
Tommi Kekki
Volume and funding 2014
1.05 person-years
Funding sources (k€) 2014
VYR 60 k€, VTT 88 k€
1 person year = 10.5 person months.

148 k€

Objectives
Results of various experiments have shown that sump solution pH has major effect in fission
products release rate. Also the prediction of chemical environment in containment pools should be
studied. Nitric acid is a principal radiolytic compound produced in large scale, and its production
is another important factor when concerning the pH of aqueous solutions, as it is a strong acid
and a strong oxidizing agent.
Organic iodide formation in post-accident containment could result from homogeneous processes
in gas or aqueous phase, or from processes initiated at the painted surfaces in containment. There
is data available on the production of organic iodides from painted surfaces, but reactions of
iodine with paints are not known well.
From the beginning of core melting up to the control of the accident by stopping and cooling the
corium, the knowledge of corium physical properties as function of temperature are essential to
predict possible accident scenarios.
Background
Nitric acid formation with irradiation has previously been studied in ORNL by Beahm et al,
(1992) NUREG/CR-5950. However, very little further studies have been performed although
NUREG/CR-5950 formulas are applied in plant evaluation and pool pH estimation.
Consideration of additional HNO3 formation contributes to estimation of pool pH and thus should
be evaluated in connection with iodine source term.
Volatile iodine will be adsorbed at and desorbed from surfaces above the sump area. From a
safety perspective, painted surfaces are among the most important especially for those plants with
small sump volumes but with very large containment painted surface areas; their action on iodine
behaviour is two-fold: they act as a sink for I2 and as a source for volatile organic iodine.
Radiation plays a strongly enhancing role, as it induces fast radiochemical reactions between
iodine and the paints or paint components.
In a severe accident in a nuclear power plant, the core of the reactor melts forming corium, also
called lava-like fuel containing material (LFCM). It consists of nuclear fuel, fission products,
control rods, structural materials from the affected parts of the reactor, products of their chemical
reaction with air, water and steam. If the molten corium cannot be cooled inside the reactor, it
will penetrate the reactor pressure vessel and flow into the concrete cavity under the reactor. This
causes a molten core – concrete interaction (MCCI). The concrete in the floor and sidewalls of
the cavity starts to melt. The process is driven by the high initial temperature of the molten
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corium and the decay heat that is generated inside the melt by the radioactive decay of the fission
products.
Specific Goals in 2014
1. Nitric acid formation (Kekki, Rantanen) (Funding: VYR 4k€, VTT 5k€)
The formation of nitric acid during high dose rates will be tested with gamma sources. It is known
that gamma irradiation of air/water will lower the pH. The high dose is achievable using new
reloaded Gammacell 220 device in Chalmers University of technology.
1.1 Experiments with Chalmers
The experiments will join gammacell and pool pH assessment capabilities at VTT and Chalmers.
The fresh gammacell at Chalmers will facilitate reaching dose rates close to those anticipated in
severe accidents. The experiment setup with be further refined in collaboration of VTT and
Chalmers scientists and the test team will comprise young scientist from Chalmers and VTT. The
test will concentrate on sump water compositions specific in Nordic reactors for use in severe
accident plant evaluations. The chemical yield (G-value) for a species during the radiolysis of
water may vary as function of several factors in an irradiation system. The reactions of paint or
paint components with water will be tested.

2. Iodine (Kekki) (Funding: VYR 4k€, VTT6k€)
VTT participate OECD/BIP2 project. No iodine test are planned to do in FISKES project in year
2014. TRAFI project is planned to perform iodine tests and the main outcome of the iodine
studies performed in TRAFI can be reported also for BIP2 community in collaboration with
TRAFI.

2.1 OECD/BIP2
The information from the OECD/BIP2 project is useful to compare our own experimental iodine
tests, especially the modelling part could be helpful to understand the phenomena. OECD/BIP2
project will end 31.7.2014.

3. Pool pH (Nieminen, Penttilä) (Funding: VYR 21 k€, VTT 28k€)
3.1 Iodine pool model ASTEC
A new user will introduce in this part of ASTEC code and use of this application will be started
2014. This modelling data will be taken into account in Chempool calculations in future.

3.2 Ph calculations (ChemPool)
MELCOR (“melting core”) is a fully integrated, engineering-level computer code by Sandia
National Laboratories whose primary purpose is to model the progression of accidents in light
water reactor nuclear power plants. A broad spectrum of severe accident phenomena in both
boiling and pressurized water reactors can be treated in MELCOR. MELCOR can simulate the
conditions in RPV and in coolant system for long period of time (up to several days) until
conditions in the whole containment normalize.
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One problematic fission product is iodine-131 (half-life eight days). In acidic conditions most of
the dissolved iodine is vaporized and can be released outside of the containment posing an
environmental thread. This is why it is important to control the pH in the cooling system in the
course of the accident. Injected buffer solutions (sodium pentaborate, trisodium phosphate) can
be used to keep the pH neutral or alkaline in the pools but it becomes increasingly difficult to
estimate the conditions in the aqueous pools as several acids and bases could be formed after the
core melting due to irradiation from released fission products.
Currently MELCOR code is not able to consider aqueous species and how they affect the pH in
the pools. In VTT ChemSheet has been coupled with MELCOR to calculate the equilibrium
composition and the pH of the pools. After MELCOR simulation the results from MELCOR are
exported to text files containing temperatures, pressures and compositions of the pools at each
time steps. The estimated formation rates of acids and dissolved salts from fission products are
then coupled with these and equilibrium compositions and pH values of the pools are calculated
with ChemSheet.
A new pool chemistry simulation model, ChemPool, is ready to use. It is a standalone program
using ChemApp thermodynamic library directly for equilibrium calculation (which ChemSheet
also uses internally). ChemPool program has been integrated more closely to MELCOR by
making it read and interprets MELCOR input files. This way only one set of input parameters
need to be defined, that of MELCOR, which will also reduce the possibilities to make errors in
the input definitions. ChemPool will then automatically calculate the Chemical conditions like pH
values in the pools by using the saved results from the MELCOR simulation. It has been tested
with BWR and PWR accident cases. Now to update ChemPool model more precise data from
ASTEC Iodine pool model and more water chemistry will be added in this project to the model.

4. Pool chemistry (Lavonen, Penttilä) (Funding: VYR 14k€, VTT 25k€)
4.1 Experiments, modelling
Pool chemistry is very important part of behaviour of fission products in containment. A lot of
inactive chemicals are coming into water in structures and also some buffering chemicals are
added into water during accident scenarios. The effects of these chemicals to pool chemistry
should study using modelling and also laboratory experiments.
Based on literature study 2013 the most important phenomena’s will be tested in laboratory scale
experiments in year 2014. These tests are needed to study the kinetics of chemistry and compare
it into the modelling cases.

5. Molten corium interactions (Penttilä) (Funding: VYR 14k€, VTT 20k€)
5.1 CHEMSHEET, MetroSAFE
The phase composition of the corium at varying temperatures and amounts of steel and concrete
can be studied with suitable thermodynamic databases and calculation tools. CHEMSHEET has
been used in different several accident cases earlier (modelling fission products I and Cs
chemistry and sump pH). In year 2011 the NUCLEA database was installed in CHEMSHEET
and also a separate viscosity calculation tool was added. The model will be used to calculate the
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corium pool in vessel lower head in different severe accident cases. Also core catcher
phenomenon could be study.
A new EC-project MetroSAFE is planned to start in June 2014. If project starts, VTT participate
that project. MetroSAFE will be 3 year project concerning the metrology on thermophysical
properties and thermodynamic data at very high temperature. The main work at VTT will be
modelling with Chemsheet and NUCLEA database. New international contacts, information and
experimental data are available along this project.

6. Project management (Kekki) (Fundings: VYR 3k€, VTT 4k€)

Deliverables
Task

Deliverable

1.1
2.1
3.1/3.2

Report on formation of nitric acid (Kekki)
Distribution of released OECD/BIP2 project reports (Kekki)
Report on ASTEC Iodine pool model and pH calculation ChemPool (Nieminen,
Penttilä)
Report on pool chemistry modelling and tests (Lavonen, Penttilä)
Report on CHEMSHEET calculations metal/core phases, possibly participate
MetroSAFE project (Penttilä)

4.1
5.1

Applications
Understanding the release of radioactive materials from a degrading core into the containment
area will enable optimisation of mitigation measures and better prediction of the source terms.
Education of experts
The goal of FISKES is to introduce one new expert to severe accident area especially to water
chemistry in containment. Secondly young scientist will focus on ASTEC iodine part of
calculations. Further, FISKES will incorporate a new expert on process chemistry modelling to
nuclear plant applications. This will strengthen the expertise in the area of severe accident
chemistry.
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Thermal Hydraulics of Severe Accidents (TERMOSAN)
Vakavien onnettomuuksien termohydrauliikka
Duration
2011– 2014
Project manager
Tuomo Sevón
Volume and funding 2014
0.89 person-years
Funding sources (k€) 2014
VYR 79 k€, VTT 73 k€
1 person year = 10.5 person months.

152 k€

Objectives
The objective of the work is to improve modeling capabilities on severe accident thermal
hydraulics. MELCOR is Finland’s main severe accident analysis tool, and it will be used for
modeling of the Fukushima accident. ASTEC and MELCOR will be used for modeling of
Lappeenranta University of Technology passive containment cooling system experiments. The
international OECD THAI-2 research program will be participated in the frame of this project. In
the THAI-2 program, CFD calculations of hydrogen combustion experiments during spray
operation will be made.
Background
The target of severe accident management is to keep the containment intact and to prevent the
release of radioactive materials to the environment. The thermal-hydraulic phenomena in severe
accidents are very complex due to the high temperatures and exotic materials that are involved.
Modeling them requires experimental research and development of computational models.
Because experiments with real reactor materials are very expensive, this kind of research is
usually conducted as international cooperation. In addition to research on the phenomena, it is
essential to maintain and improve the competence to perform simulations with severe accident
analysis computer codes.
Specific Goals in 2014
1 Fukushima MELCOR Model (Funding: VYR 12 k€, VTT 18 k€)
A MELCOR model of the Fukushima Daiichi unit 1 accident was developed in the TERMOSAN
project in 2012. Since this time, more plant data of the unit 1 reactor has been published by
TEPCO. Most importantly, the decay heat power, its radial and axial distributions, and fuel
dimensions have been published. Unit 2 model was developed in the TERMOSAN project in
2013 and presented in the NENE2013 conference. The unit 2 model is currently well up-to-date.
In 2014, the unit 3 accident will be calculated, and the outdated unit 1 model will be updated with
the new plant data and its core nodalization will be refined. A scientific publication will be
written. The objectives of the work are: 1) improving expertise in severe accident modeling, using
data from a real, full-scale reactor accident; 2) gaining a better understanding of the events in the
Fukushima reactors; 3) getting insights into the capabilities and weaknesses of the MELCOR
code in simulating severe accidents.
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Several international organizations, including OECD NEA and NUGENIA, have started or are
planning Fukushima modeling activities. If Finland is invited to some of these international
activities, VTT will pursue participating them.
2 CSARP (Funding: VYR 24 k€, VTT 12 k€)
Via U.S.NRC CSARP (Cooperative Severe Accident Research Program) the latest versions of
the integral severe accident analysis program MELCOR are got into use for the Finnish nuclear
energy organizations. Finland’s MELCOR license fee, 30 kUSD, is paid from the TERMOSAN
project. Furthermore, the annual CSARP/MCAP (MELCOR Code Assessment Program) meeting
will be attended.
3 PCC Calculations for LUT Experiments (Funding: VYR 19 k€, VTT 22 k€)
Lappeenranta University of Technology has started a new experimental program on passive
containment cooling systems. The tests concentrate on horizontal-tube condensers, similar to
those used in the ABWR design, and investigate also aerosol deposition in the condensers and
their effect on the heat transfer. The experiments will be made within the PCCS project in the
SAFIR2014 research program. The university has asked for modeling support from VTT.
In the TERMOSAN project the PCCS experiments will be calculated with the ASTEC and
MELCOR codes. The target is to develop modeling practices that can be used in safety analyses
of reactors equipped with horizontal-tube PCCS. Gaining a better understanding of the accuracy
of PCCS models that can be achieved with the integral severe accident codes will be valuable.
The calculations will also help the university in designing the test matrix.
The ASTEC calculations were started in 2013, and they will be continued in 2014. PCCS with
vertical tubes was calculated in the RADECO project in 2009 and TERMOSAN project in 2011,
but horizontal-tube PCCS calculations with MELCOR are a new activity.
4 OECD THAI-2
THAI-2 is an international experimental research program for investigating aerosol and iodine
issues and hydrogen behavior. The program is coordinated by OECD NEA, and it will be finished
in 2014.
4.1 Program Follow-up (Funding: VYR 5 k€, VTT 3 k€)
The last program review group (PRG) meeting will be attended. Results of the experiments will
be distributed to the SAFIR2014 reference group. Finland has already paid all the participations
fees for this program.
4.2 Analytical Work (Funding: VYR 13 k€, VTT 15 k€)
Fluent calculations of THAI HD experiments on hydrogen combustion during spray operation
were started in 2012 and continued in 2013. Three additional HD experiments will be conducted
in the THAI-2 program in 2014. These will be calculated with Fluent in the TERMOSAN
project. The target is to develop expertise on CFD modeling of hydrogen deflagrations. Analytical
Working Group of the THAI-2 program will be participated.
6 Project Management (Funding: VYR 6 k€, VTT 3 k€)
The SAFIR2014 reference group 5 meetings will be attended. Reports requested by the
SAFIR2014 management will be prepared. Plans for the next year’s project will be made.
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4
Deliverables
Task

Deliverable

1

Research report of Fukushima unit 1 modeling with MELCOR
Research report of Fukushima unit 3 modeling with MELCOR
Scientific publication of the Fukushima modeling with MELCOR

2

Latest versions of MELCOR available for Finnish nuclear energy organizations
A presentation in the CSARP/MCAP meeting
A travel report from the CSARP/MCAP meeting with technical content

3

Research report of the PCC calculations with ASTEC
Research report of the PCC calculations with MELCOR

4.1

Travel report from THAI-2 program review group meeting with brief technical
descriptions of the results obtained in the research program
Distribution of the THAI-2 experiment reports to the reference group

4.2

Research report of the Fluent calculations of the THAI HD experiments on hydrogen
combustion during spray operation

Applications
Knowledge of the Fukushima accident can be used in assessing the safety of other nuclear power
plants. The MELCOR code, which is obtained via the CSARP agreement, is used in simulating
severe accident scenarios in all Finnish nuclear power plants. Passive containment cooling
systems may be part of future reactors to be constructed in Finland, and therefore modeling
capabilities for them are essential. THAI-2 program generates new information about fission
product and hydrogen behavior.
Education of experts
A goal of the TERMOSAN project is to develop expertise on MELCOR, ASTEC and Fluent
simulations. The project staff includes two young scientists, Tuomo Sevón and Anna Nieminen.
Participating the international THAI-2 research program generates good opportunities for
international networking.

1
Liite 2a
SAFIR2014

20.10.2013

RESEARCH PLAN for 2014/version 2

Transport and chemistry of fission products (TRAFI)
Fissiotuotteiden kulkeutuminen ja kemia
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011–2014
Teemu Kärkelä
1.63 person-years
249 k€
VYR 132 k€, VTT 90 k€, NKS 27 k€

Objectives
The main goal in the project (2011-2014) is to find out the mechanisms how gaseous fission
products, especially iodine and ruthenium, are released from primary circuit into containment. In
addition, the behaviour of iodine in the containment gas phase will be studied.
During 2014, the project is divided into five subtasks. The first subtask is Jarmo Kalilainen’s
PhD thesis work, in which the deposition of particles on the walls will be measured with Particle
Imaging Velocimetry (PIV) in turbulent natural convection flow. The wall deposition was
significantly higher than expected for example in Phebus FP experiments. Natural convection is
formed into containment during a severe accident mainly due to large temperature differences and
condensation of water vapour. The phenomenon is particularly efficient in containments with ice
condensers and in containments equipped with passive autocatalytic recombiners. The work has
been started during 2011 and it will be finalized during 2014. The work will be conducted in cooperation with Paul Scherrer Institut (PSI). PSI has developed a direct numerical simulation
(DNS) code for modelling particle deposition. DNS is the most accurate method to solve
turbulent flow, because Navier-Stokes equations are solved numerically. However, the simulation
results can not be validated as the available measurement data is not accurate enough for the
purpose. DNS simulation results will be utilized in deducing correlation models for particle
deposition to be applied in CFD codes. These can be adapted for example into commercial Fluent
program. The supervisors of the work are Ari Auvinen (VTT) in the aerosol modelling, Pekka
Rantanen (VTT) in using the PIV facility and Abel Dehbi (PSI) in DNS simulation. During the
last six months of the subtask, spring/summer 2014, publications on the PIV experiments as well
as the validation of models will be written. Furthermore, the outcomes of this subtask will be
summarized in a form of PhD thesis during 2014.
The chemistry of iodine in the primary circuit will be studied experimentally in the second subtask. The objective of the study is to determine iodine compounds released from CsI and AgI
powders in the crucible, simulating fission product deposits, due to the reactions on the surfaces
of the primary circuit. In the previous experiments, the transport of gaseous iodine decreased
when the volume fraction of hydrogen was increased in an argon/steam mixture and it was clearly
highlighted at 650 °C. It is likely related to the formation of CsOH from CsI in the crucible,
which is formed under argon/steam atmosphere. In order to verify the reason for the decrease of
gaseous iodine fraction in hydrogen containing atmosphere, experiments studying the reaction
between CsI and CsOH precursor mixtures will be conducted at argon/steam and
argon/steam/hydrogen atmospheres. As another objective, reaction between caesium iodide and
cadmium will also be investigated further, at 650°C and under two different atmospheres. These
results will be compared to experiments conducted in 2013 at 400°C. Silver iodide behaviour
and its stability will also be reviewed. The instability of silver iodide in Ar/H2O/H2 environment
at 650°C needs to be confirmed. In addition to these phenomenological investigations, the use of
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different solutions to trap gaseous iodine will be tested in order to trap non-polar gaseous iodine
(I2) separately from iodine soluble in aqueous solution (HI and HIO).
In the third subtask experiments on the radiolytic oxidation of gaseous iodine by beta radiation
will be conducted. In a severe accident the most important source of ionizing radiation is beta
radiation1. Unlike gamma radiation, beta radiation is also efficiently absorbed in the gas phase.
Because the previous studies on radiolytic oxidation of iodine are carried out using gamma
sources, they very significantly underestimate the effect of the dose2. The formation of particles,
when gaseous iodine was exposed to beta radiation in oxygen atmosphere, was observed for the
first time in the scoping studies of TRAFI 2012 project. The aim of the proposed experiments is
to identify and to quantify the gaseous and aerosol reaction products. Another aim is to provide
data on the kinetics of iodine oxidation reaction and to develop a model for that process.
Therefore, the experiments also include measurements of ozone formation and destruction rates
when oxygen atmosphere is irradiated with beta radiation. By the end of 2014 we aim to have a
database on the reactions of gaseous iodine species with ozone as well as iodine oxidation
reactions due UV and beta radiation. The publications of the results from this subtask are part of
the PhD thesis of Teemu Kärkelä (VTT).
The fourth sub-task is focused on the transport of ruthenium species through a reactor coolant
system. In the previous experiments it was observed that the fraction of Ru transported to the
containment atmosphere in gaseous form can be higher than expected3,4. The objective is to find
out the effect of particles, e.g. fission product aerosols, on the transport of gaseous Ru.
Furthermore, the ruthenium containing particles will be exposed to gamma radiation, heat and
humidity simulating the containment conditions. As a result, the order of magnitude of Ru
revaporisation from particles will be obtained. This work will be conducted in NKS-R
collaboration with Chalmers University of Technology and the results of this subtask will be part
of the PhD theses of Teemu Kärkelä (VTT) and Ivan Kajan (Chalmers).
The follow-up of OECD/NEA STEM (Source Term Evaluation and Mitigation Issues) program,
which began in July 2011, will be continued in the fifth sub-task. The transport of ruthenium and
the reactions of iodine on the painted containment surface are studied in the STEM program.
Background
This project is a continuation of CHEMPC project in SAFIR2010 program. The objective of the
project was to study the transport and chemistry of fission products in a severe nuclear accident.
The duration of TRAFI project is four years (2011-2014). The goal of the TRAFI project is to
reduce the uncertainties associated with estimating the potential release of radiotoxic FPs. The
efforts are concentrated especially on iodine and ruthenium, which were defined as high priority
issues in SARNET evaluation of Severe Accident Research Priorities5. The contribution of
SAFIR2014 program and VTT on the European research has been significant. VTT has
1
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T. Kärkelä, U. Backman, A. Auvinen, R. Zilliacus, M. Lipponen, T. Kekki, U. Tapper, J. Jokiniemi,
Experiments on the behaviour of ruthenium in air ingress accidents – final report, VTT-R-01252-07,
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coordinated e.g. the source term work package in EU SARNET2 network. Furthermore, we have
also presented latest results on the chemistry of Ruthenium and Iodine in the 6th European Review
Meeting on Severe Accident Research (ERMSAR 2013).
When fission products are released from the nuclear fuel and they transport into a primary
circuit, a part of them are adsorbed/deposited on the surface of primary circuit. As an example,
when the transport of ruthenium was simulated in CHEMPC project, the deposition of RuO3 on
the surfaces was found to be diffusion limited reactive condensation, as the surface temperature
decreased below 800°C. A change in conditions may lead to a release of fission products from the
surfaces of primary circuit even after a long time. Concerning iodine studies, it is typically
assumed that caesium iodide is the main iodine compound formed in the reactor coolant system.
This assumption leads to a low release of gaseous iodine into the containment, because current
integral codes do not take into consideration the effect of chemical reactions on the primary
circuit surfaces. The effect of surface reactions on the release of iodine from CsI deposit at 650
°C was studied in CHEMPC project. It was found out that in certain conditions the fraction of
gaseous iodine released was very high. Increasing hydrogen concentration decreased the transport
of gaseous iodine. It was also noticed that CsI and B2O3 reacted forming a solid, glassy
compound. During 2011-2013 in TRAFI project it was found out that iodine was released mainly
in gaseous form from solid CsI precursor even at a relatively low temperature of 400 °C. When
molybdenum or boron was mixed with CsI, they reacted with caesium and thus the release of
gaseous iodine was enhanced. On the other hand, the control rod materials (silver and cadmium)
are suspected to react with iodine. These metal iodides should limit the release of gaseous iodine
species (such as HI, HIO, I2 …). However, the reaction of metallic silver with caesium iodide did
not seem to inhibit the release of gaseous iodine either at 400°C or at 650°C. Cadmium seemed to
increase the fraction of iodine transported as aerosol particles and the formation of cadmiumiodide compound was suspected at 400 °C. This reaction should be studied in more detail also at
a higher temperature. The gas phase reactions of iodine in primary circuit conditions are currently
being studied at IRSN with CHIP facility. Collaboration between IRSN and VTT on the topic
(e.g. experimental facilities, the interpretation of results) is on-going.
Besides the reactions of iodine inside the primary circuit, it is important to find out how iodine
reacts with various materials in containment. Iodine may exist in the atmosphere of containment
in a gaseous form and as fine particles. Gaseous iodine will react with air radiolysis products and
form fine aerosol particles. Previously, the reaction kinetics of inorganic and organic iodine
species with air radiolysis products was studied with EXSI-CONT facility during CHEMPC
project. During 2012 a model for reaction between elemental iodine and ozone was derived at 120
°C. The model covers the concentrations of elemental iodine (I2) and ozone (O3) ranging from 0 to
10 ppm and 0 to 4000 ppm respectively. During 2010 VTT participated in study at Chalmers
University of technology on the oxidation of organic iodine by gamma radiation. On the basis of
the experiments it can be said that the oxidation of iodine depends on the type of radiation used.
In most experiments on radiolytic oxidation of iodine the source of radiation has been 60Co.
However, during a severe accident the most important dose is coming from beta radiation. At the
moment it is known that beta radiation is much more effective in creating iodine oxide particles.
The quantification of the reaction rates however needs to be done. During 2012 a new facility,
which can be used to study the effect of beta and alpha radiation, has been built in TRAFI
project. As a part of first experiments, the formation of particles by beta radiation was observed.
A PhD thesis work on wall deposition in turbulent natural convection flow was started in TRAFI
during 2011. In order to conduct the measurements, a differentially heated cavity with particle
imaging velocimetry (PIV) measurement capability was built (DIANA facility). The temperature
distribution and flow velocity field between the hot and cold walls of DIANA have been
measured. The data from the experiments is applied in validation of DNS and LES code
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calculations carried out at Paul Scherrer Institut (PSI). It has been found out that the computer
models have to be improved by taking into consideration the radiative heat transfer. The
measurements on the turbulent deposition of particles will be completed during 2013. The last
year of the task focuses on publishing the results and writing of the thesis.
The international co-operation was very active during CHEMPC project and that is continued in
TRAFI project. In the framework of International Source Term Program (ISTP) a sampling
system for the CHIP facility at IRSN Cadarache was constructed at VTT in 2007. VTT
participated in the testing of the facility in 2008 at the Cadarache research Centre. VTT has
followed up the results of Phebus FP experimental program and has participated in the review of
e.g. the final reports for FPT-2 and FPT-3 experiments. In addition, VTT has also participated in
the aerosol measurements and the interpretation of the results of the international ARTIST and
ARTIST2 programs on aerosol and droplet transport in the steam generator of a pressurized
water reactor during postulated steam generator tube rupture (SGTR) conditions. The
resuspension of fine particles in turbulent tube flow has been studied with experiments at VTT as
a part of ARTIST program. As a result, a master’s thesis was completed in the beginning of
2008. As a part of ARTIST2 program the deposition of particles on heat exchanger surfaces was
measured in condensing conditions at the end of 2009. In addition, VTT participated in the work
of evaluation group of ISTC EVAN program. The results from the various studies have been
distributed, for example through SARNET2 network, to be utilized in the development of models
estimating the transport of fission products. Since 2011 TRAFI has participated in the follow-up
of OECD/NEA STEM program and the results of VTT´s ruthenium and iodine experiments have
been presented to the partners. During 2011-2012 the behaviour of iodine oxide and caesium
iodide particles on containment surfaces (e.g. paint and metals) and the desorption of iodine back
to the gas phase has been studied in collaboration with Chalmers University of Technology as a
part of NKS-R program. Several publications and conference presentations e.g. on the iodine
research, on the behaviour of ruthenium and on aerosol resuspension were published as an
outcome of the international co-operation. In addition, VTT also participated in writing of the
OECD State-of-the-Art report on aerosols in nuclear safety published in 2009.

Specific Goals in 2014
1 PhD Thesis
The first subproject is a PhD thesis work by Jarmo Kalilainen. The duration of the work is three
(+one) years and it will be conducted in co-operation with Paul Scherrer Institut (PSI).
1.1 PhD Thesis by Jarmo Kalilainen (Funding: VYR, VTT)
The particle deposition measurements in turbulent natural convection flow are completed during
2013. The experiments increase the knowledge about the depletion of particles on wall surfaces
due to turbulent natural convection flow. During 2014 the analysis of the data will be finalized
and used in the validation of the code calculations at PSI and at VTT. In order to carry out the
code validation task, Jarmo Kalilainen will also visit PSI. As an outcome of this subtask, several
publications will be prepared and the PhD thesis will be completed during 2014.

2 Primary circuit chemistry of iodine
The effect of primary circuit surfaces on the transport of fission products to containment will be
studied in this subproject.
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2.1 Experiments on chemistry of iodine in primary circuit (Funding: VYR, VTT)
Experiments on the high temperature chemistry of iodine will be continued at VTT. Study at VTT
will focus on the iodine compounds released due to reactions on primary circuit surfaces. CsI and
AgI samples will be applied as the source of iodine in the experiments. The studied parameters
are temperature and composition of the flow. The effects of different additives like caesium
hydroxide and cadmium on the release of gaseous iodine will be studied. Our hypothesis is that
the exceptionally high gaseous iodine fraction observed e.g. in Phebus FPT-3 experiment may
have resulted from reactions of iodine compounds deposited in the hot leg of the Phebus circuit.
Temperature in the experiments will be 650 C. In the previous experiments, an evidence of a
significant formation of gaseous iodine at a lower temperature (400 °C) was found. During 2014,
the substrate material will be alumina. Thus the effect of atmosphere on the reactions of iodine
can be distinguished from the surface reactions. As a significant difference to previous
experiments, the atmosphere won´t be varied during the experiment. However, the fraction of
hydrogen will be changed between the experiments. This will give information on the time and
atmosphere dependence of gaseous iodine release from CsI precursor. The data should enable
quantification the effect of CsOH, formed in the steam atmosphere, on gaseous iodine release.
The stability of AgI will be tested with two experiments. Metallic silver did not trap iodine in the
previous test, even though it is assumed to inhibit gaseous iodine release. Tests with cadmium
conducted during 2013 at 400 °C showed its potential to trap iodine in aerosol form. In 2014 the
chemistry between cadmium and iodine will be studied in more detail at a higher temperature. The
gaseous and aerosol reaction products will be measured using online instrumentation.
Experiments will be conducted with EXSI-PC facility at VTT. A preliminary test matrix is
presented in table 1.
At the same time, different bubbler solutions will be used in order to have information about
gaseous iodine speciation. One sampling line out of three will be dedicated to gather information
on iodine speciation and will be compared to a parallel line equipped with usual solution (sodium
hydroxide and sodium thiosulfate solution). Selective bubblers containing a biphasic solution
composed of an organic phase and an aqueous media will be used. The organic phase will be
composed of toluene and is dedicated to selectively trap molecular iodine (I2). This extraction is
based on the fact that molecular iodine is a non-polar molecule highly soluble in non-polar
organic solvent6 (Jiang, Hsu, & Fried, 1983). The species soluble in aqueous solution, like
hydrogen iodide (HI) and possibly hypoiodous acid (HOI) and iodic acid (HIO 3) will be collected
in the aqueous phase. This phase will be acidified with nitric acid (pH 3) to avoid any transfer
of molecular iodine from the organic phase into the aqueous one. UV-visible spectrophotometry
will be used for the analysis of molecular iodine in toluene, while aqueous solution will be
analysed by Isotachophoresis Capillary Electrophoresis (ITC-CE) in order to quantify iodide (I -)
and iodate (IO3-) and Inductively Coupled Plasma Mass Spectrometry (ICP-MS) to have
information about the total amount of iodine. Knowing the detection limit of UV-Visible
spectrophotometer and ITC-CE for iodine, a preliminary study is required to find out the best
way to concentrate the amount of gaseous iodine in a solution.
3 Containment chemistry of iodine
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The aim is to study the radiolytic oxidation of gaseous iodine by beta radiation and to identify the
gaseous and aerosol reaction products. The second objective is to find out the formation and
destruction rates of ozone by beta radiation. As a third objective considering beta radiation
studies, a model for the reactions between gaseous iodine and ozone in containment conditions
will be built.
3.1 Radiolytical oxidation of iodine in beta radiation (Funding: VYR, VTT)
The radiolytical oxidation of gaseous iodine in containment conditions has been studied before
with UV and gamma radiation in CHEMPC project. It was observed that the reaction products
differed depending on the source of radiation. Traditionally, gamma radiation from 60Co source
has been used in most studies on iodine chemistry. However, the radiation dose inside the
containment during a severe accident is primarily from beta radiation. Therefore, the reaction
products from radiolytic oxidation of gaseous iodine (e.g. I2 and CH3I) due to beta radiation (P32 source) will be studied in this subproject. The experimental conditions will be comparable to
the previous experiments carried out with UV and gamma radiation. Experiments will be
conducted with a new beta irradiation chamber built during 2012. The gaseous and aerosol
reaction products will be indentified and their concentrations will be measured. Previous scoping
study in TRAFI 2012 verified the formation of particles when iodine was exposed to beta
radiation.
Previous CHEMPC experiments have produced data on the kinetics of iodine (I2 and CH3I)
oxidation by ozone. During 2014 the formation and destruction rates of ozone by beta radiation
will be measured. This will enable to build an accurate model for the oxidation of gaseous iodine
by beta radiation at containment conditions during a severe accident. This kind of model is
missing from current severe accident analysis codes.
4 Ru transport through RCS
The aim is to study the effect of aerosol particles on the transport of ruthenium through the
reactor coolant system. The second objective is to investigate the revaporisation of ruthenium
from these particles, when they are exposed to heat, humidity and gamma radiation at
containment conditions. This activity will be conducted in NKS-R collaboration with Chalmers
University of Technology.
4.1 Effect of aerosol particles on Ru transport (Funding: NKS, VTT)
In the previous experiments at VTT, the transport of gaseous Ru through the RCS model was
generally higher than what would be expected in thermodynamic equilibrium calculations.
Especially, when silver seed particles were fed to the facility, the transport of gaseous Ru was 50
times higher than in any other experiments. The reason for this exceptional result is not
completely understood. It will be studied in 2014 by varying the concentration and the material of
the seed particles (e.g. Ag, CsI, MoO3, RuO2) fed to the facility together with vaporised Ru
oxides. In addition, some complementary experiments on the revaporisation of condensed/reacted
Ru from these particles will be conducted. The experiments should verify, whether ruthenium is
transported as aerosol particfles and later vaporised on the filter surface, or whether ruthenium is
transported purely in gaseous form through the test device. The existing VTT´s experimental
facility and future experiments are described more in detail in Appendix “Liite 1”.

5 OECD/NEA STEM
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The subproject aims at following the progress in STEM experimental program. The progress of
the program will be reported in SAFIR2014 program.
5.1 Participation in the STEM meetings (Funding: VYR, VTT)
VTT will participate in OECD/NEA Source Term Evaluation and Mitigation (STEM)
interpretation circle meetings. STEM program began in July 2011 and its participation fee is 12.5
k€/year. In these meetings, VTT will also present results from the iodine and ruthenium studies
carried out in CHEMPC and TRAFI projects. These results will complete the database of STEM
program.
Table 1. Preliminary test matrix for primary circuit chemistry of iodine. Experiments will be
conducted at 650°C temperature.
Exp
Precursor
T [°C]
Substrate
Gas
1
2
3

CsI + CsOH
CsI + CsOH
Cd

650
650
650

Alumina
Alumina
Alumina

86.7% Ar + 13.3% H2O
76.1% Ar + 13.4% H2O + 10.5% H2
86.7% Ar + 13.3% H2O

4

Cd

650

Alumina

76.1% Ar + 13.4% H2O + 10.5% H2

5

CsI + Cd

650

Alumina

86.7% Ar + 13.3% H2O

6

CsI + Cd

650

Alumina

76.1% Ar + 13.4% H2O + 10.5% H2

7*

AgI

650

Alumina

86.7% Ar + 13.3% H2O

8*

AgI

650

Alumina

76.1% Ar + 13.4% H2O + 10.5% H2

* Due to the decrease in funding, AgI experiments will be conducted if possible.
Deliverables
Task

Deliverable

1.1

Final report on aerosol particles deposition in turbulent natural convection, June 2014.

1.1

Scientific publication on aerosol particles deposition in turbulent natural convection flow,
September 2014.

1.1

PhD thesis on aerosol particles deposition in turbulent natural convection, during 2014

2.1

Progress report on iodine chemistry in primary circuit, December 2014.

2.1

Scientific publication on iodine chemistry in primary circuit, December 2014.

3.1

Progress report on radiolytical oxidation of gaseous iodine by beta radiation, September
2014.

4.1

Progress report on effect of FP aerosols on Ru transport, November 2014

4.1

Scientific publication on effect of FP aerosols on Ru transport, December 2014

5.1

Travel account on OECD/NEA STEM meeting, May 2014.

5.1

Travel account on OECD/NEA STEM meeting, December 2014.

Applications
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Accurate experimental data on aerosol removal in closed cavities under turbulent natural
convection flow is needed in validation of DNS simulations. This phenomenon is studied in the
PhD thesis work. The results from the DNS simulation can further be applied in the refinement of
the wall deposition models in CFD codes. CFD codes (e.g. SATURN by EDF) are already used
in the field of nuclear safety and their application for plant scale analysis is expected to increase
with the increasing computing power.
Revaporisation of volatile fission products has been evidenced in every recent experiment (Phebus
FPT2, Phebus FPT3 and VERDON 2), in which transport of fission products within primary
circuit has been studied using irradiated fuel samples. Deposition and revaporisation of fission
products takes place, whenever the temperature of the circuit, flow rate, flow composition or
release rate from the core changes. The influence of these processes on the FP transport is very
significant. Based on VTT’s analysis of Phebus FPT1 test 7, the deposition at inlet of the steam
generator was quantified in Phebus FPT3 experiment. It was found out that approximately one
third of caesium core inventory was located in that section at the end of the test. Similar
quantification can’t be done for iodine, because the radioactive iodine has decayed long before
samples can be retrieved from the experimental facilities. We believe though that the timing of
iodine release, its release fraction as well as speciation depend very significantly on the chemical
reactions taking place on the primary circuit surfaces. The effect of these reactions has only been
studied in SAFIR program, which can provide now essential experimental data for the nuclear
safety community.
Recent experimental findings have changed the view how iodine behaves in the containment
during a severe accident. VTT co-ordinated Source Term work package in SARNET2, in which
the following scheme for iodine reactions was derived (Figure 1). In addition to TRAFI and
CHEMPC projects data from Phebus FP, ISTP EPICUR, OECD BIP and BIP2, OECD STEM,
OECD THAI, PSI Radiolysis tests and NKS NROI and AIAS projects are applied to quantify
various reactions. However, TRAFI is the only project, in which transformation of gaseous iodine
to iodine oxides is studied using representative beta radiation.

7

Auvinen A., Jokiniemi J., Aerosol deposition into Phebus FPT-1 steam generator, VTT project report
PRO3/P11/03, 2003

9
Figure 1. Simplified Reaction Scheme of iodine behaviour within the containment8.
Estimation of the iodine concentration in the containment atmosphere is not even possible, if any
of the main processes remains unknown.
The behaviour of ruthenium in severe accident conditions has been estimated with calculations.
However, the latest experiments conducted at VTT (Finland) and MTA EK (Hungary) have
verified that the transport of radiotoxic, gaseous Ru to the containment atmosphere can be higher
than expected. New experiments will reveal the effect of aerosol particles on the transport of Ru
and the extent of Ru revaporisation at containment conditions (e.g. radiation). This information
can’t be gained without experimental studies. The results will be utilized in nuclear safety
analysis on the possible source term.
Results from STEM program increases the knowledge on the behaviour of iodine on painted
surfaces in containment and the primary circuit chemistry of ruthenium. These experiments
complement the data from VTT’s tests carried out in SAFIR program. Previous studies on
ruthenium at VTT increased the knowledge on the behaviour of ruthenium in air ingress
accidents. Such accident could take place during the plant shutdown, when the reactor pressure
vessel is open to the containment atmosphere. Experiments at VTT provide data on ruthenium
transport and speciation, whereas experiments performed at CEA, EDF and MTA EK provide
data on the release of ruthenium and other FPs. Experiments at IRSN as well as at Chalmers
provide information on ruthenium chemistry in the containment building. The data is needed for
PSA level 2 analysis of the existing nuclear power plants. The results from the STEM program
will also be valuable in the interpretation work on Phebus FP experimental results.
Education of experts
Young researcher MSc (Tech) Teemu Kärkelä participates in the project. He will be educated to
conduct advanced aerosol measurements in the field of nuclear safety. The publications for
example from the iodine experiments will be part of his PhD thesis. During year 2014 Teemu
Kärkelä will work as a visiting scientist at Chalmers University of Technology.
Nordic co-operation has been promoted by collaboration with Chalmers University of Technology
and taking part in the NKS R-program. Previous experiments (TRAFI 2011-2012) on the
reactions of iodine on different containment surfaces and iodine circulation in the containment
atmosphere will be part of PhD thesis of young researcher MSc Sabrina Tietze (Chalmers).
Sabrina Tietze has participated in the experiments at VTT.
NKS-R collaboration with Chalmers University of Technology will be continued during 2014 and
young researcher MSc Ivan Kajan (Chalmers) will participate in the experiments at VTT. The
focus in these studies is on the chemistry/transport of Ru in the primary circuit of nuclear power
plant. The results of Ru experiments will be part of PhD theses of Teemu Kärkelä (VTT) and
Ivan Kajan (Chalmers).
Young researcher MSc (Tech) Jarmo Kalilainen participates in the project. Experiments on
aerosol particles deposition in turbulent natural convection will be part of his PhD thesis, which
will be finalized during 2014. Jarmo Kalilainen will also visit at PSI as a part of the PhD work.
8

Dickinson S., Auvinen A., Ammar Y., Bosland L., Clement B., Funke F., Glowa G., Kärkelä T.,
Powers D., Reeks M., Tietze S., Weber G., Experimental and modelling studies of iodine oxide
formation and aerosol behaviour relevant to nuclear reactor accidents, 6th European Review meeting on
Severe Accident Research, Avignon, France, 2-4. Oct. 2013.
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Reactor Vessel failures, vapour Explosions and Spent fuel Pool Accidents (VESPA)
Paineastian puhkeaminen, höyryräjähdysten mallinnus ja käytetyn polttoaineen altaiden
onnettomuudet
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2012– 2014
Anna Nieminen
1.59 person-years
150 k€
VYR 70 k€, NKS 5 k€, VTT 75 k€

Objectives
The first goal of the project is to investigate the applicability of a commercial code Abaqus for
modelling reactor pressure vessel lower head deformations. An additional objective is the
knowledge transfer from senior scientists in training a new expert to mechanical analyses of RPV
lower head under severe accident conditions. Also readiness to analyse complete accident
scenarios involving vessel breach and its effect to ex-vessel phenomena with integral code
ASTEC will be reinforced.
The second goal is to evaluate steam explosion loads for PWR and BWR containments with
MC3D code. A target is to train a new code user and expert on vapour explosion area. This task
has conjunction with SAFIR2014 SMASH project in structural effects of steam explosions.
Furthermore, VESPA project provides the Finnish contribution to Task 8 of NKS project
DECOSE (Debris Coolability and Steam Explosions) 2012-2014.
The third purpose of the project is to develop an analysis tool for studies of loss of coolant
accidents in spent fuel pools in the reactor building. The effect of different physical phenomena to
the accident scenario will be evaluated. The applicability of the PANAMA (Polttoainealtaiden
ANAlyysi ja MAllinnus) model to reproduce these phenomena needs to be assessed.
Background
In order to analyse containment loadings that are determined by the discharging core melt has to
be defined accurately the timing and the place of reactor vessel rupture. Experimental studies
concerning the reactor pressure vessel lower head failures have been performed for example at the
SANDIA Laboratories in the USA. Several codes have been applied to analyse the mechanical
loadings of the vessel, one of which is the PASULA code developed at VTT.
Steam explosions have been studied widely with both simulations and with experiments. The most
recent experiments are being made at OECD/SERENA2 project in KROTOS and TROI
facilities. Preserving of knowledge of steam explosions is important still today, since the risk of
steam explosions during a severe nuclear accident cannot be excluded in our current nuclear
power plants.
During the Fukushima accident in the spring 2011 also the spent fuel pools in the power plant
area suffered some damage due to the earth quake and the tsunami. Due to these events the risks
of core meltdowns in the spent fuel pools have become an important field of investigation.
Gaining in-depth understanding of the phenomenology related to possible spent fuel pool
accidents is important also in Finland.

2
Specific Goals in 2014
1 Abaqus, ASTEC and PASULA codes in reactor pressure vessel failure modelling
1.1 Benchmarking Abaqus code against PASULA code (Funding: VYR, VTT)
Applicability of Abaqus to simulate more complex pressure vessel rupture scenarios will be
further examined. Computational capabilities will be enhanced by three dimensional analyses
instead of previously utilised two dimensional axisymmetric analyses. Computation will consider
possibly also asymmetric loading cases. Results obtained from Abaqus will be compared to
experimental results and results from PASULA code. A VTT research report will be written.
1.2 ASTEC analysis of a reference EPR accident scenario (Funding: VYR, VTT)
Capabilities to use ASTEC for more complete accident scenarios will be reinforced. Reference
input deck for EPR plant will be reviewed to notice demanded modifications for further analyses
of OL3 plant. A complete accident scenario will be analysed focusing to the reactor pressure
vessel failure and its effects to ex-vessel phenomena.
2 Vapour explosion analyses
2.1 Expert training and application exercise (Funding: VYR, NKS, VTT)
A new expert will become acquainted with the phenomena related to vapour explosions through a
literature survey. Also MC3D code will be learnt to use by participating a user course given by
IRSN and a suitable experiment will be analysed. The results will be gathered as special
assignment. Later Steam explosion loads in Nordic BWR geometry will be assessed and Master’s
Thesis on the topic will be started. Obtained pressure/impulse loadings are used also for
structural response analysis in SMASH project.
3 Spent fuel pool accidents
3.1 Development of PANAMA model (Funding: VYR, VTT)
PANAMA model enables detailed CFD type analysis for SFP accident scenarios. Further
development will focus on analysing the relevance of absorption of heat radiation to steam in the
atmosphere in spent fuel pool accident scenario. Also some sensitivity analyses will be performed
for the model to validate its usability. Research report on performed work will be written.
Deliverables
Task

Deliverable

1.1

The results from the Abaqus code calculations will be reported as VTT research report.

1.2

VTT research report will be written from performed ASTEC analyses.

2.1

MC3D code will be adopted and a Master’s Thesis will be made on vapour explosions.

3.1

Spent fuel pool accident model PANAMA will be further developed and outcome will be
reported as VTT research report.

Applications
Benchmarking of Abaqus code against PASULA code for modelling of reactor pressure vessel
lower head failure will support training and knowledge transfer of a young expert.
Performing a complete accident scenario calculation with ASTEC for the first time will reinforce
the readiness to provide independent plant analyses with various tools.

3
The availability and expertise to use state-of-the-art steam explosion code MC3D is important for
safety evaluations of existing OL1 and OL2 plant and for new reactor candidates.
Spent fuel pool accident is a new topic raised by the Fukushima accident, which underlined the
importance for assessment of loss of coolant accidents in spent fuel pools. The development of
PANAMA will provide valuable information on the topic.
Education of experts
Three young experts will participate in the work and will enhance their expertise in the use of
three new computer codes. A special assignment will be written in the frame of subtask 2.1. and
also a for Master’s Thesis will be started. The project will train one young project manager.
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Passive Containment Cooling System tests (PCCS)
Passiivisen suojarakennusjäähdyttimen kokeet
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2013– 2014
Juhani Vihavainen (LUT), Teemu Kärkelä (VTT)
0.72 + 0.48 person-years
157 k€
VYR 132 k€, VTT 25 k€

Objectives
The main goal of the PCCS project is to provide experimental data on the behavior of horizontal
Passive Containment Cooling System (PCCS) condenser used in ABWRs for the development
and validation of computer codes. The first part of the experiments (thermal hydraulic tests)
serves the validation of system codes (APROS, TRACE) and thermal hydraulic models of severe
accident codes (MELCOR, ASTEC); while the second part (aerosol tests) serves mostly the
development and validation of severe accident codes. Currently there is no data available on the
behavior of aerosols (deposition, condensation, retention etc.) in horizontal PCCS. Flow
conditions, which effect on the aerosol behavior, differ significantly in horizontal PCCS from
those with vertical tubes.
Fukushima accident showed that loss of electric power can deteriorate the safety functions
completely and thus lead to loss of containment, which is usually the last safety barrier. Only few
hours of extension in containment cooling would have recovered the situation. The passive safety
systems can enhance the possibility of successful accident management and probably mitigate the
consequences. In addition to heat removal, the PCCS study will produce information on the
retention of fission product aerosols in the horizontal, condensing heat exchanger. One of the
objectives is to monitor the mass concentration and properties of particles in the gas phase at the
inlet and outlet of PCCS. As another objective, the fraction of particles trapped in the condensate
of PCCS will be investigated. Thus, the impact of PCCS condenser on the possible source term
will also be verified in this study.
In the PCCS studies close co-operation with the TRAFI and ESA projects of SAFIR2014 is
essential.
Background
Designing and constructing of the PCCS model started in the EXCOP project in 2012. The
horizontal construction was chosen based on the information presented in a report prepared in the
EXCOP project /1/. Publicly available information was used in designing the PCCS model to be
connected to the PPOOLEX containment facility. During this design phase a wish was presented
to negotiate with the vendor of ABWR plants in order to receive information of real geometry of
the PCCS condenser. Negotiation led to successful result during the writing of project application
for 2013. This means that the construction of the PCCS model was finished in 2012 and thermal
hydraulic tests were carried out in 2013 and facility description was updated /2/. In 2013 VTT
designed the aerosol generation and sampling systems to be installed in PCCS system at LUT in
2014.

2
The expertise of VTT in aerosol measuring techniques will be exploited in order to gain new data
on aerosol behavior (retention etc.) in horizontal PCCS. VTT has a long experience on
conducting aerosol measurements /3/, /4/.
Specific Goals in 2014
1 PCCS experiments (LUT)
One of the main goals is to study the retention of aerosols in the PCCS heat exchanger. There is
not much of data available of the behavior of horizontal PCCS. Thermal hydraulic testing of the
PCCS system connected to the PPOOLEX facility was performed in 2013. In 2014 aerosol tests
will be conducted using the instrumentation provided by VTT (see subproject 2).
1.1 Aerosol tests (Funding: VYR 79 k€)
Tests with aerosol generator and sampling systems provided by VTT will start in 2014 after
installation of the systems. The conditions for the PCCS will be created by PPOOLEX
(containment) and PACTEL (steam source). Aerosols will be fed directly to the PCCS collector,
not into the PPOOLEX drywell. This arrangement ensures the accuracy of the aerosol content in
the flow going into the PCCS.
2 Aerosol generator, sampling system and testing (VTT), BoA
VTT has built an automated online aerosol sampling and measurement system for the PCCS
facility. In addition, VTT has also built a fluidized bed aerosol generator to produce high
concentration of particles to be fed into the PCCS.
The sampling system is equipped with analytical filters and impactors for collecting aerosol
samples. Gaseous samples will also be collected in gas traps when necessary. These samples will
be analyzed after the experiments. The system monitors the flow rate during the sampling
enabling accurate analysis of data. Some samples will be analyzed with e.g. SEM, TEM and
ICP-MS. In the experiments the measurement system will be equipped with e.g. FTIR, ELPI,
SMPS, CPC and TEOM devices for online analysis of the gaseous and aerosol samples. VTT
will operate the system during the experiments.
2.1 Installation of the aerosol generation and sampling systems (Funding: VYR 19.4 k€, VTT 9.2
k€)
VTT will install the aerosol generation and sampling systems to the PCCS test set-up during the
first quarter of 2014. VTT has visited at LUT´s laboratory during 2013 and preliminary locations
for the connection of systems to PCCS have been decided. The on-line measurement devices need
to be located close to PCCS and thus special solutions to decrease the temperature of surrounding
air of on-line devices need to be done during 2014.
2.2 Testing of the aerosol generation and sampling systems (Funding: VYR 7.4 k€, VTT 3.5 k€)
VTT will test the aerosol generation and sampling systems before installing them to the LUT
PCCS model. Finally, the whole system will be tested at LUT together with PCCS. It is
important to check that e.g. the instrumentation of PCCS and aerosol systems produces similar
data.
2.3 Operating and data handling of the aerosol generation and sampling systems (Funding: VYR
26.2 k€, VTT 12.3 k€)
In 2014 VTT operates the aerosol generation and sampling systems during the experiments at
LUT and is responsible for the data handling of aerosol measurements in the tests.

3

The experimental work will be conducted in collaboration with LUT and VTT. LUT will operate
the PACTEL, PPOOLEX and PCCS facilities. VTT will operate the aerosol generator and
sampling systems. The first, simple reference experiments will be conducted without aerosol. The
conditions to be used will be decided together with the users of analysis codes (LUT and VTT) by
the end of 2013. The experiments are run as integral tests with several aerosol measurement
periods, i.e. exact parameters of each period cannot be provided beforehand. However, a
preliminary test matrix is presented in Table 1. Due to requirement of update in financing, the
reduction is targeted to the last three test cases and so they are proposed to be rejected at this
state. The test matrix is finalized after the first test cases are realized.
Typical conditions during a low pressure core melt sequence are presented in Table 2 /5/.
Table 1. Preliminary PCCS test matrix.
Exp. Steam flow
P (MPa)
T (°C)
rate (kg/h)
1.0
1.1
1.2
2.0
2.1
2.2
3.0
3.1
3.2

180
180
180
360
360
360
540
540
540

0.1-2.2
0.15
0.20
0.1-2.2
0.15
0.20
0.1-2.2
0.15
0.20

up to 120
~100
~120
up to 120
~100
~120
up to 120
~100
~120

Aerosol

no
TiO2
TiO2
no
TiO2
TiO2
no
TiO2
TiO2

Aerosol mass
concentration
[mg/m3]
max. 100-200
max. 100-200
max. 100-200
max. 100-200
max. 100-200
max. 100-200

Table 2. Typical conditions during a low pressure core melt sequence.

Item

Actual plant

Pressure
Temperature (*)
Steam flow rate (per PCC tube)
Non-condensable gas
Partial pressure
Composition
Aerosol
Mass conc. (**)
Composition

0.3-0.5 MPa
120-300 °C
11-26 kg/h
0-20 %
N2, H2, others
< 1 g/m3
CsI, CsOH, others

* Typical range within 3 days following an accident.
** Depends on accident progression.

The reference experiment will be repeated with TiO 2 aerosol, which represents non-soluble
aerosol. The data gathered in these reference experiments will be analyzed and it will be used to
define the conditions for the following experiments. These facilities enable several conditions to
be used in the experiments. The parameters to be varied could be e.g. injected steam mass flow
rate, aerosol species, aerosol diameter and aerosol mass concentration.
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VTT will finalize the data gathered in aerosol measurements. As a result, a progress report on the
aerosol measurement data of PCCS tests will be written by the end of 2014.

Deliverables
Task

Deliverable

1.1

Report on aerosol tests

2.1

Aerosol sampling system for PCCS tests at LUT

2.3

Report on aerosol measurement data of PCCS tests

Applications
System codes (APROS, TRACE) and severe accident codes (MELCOR, ASTEC) will be
developed and validated with the data acquired in the project. For horizontal PCCS configuration,
such data is not available. With proper models in these codes the released amount of radioactivity
can be more accurately predicted in severe accident cases.
Education of experts
The project personnel include nuclear experts at different stages of their professional career. The
participation of postgraduate and master students in the experimental and analytical work at LUT
and VTT promotes the education of a new generation of nuclear experts and knowledge transfer.
The results of the project will be used as material for publications and theses.
References
/1/ Purhonen, H., Passive Containment Cooling System Experiments: Preliminary Design of the
PCCS TEST Facility. Lappeenranta University of Technology, EXCOP 3/2011.
/2/ Laine, J., Purhonen, H., Partanen, H., Räsänen, A., Vihavainen, J., Description of the Passive
Containment Cooling System (PCCS) Test Rig. Lappeenranta University of Technology, PCCS
1/2013.
/3/ Hokkinen, J.; Lehtinen, K.; Auvinen, A.; Jokiniemi, J., Experimental results on aerosol
deposition in a heat exchanger tube, Abstracts of the 2000 European Aerosol Conference. Dublin,
IR, 3 - 8 Sept. 2000, Journal of Aerosol Science. Vol. 31 (2000) No: suppl. 1, S39 - S40.
/4/ Lehtinen, K.; Hokkinen, J.; Auvinen, A.; Jokiniemi, J.; Gamble, R.E., Studies on steam
condensation and particle diffusiophoresis in a heat exchanger tube. Nuclear Engineering and
Design Vol. 213 (2002) No: 1, 67 – 77.
/5/ Shiomi, H.; Osaki, M.; Akinaga, M.; Oikawa, H., Aerosol behavior inside the PCCS
condenser tube under severe accident conditions. in the proceedings of ICONE-3 conference,
PSNN-2013-0261, pp. 1183-1188, (1995).
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Environmental influence on cracking susceptibility and ageing of nuclear materials (ENVIS)
Ympäristön vaikutus ydinvoimalaitosmateriaalien murtumiseen ja vanhenemiseen
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2015
Ulla Ehrnstén, co-manager Juha-Matti Autio
3.2 + 1.1 = 4.3* person-years 596 k€
VYR 242 k€, VTT 188 k€, SSM 60 k€, Aalto 33 k€,
Halden 53 k€**, Fortum 20 k€
* VTT 3.5 py and Aalto University 1.3 py
1 person year = 10.5 person months (additional partial in-kind from Aalto University)
** Halden funding is in NOK and thus subject to rate changes.
Objectives
The four year program aims at gaining a better understanding of the influence of light water
reactor (LWR) environments on the ageing and environmentally-assisted cracking (EAC)
susceptibility of nuclear reactor materials. Understanding and measuring the cracking
susceptibility and ageing of nuclear reactor materials is needed to assure safe operation of power
plants. Both cracking susceptibility and ageing are dependent on the state of the material in asmanufactured condition, and thus understanding of this condition in nuclear components is of
great importance. All this knowledge is particularly important due to the long lifetimes of both the
extended use of the existing power plants and the long design life with also some new
manufacturing techniques of the new-builds.
This project proposal is a joint proposal between VTT and Aalto University. In this proposal
Appendix 2a, which is in English, is longer than usual and Appendix 2, which is in Finnish, is
shorter, to comply with the partly non-Finnish project team and the funding representatives. The
tasks have different lengths, some started in 2011 and stretch through the whole 4-year period,
and others are 1-2 year tasks starting in different project years. This structure will enable optimal
resource utilisation and will also enable flexibility in task definition to include new needs that
may arise later.
To meet the set objectives, totally 11 tasks are included:
1.
Increased understanding of the relative susceptibility of austenitic nuclear
materials to environmentally assisted cracking (EAC) is obtained by performing interrupted
initiation testing in simulated LWR environments using super slow strain rate tests (SSSRT) for
nickel-based weld metal specimens. Detailed characterisation of the specimens results in more
information on the relative susceptibility of the materials to EAC and on the differences in
deformation behaviour. Additional European knowledge in brought to the SAFIR consortium
through participation in the Nugenia MICRIN in-kind project.
2.
Plant components or mock-up samples are characterised to increase the knowledge
of real material conditions, which is a prerequisite to enable nuclear component ageing
management.
3.
Understanding irradiation-assisted stress corrosion cracking (IASCC)
susceptibility is essential not only for safe plant operation, but also to minimise personnel dose
incurred due to inspection and repair procedures. As a means to achieving this goal irradiated
stainless steels are characterised using field emission gun (FEG) transmission electron
microscopy (TEM). This work will also support co-operation with international projects on this
issue, such as EU PERFORM60 and the OECD Halden Reactor Project.
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4.
The Finnish YVL guidelines require that plant design includes the possible effect
on environment on fatigue. The work in ENVIS focus on mechanistic understanding, and consists
of participation in the Nugenia INCEFA initiative, which aims at launching a project within
Horizon 2020, and on writing a scientific publication on existing results.
5.
The environment has an effect on both crack initiation and crack growth. The
environment may reduce the fracture toughness compared to that in air at high or low temperature
and may thereby affect the structural integrity of components and influence the leak before break
analyses (LBB). The effect of the environment on fracture behaviour is measured during the four
year project on nickel-based materials.
6.
The role of thermal ageing on the behaviour of nuclear reactor materials is one of
the biggest issues for plant life management. The work in ENVIS is focussed on determining the
thermal ageing of austenitic nuclear weld metals and on thermal ageing of forged Ni-base
materials. Valuable material is made available to the ENVIS project through co-operation with
MIT, USA and KAIST, Korea.
7.
Continuous development of the research capabilities is needed to reflect existing
and forthcoming research needs. Fuel cladding research capabilities will be improved by
development of testing capabilities for bi-axial loading for creep testing of thin-wall tube
materials. The developed capability will be later transferred into the Centre for Nuclear Safety,
enabling research on irradiated fuel cladding materials.
8.
Knowledge about in-pile creep testing is brought to Finland through a visiting
scientist at CEA, following an in-pile creep test utilising the VTT developed Melodie device.
9.
Ensuring uninterrupted availability of high quality experts in the field of nuclear
materials is essential. This is accomplished through knowledge transfer by giving special courses,
by getting acquainted with the new plant designs of the new Finnish plant alternatives, and
through learning by doing. Educating the next generation of investigators for experimental
research work is important due to the increasing retirement of experts internationally over the last
20 years.
10.
The latest international knowledge is brought to Finland by participating in
international co-operation and by supporting international scientist visits within the field of EAC
and IASCC.
11.
Lead induced liquid metal embrittlement (LME) could have very serious
consequences, especially for the RPV, as LME crack growth is very fast. A possible risk for
LME could rise if radiation shields used during maintenance were left on the primary circuit
piping during operation. This item was introduced into ENVIS in late 2013 to be continued in
2014 and the work contains tensile testing designed for LME at elevated temperature.
Background
Stress corrosion cracking (SCC) is the reason for more than 30% of all materials failures in
LWRs worldwide. Huge improvement has been achieved in the understanding and mitigation of
SCC, and the focus has in the later years turned towards mitigation of crack initiation,
understanding of initiation precursor events and development of accelerated testing techniques.
During the four year ENVIS project stress corrosion crack initiation and its precursors are
measured and investigated to obtain a better understanding on precursors by interrupted initiation
tests of austenitic materials as a function of material and environment, and by detailed
characterisation of the deformation structures produced by slow dynamic tensile straining. Super
slow strain rate testing (SSSRT) using a strain rate close to the creep rate was developed and
applied in the DEFSPEED project (2007-2010) on stainless steel. In the ENVIS project SSSRT’s
were continued on nickel-based weld materials, and the first results indicate that although the
weld materials typically contain small defects (smaller than what NDE can detect), these do not
seem to grow. A much lower crack initiation susceptibility of Alloy 52 compared to Alloy 182
has also been observed.
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An in-kind project MICRIN (MIitigation of CRack Initiation) was launched in 2013 within
Nugenia on development of an accelerated initiation testing technique for determination of
initiation stress thresholds. A test matrix for the first phase utilising tapered tensile specimens and
slow strain testing was generated in 2013, and testing in simulated BWR and PWR environments
by nine European laboratories is planned to be performed in 2014. The participants will share all
results and plan further initiation testing on nuclear materials to be performed in a Horizon 2020
project. Participating in MICRIN as a part of ENVIS 2014 project will bring numerous data and
information on initiation to the SAFIR programme participants.
Knowing the detailed microstructures and other characteristics of nuclear components is the
necessary prerequisite for understanding their long term behaviour. In the ENVIS project, a safeend mock-up, i.e., a dissimilar metal weld, received from KAIST (Korean Advanced Institute of
Science and Technology) was characterised in 2011, and material from this weld was used in
other tasks of this project and in other projects, e.g. the TEKES SINI project. In 2012,
characterisation of plant mock-ups made of nickel-based materials received from EPRI was
started, and continues through 2013 into 2014. Further, a piece of non-sensitised Type 316
stainless steel from a BWR steam dryer where intergranular cracking was observed after only 1-2
years of operation, was characterised in 2013, and results of the findings were reported. In 2014,
a stainless steel material, where “traditional” intergranular cracking after longer term use has
been observed, will be characterised, with the main emphasis of revisiting existing experience of
this type of cracking for knowledge transfer.
Characterisation of irradiated stainless steels using TEM in co-operation with the OECD Halden
Reactor Project’s program on plant lifetime management has been performed for several years by
VTT and our input has gained international appreciation. The quantitative characterisation of
irradiation-induced defects and spatial distribution of elements within the microstructure has
enabled the assessment of the contribution of these factors to IASCC behaviour, and is continued
in the ENVIS 2014 project.
Understanding the mechanistic parameters affecting fatigue and corrosion fatigue is needed to
support experimental investigations aiming at design curves. The focus in ENVIS in on increased
mechanistic understanding.
Nugenia launched the INCEFA (INcreasing Safety in NPPs by Covering gaps in Environmental
Fatigue Assessment) in-kind project in 2013. The project will promote the development of a
complete understanding of the fatigue ageing of the main nuclear materials under realistic
conditions that will be useful for the safety of existing and future NPPs in EU member states.
Moreover, the technical basis for the development of a standard and international procedure will
be developed. The work is divided into three parts, of which the first comprises of collecting inkind contributions from the 14 European INCEFA partners, and collating a common
understanding of gaps for understanding fatigue ageing. The VTT-in-kind for the first phase is
the literature report produced in ENVIS 2011 (Karlsen, W. “The role of non-monotonic loading
in EAC - a literature review”) and corrosion fatigue data produced for EON in a commercial
assignment (with the approval from EON). The second and third parts are planned to be included
in a Horizon 2020 project application.
Low temperature crack propagation (LTCP) studies initiated as a MSc work in the DEFSPEED
project revealed remarkable effects of hydrogen concentration and temperature on the fracture
toughness behaviour of nickel-based materials. The work performed in the DEFSPEED project
compared low temperature crack propagation in various dissimilar metal welds (DMW) and pure
weld metals, and revealed better performance of the DMW´s. This topic is of great international
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interest and work is ongoing in USA, Japan and Europe on this issue. In ENVIS, low temperature
crack propagation (LTCP) of nickel-base weld metals has been studied by conducting J-R tests in
an autoclave and by performing SEM fractography of the fracture surfaces. Pre-exposure at
operation temperature prior to testing at low temperature has been applied in order to investigate
the hydrogen trapping behaviour and its effect on LTCP. Since hydrogen has been shown to have
a clear effect on LTCP behaviour of nickel-base weld metals, the main interest is now studying
the mechanisms of hydrogen-induced reduction of fracture resistance in nickel-base Alloy 182,
82, 152 and 52 weld metals in low temperature water. The work shall results in a doctoral
dissertation.
The importance of knowing the effects of thermal ageing on the materials behaviour becomes
more important as plant life time increases. The four year programme aims at investigations on
austenitic-ferritic materials (e.g. weld metals and duplex stainless steels), short and long-range
ordering of Alloy 690 material, and the possible thermal ageing of the cobalt-based Stellite 6
material. This latter topic was investigated and reported in 2013, utilising material after 30 years
BWR operation. The main conclusion for plant life management was that selective oxidation can
enhance initiation and thus more failures can occur with operation time. Austenitic-ferritic
materials are known to suffer from spinodal decomposition, with degraded mechanical properties
as a consequence. Very little research has so far been performed on weld metals, which is the
focus in ENVIS. As thermal ageing requires very long ageing times, which are not feasible to
perform in a short-term project, the thermal ageing investigation strategy in the ENVIS project
was built on international co-operation, which will affect the time schedules. Large steps forward
were obtained during 2013 and rather extensive work is foreseen in 2014, but also beyond that.
Aged duplex stainless steel base materials and weld metals became available in 2012 from Knolls
Atomic Power Laboratory (KAPL), USA, and investigations of these aged austenitic-ferritic
materials (427ºC/up to 1000 h) was started with FEG-SEM/EBSD and nano- and microindentation testing in ENVIS 2013. Materials with even longer ageing times are to be received for
investigations in ENVIS 2014. The results will be published and ENVIS will get access also to
results from mechanical tests on these materials.
Aged Type 316 weld materials were obtained from MIT, USA and characterisation was started in
ENVIS 2013 and will be continued in 2014. These results will also form a part of our in-kind
contribution to a new MIT - project. The launch of this project on thermal ageing of austenitic
weld materials by USA DOE-MIT-INL (Department of Energy, Massachusetts Institute of
Technology and Idaho National laboratory) is in the final stage. Aalto and VTT plan to
participate as part of ENVIS 2014 and forthcoming national projects (in addition to the results
from Type 316 weld metals) in the project “Synergistic Effects of Thermal and Irradiation
Aging on Stainless Steel Welds and Castings under LWR Conditions”. The project aims to
explore the differences in rate and mechanism of microstructural evolution upon thermal aging,
neutron irradiation and combined long-term aging in stainless steel welds and cast stainless steels
used in a light water reactor. The stainless steel weld material is Type 308 and the cast material is
Type CF8. Materials will be subjected to thermal aging at 430°C for times up to 10 000 hours.
Following thermal aging, specimens will undergo irradiation in ATR (INL) to doses of 0.1, 1.5,
and 5.0 dpa at 288°C. Post-irradiation examination of the specimens will determine the rates and
mechanisms of microstructural degradation in each alloy at each set of conditions. These will
include the following: 1) Characterization of post-irradiated samples by using TEM/STEM/Atom
probe tomography (APT) to visualize both spinodal decomposed phases and radiation defect
clusters, 2) uniaxial tensile tests to determine decreases in ductility, 3) in-air and in-situ J-integral
tests to determine associated reductions in fracture toughness, 4) in-air and in-situ crack growth
rate tests to determine increased susceptibility to IASCC and 5) slow strain rate tensile test for
studying the initiation of IASCC. In addition, the mechanical tests shall be complemented by
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optical and SEM examination for fractographic analysis. Participation will give valuable
knowledge on thermal ageing through own investigations and through access also to all other
results in the project.
Long- and short-range ordering (LRO vs. SRO) may take place in Alloy 690 and the
corresponding weld metals, Alloy 152/52, during the long-time operation at reactor temperatures.
Recent results show a detrimental influence of iron, lowering the temperature, where LRO occurs,
to a level where the mechanical properties can be affected during long term operation (60 – 80 y).
Improved knowledge is of high importance, and more research on this topic is definitely needed.
Through co-operation with professor Sung Soo Kim at KAERI, Korea, who will provide different
Alloy 690-type materials, the ENVIS project can start studies on the effect of LRO and SRO on
Alloy 690.
Continuous renewal of research infrastructure is needed taking into account the increasing age of
the existing capabilities and the new needs posed by new plants, new manufacturing methods and
new materials. Development of creep testing capabilities for fuel cladding materials is the first
step towards testing irradiated fuel cladding materials. It will also serve the Finnish commitment
in the Jules Horowitz project. Zr-based fuel cladding tubes show anisotropic properties due to the
hexagonal close-packed crystal structure and manufacturing related texture. This work was
started in 2011 through preparation of a SOAR, continued in 2012 by design of a loading device,
based on bellows loading technique. In 2013, the loading device was manufactured and assembled
and additional equipment (sensors and oven) was procured. Final verification of the test
equioment will be performed in 2014. The same device will be used in two other projects dealing
with GEN4 issued in the on-going MATTER project (Materials Testing and Rules) and the
MatISSE project (Materials Innovation for Nuclear Safety and Sustainability in Europe). This
will increase the utilisation and knowledge of biaxial creep testing.
A mechanical testing device for in-pile irradiation creep testing has been designed and
manufactured by VTT, i.e., the Melodie device. Melodie is an instrumented biaxial irradiation
creep experiment for a Zy-4 cladding tube specimen. Melodie sample holder is equipped with online control of the bi-axial loading and on-line monitoring of the creep strain. The specimen will
be in liquid NaK, and the targeted temperature is 350 °C. The in-core experiment was originally
scheduled to start in 2013, but was delayed and is now scheduled to start in OSIRIS reactor in
CEA Saclay, France in January 2014. A visiting scientist from VTT (Santtu Huotilainen)
participates in the test performance, which brings the knowledge of these tests as well as test data
to Finland, and they can be utilised in further development of the bi-axial creep testing for
irradiated materials, e.g. fuel claddings. This also benefits the JHR project.
Knowledge transfer from the senior experts to the junior scientists will be continued through the
whole 4-year project. In 2011 – 2013, four junior scientists have attended YK9 and YK10
courses, attended international seminars on material ageing (Halden summer school, MAI
seminar) as well as the advanced course on nuclear materials which was arranged by professor H.
Hänninen at Aalto University with about 50 attendees. An updated nuclear materials course will
be given in 2014. Deepening the knowledge of junior experts is also accomplished through everyday mentoring and by participation of junior staff (researchers, engineers and technicians) in the
project, and taking part in customer assignments, i.e., through learning by doing.
International co-operation has always been in large focus and of great importance for this
research area. Participation in international projects gives early access to the latest knowledge in
the field, to early information on events in NPP’s and to material exchange. The project team has
a good international reputation and participates in several international forums together with
other high level international experts.
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The strategy of the project structure has been such that not all tasks stretches over the full fouryear period, but tasks can be started during the period and continue for one or several years. One
example of a one-year task was that on anomalous rapid fracture of stainless steels, nickel-base
alloys and their weld metals in high temperature water, which was initiated in 2011 based on
large international attention on the subject. The task was not continued further based on the
results obtained in ENVIS, showing that the rapid fractures are due to exceeding the limit load of
the specimen, and is not due to any environmentally assisted cracking mechanism. The same
conclusion has later been confirmed also in an EPRI funded project. On the other hand, a new
sub-task on the influence of dynamic strain ageing (DSA) on fatigue was started in 2012, and in
late 2013, a new topic on liquid metal embrittlement of lead was introduced.
The question on a possible risk for liquid metal embrittlement (LME), solid metal induced
embrittlement (SMIE) and liquid metal corrosion (LMC) caused by lead metals on nuclear
materials was raised in 2013 based on a plant incident. A possible risk for LME, SMIE and LMC
could develop if radiation shields, used during maintenance, were left on primary circuit
components during operation. The radiation shielding blankets used in nuclear power plants are
composed of thin lead plates (or fibres) in a plastic cover. If left at the primary circuit surfaces,
the plastic cover and also the lead material may melt, depending on the temperature. The lead is
not 100% pure lead, but may contain impurities, such as Cd, As, Sn etc. These will lower the
melting point of the material thus increasing the possibility for LME. The possible LME may be
enhanced both due to the lower melting point and due to the possible harmful effect of the
impurities. Open literature shows that high-strength martensitic steels are susceptible to LME by
lead alloys, but no results on the susceptibility of e.g. bainitic RPV steels were found in the open
literature. And especially no results from investigations made on the possible influence of
radiation shield were found in the open literature. LME investigations were therefore started in
late 2013 using resources released from another task and are proposed to continue in ENVIS
2014.
Specific Goals in 2014
1 Crack initiation of austenitic materials in LWR environments (Funding: 88 k€, VYR, SSM,
Aalto, VTT)
The aim for the four-year ENVIS project is to increase the understanding of factors and
mechanisms affecting stress corrosion and corrosion fatigue crack initiation through initiation
testing using smooth and notched specimens and the detailed characterisation of oxide films, nearsurface microstructures, and deformation structures.
1.1 Experimental investigations on initiation
A summary report on the results from performed super slow strain rate tests will be made in
ENVIS 2014.
Initiation testing for the Nugenia MICRIN in-kind project will be performed through SSRT in
simulated PWR environment using tapered specimens made from an EAC sensitive model
material (20 % Cr, 10 % Ni, 5 % Si). The specimens will be delivered by SCK-CEN, Belgium.
The ENVIS project will get access to all test results performed by the nine partners in MICRIN.
Further testing on Ni-based materials is planned to be performed later and possibilities to launch
a Horizon 2020 EU-project will be explored.
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1.2 Initiation precursor structures
Post-test investigations on the MICRIN specimens are performed using versatile methods starting
with optical microscopy and FEG-SEM scanning electron microscopy. The strain localisation in
the specimens will be investigated using the electron back-scattered diffraction method (EBSD).
The work is complemented by work conducted in the EU-funded PERFORM60 project on
mechanistic modelling of IASCC initiation, where the same material was utilised.
2 Investigations of nuclear components and mock-ups (Funding: 46 k€, VYR, SSM, VTT, Aalto)
The characterisation of the numerous nickel-based mock-ups received from EPRI will continue in
2014. In ENVIS 2014, the characterisation continues using FEG-SEM/EBSD and nanoindentation techniques to characterize the critical narrow zones on both sides of the fusion lines
and all results are summarised.
Further, material from a Type 304 stainless steel component (steam line) which experienced
intergranular cracking after decades of BWR operation will be characterised in ENVIS 2014.
The focus will be on knowledge transfer, revisiting the existing experience and investigation
methods utilised in these types of “traditional” intergranular cracking. Here, knowledge transfer
includes also laboratory personnel, not only researchers. Knowledge transfer on methods used
routinely earlier, e.g. DL-EPR, oxalic etching, Strauss testing, etc. is important although the use
is less frequent for the moment. The principal researcher, included in these investigations in the
80’s is retiring during 2014, and thus this would be the last chance to transfer his knowledge
through actual doing.
3 Characterisation of irradiated austenitic materials (Funding 53 k€, Halden project)
The work for the OECD Halden Reactor Project is continued in ENVIS 2014 in accordance with
the mutual agreement, which has not been made at the time of writing this proposal. This involves
reporting of the characterisation work performed in ENVIS 2013 and the FEG-TEM
characterization of irradiated material selected and delivered by Halden as well as planning for
work to be performed in 2015 and onward.
4 Deformation behaviour under non-monotonic loading (Funding: 27 k€, VYR, VTT, SSM,
Aalto)
A doctoral and a Master of Science thesis on the role of dynamic strain ageing on fatigue
behaviour have been made earlier (the M.Sc was performed within ENVIS 2013). This work will
be continued by characterising the existing samples using SEM Electron Channelling Contrast
Imaging, ECCI as in-kind contribution to the project by Aalto University. The deformation of the
materials can be investigated using this technique, and the benefit of using FEG-SEM/ECCI over
TEM, which is traditionally used is that the investigated area is larger, thus enabling a more
statistical approach. A scientific publication on the results will be written.
Participation in INCEFA is proposed to be included in ENVIS 2014 with the expectation that a
dedicated project on corrosion fatigue will be launched in the next Finnish national reactor safety
programme and include INCEFA into that project. The work foreseen in ENVIS 2014 comprises
of following and participating in the preparation of a Horizon 2020 EU project proposal.
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5 Influence of environment on the fracture behaviour of LWR materials (Funding: 67 k€, VYR,
VTT, SSM, Aalto)
In ENVIS 2014, the LTCP investigations will include further Thermal Desorption Spectroscopy
(TDS) measurements in order to clarify the trapping behaviour of hydrogen. Furthermore,
different trapping models for hydrogen from literature will be researched and applied.
Intergranular/interdendritic carbides, which play an essential role in hydrogen trapping, will be
studied in more detail by using transmission electron microscopy (TEM). Cross-sections of the
fracture surfaces of selected J-R test specimens will be examined. Combining the microstructural
features observed on the cross-section surfaces with 3D-topography maps of the fracture surfaces
enhances the understanding on the crack path behaviour. In addition, fracture resistance (J-R)
curve calculation according to ASTM-E 1820 standard will be discussed from the viewpoint of
cracking path morphology in multi-pass welds. It will be evaluated whether there is a relation
between the crack path morphology and the fairly large scatter of J Q values obtained from the J-R
tests or not. These results are collated in a doctoral dissertation to be completed for reviewing
within ENVIS 2014.
Co-operation with the EPRI Alloy 690 expert panel is continued, as is co-operation with the
experts on plant integrity assessment.
6 Ageing of nuclear reactor materials (Funding: 151 k€, VYR, VTT, Aalto, SSM)
The work in this task is performed in co-operation with international research organisations and
projects. This aspect will, though, affect the progress of the task. Very good progress has been
achieved in ENVIS 2013.
6.1 Thermal ageing of duplex stainless steels with austenitic-ferritic microstructure through cooperation with KAPL, USA
Further austenitic duplex materials, with longer ageing times will be obtained from KAPL, USA
and be subjected to nano-indentation and FEG-SEM/EBSD characterisation. The results will
published in a joint scientific article containing also results from mechanical characterisation by
KAPL on the same materials.
6.2 Thermal ageing of austenitic weld materials through participation in the DOE-MIT-INL
project
Investigations on thermally aged Type 316 weld metals, received from MIT, USA, are continued
using FEG-SEM and nano-indentations. The results will be published in a scientific journal
together with professor Short, MIT. These results will also be in-kind contribution to the DOEMIT-INL project.
Further investigations for the DOE-MIT- INL project within ENVIS 2014 will include extensive
materials characterisation of the thermally aged type 304 and possibly also CF8 materials using
FEG-SEM, EBSD and nano-indentation, measurement of the delta-ferrite interspace distance and
EPR measurements. Also hydrogen measurements of thermally aged materials after long term
testing in simulated BWR conditions will be performed. Although this work is foreseen to
continue in future reactor safety programmes, the results obtained within ENVIS will be reported
in 2014.
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6. Short- and long range ordering of Alloy 690
The topic was in 2011 included in the SOAR on thermal ageing. Very long ageing times are
needed for this research, and therefore co-operation with institutes having access to aged
materials is crucial. In 2012 planning of an experimental research matrix was started in cooperation with the SINI project and Tohoku University, Japan. In 2013, an agreement was
reached with professor Kim, KAIST, on co-operation within this topic. Two different type Alloy
690 materials are foreseen to be delivered still during 2013, but have not yet arrived at the time of
writing this proposal. The work in ENVIS 2014 is foreseen to comprise of internal friction
measurements, nano-indentation, FEG-SEM, EBSD and tensile testing using digital image
correlation (DIC) on the two model materials as tools to start investigations on the effect of SRO
and LRO of Alloy 690. The results will be reported jointly with professor Kim.
7. Development of biaxial load testing capabilities of fuel claddings (Funding: 12 k€, VTT, VYR)
A new testing device for bi-axial creep testing on fuel cladding material has been designed,
manufactured and assembled within the ENVIS 2011 – 2013 projects and was taken into use in
late 2013. The design was based on the assumption that the diameter extension would be
measured using a customer tailored laser measurement device. Unfortunately this option failed to
realise, and more conventional LVDT sensors were purchased instead. The work in ENVIS 2014
consists of verification testing of the equipment. Co-operation is performed with the SA-IDEA
project, where one objective is to combine fuel cladding modelling with unique testing
capabilities. Co-operation with the fuel experts and the support group TR3, Fuel research and
reactor analysis, will be continued to further improve the co-operation between fuel and material
experts.
8. Visiting scientist at CEA (Funding: 40 k€, VTT, VYR)
A part of the extended visit at CEA, mainly due to the delay in the in-pile creep testing will be
funded by ENVIS 2014. The knowledge of creep test performance, which can be utilised in
planning of creep tests in the Centre for Nuclear Safety, CNS will be brought to Finland.
9. Knowledge transfer (Funding: 26 k€, VYR, VTT)
In 2014, knowledge transfer is included in Task 2. Further, the YVL database will be
continuously updated. Aalto University will arrange an advanced course on nuclear materials
during spring 2014, and ENVIS 2014 will fund participation of a lecturer at the course including
updating of the material.
10 International co-operation (Funding: 44 k€, VYR, VTT, Aalto)
The latest knowledge in the field of environmentally-assisted cracking is brought to Finland by
active participation in international co-operative projects, working groups and conferences.
Detailed travel reports are prepared for the SAFIR 2014 support group and possible ad hoc
groups. Conferences are also a good educational opportunity for young scientists, which are
encouraged to participate by preparing publications. The information gained is used for the
detailed planning of ENVIS and other SAFIR projects.
The results from the ENVIS project are reported to the support group TR6 during their regular
meetings. SSM, Sweden, has been a project sponsor already in the DEFSPEED project since
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2008, and is a TR6 member since 2012. SSM continues their financial support for the ENVIS,
and has nominated representatives for the ad hoc group.
VTT participates actively in the International Co-operative Group of Environmentally
Assisted Cracking (ICG-EAC). A VTT representative has been the chair of the group and holds
a position in the steering committee. The group convenes in a one-week annual meeting, during
which the latest information on EAC and IASCC research is presented and discussed in a
confidential manner. The latest plant incidents are also presented.
The OECD/NEA SCAP project was initiated in 2006. In 2010, the SCAP data base and the
OPDE data base were combined and a new project CODAP (Component Operational
Experience, Degradation and Ageing Programme) was started. The objective of CODAP is
to collect information on passive metallic component degradation and failures of the primary
system, reactor pressure vessel internals, main process and stand-by safety systems, and support
systems (i.e., ASME Code Class 1, 2 and 3, or equivalent). It also covers non-safety-related
(non-Code) components with significant operational impact. It is intended that CODAP will also
include information on age-related degradation of buried tanks and plastic piping. The CODAP
project will establish the knowledge base, similar to the one developed in SCAP SCC. In 2011,
the CODAP project was established and flow-assisted corrosion was chosen as the first ageing
mechanism to be included. A VTT representative attends the CODAP meetings as a
representative appointed by STUK, who is the national representative in NEA. In 2013 the first
topical report, on flow accelerated corrosion, FAC, was written. In 2014 the focus is on making
inputs into the data base in addition to participation in the project meetings.
Other important meetings/conferences in which VTT delegates are foreseen to participate during
2014 are the EPRI Alloy 690 expert panel meeting, the 2014 Enlarged Halden Programme
Group meeting and the Fontevraud conference. ENVIS results will be published in suitable
conferences and in scientific publications.
11 Liquid metal embrittlement (Funding: 43 k€, VYR, Fortum)
Investigation on the possible risk for liquid metal embrittlement by lead alloys on nuclear
materials, especially RPV steels, was initiated in later 2013. In 2014, the investigations are
continued. The work plan consists of validation of the testing technique through reproducing
testing reported in the open literature before initiating similar tests using nuclear relevant material
and lead alloys. The LME tests are performed using tensile specimens, with lead alloy soldered
on the surface. Tensile straining is performed at elevated temperature, and the indication of LME
is evaluated based on reduction in contraction as well as post-test investigations. The verification
test is foreseen to be performed in the ENVIS 2013 project. In 2014, tensile tests using at least
RPV steel and lead alloys from radiation shields are performed and the results are reported.
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Deliverables in 2014
Task

Deliverable

No

1.1

Summary report on results from SSSR tests and post-test characterisation

1

1.1

Progress report on the Nugenia MICRIN in-kind project

2

2

Report on investigations performed on a sensitised Type 304 pipe material

3

3

Report on FEG-TEM characterisation work on PIA stainless steel material

4

4

Publication on results using the Electron Channelling Contrast Imaging technique

5

4

Progress report on the Nugenia INCEFA project

6

5

Doctoral dissertation ready for review

7

6.1

Publication on thermally aged duplex stainless steel materials

8

6.2

Report on investigations performed on thermally aged nuclear weld material

9

6.2

Publication on thermally aged Type 316 weld materials

10

6.3

Report on investigations performed on Type 690 model alloys

11

7

Report on the in-house designed biaxial creep testing device

12

8

Activity report from visiting scientist at CEA

13

10

Active participation in international activities and detailed travel reports

15

10

Publications at Fontevraud conference

16

10

Participation in the COPAD project

17

11

Report on investigations concerning liquid metal embrittlement

18

Applications
A better knowledge and mechanistic understanding of the environmental influence of nuclear
reactor materials cracking susceptibility and aging is needed for quantification of the risk and to
identify with high confidence the components at risk, and operational procedures affecting the
risk. This is also needed for increased safety of risk-informed in-service inspection programs.
Research of high international standard facilitates co-operation with international projects on
relevant issues. Such co-operation also increases the knowledge of the researchers, in turn
enabling a still higher level of research. Transferring international knowledge to Finland benefits
all Finnish parties.
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Education of experts
The long term co-operation between VTT’s team “Components in nuclear power plants” and
Aalto University Engineering Materials, prof. Hänninen is maintained as strong, and the role of
prof. Hänninen’ s group is significant also in ENVIS 2014. This will further enhance availability
and training of experts for the nuclear field, to not only compensate for the generation change
through increased amount of people retiring, but also to meet the foreseen increased demand of
experts in the field.
About 20 persons participate in the ENVIS project, of which 8 belong to the younger generation.
Four young researchers at VTT and four at Aalto University are extensively involved in the
project. The young researchers are individually mentored by more experienced researchers.
Young engineers and technicians are involved in the experimental research work together with the
researchers, and they are mentored by more experienced engineers and researchers.
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RESEARCH PLAN for 2014/version 2

Fracture assessment of reactor circuit (FAR)
Reaktoripiirin murtumisriskin arviointi
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Juha Kuutti
1.0 person-years
215 k€
VYR 91 k€, Fortum 55 k€, VTT 69 k€

Objectives
The objective of the 4-year project is to develop and to validate numerical and experimental
methods for reliable reactor circuit structural integrity assessment. Especially, to
Develop and evaluate numerical structural integrity assessment methods; evaluate
and further develop advanced methods - such as crack growth dependent submodelling
technique and extended finite element method (XFEM) - for nuclear structural integrity
assessment.
Study applicability and limitations of leak-before-break (LBB) approach; Limiting
factors, requirements for material input data, tearing instability, effect of ageing, special
features of LBB for narrow gap welds and dissimilar metal welds (DMW) will be
considered. Experimental and analytical methods for LBB will be developed.
Evaluate growth and criticality of real cracks with shallow or irregular shape in
structures; low-constraint fracture mechanical testing methods, transferability to
structures and advanced numerical methods will be developed
Develop structural integrity assessment procedure for dissimilar metal weld (DMW)
based on realistic failure criteria of DMWs, and develop practice with which the zones
that are most critical for fracture can be identified and their fracture toughness and
mechanical strength can be determined reliably

Background
For fracture risk assessment of nuclear components it is essential to know loads, operational
conditions, material properties and their changes due to ageing or environment as well as
fracture mechanisms. Both experimental material data and validated numerical assessment
methods are needed for qualitative assessment of fracture risk.
New material and structural solutions such as narrow gap welds set specific requirements for
structural analysis and development of numerical and fracture mechanical testing methods.
Recent development in fracture assessment methods has been in the field of numerical
modelling. Development in applying numerical methods in assessing component integrity was
made during the previous SAFIR2010 program but suitable tools for the end-user are yet to be
employed in large scale. Also uncertainties have been a concern in the nuclear field and many
design approaches therefore yield to overconservative results. These uncertainties may be due to
not precise input data of loadings or material parameters. The state of the art in numerical
fracture mechanics methods needs to be assessed and suitable methods selected for assessing
integrity of nuclear related components. Numerical tools are often required in assessing crack
growth in complex cases such as leak before break analyses or unsymmetrical crack criticality
analyses. An example of these advanced numerical methods is crack growth dependent
submodelling technique. Other recently developed method for modelling crack growth is the
extended finite element method (XFEM). Suitability and appropriate parameters in nuclear
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applications need to be evaluated for both of these methods. More simplistic engineering tools
provide a way of verifying advanced numerical methods but they can also be applied directly in
assessing component integrity. Uncertainties and conservatisms of fracture mechanics analysis
methods will be evaluated using parametric analyses. The applicability of available fracture
mechanics analysis software in nuclear applications needs to be evaluated.
Leak before break (LBB) is based on the assumption that a crack like flaw in a wall of a
pressurised component will be detected via leakage long before the crack becomes structurally
critical. Use of LBB approach requires information and methods of fracture mechanics (simple
and numerical methods), material properties (stress/strain, fracture toughness), fluid mechanics
(leak size, leak rate) and leak detection systems. The LBB approach stems from operating
experiences showing extremely low probability of breaks in primary circuit piping. Prior to
applying any of the levels of the LBB assessment methodology, there needs to be a general
screening criteria set to preclude its application to cases for which LBB is not applicable. LBB
is already included in nuclear safety authority codes in many countries. In Finland it is included in
the design of new plants and will also be a part of Finnish nuclear safety YVL codes. In the past
(1995), a survey of the LBB procedures has been made in Finland [Ikonen et. al. 1995]. Since that
no significant Finnish research directly regarding to LBB has been performed in the nuclear area.
Recent development of LBB is based on R6 and has been developed in European non-nuclear
projects (e.g. FITNET). Thus, updated state-of-the-art of LBB is needed. Further, applicability and
limitations of LBB approach concerning effect of ageing on material fracture properties, different
crack shapes, tearing instability and welded structures (narrow gap welds, dissimilar metal welds,
DMW) as well as special loading cases such as earth quake loads should be studied. Probabilistic
LBB is part of the RAIPSYS-project and will not be studied here.
Low constraint i.e. lower stress triaxiality which prevails in a tip of shallow crack is less severe for
fracture than the stress caused by a deep crack. Fracture mechanical input data for structural
analysis is usually based on deep crack fracture toughness. This leads easily also for extra safety
margins in structural assessment. For more realistic integrity assessment of the structure with
irregular shape / shallow cracks, especially in weld seam region, further development of analysis
and experimental methods is needed.
For dissimilar metal welds (DMW) such as safe end structures, research is needed especially for
a successful control of the metallurgical properties across the near-interface zone. It is
noteworthy that the potential flaws forming typically on the DMW joint interfaces are difficult
to detect using common NDE techniques. New welding methods, e.g. narrow gap welding,
particularly require mastery of the correlations between the mixing of the base material, the
alloying element gradients, the microstructures formed and degradation and failure phenomena.
Chemical composition and material properties may vary greatly within a narrow zone close to
the weld fusion line, which makes it difficult to determine the relevant zone-specific material
properties experimentally. In practice, this requires the use of miniature specimen techniques.
Another essential aspect is the transferability of test specimen scale results to the integrity
analyses of genuine structural components. The localisation of the asymmetrical deformation
typical to DMWs and the presence of an uneven crack front require the use of modern
modelling techniques (such as XFEM) in estimating crack growth. Metallurgical discontinuity
also causes a complex loading and stress-strain state, which may cause residual stress and
stresses due to thermal loading.
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Specific Goals in 2014
1 Engineering assessment methods (Funding: VYR, VTT)
In 2011, the numerical extended finite element method (XFEM) technique was evaluated for its
suitability to model cracks and flaws in nuclear components. In 2012, a procedure that
introduces (almost) arbitrary cracks in uncracked component geometry FE-meshes using XFEM
was developed and implemented. The procedure provides means to perform sensitivity analyses
with respect to crack geometries, loading and material parameters for complex cracked
geometries where handbook solutions are not applicable. The procedure was developed in 2013
to utilize dense submodels in the crack region to improve result accuracy. In 2014, the results
obtained using the XFEM technique in the previous years will be utilized and typical problems
found in nuclear environments are studied with XFEM. In cooperation with Task 4, the XFEM
is applied for dissimilar metal weld (DMW) cases.
2 LBB (Funding: VYR, Fortum, VTT)
The subproject aims at reviewing and applying the LBB approach, development of testing
capabilities for LBB input fracture mechanical data, understanding especially long crack fracture
behaviour and instability. The work in 2014 focusses on finalisation and reporting the results of
the concluded work. As a specific new topic, the “other fast fracture” issue as defined in
TEM/1226/08.09.01/2013 and YVL E4-6.8 will be studied with regard to required fracture criteria
and analysis methods.
2.1 FEM calculation of LBB case
LBB case of VVER440 steam generator collector dissimilar weld will be finalised. Using the
created FEM model, parametrical studies with low fracture resistance will be performed to define
limiting fracture resistance of the DMW in the worst case i.e. break before leak will be completed
and reported.
2.2 Tearing instability
Long crack ductile instability tests will be further studied in relation to mixed mode loading
conditions. Loading conditions in the long crack tests (2012) will be analysed using topography
data of fracture surfaces and FEM calculations (J-integral) in order to understand long crack
instability/stability behaviour. Criteria for the avoidance of “fast fracture” in upper shelf
conditions will be proposed. Based on a critical assessment of the German “TÜVIS Grundlagen”
LBB rules a LBB procedure with new rules for safety factor definitions will be developed.
3 Low constraint fracture (Funding: VYR, VTT)
The subproject aims at getting quantitative tools for evaluating criticality and growth of low
constraint cracks. The results are applicable to surface cracks and real irregular crack shapes in
nuclear structures. The work in 2014 focusses on finalisation and reporting the results of the
concluded work. A specific new topic, as a preparation to a new VVER reactor (Fennovoima), is a
critical comparison of the theoretical justifications of the Master Curve (YVL) and Unified Curve
(VVER) brittle fracture models.
3.1 Brittle fracture low constraint tests mimicking realistic stress state
Brittle fracture low constraint tests with surface crack specimens (SENT, SENB, deep crack) are
analysed. Constraint in specimens, a/W, has been chosen according to the realistic stress state. In
FEM analysis local Q-parameter and J-integral of the tested cases has been calculated both for
ductile (2012) and brittle (2013) cases. The existing MC constraint correction will be checked and
possibly adjusted with the new results.
3.2 Round robin on T0 and JR tests
Organising and taking part in the national round robin concerning fracture toughness (T 0) and
fracture resistance (JR).
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4 Dissimilar metal welds DMW (Funding: VYR, VTT)
The subproject aims at defining the existing gaps for the structural integrity analysis of DMW.
Also, procedures for fracture mechanical testing which could identify the most critical zones of
DMW in terms of fracture, will be reviewed and developed. The work in 2014 focuses on
finalisation and reporting the results of the concluded work.
For J-integral calculations in case of multimetal test specimens, improved -factor for J-integral
calculations and bending correction for SE(N)B specimen compliance will be experimentally and
analytically determined.
4.1 DMW integrity assessment
Applicability and requirements of XFEM for DMW integrity assessment will be studied further.
The basic FEM model for fracture mechanics SE(N)B specimen calibrated using base material
fracture resistance (J-R) data, will be extended by taking account of variation in mechanical
properties and volumes of local microstructural regions in the near-interface zone of DMW by
using experimental fracture resistance data associated with these regions, in conjunction with
either actual or postulated stress-strain data.
4.2 DMW testing techniques
Experimental testing and analyses/characterisation techniques (stress-strain curves, fracture
resistance curves, chemical composition profiles, micro-/nanohardness profiles) will be further
evaluated and refined in liaison with other on-going projects (also including NGW- DMWs), with
the aim at determining the best practice of capturing and characterising the specific features of the
near-interface zone microstructures in DMWs. Following this, these methods used in
characterisation of DMW will be applied to finalise the experimental testing of a Ni-base (Jgroove or plate) DMW received from EPRI.

Deliverables
Task
1.1
2.1
2.2
3.1
3.2
4.1
4.2

Deliverable
Research report that summarizes the usability of XFEM in NPP related analyses with
specific examples
Report on LBB case of VVER440 steam generator collector dissimilar weld
Report on the criteria of avoidance of fast fracture in the upper shelf regime as defined in
YVL E4-6.8.
Proposal for a new LBB procedure with new rules for safety factor definitions
Scientific publication on the comparison of MC and UC assessment methods.
Plenary lecture at ECF20 “The evolution of brittle fracture modelling on a time scale”
Report on national round robin on fracture toughness and fracture resistance
Final considerations of requirements on use of XFEM approach in DMW integrity
analysis methods.
Scientific publication on improved -factor for J-integral calculations and bending
correction for SENB specimen compliance
Fracture mechanical tests on Ni base DMWs.

Applications
The results can be used for structural integrity and fracture mechanical analysis of the reactor
circuit. Several current primary circuit fracture mechanical issues will be addressed in the project.
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Education of experts
Education of recently graduated research scientist is essential in the project. Totally 4 young
research scientists work in the project, at least 2 of them are doing their postgraduate studies in
Aalto University. Important part is also knowledge transfer from the senior VTT experts to
younger researchers. Training concerning fracture toughness testing will be arranged for testing
staff within the project.
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Monitoring of the structural integrity of materials and components in reactor circuit
(MAKOMON)
Materiaalien ja komponenttien eheyden monitorointi
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011– 2014
Tarja Jäppinen
0.86 person-years
172 k€
VYR 77 k€, Fortum 10 k€, VTT 85 k€

Objectives
Non-destructive examination (NDE) and testing (NDT) techniques are the main tools to inspect
the structural integrity of the primary circuit components in the nuclear power plant. The
development of the NDT techniques towards more reliable and efficient in-service inspections
(ISI) promotes the safety of the nuclear power plant. Also the development of the inspection
techniques that can be applied to reactor circuit components where the access is restricted can
increase the reliability of ISI. The main objective of this project is to develop those NDT
techniques used in ISI.
Also the aim is to analyse the differences in artificial flaws and further verify the reliability of
NDE simulations. One objective of the project is to improve the eddy current inspection
inspection method to map the magnetite piles in a steam generator.

Background
Non-destructive testing techniques are used for monitoring the condition of the structures of
reactor circuit during the operation of nuclear power plants. The in-service inspections are
normally performed during outages.
Artificial defects are typically used as a reference when the performance of an NDT procedure is
demonstrated. Defects are also needed for certification and training of the inspectors. The
renewed NPP safety regulator guides (YVL) also emphasise that it is important for the
inspections to be able to define the reference defect. The YVL no E.5 “In-service inspection of
nuclear facility pressure equipment with non-destructive testing methods” refers that the
inspections of pressurised components during the maintenance is defined in the ASME code,
section XI “Rules for in-service inspection of nuclear power plant components”. This code
imposes some rules on the applicable defect types and it is thus important to verify the
applicability of different available flaws. According to the previously performed studies in the
MAKOMON the indication of the ultrasonic reflection varies with the type of the defect. To be
able to tell the severity of the detected defects it is highly important to know the exact type of the
defects of the reference samples and their correspondence to actual defects. This work started in
the year 2012 and will continue in the MAKOMON 2014 project. Besides ultrasonic inspection
the defects will be examined also with radiography and eddy current methods. Simulations will be
verified with the results of these exsaminations.
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Eddy current inspection results for detecting and quantifying the magnetite between the steam
generator tubing in the laboratory scale have been encouraging. The method development is
continuing in MAKOMON 2014.
Specific Goals in 2014
1. NDE applications for detecting cracks in primary circuit components
The subproject aims at testing different sizes of artificial fatigue defects and to find the possible
differences in reflector properties on indications.
1.1 Ultrasonic applications (Funding: VYR 18 k€, VTT 23 k€)
Fatigue defects can nowadays be produced artificially as thermal fatigue or mechanical fatigue
defects. Thermal fatigue defect production is very well controlled in matter of size and opening
and mechanical fatigue crack production is well known and widely used method. Fatigue defects
are realistic option when comparing to the real service-induced defects. This subtask will
continue, from the work done in the 2012 and 2013 projects, to produce different defects and to
test and study the influence of different reflector properties on indications. The produced defects
will be inspected with conventional ultrasonic inspection equipment, phase array (PA) technique
and scanning acoustic microscope (SAM). Moreover, sampling phased array (SPA) and time of
flight diffraction (TOFD) can be used to have a wider perspective to differences of the similar
defects of the different manufacturers.
1.2 Radiography (Funding: VYR 9 k€, VTT 9,5 k€)
Specimens in task 1.1 with different cracks will be examined with digital X-ray tomography
possibly at BAM (Federal Institute for Materials Research and Testing) in Germany. The studies
in the MAKOMON 2013 project showed that the tomography examination gives valuable
information of a crack for further evaluation of the ultrasonic indications.
1.3 Eddy Current (applications to surface crack evaluation (Funding: VYR 7 k€, VTT 8,5 k€)
The objective of this task is to study the sensitivity of detecting the depth of the surface cracks
using eddy current inspection technique in the primary circuit. The accuracy of the measurement
of surface breaking crack has not responded the results gained from machined reference defects.
In this task the causes that can lower the sensitivity of the crack depth measurement are studied.
Some questions that possibly will be answered during SAFIR 2014 are:
- What is the depth of the crack open to the surface that can be reliably measured
with ET?
- How does the length of the defect effect on the depth measurements?
- What is the effect of different type of the crack on the depth sizing?
The test specimens will be the same as used the task 1.1.

2. Simulation and POD
The actual measurement data from task 1 is used also for simulation verification purposes.

2.1 Ultrasonic simulation and POD (Funding: VYR 23 k€, VTT 25 k€)
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Simulation on NDE field is strongly raising area and will give new ways to approach e.g.
ultrasonic responses on different types of reflectors.
The ultrasonic simulation program CIVA can be used for calculating ultrasonic response from a
known reflector. In order to use simulation tools as an aid for in-service inspections, every aspect
of simulation (e.g. material, transducers, defects) should represent the real-life inspection. The
MAKOMON 2014 project continues with simulations representing of artificial fatigue cracks and
the results will be compared with experimental results in order to verify the simulation procedure.
Also a possibility of using nuclear power plant open qualification specimens for verification of
simulations has been discussed. The ultrasonic measurements from the task 1.1 are used to verify
the US simulation.
The probability of detection (POD) curves are important information describing the performance
of a non-destructive examination system. To produce such curves with statistically confidence a
large number of tests is required. Experimental tests using real samples and defects are often very
expensive and it would be desirable to widen the test results applying simulations. Simulation
provides a fast way of determining the POD-curves. Simulations with simple defects (EDM
notch) and ISI defects (fatigue cracks) have been done. However, due to difference in
measurement and simulation results, new POD-curves should be done after the simulations are
verified. The work flow for task 2.1 is presented in figure below:

Simulations and verification are done in steps 1-3, and POD-curves are extracted in steps 4-6.
Most work is needed on step 3.

3. Eddy Current inspection techniques for primary circuit
The subproject will continue the development of the eddy current method to measure the amount
of the magnetite on the steam generator tubing. The 2014 MAKOMON project will concentrate
on the pros and cons of the axial bobbin probe measurement to detect the magnetite pile.
3.1 Magnetite mapping in steam generator (Funding: VYR 12 k€, Fortum 10 k€, VTT 11 k€)
Magnetite is widely detected in the NPP steam generators at the secondary circuit. Nowadays the
magnetite depositions on the steam generator tubing can be found using eddy current inspection,
but the methods currently used are unable to locate or quantify the depositions precisely. The
MAKOMON project 2014 will evaluate the possibility of a single axial bobbin probe to map the
area of the magnetite location. If the exact location of the magnetite piles could be measured, the
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probable area where a defect can occur in the future could be monitored at an early stage. It is
also possible to study the effects on the magnetite detected on the defects of the tubes.
The aim of this task is also to continue the development of a novel eddy current method to detect
and measure the amount of magnetite between steam generator tubing. Measurement will be done
with a method that transmitting and receiving probes are in parallel and adjacent tubes.
Development work of a probe system to have a transmitting probe and a receiving probe in
different parallel tubes in a mock-up simulating the SG tubes are objectives of this subtask. In the
MAKOMON 2013 project the amount of the magnetite in large scale was measured. The
MAKOMON 2014 project will continue with the magnetite pile mapping.
3.2 Eddy current simulation of the magnetite in SG tubing (Funding VYR 8 k€, VTT 8 k€)
In the MAKOMON 2014 will magnetite mapping simulation be introduced as a new project task.
The change in the eddy current signal amplitude and the phase angle when a non-conducting
material is introduced on the tube surface will be simulated. Simulation results are compared to
the results of the actual measurements in the task 3.1.

Deliverables
Task

Deliverable

1

Final report on the study of the reflection properties of the different cracks

2

Report on simulation of ultrasonic indications of the cracks and POD

3

Final report on the progress of the SG tube magnetite detection development

In addition, in 2014 the European NDT conference is held and the MAKOMON project members
will participate. Also the journal articles from previous conferences in 2013 will possibly be
prepared.

Applications
The results of task 1 and 2 will be used to produce new data on artificial reflectors for the needs
of qualification as well as inspection. Results can also be directly used for estimating and
improving the reliability of in-service inspections. In task 3.1 the tests are aimed to improve the
detection of magnetite blockage in the steam generators.

Education of experts
The age scale of the personnel working with non-destructive testing in VTT is divided in two
branches. The team consist of young scientists learning the NDE and experts retiring in a few
years. This SAFIR 2014 MAKOMON project is one of the very important channels to transfer
the knowledge to the younger generation and support the education of new high-level experts.
All of the tasks will be performed by younger scientists under the supervision of current NDEexperts. In every task the results can lead to a publication heading to a doctoral thesis.
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RI-ISI Analyses and Inspection Reliability of Piping Systems (RAIPSYS)
Putkistojärjestelmien RI-ISI analyysit ja tarkastusten luotettavuus
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Otso Cronvall, VTT
0.8 person-years
VYR 67 k€, VTT 50 k€

117 k€

1 person year = 10.5 person months.
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 and further developing relevant
issues related to RI-ISI. The overall objectives are:
- For quantification of piping leak and break probabilities, the development of structural
reliability methods including probabilistic simulation procedures and probabilistic fracture
mechanics (PFM) applications.
- Further development of methods for evaluating inspection capability in the form of flaw
detection probability functions.
- Further development of risk informed in-service inspection (RI-ISI) analysis methods.
- Strengthening inter-disciplinary readiness to combine structural integrity, NDT and PSA
expertise in Finland.
- Active participation in international co-operation and education of experts.
Background
RI-ISI analyses aim at rational in-service inspection management by taking into account the
results of plant specific risk analyses in defining the inspection program. The fundamental idea is
to identify risk significant locations where the inspection efforts should be concentrated. Even
though RI-ISI has been widely applied in the U.S., European utilities and safety authorities
consider that several issues need further research, and that the U.S. approaches cannot be adopted
as such. In Finland the implementation of RI-ISI is a topical issue. RI-ISI is a rather resourcedemanding process, and depends on the level of detail of various analysis parts. It is necessary to
show through research studies which kind of simplifications can be justified, in order to have a
robust and reasonable methodological approach. Another issue is to develop practical analysis
tools which would allow performing more detailed RI-ISI analyses.
In the earlier SAFIR programs, a framework for a quantitative RI-ISI approach was outlined and
some pilot studies carried out. This project is a continuation to and expansion of the earlier work,
aiming at focusing on the remaining open questions and further development issues as well as
providing guidance on the application of a RI-ISI program.
Specific Goals in 2014
1 Evaluation of piping failure potential (Funding: VYR 36.7 k€, VTT 27.4 k€)
This subproject aims at developing methods and tools to support the quantification of leak and
break potential due to various degradation mechanisms. This is carried out by further developing
probabilistic simulation procedures and PFM applications, as well as more accurately taking into
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account loads and reliability of piping system inspections. International developments are also
followed and useful applicable procedures/methodologies are adopted.
The aim is also to work on a dissertation concerning structural reliability methods and RI-ISI.
1.1 Probabilistic analysis methods for estimating pipe component failures (Funding: VYR 22.0
k€, VTT 16.4 k€)
It is planned to develop further the convolution integral based procedure for computation of NPP
piping component degradation/failure probabilities. This simple but efficient basic procedure was
already implemented during 2012, and it applies also for computation of small probabilities. The
further development includes taking effect of inspections into account and considering more
degradation states. Through these developments the procedure becomes more accurate and
provides more results. The next part is the computational comparison against earlier NPP piping
component degradation/failure probability results obtained with the existing Markov application,
as developed within the project.
Probabilistic modelling of thermal fatigue needs to be performed more accurately. To achieve
this, statistical data fitting for fatigue crack nucleation in air, and/or statistical data fitting for
fatigue crack growth equation parameters will be carried out. This includes co-operation with
FRESH project, e.g on fatigue data exchange.
Participation in a RI-ISI related scientific conference with presentation and paper.
1.2 Modelling of cyclic loading for probabilistic fatigue analyses (Funding: VYR 14.7 k€, VTT
11.0 k€)
It is planned to collect and review the existing modelling approaches for cyclic loading for
probabilistic fatigue induced crack growth analyses. One key issue is the frequency of occurrence
of the load cycles. As for load amplitude, in addition to conventional constant amplitude cases,
also variable amplitude cases are included, e.g. high-cycle fatigue in NPP piping. One example of
more recent probabilistic fatigue analysis approach is the 5 levels of modelling procedures
presented in the recent report from NESC thermal fatigue project (EUR 22763 EN).
The planned second step is to develop a straightforward modelling approach for cyclic loading for
probabilistic fatigue induced crack growth analyses. This will include both constant and variable
amplitude cases. As the considered degradation mode is crack growth the assessment of stress
fluctuation ranges corresponding to load cycles will take into account that compression part of
stresses does not propagate cracks. For variable amplitude load histories, the approach is to
assess e.g. 3 or 4 representative stress cycles and e.g. 3 or 4 representative load cycling
frequencies. Depending on the achieved state of procedure development, a selection of
probabilistic fatigue induced crack growth case analyses will be carried out.
2 RI-ISI methodologies (Funding: VYR 30.3 k€, VTT 22.6 k€)
The main focus of the subproject is on studying issues related to risk-ranking, selection of
inspection sites and acceptance criteria of a RI-ISI program. As the main criterion for the
acceptance of a RI-ISI program is that the risk will not increase when replacing the earlier ISI
program with the risk informed equivalent, one aim of the subproject is the robust quantification
of the change in risk. Further, the subproject aims at providing both development and application
guidance concerning quantitative RI-ISI methodology. Concerning international co-operation and
connections, the subproject provides the participation to activities of European Network for
Inspection and Qualification (ENIQ). From the beginning of 2013 ENIQ has been Technical Area
8 (TA8) of the NUGENIA Association.
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2.1 ENIQ Task Group Risk activities (Funding: VYR 11.0 k€, VTT 8.1 k€)
Participation to ENIQ Task Group Risk (TGR) meetings and activities is provided through this
task. This includes the follow-up of development of and adaptation to ENIQ, as it has this year
become a part of the NUGENIA Association. In 2014 the task participates in the work of the
ENIQ TGR in developing recommended practices and discussion documents related to RI-ISI.
The following topics are under development within TGR:
- Risk informed pre-service inspection (RI-PSI) for new plants
- RI-ISI for long term operation
- RI-ISI taking into account cost benefit aspects
- RI-ISI Framework Document: a need for revision?
Of considerable interest is to follow the development in the first topic, RI-PSI for new plants. The
other three topics are very interesting as well. During 2014 new issues can be added to the list of
topics to be developed.
2.2 Development and application of quantitative risk computation procedures (Funding: VYR
19.3 k€, VTT 14.4 k€)
It is planned to further develop the existing probabilistic Markov process based application for
computation of NPP piping component degradation potential and risks. A piecewise continuous
Markov procedure was developed during 2012, which divides the time in operation to three
equally long parts. However, at the early phase of NPP life most fabrication cracks are detected
and repaired. Then, during the following 10-20 years cracks mostly grow slowly, but after that
the growth rate can increase again. The Markov procedure is developed further to better
correspond to such bath-tub curve like degradation behaviour by:
- adjusting the piecewise continuous time parts accordingly,
- comparison computations against results obtained in 2012.
The research on risk assessment procedures includes also participation to possible related
NUGENIA Association research projects. One current such project, presently at planning stage,
is the PROSAFE (Harmonized PRObabilistic evaluation of SAFEty margin in integrity
assessment of nuclear power plant passive components).
All travels besides those concerning participation to ENIQ TGR meetings are included in this
sub-task.

Deliverables in 2014
Task

Deliverable

1.1

Technical report, scientific conference article

1.2

Technical report

2.1

Contributions to possible ENIQ TGR documents on:
(i) Risk informed pre-service inspection (RI-PSI) for new plants
(ii) RI-ISI for long term operation
(iii) RI-ISI taking into account cost benefit aspects
(iv) RI-ISI Framework Document revision
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2.2

Technical report, possible contributions to NUGENIA research reports

Applications
The results of the project can be applied in planning, performing and reviewing the RI-ISI
applications. Further, many results can be used also more widely in the safety management of
NPP components. For instance, the developed and adopted probabilistic structural integrity
assessment capabilities can be applied in structural safety analyses in general. This concerns e.g.
the further developed crack growth assessment procedure, which will better take into account the
growth potential along the whole of the crack front. The investigation on cyclic loading for
probabilistic fatigue induced crack growth analyse leads to better understanding of characteristics
of cyclic loading. Inspection reliability studies support the development of the link between
inspection qualification and quantification of inspection capability. Studies of RI-ISI
implementation can also be utilised in other risk informed applications, such as testing and
maintenance planning.
Education of experts
One important objective of the project is the education of experts. New experts are needed in all
the scientific/technical areas related to RI-ISI analyses. Besides strengthening and deepening the
expertise of specific fields, the project offers an excellent opportunity to develop inter-disciplinary
understanding between material, structural, inspection and PSA specialists. During this project
two more recently recruited VTT research scientists are educated to become new experts within
the fields in question, also one dissertation is under preparation during the project.
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Advanced surveillance technique and embrittlement modeling (SURVIVE)
Kehittynyt surveillance-tekniikka ja materiaaliominaisuuksien luotettava mallintaminen
Duration
Project manager
Volume and funding 2013
Funding sources (k€) 2013

2011 – 2014
Matti Valo
12 person-months
167 k€
VYR 72k€ (43%), VTT 50k€ (30%), SSM 30k€ (18%)
Fortum 15k€ (9%)

Objectives
The sub-project will be focused on reporting of data. The objectives of the project in 2014 are
described in four tasks.
1) validation of small specimen test techniques is focused on fracture toughness T 0-testing
using small CT- and 3PB-specimens. CT-specimens presumably give slightly higher T 0-values
than 3PB specimens, which may be due to different stress-strain distributions in the two
geometries. Systematic comparison between the specimen geometries will be performed with
variety of materials and material conditions. Quantification and understanding of the assumed
difference is the ultimate target of the work.
2) multiscale modeling of fracture in multi-crystalline structures aims to model cleavage
fracture in real materials, i.e. parameters affecting crack initiation and growth are considered in
detail and will be included in the analysis. Multi-crystalline description of material is the key
feature introduced in the models.
3) microstructural analysis and modeling using SANS, APT, PA and resistivity measurements
will be performed with high phosphorus VVER440 welds, which are used in Finland and which
have not been studied in large EC research programs. The ultimate target is to identify
phosphorus and copper embrittlement mechanisms on microstructural level and to derive their
response to mechanical properties. Phosphorus is combined in copper rich formations as well as
in dislocations and variety of surfaces. If several hardening mechanisms exist with specific
activation energies, they can possibly be separated by annealing behavior of resistivity.
Mechanical properties are described by trend curves, which are derived from existing data.
4) reporting of old data. Measured mini Charpy-V data on model alloys in the reference-, I-, IAand IAI-conditions is available and will be reported in a scientific paper. Key impurity elements
(Cu, Ni, P) were varied in model alloys, which, however, do not contain carbon.
Background
1) T0 measured by CT-and 3PB-specimens. Traditionally CT-specimens have been favored
over 3PB-specimens. A statistically reliable comparison between the two specimen geometries
will be performed with variety of materials and material conditions, i.e. un-irradiated and
irradiated ones, using miniature specimens of equivalent dimensions B and W. Materials
available in our storage will be used. Tensile properties of the materials will also be measured.
No systematic comparison between the specimen geometries has been performed. The recognized
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quality of VTT`s knowledge in fracture toughness testing and theory needs to be maintained by
good publications.
2) In multiscale modeling the effects of irradiation on deformation and damage mechanisms will
be included in the cleavage fracture model in a physically more relevant way than the current
engineering approaches. Cleavage fracture initiation is the critical phenomenon in pressure vessel
steels.
3) Microstructural formations and trend curves. Trend curves reveal that phosphorus and
copper are the key elements causing embrittlement in high phosphorus steels. Behavior of
phosphorus in annealing and re-irradiation determines the re-irradiation behavior of welds, which
is important for safe operation of some of the Finnish NPPs. Rather large amount of relevant
microstructural characterization (APT, SANS, PA) will be available and it will be combined with
measured mechanical behavior. Data on irradiation response of mechanical properties has been
measured for critical welds during the last 30 years but good microstructural characterization of
the welds has been missing.
4) Model alloy data is available and it will be report in a scientific papers. Model alloys with
good variation of several key elements reveal the dependence of embrittlement on impurity and
alloying elements and their synergism even if diffusion rate and hence dynamics of damage
accumulation will not be directly applicable to steels.
Implications to nuclear safety
1) All critical weld data has been created with small fracture toughness specimens and the
applicability of the specimens will be further validated. The T 0-values measured with CT- and
3PB- specimens will be quantified.
2) One NPP pressure vessel has been annealed in Finland. Evolution of microstructural
formations in annealing and re-irradiation is the basis of mechanical property changes. Reirradiation embrittlement rate of the weld depends directly on the dissolution or precipitation
growth of copper and phosphorus containing formations and the roles of the two elements.
Understanding of the behavior helps in decision making on plant life extension.
Specific Goals in 2014
1. Validation of small specimen test techniques (funding VYR 32k€, VTT 18k€, SSM 15k€)
1.1) VTT will continue to be a partner in the second face of the CRIEPI joint research
programme “Mini-CT Master Curve round robin test”. Tentative topics for the continuation are
the effect of side-grooves on T0 and distribution of crack initiation points on fracture surfaces of
non-side grooved and side-grooved specimens.
1.2) VTT will create T0 data with small CT- and 3PB specimens with different materials in
order to create statistical reliability data base for the comparison.
1.3) Summary paper on specimen reconstitution will be published in an appreciated paper in
order to have an essential reference for our contract work. Simulation data of temperature fields
in welding need to be created, other data is available.
1.4) VTT hot-cell will take part in the Finnish round robin exercise on T0 and fracture
resistance curve.
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2. Multiscale modelling (funding VYR 12k€, VTT 8k€)
Previous work has produced results demonstrating the effects of crystal plasticity within a
pressure vessel steel microstructure to evaluation of cleavage initiation probability utilizing the
WST carbide cracking model. Means to incorporate irradiation damage to crystal plasticity
models are investigated and implemented. The possibilities of linking such measures to sub-grain
dislocation and defect densities are pursued by carrying out discrete dislocation analyses of
irradiation damaged materials. The implications to derivation of engineering models are assessed.
3. Microstructural analysis and modeling (funding VYR 23k€, VTT 19k€, SSM 15k€,
Fortum 15k€)
1) Multipartner research programme on microstructural characterization of EDF-RRCKIVTT weld materials in the ref-, I-, IA- and IAI-conditions. Mechanical test data owned by
Edf, RRCKI and Fortum will be available. VTT will provide specimens and arrange transport,
CRIEPI will perform APT and ORNL will perform SANS. Focus is on the role of phosphorus.
The work needs to be initiated even during the last year of the Safir-programme due to CRIEPI`s
generous offer to perform expensive APT work without cost.
2) VTT will perform dislocation structure characterization of weld 501 with TEM for
conditions studied by APT in Tohoku University in order to clarify the role of volume type
defects as phosphorus trapping sites. Published dislocation data on comparable impurity contents
and irradiation condition welds will be collected and presented in the report. Extent of new TEM
work depends on availability of relevant data.
3) Co-operation with Tohoku University continues with APT and PA measurements of model
alloys in several I-, IA- and IAI-conditions. Fixed schedule cannot be defined as the foreign work
is fully voluntary.
4. Reporting of old data (funding VYR 5k€, VTT 5k€)
4.1) Reporting of old mechanical tests data. All model alloy data will be published in a scientific
paper. Publication of some of the VVER440 mechanical test data created during the last 30 years
is also under consideration. Weld 501 was studied by ATP in Tohoku University, mechanical test
data of this material should be made public.
4.2) Modell alloy data measured by 3x4x2mm CH-V specimens may be supplemented with some
IAIAI-material, if APT characterization of model alloys will be completed. Irradiated materials in
this condition are available but require specimen reconstitution and testing. KLST specimens are
not expensive to reconstitute or test.
Deliverables
Task

Deliverable

1

Second face data of CRIEPI program will be performed. Date and forum of publishing
depends on other partners.
Comparison of T 0 measured with small 3PB- and CT-specimens will be published by
VTT as a scientific paper, when the data base is broad enough.
Summary paper on specimen reconstitution will be published.

2

Results will be published in a scientific paper.

4
3

Tohoku University continues to study model alloys. The data will be published in a
scientific paper.
EDF-RRCKI-VTT material programme data will be publish in several occasions in
scientific papers. CRIEPI makes the most extensive work and hence the schedule of
publishing depends on them.
Dislocation structure studies will be first published as VTT research report. The data will
be utilized later in other papers.
Data on resistivity measurements will be reported first in a VTT research report and later
during in a scientific paper (2014).

4

The model alloy data will be published in a scientific paper (2014).
Publishing of weld 501 mechanical tests data is considered as support for APT data.

Education of experts
Four new persons were recruited to hot cell in 2010. The engineers responsible for material
testing will perform the experimental work. The researcher recruited 2010 will be responsible for
large part of the experimental work in microstructural studies performed at VTT including
drafting of reports.
International co-operation
CRIEPI, Japan in APT work and validation of sub-size CT-specimens.
Tohoku University in Atom Probe and Positron annihilation work.
JRC and RRC-KI in model alloy work.
ORNL in SANS measurements.
Edf and RRC-KI in Edf-material studies
Co-financing
SSM (Strålsäkerhetsmyndighet) will co-finance the project
Fortum will support the ORNL SANS work as concerns handling/rad waste costs of radioactive
material as defined by ORNL practices.

1
Liite 2a
SAFIR2014

28.01.2014

RESEARCH PLAN for 2014/version 3

Water chemistry and plant operating reliability (WAPA)
Vesikemia ja laitoksen käyttövarmuus
Duration
2011– 2014
Project manager
Timo Saario
Volume and funding 2014
1.06 person-years
172 k€
Funding sources (k€) 2014
VYR 72 k€, Fortum 25 k€, VTT 55 k€, SSM 20 k€
1 person year = 10.5 person months.
Objectives
The first objective is to develop understanding of and a model for dissolution, deposition and
re-entrainment of magnetite and soluble iron species in the secondary circuit conditions. The
model will include effects from water chemistry, hydrodynamical conditions and thermal
gradient. A set of focused experimental methods need to be developed to determine some
model parameters (e.g. surface charge / zeta potential) and their dependence on water
chemistry. The model will be verified through experiments and literature data. Applications of
the work include e.g. evaluation of the possibilities of minimising magnetite formation and
deposition onto steam generator and other secondary side surfaces through water chemistry and
hydrodynamics (hydrazine injection, different amines, use of dispersants etc.).
The second objective is to develop understanding of and a model for crud deposition on and redissolution from the fuel cladding surface. The model will be largely based on the work carried
out in Task 1, and will include effects from fuel cladding material, water chemistry,
hydrodynamical conditions and thermal gradient. The model will be verified through
experiments and literature data. Applications of the work include e.g. evaluating effects of
power transients, the effect of zinc injection on the crud behaviour, risk for axial offset
anomaly/crud induced power shift (AOA/CIPS) and the effects of increased Li/K concentration
on crud and cladding corrosion.
Background
Magnetite (Fe3O4) is formed in the secondary circuit mainly from corrosion of carbon steel tubing
and other carbon steel components. Magnetite particles are transported with the flow and deposit
e.g. in the steam generator (SG) tube support plate and re-heater cassette area creating flow and
corrosion problems. Current corrosion problems caused by magnetite deposition include fatigue
cracking of SG upper level tubes especially in some plants in France, denting and stress corrosion
cracking of SG lower level tubing both in Spanish and Romanian utilities and localised corrosion
of SG lower level tubing in VVER plants. Currently, there are no generally applicable models
available for the deposition process. The remedial measures aim on one hand at reducing the
source term, i.e. minimizing carbon steel corrosion and on the other hand at developing water
chemistry programs enabling keeping magnetite particles in colloidal form so that they can be
more effectively removed via SG blow down. Magnetite particles will stay in colloidal form if
their surface charge (zeta-potential) remains high and if the surface charge is of similar sign as that
of the substrate (e.g. tube support plate). Thus, techniques enabling the determination of the
surface charge as a function of water chemistry are needed to determine the effectiveness of
different water chemistry additives. Simultaneously, in situ on-line monitoring techniques to
determine the extent and rate of deposition are in need.
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Understanding the process of deposition of corrosion products onto the cladding surface and redissolution thereof (i.e. crud formation and dissolution) is a highly multi-scientific and
challenging work. The length of retention time of species within the crud, and dissolution rate of
crud largely determine the extent of activity build-up at the plant.
Corrosion processes, such as those leading to crud formation are affected by several variables
such as water chemistry, hydrodynamics and thermal gradient. Internationally, some progress has
already been made in developing crud models. Further work, including consideration of plant
specific conditions is needed. The problems to be addressed through the model include activity
build-up, AOA/CIPS and possible effects on crud behaviour from transients, water chemistry
modifications (e.g. zinc injection, elevated Li/K concentrations) etc.
.
Specific Goals in 2014
1 Magnetite deposition
The subproject aims at developing knowledge on parameters affecting magnetite deposition onto
steam generator surfaces and developing tools to minimise the deposition.
1.1 Amines (Funding: VYR, SSM, VTT)
The effect of amines such as morpholine and ethanolamine on surface charge (zeta-potential) of
magnetite will be determined under simulated PWR feed water line conditions at temperatures
representing an operating steam generator.
1.2 Magnetite deposition experiments (Funding: VYR, VTT)
Magnetite deposition onto SG tube surface is studied as a function of boiling rate and water
chemistry. The high-flow-rate water loop is equipped with an SG tube with an internal heater.
Magnetite particles injected into the water loop are let to deposit for a given period under
controlled hydrodynamic conditions and thermal gradient. After the deposition exposure the SG
tube is removed and the amount of deposit measured. This procedure is then repeated with
different water chemistry conditions.
1.3 Literature study on film forming amines (Funding: VYR, Fortum, VTT)
Film forming amines are used in conventional power industry to minimise corrosion, and have
also been tried in some NPP’s. This literature study aims at a state-of-the-art report on the
knowledge and usage of film forming amines in high temperature water environments.
1.4 Effect of ODA on corrosion of low-alloy steel (Funding: VYR, Fortum, VTT)
The effect of octadecylamine (ODA) on corrosion of low-alloy steel is studied using in situ
electrochemical measurements (e.g. impedance spectroscopy). ODA has been recently used with
good results in a Spanish utility to minimise feed water line corrosion and thereby the flux of
magnetite particles into the steam generators. ODA, being a film forming amine can, however,
have an adverse effect on existing SG deposits, making them more difficult to remove.
2 Crud deposition
The subproject aims at developing a model for deposition
2.1 Deposition model (Funding: VYR, SSM, VTT)
The development of a model for magnetite/crud deposition is continued, with the target of
including feed data from Loviisa NPP secondary side.
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Deliverables
Task

Deliverable

1.1

A scientific paper in NPC 2014 conference on the effect of ammonia, morpholine and
ethanolamine on surface charge of magnetite.

1.2

A VTT Research Report on the measurements of magnetite deposition.

1.3&

A VTT Research Report covering the results from literature study on film forming amines
in general and the experimental results gained.

1.4
2.1

A VTT Research Report on the progress in developing a model for magnetite/crud
deposition.

Applications
The water chemistry on the secondary side of the NPPs influences directly the SG tube failure
probability. With the knowledge gained in this project, the water chemistry can be optimised plant
specifically to minimise the propensity for magnetite deposition into SG surfaces and the
following risk for tube failure. Additionally, insight into the consolidation of the deposit will aid
in planning deposit removal procedures.
Education of experts
MSc Saija Väisänen as a new researcher at VTT since 2012 and MSc Konsta Sipilä as a new
researcher at VTT since 2013 will continue being exposed to nuclear power plant corrosion and
water chemistry issues through working in this project. Both of them will participate in the
Nuclear Plant Chemistry conference (NPC 2014) to be held in Sapporo, Japan. Ms Essi Velin will
finalise her MSc thesis and continue to work within the project as part of the VTT team.
International co-operation in 2014
Co-operation with University of Chemical Technology and Metallurgy, Bulgaria, will continue in
modelling of oxidation and deposition processes as well as development of techniques for
experimental study of magnetite and crud deposition.
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Fatigue affected by REsidual Stresses, environment and tHermal fluctuations (FRESH)
Jäännösjännitysten, ympäristön ja lämpötilanvaihteluiden vaikutukset väsymiseen
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2012 – 2014
Heikki Keinänen
0.9 person-years
168k€
VYR 58k€, VTT 55 k€, TVO 40k€, BG 15 k€

Objectives

The project aims at expanding and deepening understanding of fatigue behaviour
experienced by NPP pressure boundary components under realistic loads and
environment. The scope and accuracy of the fatigue analyses are planned to be
significantly increased by:
resolving applicable stresses causing crack growth in thermal fatigue experiments,
studying changes in the residual stress state of overlay due to operational loads,
determining residual stresses in RPV due to cladding and
crack growth computations for thermal loads caused by turbulent mixing of water
flows.
Education of new experts is an essential part of this research project. The simulation of
the phenomena which are also studied experimentally will require understanding in both
fields and thus provides expert training for new research scientists. In addition, two postgraduate scientist work in this project.
Background
The research topics of FRESH are directly gathered/adopted from the needs identified by the
Finnish NPP industry representatives as well as authorities. Fatigue is a relevant topic for ageing
plants as well as for the design of new ones. Recent development in the field of experimental and
computational research enables the reduction of conservatism in the structural integrity analyses
as well as provides detailed information of the potential failure mechanisms.
There is a growing interest for assessment of the remaining fatigue life of NPP components, as
motivated by possible life extension of NPPs and development of assessment methods. The
fatigue end-of-life curves applied for determining usage factors for NPP components are based on
data from tests with small smooth specimens under fully reversed constant amplitude loading.
However, the actual loading consists mainly of thermal transients and thus differs from that used
in the tests. In traditional fatigue testing the stress distribution is more or less constant throughout
the cross-section of the test specimen whereas in NPP piping the shape of the stress distribution
resembles exponential due to the loading caused by thermal transients. The amplitude of the load
cycles in NPPs is variable, but mostly low-cycle, due to the limited and design life dependent
amount of plant events.
There is underlying conservatism in the fatigue crack growth curves presented in the literature,
since the curves include some safety margins. However, by fitting crack growth curves with
safety margins, the actual behaviour is lost in the process. In order to make more realistic fatigue
life assessments, the real crack growth behaviour needs to be known.
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Residual stresses (RSs) play a role in structural integrity analysis. They have to be taken into
account in various analyses, but the determination of the predominant RS state is difficult and the
scatter of the distributions presented in various handbooks is large. When done with care, finite
element analyses have been shown to provide a reliable and relatively inexpensive tool for
assessing the RSs, but they are time consuming, especially when performing three dimensional
analyses. Thus it is important, that the know-how for performing welding simulations can be
obtained and differences between 2D and 3D modelling are understood.
According to ASME code, the plastic strain correction factor, Ke, is computed separately for
mechanical and thermal loads. However, the method has been reported to be overly conservative
and new computation methods have been proposed. During 2012, a state of the art review was
performed on the issue and on the following year, a computational application is performed. The
computation of Ke factor is performed with proposed analytical methods. In addition, the
computation is planned to be carried with FEM, in order to obtain reference results for
comparison purposes.
Stresses caused by the thermal loading during turbulent mixing are a source of uncertainty for
fatigue and crack growth analyses. The uncertainties are mainly due to the lack of detailed
information of the temperature fluctuations and heat transfer at the inner surface of the pipe.
Computations with verified model by coupling Computational Fluid Dynamics (CFD) and
structural mechanics FEM analyses have been performed in the previous years, which will be
further used as an input for crack growth computations.
Specific Goals in 2014
1 Thermal fatigue simulation
Trueflaw Ltd. produces artificial cracks for NDE training and qualification samples. The cracks
are produced with in-situ natural thermal fatigue loading. Thus, each produced crack is also a
thermal fatigue test. The number of produced cracks is about 1700, for which the loading
conditions and cycle number for crack initiation (with certain inspection interval) is documented.
In addition, there are approximately 500 broken validation cracks for which the thermal loading
and cycle number is also known.
In the first subtask, the simulation of thermal fatigue, which was started 2013, is continued 2014,
but the linear material model used 2013 is changed to elastic-plastic material model, in order to
study the correctness of linear material behaviour assumption.
In second subtask the parametric FE-models that were created 2013 and used for thermal fatigue
simulation, are utilized for determining the stress state in a specimen with proceeding crack. The
mesh is modified to give applicable stress distributions through thickness of the test specimens.
The computational and experimental results are further used for calibration and validation of
Paris’ fatigue crack growth law material constants in project RAIPSYS.
1.1 Fatigue simulation (Funding: VYR, TVO, VTT, BG)
The models created 2013 are changed to have elastic-plastic material models while keeping the
loads equal to those used 2013. The results will show the difference in the resulting strain range
obtained with different material models.
1.2 Stress distribution for growing cracks (Funding: VYR, TVO, VTT)
In this subtask the parametric FEM-models created 2013 are utilized and modified so that the
applicable stress distribution can be computed for cracks growing due to thermal loading.
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2 Weld residual stresses
This subproject is focused on weld residual stresses (RSs). The target is to solve RS distributions
in different applications as well as their evolution during operational loads.
In 2013, the favourable RS state of weld overlay at feed water nozzle was determined by weld
overlay simulation. During 2014, the work is continued by subjecting the weld overlay to NPP
load transients in order to study the changes in the RS distribution.
Axisymmetric models are widely used for weld simulations, although it has been shown that the
use of axisymmetric model in welding procedure simulations results in slightly inaccurate RS
states. To what extent this occurs and whether cost effective 2D models can be used for
determining the residual stress state is the focus of second subproject.
It has been noted in many studies, that the residual stresses caused by cladding should be taken
into account when evaluating the structural integrity of reactor pressure vessels (RPVs). The
necessity of taking into account the RSs has even been declared in a special guide by IAEA.
However, the methods used to assess the RSs at RPV have previously been crude. In this
subproject, the analysis is carried out with FEM-computations.
2.1 Evolution of residual stress state (Funding: VYR, TVO, VTT)
The subtask aims at numerically simulating the changes in the weld overlay RS state due to
operational loads. The simulation is executed with an axisymmetric model of a feed water nozzle.
2.2 Comparison between computed residual stress states of 3D and 2D models (Funding: VYR,
TVO, VTT)
In this subtask, a weld simulation previously performed in 2D analysis, is carried out with a three
dimensional model, in order to study the most relevant differences between 2D and 3D analysis
methods and whether 2D analyses can be utilized for realistically assessing the residual stress
state resulting from welding.
2.3 FE modelling of cladding residual stresses (Funding: VYR, TVO, VTT)
This subtask aims to determine the residual stress state at OL1/OL2 RPV after the welding of the
cladding. The analysis is carried out by 2D finite element simulations.
3 Categorization of stresses (Funding: VYR, TVO, VTT)
The subproject aims to assess the level of conservatism in the existing plastic strain correction
factor definitions, denoted as Ke in ASME code, as well as to identify realistic and feasible
procedures to categorize thermal stresses into primary and secondary components. The approach
is to carry out comparison computations. In the previous project year, the considered components
were just a straight pipe and a nozzle. In the next project year, the scope is remarkably expanded
by considering also a transition, a reducer and an elbow. The reference solutions will be
computed with FE analysis code. Based on result comparisons, conclusions will be drawn and
recommendations on procedure selection provided.
4 Fatigue caused by turbulent mixing
The subproject aims at realistic modelling of fatigue crack growth caused by turbulent mixing. In
the previous years, Large-Eddy Simulation (LES) CFD calculations of the Vattenfall thermal
mixing experiment were performed and the loads were used for fatigue and crack growth
calculations. In 2014, the LES and crack growth calculations with realistic turbulent temperature
load are continued. Mesh sensitivity studies for the coupled CFD-FEM simulations are performed
and the research is extended to study the loads caused by different flow conditions. Scientific
articles are written from the 2012-2014 project results.
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4.1 CFD calculations of turbulent mixing (Funding: VYR, VTT)
The CFD calculations of the Vattenfall T-junction performed in the previous years are continued.
Different mesh types and densities are compared by calculating the temperature fluctuation
intensity at the steel pipe inner surface. The trimmed and polyhedral mesh types of the new StarCCM+ code, which are suitable for complex geometries, are compared with the hexahedral mesh
type used earlier. Also meshes with local refinement at the area of highest temperature
fluctuations and fatigue are used for enabling shorter computation times.
4.2 Crack growth caused by turbulent mixing (Funding: VYR, VTT)
Crack growth is calculated with the realistic thermal loads obtained from CFD. In particular, it is
studied how deep cracks can be formed in different flow conditions. This can be accomplished
through the knowledge of the realistic frequency spectrum of the temperature fluctuations and the
realistic heat transfer coefficient. Results with the turbulent load are compared to those of the
sinusoidal (SIN) method. The earlier 1D assumption used for crack growth is compared with 3D
simulations, where a crack with finite aspect ratio is modelled in 3D with the Abaqus FE code.
Deliverables
Task

Deliverable

1.

Research report on computational fatigue simulation

2.

Research report on computation of welding residual stresses and their evolution in the
case of overlay welding, three dimensional effects in the welding of nozzle and overview
of cladding stresses.

3.

Research report concerning the level of conservatism in the existing plastic strain
correction factor definitions

4.

Research report concerning fatigue caused by turbulent mixing. Scientific journal
article(s).

Applications
The results obtained with thermal fatigue simulation will provide for more realistic fatigue life
assessment tool for NPP components.
The computationally resolved stress distribution causing crack growth in thermal fatigue
experiments will be utilized in calibrating material parameters C and m for nuclear industry
relevant materials in Paris’ fatigue crack growth law in project RAIPSYS.
The results obtained from the study concerning fatigue caused by turbulent mixing will be used to
assess the safety of NPP components and serve as more realistic information for plant life
management (fatigue and crack growth analyses).
The research on weld overlay may enable its adaption as a repair concept in Finland and more
realistic residual stress distributions will work as an input for other structural integrity analysis
e.g. crack growth by stress corrosion.
Education of experts
Three post graduate students are working in this project, Antti Timperi, Juha Kuutti and Otso
Cronvall. One new research scientist will be educated in this project.
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Heavy fouling and corrosion risks in the cooling water systems of NPPs and
methods for their mitigation (RICO)
Korroosion ja saostumien muodostumisen riskit ydinvoimalaitosten
jäähdytysvesikierroissa sekä niiden ennaltaehkäisy

Duration
2013– 2014
Project manager
Saija Väisänen
Volume and funding 2014
0.81 person-years
105 k€
Funding sources (k€) 2014
VYR 53 k€, VTT 32 k€, SSM 20 k€
1 person year = 10.5 person months.
Objectives
The overall objective of the project is to identify the risks related to fast fouling, scaling and/or
corrosion of the cooling water systems of nuclear power plants and to develop countermeasures to mitigate the risks.
The project in 2014 focuses on two main objectives (Tasks).

The first objective (Task 1) is to identify the risks related to fast fouling, scaling and/or
corrosion in the cooling water systems of nuclear power plants. A special emphasis is
given to contaminants which can cause rapid loss of heat-transfer capacity of the cooling
systems. The risks will be evaluated based on laboratory- and bench-scale studies.
The second objective (Task 2) is education of new experts in the field of power plant
water chemistry. The training of Ms Saija Väisänen, who started working as a research
scientist in this field at VTT in 2012, will continue with the current project. As part of
the project, she will take part in the NPC2014 (Nuclear Plant Chemistry) conference. In
addition, Ms Johanna Lukin, who started working as a laborant in the team of Chemical
Environments in Power Plants at VTT in 2011, will get trained to work with a pilot
scale water loop simulating a working power plant cooling water system.
Background

As has also been reminded by the Fukushima accident, undisturbed function of cooling
systems is extremely important for the safe operation of nuclear power plants. The
biggest problems in cooling water systems are linked to fouling of surfaces or corrosion
of construction materials. Some fouling and scaling occurs in cooling water systems
even in normal operating conditions. This causes a reduction in heat-transfer and may
increase the risk of corrosion as well. Especially macrofouling species (e.g. barnacles
and mussels) are known to be problematic because their hard calcified cells can also
plug tubes and hence reduce cooling significantly. In addition, oil spill or release of
other chemicals into the sea in case of a tanker accident, for instance, may cause
significant intrusion of chemicals into the system. It has been noted that the risk of
marine accidents in the Baltic Sea area is in fact high because of vast amount of traffic
in the sea.
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Specific Goals in 2014
1 Identifying risks of heavy fouling, scaling and/or corrosion of the cooling water

systems of NPPs
The subproject aims to identify possible risks that can cause fast fouling, scaling and/or
corrosion (the loss of cooling efficiency) of the cooling water systems of NPPs.
The subproject consists of the following tasks:
1.1 Laboratory studies (Funding: VYR, SSM, VTT)
The effect of high risk contaminants identified in the literature survey conducted by
SYKE (Finnish Environment Institute) in 2013 on fouling, heat-transfer and corrosion
of cooling water system will be studied using VTT's small-scale flow-through test
system. The studies initialized in 2013 will be continued in 2014 with studies on the
effect of the chosen chemicals on biofouling.
1.2 Bench-scale studies (Funding: VYR, SSM, VTT)
VTT’s new bench-scale cooling water environment will be used in the project to
simulate cooling water circulation systems. It enables long-duration (days to weeks)
experiments in conditions similar to the actual cooling water systems of NPPs. The high
risk contaminants identified in the literature survey conducted during the year 2013 will
be added into the cooling water system and their effect on heat-transfer and corrosion
will be studied in the bench-scale experiments.
2 Education of experts

The aim of the subproject is to educate new experts in the field of power plant water
chemistry.
2.1 Working with pilot sized cooling water system (Funding: VYR, SSM, VTT)
Ms Johanna Lukin, who started working as a laborant in the team of Chemical
Environments in Power Plants at VTT in 2011, will get trained to work with a pilot
scale water loop simulating a working power plant cooling water system.
2.2 Taking part in the NPC2014 conference (Funding: VYR, SSM, VTT)
Ms Saija Väisänen will take part in the NPC2014 conference arranged in October 2014.
A conference paper will be written for the conference.
Deliverables
Task

Deliverable

1.1

A VTT report on the risks related to fouling, scaling and corrosion of cooling water
systems of NPPs identified in the project

3
2.1

Training for Ms Johanna Lukin to work with the pilot scale cooling water system

2.2

Conference paper in NPC2014 (Nuclear Plant Chemistry) conference

Applications

The project enhances the knowledge on fast fouling, scaling and/or corrosion of the
cooling water systems of nuclear power plants thus making the authority and power plant
operators aware of the possible risks related to the cooling water systems as well as
offering means to evaluate the seriousness of the risks and to prepare for possible
malfunctions of the system.
The interdisciplinary context of the project creates an opportunity for co-operation across
different areas of research and the involvement of the Swedish Radiation Safety Authority
enhances international co-operation and information sharing between the countries in the
field of nuclear power plant safety. Furthermore, the project involves education of young
professionals in the fields of nuclear power plant water chemistry and corrosion.
Education of experts

MSc Saija Väisänen, as a new researcher at VTT since 2012, will continue to develop
an understanding of nuclear power plant corrosion and water chemistry related issues
through working in this project. Publications written in the project may be used as part
of her PhD thesis. Ms Väisänen will also be introduced to the work of project
management within the project. In addition, Ms Johanna Lukin, who started working as
a laborant in the team of Chemical environments in power plants at VTT in 2011, will
get trained to work with a pilot scale water loop simulating a working power plant
cooling water system and the education of MSc Pauliina Rajala, started in 2011, on
interdisciplinary research combining microbiology and corrosion will be continued
within this project.
Domestic co-operation in 2014

The project will include co-operation with the Finnish power companies Fortum Power
and Heat Oy and Teollisuuden Voima Oyj as well as the Finnish Radiation and Nuclear
Safety Authority, STUK.
International co-operation in 2014

The project will be conducted in collaboration with the Swedish Radiation Safety
Authority, SSM.
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IMPACT 2014 (for the year 2014)

Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014, plan for 2014
Ilkka Hakola
3.0 person-years (VTTs work
710 k€
only)
VYR 50 k€, VTT 130 k€, other companies (9) according
to contracts 60 k€/year/partner (9*60=540 k€)
SSM (Swedich Radiation Safety Authority) may join the
project in 2014.
Impact 3 has designed for the years 2012 – 2014

Objectives

A general objective of Impact 2014 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. The target used will be force plate
concrete wall with reinforcement and wall-floor structure. The wall can be designed
with pre-stressing bars and liner. In 2014 also floor-wall structure will be tested. The
test results will also be used for numerical analysis in SMASH project in SAFIR 2014.
Background

At the end of year 2013 the IMPACT 3 project included nine foreign partners from
Europe and America. The project will end in 2014.
A test facility has been built in 2004 for simulating the phenomena involved in a
condition where an aircraft impacts on a nuclear power plant. The tests have been done
with the missile mass of 50 kg, diameter of 150 mm or 250 mm and length of 0.5 m to
2.5 m. The missiles have been fabricated of aluminium, steel, stainless steel or
ventilation tubes and sometimes missiles included wings and engines (3D missiles). In
same tests the missiles have been filled with water to investigate the spreading of fuel
e.g. the speed and size of droplets. The walls have been made with the height of 2 m,
breadth of 2 m and thickness of 150 mm to 250 mm. The walls have been casted in VTT
using concrete strength of 50 MPa including reinforcement and in some cases prestressing.
The data have been collected using maximum 32 sensors (high frequency lasers, force
transducers, pressure sensors, deflection transducers, fibre optical sensors,
accelerometers and strain gages) and all the tests have been videoed and photographed
using high speed cameras (speed 1000 frames/second). The data have been collected
with the frequency of 200 kHz using also anti-aliasing filters. The amount of test done
by the end of year 2013 is shown in Table 1.

2

Table 1. Impact tests in 2004 – 2013.
Test

Target
Number of tests
Tests in 2004 to 2008 (Impact 1)
Pre-tests in 2004 and 2005
Steel wall
27
Missile tests in 2006. (Al missile,
Force plate
11
Ventilation tube, steel tube, 3D missile
Concrete wall tests in 2006 and 2007
Concrete wall
12
Concrete wall tests with pre-stressing in
Concrete wall
13
2007 and 2008
with pretension
3D missiles 2007 and 2008
Force plate
12
Other tests in 2008 (Hard missile, Al pipe,
15
others)
Total in 2004 to2008
90
Tests in 2009 to 2011 (Impact 2)
Missile tests (Soft and water filled)
Force plate
21
Bending tests (thickness of 150 mm)
Concrete wall
17
Perforation tests (thickness of 250 mm)
Concrete wall
15
Total 2009 to 2010
53
Tests (estimation) in 2012 and 2013 (Impact 3)
Punching behaviour
7
Bending behaviour
2
Combined bending and punching
2
Vibration propagation and dumping
Liquid tests
11
Total in 2012 and 2013
22
Tests (estimation) for the year 2014 (Impact 3)
Testing of walls size of 2m * 2m
6
Testing of walls size of 3,5m * 3.5m
1
Vibration propagation and dumping
2
Total (estimation) in 2014 (Impact 3)
9
Specific goals in 2013
1 Improving of test apparatus
The test apparatus will be modified to be suitable for floor-wall structures at the beginning of
2014. This will be done by redesigning the construction of the supporting frame and back pipes.
The middle part of acceleration tube is slightly damaged after 100 shots and will be repaired or
strengthened. The bomb shelter where Impact hall is situated will be renovated in 2013 and
therefore the testing apparatus has been removed to VTTs Research Hall TH1. The fixing of the
back pipes will be redesigned also for possibility to test wider walls width of 3.5 meters. The
testing apparatus (acceleration tube and pressure accumulator) will be modified by adding new
longer legs to be able to shoot higher walls dimensions of 3.5m *3.5m.
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The object of the task 1 is to improve the test apparatus to be suitable to test wider walls and floorwall structures. The acceleration tube will be repaired. The fixing of the back pipes will be
renewed to be suitable for wider walls.
2 Improvement of measuring system
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. This will be done by
designing a new force measuring system under the structure to be tested. New measuring card
including 8 channels will be obtained for new test types. The strains of reinforcement will be
measured by fibre optics. Vibration propagation and dumping will be measured by shock
accelerometers. The measuring system, video cameras and wires will be installed into new hall.
The wires will be sheltered by pipes for flying concrete and steel particles.
The object of the task 2 is to design a new measuring system, which is capable to measure
supporting forces of complex and wider structures (e.g. wider walls and floor-wall structures). The
number of channels will be increased and also acceleration will be measured.
3 Pre-calculation of the tests
The concrete walls and missiles and floor-wall structures have to pre-calculate and design in order
to achieve the desired failure mode. The analysing and design will be done with Impact partners.
The object of the task 3 is to ensure the tests will succeed in a desired way and also the number of
unsuccessful test is minimized.
4 Testing of missiles walls and structures
The main purpose of test campaign in 2014 is to test concrete walls, thickness of 150 mm or 250
mm using stainless steel missiles or rigid steel missiles. In addition the purpose of some tests is to
measure vibration propagation and damping by using floor-wall structure. The test matrix is
decided by TAG meeting and is given in Table 1. The titles for the tests in the project of Impact 3
are (1) Punching behaviour (2) Bending behaviour (3) Combined bending and punching (4)
Vibration damping (5) Liquid effects.
The object of the task 4 is to test stainless steel missiles and rigid missiles onto the concrete wall.
Also some floor-wall structures and wider walls dimensions of 3.5m * 3.5m will be tested in 2014.
5 Archiving of the test results
All the drawings, locations of sensors, material test results, videos, photos and measured data e.g.
will be saved systematically to VTT DOHA system to be distributed to all partners. The tests
(missile and concrete structure tests) will be post-analyzed to have quickly results to be able to
correct tests specimens, apparatus or measuring system before next tests. The systematic result
archiving will be done by LabView program. The data will be used for FE analysis in SAFIR
2014/SMASH project.
The object of the task 5 is to archive all the results systematically to DOHA system and also to
analyze test results to be able to decide if the measuring devices have been worked and the sensors
have located in a proper locations.
Deliverables
Task

Deliverable

1

Report ‘New Impact apparatus for wider walls’. (after renovation of Impact hall)

4
Main Researchers in 2012

Main researchers are mentioned in Appendix 3. VTT/Expert Services will be involved
for fabricating and testing of missiles and targets. Tensicon Oy will perform pretension
work and Protoshop e.t.c. for preparing supporting structure.
Applications
Tests results will be used in SMASH project for developing calculation methods and models and
verifying numerical results.
Education of experts
New young researchers will be educated for management, preliminary design and post
calculations of impact tests.
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Aging Management of Concrete Structures in Nuclear Power Plants (MANAGE)
Ydinvoimaloiden betonirakenteiden ikääntymisen hallinta
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 - 2014
Miguel Ferreira
8.0 person-months
138.8 k€
VYR 93.0 k€, VTT 28.9 k€, Aalto University 18.9 k€

1. Background
During the last few years the aging management of NPP concrete structures has evolved
an important issue as a result from the fact that the existing NPPs are already 30 - 40
years old and as a rule the structures have not been designed for a longer service life
than the originally licensed operating lifetime. For this reason the nuclear power
companies have been forced to develop aging management programs to avoid premature
degradation of structures and to be able to prolong the operating lifetime.
Knowing the current and future state of concrete structures is especially important in the
operating license renewal process. While many systems, structures and equipment made
of other materials may be replaced without causing extensive breaks in the operation of
a NPP and at a reasonable cost, this is not the case for the replacement and repair of
massive concrete structures. Specifically, concrete containment structures are not
designed to be renewed and they cannot be economically renovated. Accordingly, the
final service life of a NPP may be dependent on the service life of its concrete parts.
During the SAFIR 2010/ SERVICEMAN project a service life management system was
developed for securing the safety, performance and uninterrupted use of the concrete
structures during a prolonged service life. In this project the management of service life
is extended to a larger aging management system with a range of analysis tools and
services related to monitoring, simulation, condition assessment and structural analyses.
The aging management system will contain several management tools that use the same
data assortment of a central database. This will enhance the availability and usability of
the existing data.
In the design of a new nuclear power plant, a structural designer should be able to prove
that the service life requirements will be fulfilled with the selected materials and
structural measures and in the environmental conditions where the structure will be
during its planned operating life. Planning of nuclear power plants includes also quality
control and monitoring of structures during the use of the plant. The requirements for
monitoring of new NPP structures have been increasing all the time. New techniques,
such as module assembling, may increase the need of monitoring.
This research plan has been made jointly by VTT and Aalto University. This fulfils the
cooperation between research institutes and universities as recommended by the
international evaluation team of SAFIR 2010. The cooperation guarantees also best
possible expertise in each topic of the project. Interdisciplinary team work is also
reserved for the project: material techniques, structural techniques, ICT, aging
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management etc.
VTT is involved in the international project NUGENIA/ACCEPPT, which focuses its
research to the environmental and mechanical loads and their effects on the structural
security of NPP concrete structures.
In the MANAGE project in 2011 a working plan for the implementation of the ageing
management system was laid down: Working Plan for the Aging Management System of
Concrete Structures in Finnish Nuclear Power Plants (VTT-R-08738-11)1. Figure 1
provides a schematic overview of the structure of the Ageing management platform.

Figure 2. Schematic overview of the Aging Management Platform.
2. Objectives
The project for 2014 is mainly based on the normal continuation work according to
preliminary plans. The main goals of this project are:
• Integration of the Ageing Management Platform into NPP’s systems;
• User training of NPP personnel;
• National and International research cooperation, and
• Research to support performance assessment of ageing concrete infrastructure at
Finnish NPPs.
In the following chapter a brief description of the work expected in each subproject and
its task is given.
1

Vesikari E., Tuomisto M., Hradil P., Calonius K., Al-Neshawy F. & Sistonen E., 2012. Working Plan for the Aging
Management System of Concrete Structures in Finnish Nuclear Power Plants. VTT Technical Research Centre of
Finland. VTT Research Report VTT-R-08738-11. 67p.
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3. Work division for 2014
Subproject 1 – Platform integration in NPP systems
Integration of the beta version of the Ageing Management Platform and user training are
the main goals of this subproject.
Task 1.1 NPP Stand-alone and network testing (Funding: VYR, VTT, Aalto).
Integration of the Ageing Management Platform in the NPP’s systems is planned
in several phases. Initial tests are run on stand-alone computers provided by the
NPP running software identical to that of their systems. After successful
completion of evaluation the software is installed into the NPP’s network and final
testing is undertaken.
Task 1.2 Platform debugging and adjustment to NPP systems. (Funding: VYR, VTT,
Aalto)
Due to possible incompatibilities with the NPP’s computer systems, as well as
practical difference between Fortum’s and TVO’s individual systems, a need for
reprogramming adjustments is foreseen. In addition, any debugging of problems
must also be addresses swiftly and efficiently.
Subproject 2 – Platform user training
After successful installation of Ageing Management Platform, a user training program is
undertaken.
Task 2.1. Planning and Executing User training. (Funding VYR, Aalto).
In this task the planning and execution of a user training program is undertaken.
Training shall include in situ explanation of platform usage, and periodic remote
meetings for Q&A.
Task 2.2. Finalising user manual. (Funding VYR, Aalto).
A detailed user manual will also be prepared and distributed for each NPP,
covering all aspects of normal functioning of the platform.
Subproject 3 – Performance assessment of ageing concrete infrastructure
To be able to demonstrate the durability of the NPP concrete structures and estimate
their performance, data on the long-term performance of reinforced concrete as a
material is needed, especially when subject to ageing and aggressive environmental
loadings in the form of temperature and moisture gradients, cyclic loadings, among
others. In this subproject, research to support the performance assessment of ageing
concrete infrastructure at Finnish NPPs, is undertaken.
Task 3.1. Condition assessment (Funding VYR, VTT).
A continuation to the detailed condition assessment of reinforced concrete
structures at the NPPs will continue. There is a need for model calibration data,
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especially for RCS in contact with sea water. The exact structures to be analysed
are yet to be agreed upon. Several samples will be taken during the revision of
Loviisa NPP according to a special work plan. Non-destructive testing in situ
testing and laboratory testing will be performed. All results and findings shall be
inserted into to Ageing Management Platform as an example of the correct
procedure for the purpose.
Task 3.2. NEA/CSNI/IAGE - ASCETS - first phase (Funding VYR, VTT).
This task covers the participation of Finland in the NEA/CSNI/IAGE - ASCETS .
The first phase of the ASCET study (during the 2014 year) deals with material
aspect of concrete pathologies, detecting concrete pathologies, understating their
chemistry as well as establishing the link between the chemistry and material
properties. It is expected that each participant choose one pathology (or several, if
it is possible) and to present findings related to, among other aspects, available
methods and the results of their application for detection of concrete pathologies
(early detection or typical manifestations of advanced pathology), provide the link
between the chemistry and material properties, define material constitutive laws
which take into account that particular pathology. The outcome would be a Stateof-the-art report, addressing this topic.
Task 3.3. Full Scale TWS test element - Design & testing plan (Funding VYR, Aalto).
This task is concerning a design and testing plan of the full scale thick-walled
concrete wall element. The reinforced concrete wall model will be cast in 2015
(possibly within the next SAFIR framework) and kept in outdoor conditions
sheltered from rain. Figure 1 illustrates a schematic view of the TWS to be
planned and designed. The design possibilities include, among other details: posttensioning cables and work joints; liner/steel plate with studs and support
structures (to model containment or steel-concrete composite structure);
monitoring systems, for instance, humidity, temperature, strain gauges, optical
displacement monitoring; preinstalled defects in reinforcement (e.g. slip and
bonding), posttensioning cables (voids) and concrete (cracking) are taken into
account. Surfaces are planned to be coated to hide defects. Comparison between
different measurement (sensing) techniques and their reliability shall be
considered.
The result shall be used for the numerical simulation and forecasting of heat and
moisture transport through the TWS. The simulation data will be used in
predicting the deterioration factors of the wall as carbonation, thermal and
moisture deformation, shrinkage, etc.. Also, prediction of combined deterioration
factors will be considered.
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Figure 2. Schematic thick-walled concrete model.
Subproject 4 – International cooperation
Task 4.1 International cooperation (Funding VYR, VTT, Aalto).
The international cooperation includes also participation in some international
conference or workshop.
4. Deliverables in 2014
Task

Deliverable

1.2 VTT/Aalto

Stand-alone versions of platform for Finnish NPPs

2.2 VTT/Aalto

Ageing Management Platform User Manual

3.1 VTT

Report on condition assessment of fuel storage structures

3.2 VTT

Report on participation in NEA/CSNI/IAGE – ASCETS and contribution

3.3 Aalto

Several design report/elements of test TWS

5. Research Team for 2014
Researcher

Organisation /Task

Mikko Tuomisto/Olli Stenlund
Miguel Ferreira

VTT/ Task 1.1, 1.2, 2.1, 2.2
VTT/ Tasks 3.1, 3.2,

Esko Sistonen
Fahim Al-Neshawy
Olli-Pekka Kari
N.N. (candidate / master student)
Total

Aalto/ Task 3.4
Aalto/ Tasks 1.1, 1.2, 2.1, 2.2, 3.3, 4.1
Aalto/ Task 3.3
Aalto/ Task 3.3

Estimated workmonths for 2014
2.1
1.8
0.3
3.6
0.2
8.0
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6. Application
The proposed aging management system replies to the request stated in the Finnish
Regulatory guide YVL 1.1: “A plan shall be presented for how the design and
qualification of the components and structures, their operation and operating experience,
in-service inspections and tests, and maintenance are integrated so as to form a
comprehensive ageing management programme.” The system provides the utilities with
the following information:
• new monitoring data on structures based on sensors and samples taken from
structures,
• condition assessment and identification of potential risks related to degradation
and performance of concrete structures over a long design period,
• improved timing of inspections and future repairs,
• structural safety and performance analyses with improved models,
• improved availability of data and visualisation, and
• electronic storage and treatment of inspection data.
The new aging management system will provide useful information to the authorities
and the utilities that the NPP concrete structures fulfil the serviceability and safety
requirements during the whole licensed operating life and when needed an extended
lifetime. One of the improvements is the new data system which allows using the data in
several applications related to aging management.
7. Education of experts
As the outcome of the project theses of young students in the area of maintenance
management will be produced. It is hoped that at least one doctoral thesis and one
master or candidate thesis are produced.
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Structural Mechanics Analysis of Soft and Hard Impacts (SMASH)
Rakenteiden mekaniikan menetelmiä pehmeiden ja kovien iskukuormitusten
tarkasteluun
Duration
2011–2014
Project manager
Arja Saarenheimo
Volume and funding 2014
1.1 person-years
Funding sources (k€) 2014
VYR 106 k€, VTT 71 k€
1 person-year = 10.5 person-months.

177 k€

Objectives

The main objective of this project is to develop and take in use numerical methods for
predicting response of reinforced concrete structures to severe dynamic loads such as
impacts of projectiles and pressure waves due to explosions. The structures may
additionally be pre-stressed or covered with a steel liner. An impacting aircraft contains
fuel which leads to a high risk of fire. The aim of liquid research is a validated
capability to simulate spreading of burning liquid and smoke as a result of an aircraft
impact. The final goal is to develop and take in use methods and models for assessing
airplane crashes against important protective structures.
It is important to evaluate and prioritize the development needs based on the work
already done. The post-calculation of the tests conducted in the ongoing IMPACT
project gives valuable information on the applicability and development needs of the
methods being used.
Background

An aircraft impact on safety related structures, in spite of its low probability, has for a
long time been recognized as a relevant loading case, especially in designing plants to
areas with heavy air traffic. It is required (Government Decree 733/2008) that the
nuclear plant design takes into account large airliner crashes, as well as fires and
explosions. Structural analyses of these phenomena require nonlinear numerical analysis
methods. In order for the results of these numerical analyses to be reliable, the
applicability of used methods should be verified by experimental results and analytical
methods.
IMPACT project has produced valuable test data since 2003. Methods have been
developed and the applicability of the already existing methods to different cases has
already been tested in earlier predecessor projects. Although extensive nonlinear models
are often needed, much simpler models can be utilized for preliminary safety assessment.
Simplified methods, such as semi-empirical equations and models comprising of only few,
most essential degrees-of-freedom, can especially well be applied for parametrical studies
and preliminary design.
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Different methods are applicable to different types of cases. A soft, deformable missile
typically damages the target by bending mode. A hard, almost undeformable missile
penetrates into a softer target and may eventually perforate it. An explosion creates high
compressive stresses which can crush the target. Scabbing, i.e. loosening/delamination and
falling (flying) of concrete fragments on the rear face of protective wall, occurs when the
propagating compressive stress wave is reflected as tensile wave from the rear side of wall
and the dynamic tensile strength is exceeded. The whole structure may collapse due to a
very forceful explosion. Also induced vibrations in entire building due to impact need to
be assessed in order to ensure the functionality of critical equipment and components.
Damping is an essential phenomenon in these studies.
In the previous projects, the experimental studies of spreading water have determined the
spreading of the liquid front and local spray properties in one location. Generalization for
fuel liquids and towards realistic scenarios has taken place using CFD simulations with
FDS program. Model has been validated using the available experimental data. The
capability to predict droplet size distribution of the resulting spray has been developed by
implementing a secondary breakup model into FDS. Recent results have shown that the
model produces too small droplets, resulting in overestimated evaporation rate of burning
sprays. Further development has been made during 2011-2013. Good quality data was
obtained during 2013 impact tests on drop size. This data is now applicable for FDS
validation and input parameter specification.
The work will be prioritised and planned in detail together with the “ad hoc” group and
carried out within the budget frame. The study of structural response to explosions will not
be active during 2014 due to tentative prioritisation.
Domestic joint work:
Due to the multidisciplinary research topic wide co-operation is planned within VTT.
Special expertise is needed in definition of load transients due to different kinds of
explosions (e.g. VESPA project). Co-operation with Tampere University of Technology
(mainly in Tasks 1-2) will be continued.
International joint work and co-operation:
Workshops on numerical analyses will be organized jointly within the Technical Advisory
Group meetings of IMPACT project. ENRCIP Thematic Group of European Union on
explosions and OECD/NEA/IAGE Work Group will be participated in. Writing of
scientific joint papers will be continued.

Specific Goals in 2014

Task 1 Damping of vibrations in reinforced concrete (Funding: VYR, VTT)
The effect of damping and damping mechanisms in reinforced concrete structures in general must
be studied further. Damping has also a significant role when studying propagating vibrations to
other parts of the building from the damaged impact site. The final goal is to assess the damping
ratios in different cases to be used when predicting induced vibrations inside a building made of
reinforced concrete, especially in the case the concrete is damaged due to impact.
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Methods and modelling techniques will be tested and taken in use. IMPACT test data is utilized in
this work.
Task 1.1 Literature study
First, a literature review will be carried out in order to obtain deep understanding of the
phenomenon and to study and assess the methods used worldwide.
Task 1.2 Numerical methods and models
Based on the literature study, methods and modelling techniques will be tested and taken in use.
Within the IMPACT project two tests dedicated to induced vibrations will be carried out during
spring 2014. Test data is utilized in this work.
Task 2 Post calculations for selected IMPACT tests (Funding: VYR, VTT)
This subproject aims at developing modelling techniques and methods for assessing structural
behaviour of reinforced concrete wall loaded by soft and hard missiles. Especially, the methods
and modelling techniques for studying the behaviour of a wall deforming by both bending and
punching mechanisms need to be developed further. Both simplified methods and Finite Element
(FE) modelling will be developed and applied in these studies.
The interplay between the dissipation effects of material strain rate sensitivity, both steel and
concrete, and the material damping, e.g. of the Rayleigh-Ritz type, is studied in the context of all
used analysis methods, the finite element method and simplified methods. In impact cases, before
obtaining the maximum deflection, the rate effect is governing, and during post peak vibrations,
damping is imposed on the damaged concrete structure. Usually, damping is imposed from the
beginning of analysis but the rate effect is significant in the first phase of motion before obtaining
the maximum deformation.
In order to obtain correct post peak vibration behaviour the damaged concrete properties need to
be modelled correctly. This is significant also when predicting the consequences of impact
induced vibrations in other parts of the structure.
Task 2.1 FE analyses
FE analyses of selected tests conducted within IMPACT project will be carried out. The existing
modelling methods and techniques will be validated and possible development needs will be
identified.
Work on methods and models for numerical simulation of combined bending and punching was
initiated in 2013. This work needs to be continued.
SPH approach was tested in 2013 and found a promising and adequate approach for impact cases
involving deep penetration, scabbing or perforation. It will be applied in 2014 in hard missile
impact studies. The capabilities of the methods will be assessed further.
Since the number of finalised tests is increasing, special emphasis lies on studying more
systematically whole test series and drawing general conclusions.
MSc Thesis on impact loaded reinforced concrete structures at TUT was initiated in 2013 and will
be finalised during 2014.
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Task 2.2 Water filled missiles
Post analyses on hydrodynamic effect of the water container will be carried out. These tests were
carried out within IMPACT project in 2012, using empty, filled and partly filled missiles. Based
on that study the impact forces due to water-filled missiles will be able to be predicted more
reliably in the future.
Different modelling techniques will be used. The modelling of water filled missile can be carried
out using, for example, coupled Eulerian-Langrangian (CEL) analysis where the solid missile
structure is modelled using Lagrangian elements inside an Eulerian domain where elements inside
the missile structure consist of water material and elements outside the missile consist of air
material. Target wall is also modelled with Lagrangian elements. Another possibility of modelling
water inside the missile is utilizing Smoothed-Particle Hydrodynamics (SPH) technique where
water is modelled as a meshless continuum and the SPH removes the difficulties associated with
extreme mesh deformations.
Simulation results will be compared to results of simplified methods where the hydrodynamic
behaviour of water is modelled as a mass flow. Folding of dry thin-walled stainless steel missiles
can be modelled quite accurately by simplified methods when compared with calculations by the
finite element method and with experimental results. In the case of water filled wet missiles
tearing of thin-walled water container should also be modelled with simplified methods when
aiming at determination of more detailed impact force history.
This task was postponed from 2012 and 2013 plan due to the cut of funding.
Task 2.3 Simplified methods
Simplified methods will be developed further and used in analysing selected IMPACT tests for
deformation, velocity, acceleration, forces and failure mode of target slab in different loadings by
dry and water missiles.
Studies of projectile impact cases in which local failure by punching and global failure by bending
are both likely to take place are carried out. Test series named X in IMPACT project will give
valuable experimental data for comparisons, verifications and parametric studies.
Strain hardening and strain rate effect of bending and shear reinforcement and rate effect of
concrete will be studied in more detail. Simplified stress resultant yield functions for shell finite
element models will be studied further. The ability to detect bending and shear punching failures
with simplified yield functions enables larger analyses to be performed more economically but
with sufficient accuracy in many global structural analyses.
In simplified methods of deducing the load function mass flow and average crushing force are
taken into account in Riera’s method. In more refined simplified analysis besides folding also the
possibility of tearing of the thin missile wall in wet missile impact cases should preferably be
taken into account.
Task 3 Liquid spreading (Funding: VYR, VTT)
The experimental data on liquid spreading from years 2012-2013 has been of much higher quality
than in the past. The new experimental results allow more detailed validation of the liquid
transport (spreading and deceleration) calculations. They also enable quantitative validation of the
atomization models needed for predictive simulation capability in scenarios that are different from
the experimental ones.
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The goal of the task is to utilize the 2012-2013 experimental data for FDS validation and input
parameter specification. The simulations will try to reproduce the location of the liquid front as a
function of time, and the droplet size distribution dependence on impact speed and initial liquid
velocity. As a result, a validated capability to simulate liquid behaviour in high-speed impacts will
be achieved. For international acceptability, the results must be published in a scientific journal
article.
According to the current FDS development principles, the results published in the archival
journals should simultaneously be included in the (open access) FDS validation repository to
demonstrate the repeatability of the simulations. The validation cases will be created to the FDS
validation repository as a part of the project.
Deliverables
Task

Deliverable

1

Research report including literature study and numerical studies

2

MSc Thesis
Manuscript to a scientific journal submitted

3

Journal article manuscript submitted.

Applications
Results of the work, methods, models and calculation tools can be applied in real scale aircraft
crash scenarios: in predicting structural integrity, effects of vibrations, fuel spreading, and in
assessing fire risk. As a safety influence, capability to participate in design and design evaluation
projects will be achieved.
Education of experts
New experts will be educated during this project. There is a need for education of such new,
young experts in the field of structural integrity and FDS simulations. MSc Thesis on structural
analyses was initiated in 2013 and will be finalized in 2014 (TUT). Task 3 will contribute to the
PhD Thesis of Topi Sikanen.
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RESEARCH PLAN for 2014/version 3

SEISMIC SAFETY OF NUCLEAR POWER PLANTS – TARGETS FOR RESEARCH
AND EDUCATION (SESA)
Duration
Project manager
Volume and funding 2013

2014– 2014
Ludovic Fulop
5 VTT+(1.5SeI+1.5AF74+46+13=132 k€
C)+0.6AaU = 8.6 person
months
Funding sources (k€) 2014
VYR 97 k€, VTT 23k€, AaU 2k€, Wärtsilä 10 k€
NOTES:
VTT – Technical Research Centre of Finland
SeI – Institute of Seismology / University of Helsinki,
AF-C – AF Consult,
AaU – Aalto University
Objectives
In 2011 we started building up the understanding about the interest areas in the earthquake design
in Finland. It appears that the seismic risk assessment (Subproject 1) activity was low after the
1970’s – building the first NPP’s. It is time to strengthen the expertise due to future need both in
NPP and depositing facilities, but also because the general knowledge level has considerably
increased. Important outcomes have been achieved in this field by the SESA project. In 2012, the
team form the Institute of seismology collected close distance measurements (1-9km), with high
rate of sampling, form an ML>2 earthquake swarm near Kouvola. The data collected is unique in
its kind in Finland and Fennoscandia. Based on these measurements and a large (~ 30000 traces)
database of other Fennoscandian recordings collected in SESA, the first proposal of attenuation
relationship has been formulated in the project in 2013. This type of attention study is crucial,
when we consider that earthquake hazard in Finland has so far been calculated using attenuation
relationships based in other geographical regions (judged to be similar to the geological conditions
in Finland). The evaluation of local data is very important confirm the hazard estimates based on
previous studies.
In Subproject 2 the general focus was on reporting on the state-of-the-art in differences between
NPP versus usual buildings design targets/philosophy. This is essential since current design codes
for buildings in Finland (Eurocodes) are non-NPP and non-earthquake, with the exception of EN
1998. The construction industry is familiar with the Eurocodes and there is a need to understand
where the differences with NPP field are. More efficient, but less familiar, construction techniques
have also proposed for the new NPP structures (e.g. the steel-concrete-steel composite sandwich
system). Subproject 2 has to follow the developments of these techniques. In fact, the work in the
SESA project was one of the supporting factors for the participation of VTT, STUK and PEIKKO
in the EU project “SC for Industrial, Energy and Nuclear Construction Efficiency” (2013-2017).
Subproject 3 continued in 2013. After the review of qualification techniques in 2013, in 2013
work has been focused on the practice example for the qualification of a day-tank for an
emergency diesel generator. With the presence in the SESA consortium of Wärtsilä a strong
participant is guiding the Ad-Hoc group’s work on Subproject 3.
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Table 1. Focus areas - 2014

Depth of study

Topics to be developed in the project
Seismic Hazards
Seismic Structural Design

Equipment Qualification
Seismic Safety Evaluation (Seismic PSA)

Dissemination of Capacity building
Original
existing
(Learning /
development to
knowledge
Courses)
be carried out
Course in Aalto
University
Course in Aalto
University
Course in Aalto
University

Follow the
Damping in shear
IAEA/ISSC/EBP
wall structures
Set targets for testing
capacity (hardware,
software, know-how)
development in
Finland
investigation and
testing software’s

Background
Seismic load has not been considered in the design of OL1/OL2. During a modernization project
in 1997 OL1/OL2 seismic probabilistic risk assessment (SPRA) according to NUREG guides and
EPRI reports were performed and also necessary modifications. The basis for the design of OL3
has been YVL2.6, which has similar features to seismic margin assessment. YVL2.6 methodology
is very useful for the areas where seismic hazard is low. For OL3 also SPRA has been done
according YVL2.61.
YVL guide was updated and SESA was a platform supporting the process with background
information in the case of YVL2.6. Stress tests European peer reviews were ready in 2012, SESA
acknowledging the findings in the evaluation of state-of-the-art and Finnish practices of seismic
safety studies and design of nuclear facilities. In 2013S SESA started to follow the results of
IAEA/ISSC (Fulop participated in the meeting OECD/ISSC meeting in Paris and reported the AdHoc group of SESA).
Further important updates/activities in 2013: (1) SESA received incoming Fulbright Researcher,
Professor Yue Li from Michigan Tech for a 2 month visit, with another 4 months due in spring
2014, (3) VTT, Aalto University, the University of Helsinki and Michigan Tech decided to start
work towards a PhD, with candidate Vilho Jussila, and with the title “Earthquake source modeling
and near-field earthquake effects in the Fennoscandian shield” and (3) SSM from Sweden decided
to support SESA by co-financing cooperation in Uppsala University (Dr. Björn Lund) which will
be directed towards the completing the Fennoscandian earthquake data bank and the supervision
of Mr. Jussila’s 1st year preparation.
Specific Goals in 2014
1 Earthquake hazard assessment (SeI, subcontractor AF-Consult, VTT, Aalto)2

The original goals of the SAFIR14 projects were set before the very serious accident
that occurred at the Fukushima Daiichi nuclear power plant following the major
earthquake and devastating tsunami of 11 March 2011. It is necessary but follow results
of national stress tests, European peer reviews as well results of IAEA/ISSC
1 Maanjaristysten Huomioon Ottaminen Ydinvoimalaitoksissa (STUK, December 19, 2001)
2
There are also contributions from outside of the SESA budget: (1) 4 months of Professor Li from
Michigan Tech (Fulbright grant), (2) direct financing from SMM Sweden to Uppsala University, to
facilitate cooperation with SESA
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(International Seismic Safety Center). At the new situation the quality and the volume
of the original mission related to the seismic risk assessment (SESA) for 2012 - 2014
was reassessed.
A more comprehensive investigation of methods and regional characteristics in Finland
was carried out resulting in the already mentioned (1) collection of new seismic data (2)
building the most comprehensive databank of seismic recordings from Fennoscandia
and (3) calibration the first attenuation relationship proposal for seismic risk estimation
in the Fennoscandia context.
The plan for the next year SP1 total 4 person months (SEI = 2, AFC = 2) with the main
focus on concluding seismic hazard studies (Task1.2) and supervision work for starting
the source modeling (Task 1.3). Basic resources are dedicated to continuing collection
of data for the database (with main target to integrate the data received from Uppsala).
1.1 Seismic hazard studies (Funding: VYR)

In 2013, the final version of the SESA attenuation relationship was calibrated. Test
calculations were carried out to compare hazard estimates using the new attenuation
relationship, with the previous hazard estimates in Finland. 2014 is the year for
finalizing, write-down and conclusion for the hazard studies, using the consolidated (i.e.
documented, archived and published) version of the attenuation relationship.
1.3 Source modeling and near-field effects (Thesis work) (Funding: VYR, VTT, SSM
directly to Uppsala, Supported by 4 month of Prof. Li’s Fulbright visit to VTT)
The training of the PhD candidate at the Institute of Seismology, and complementary work of
cooperation with Uppsala University will be carried out in this Task. A related PhD thesis work is
on-going at Uppsala, and the cooperation of the two sides will be facilitated. The budget of Task
1.3 covers work in the Institute of Seismology (instructor) and in VTT (candidate & instructor)
and Aalto University (thesis supervisor). A further resource in Task 1.3 is the 4 month visit of
Professor Li form Michigan Tech, which will also be dedicated to work in this task (this is outside
the SESA budget).
1.4 Education (Funding: VYR).
Carry out the teaching in the spring 2014 course Rak-43.3160 (Earthquakes and seismic loading
on Structures).
2 Structural assessments (VTT, Aalto U.)
As important uncertainties exist in the prediction of the seismic loads on structures, a two level
strategy is possible: (1) at the design basis level - DBL (e.g. PGA = 0,1g), the simpler and
conservative methods applied already today should be used; (2) a second, beyond design basis
level should be assessed where reserves due to nonlinearity and energy dissipation are also
considered. The sensitivity of the structural response with the many design parameters has been
extensively studied in 2013. One point of interest identified in the Ad-Hoc group meetings in 2013
was the possibility of estimating the damping rations using non-linear models, at different levels
of non-linearity. This is the only structural modeling topic to be explored in 2014.
2.1 Analysis of selected NPP building structures (Funding: VYR, VTT)
Basic DBL and beyond design basis loading scenarios activate different levels of non-linear
response in concrete structures. Depending on the level of cracking of concrete and other nonlinear phenomena, equivalent damping rations can be proposed. For larger loads the equivalent
damping values are larger, because the non-linearity involved in the response is more widespread.
In this task, suitable damping values will be developed for the different load levels.
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2.2 Capacity building and cooperation (Funding: VYR, VTT)
Ludovic Fülöp will take part in the next IAEA/ISSC/EBP (extra budgetary project) meeting, as a
further attempt to internationalize the seismic studies in SESA.
2.3 Education – (Funding: VYR, Aalto, VTT)
Carry out the teaching in the spring 2014 course Rak-43.3160 (Earthquakes and seismic loading
on Structures).
3 Equipment qualification procedures (VTT, Aalto U.)
2012 is the startup year of activity in SP3, with a review of available component qualification
databases and qualification procedures in codes of practice (IEEE 3443, RCC-E4). In 2013 a good
practice example was started for modeling and testing based qualification of a day tank for an
emergency diesel generator (EDG).
3.1 Component response (Funding: VYR, VTT)
The day tank qualification example will be further improved in 2014. Advanced FEM modeling of
the day tank will include interaction with liquid, and other sources of uncertainty.
3.3 Education – (Funding: VYR)
Carry out the teaching in the spring 2014 course Rak-43.3160 (Earthquakes and seismic loading
on Structures).
Deliverables
Task

Deliverable

1.1

Final report on seismic hazard studies.
Final/Consolidated version of the attenuation functions (report or research paper)

1.3
1.4

2.1

Delivering public lectures and assignments on: (L2) Seismicity, earthquake parameters
and databases, (L2) Seismic waves and Earth structure, (L3) Ground motion
characteristics, (L4) Seismic hazard assessment.
Damping estimates based on the level of non-linear response in stiff concrete buildings
(report or research paper)

2.2

Delivering public lectures and assignments on: (L6) Single degree of freedom systems in
time and frequency domain; (L7) Ground and floor response spectra, their definition and
use in analysis; (L8) Conceptual design of steel and reinforced concrete structures; (L9)
Earthquake standards, Eurocode 8; (L10) Soil structure interaction and soil liquefaction;
(L12) Use of energy dissipating devices in buildings

3.1

Seismic qualification of complex equipment by combined analysis and testing (report)
Delivering public lectures and assignments on: (L11) Seismic fragility curves, equipment
qualification and seismic PSA

3.2

Education of experts
(1) After the success of the Spring 2012course on seismic design in Aalto University, facilitated by
SESA, 2103 has been dedicated to the upgrade of the course material. In 2014 the 26 hours lectures
and 80hours independent work will be scheduled again, this time in a concentrated session in order
3 IEEE Recommended Practice for Seismic Qualification of Class 1E Equipment for Nuclear Power
Generating Stations.
4 RCC-E, Design and Construction Rules for Electrical components of nuclear islands. 2005.
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to facilitate participation from companies, and applicants from abroad. The Fulbright visit of
Professor Li will also be used to support the course.
(2) Discussions in the Ad-Hoc meetings of SESA lead to the identification of a PhD thesis topic.
Fortunately, in 2013 a suitable candidate was also found, and the application was made to enter the
PhD program of Aalto University.
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RESEARCH PLAN for 2014

Extreme weather and nuclear power plants (EXWE)
Sään ääri-ilmiöt ja ydinvoimalaitokset
Duration
2011– 2014
Project manager
Kirsti Jylhä
Volume and funding 2014
1.05 person years
Funding sources (k€) 2014
VYR 72 k€, FMI 37 k€
1 person year = 10.5 person months.

109 k€

Objectives
The overall objective of the research is to produce a comprehensive review of the frequency,
intensity, spatial and temporal variation and the impacts of the extreme weather and sea level
events that are relevant for the safety of nuclear power plants, as well as to clarify the influence
of climate change on these. Instrumental records and climate model simulations are utilized. The
study topics chosen for 2014 are in part a continuation for the studies in 2012-2013. The topics
were identified most relevant in a discussion with the end users (representatives of the power
companies and the nuclear safety authorities).
The future sea levels affect the design basis of the new power plants. Simultaneous flooding
of several safety-important compartments must be made practically impossible. As the design
criteria are defined in the near future, a first-priority issue is to update the sea level scenarios on
the basis of the latest scientific knowledge. The sea water studies proposed for 2014 concentrate
on 1) meteotsunamis, sudden local changes in sea level.
The second objective of the project is 2) to give rough estimates of the probability of
occurrence of extreme weather events that have not been observed in Finland. Downscaling
methods developed in 2013 will be used in 2014 to analyse extreme weather phenomena such as
freezing rain storms and excess snowfall.
The third objective in 2014 is 3) to gather research results of EXWE within SAFIR2014
into a synthesis publication.
Background
Some exceptional weather events or combination of different events may prevent normal power
operation and simultaneously endanger safe shutdown of the plant. Extreme weather events could
affect, for example, the external power grid connection, emergency diesel generators (blockage of
air intakes), ventilation and cooling of electric and electronics equipment rooms and the seawater
intake. High sea level may also cause problems for the power plants located at the coast. During
years 2007–2010 in context of SAFIR2010, FMI examined several weather phenomena and sea
levels. In 2011, in context of SAFIR2014, the mean sea level scenarios and heat waves were
studied. In 2012, unexpected recent sea level events brought the attention to meteotsunamis, and
extreme weather events were studied with millennium long climate simulations. In 2013,
modelling methods were developed to study the vulnerability of nuclear power plant sites to
meteotsunamis and to downscale relatively coarse global climate model simulations using regional
climate models. In addition, return levels of enthalpy were examined.
As a consequence of the accident at Fukushima nuclear power plant in 2011, the extra
research needs to be included into the SAFIR2014 programme were reviewed. As a result of the
review it was proposed that occurrence of natural hazards should be studied in more detail.
These kinds of hazards include very rapid changes of Baltic Sea level, ice storms (very intensive
freezing rain), excess snowfall cases and hurricane scale wind speeds. Some of these
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phenomena have never been observed in Finland and an interesting question is whether these
events could occur here.
Specific Goals in 2014
1. Meteotsunamis on the Finnish coast
Meteotsunamis are sudden changes in local sea level caused by meteorological conditions, namely
air pressure disturbances moving above the sea at a speed that causes amplification of the resulting
wave due to air-sea interaction. Relevant parameters for wave growth are the speed and direction
of the air pressure disturbance as well as coastal topography. The subproject studies this
phenomenon on the Finnish coast, particularly in the context of nuclear power plant safety, and
continues the work carried out in EXWE in 2012–2013.
1.1 Meteotsunami modelling in the Bay of Bothnia (Funding: VYR, FMI)
Destructive meteotsunamis are local phenomena, strongly amplified by the coastal topography in
favourable places. The behaviour of meteotsunami waves as they approach the coastline can be
studied by refraction models. The modelling method was developed in EXWE in 2013 and it can
be used to study the vulnerability of Finnish nuclear power plant sites to meteotsunamis as well as
to look for other vulnerable places on the Finnish coastline. Mapping potential generation areas,
which have a suitable bathymetry for the formation of meteotsunamis, is important for modelling
work and requires further study. In 2014, this analysis will be continued and extended to the Bay
of Bothnia. The main objective is to find out the worst possible meteotsunami case at the Finnish
nuclear power plant sites.
1.2 Improving understanding of meteotsunamis by radar data analysis (Funding: VYR, FMI)
According to preliminary results obtained in EXWE in 2012–2013, rapid sea level oscillations
have become more common on the Finnish coast. Current statistics rely on water level data and do
not reveal the meteorological phenomena behind the oscillations. The meteorological cause of
temporal trends in meteotsunami frequency could be studied by more extensive radar data
analyses. Radar data is available from the mid-1990s. Better understanding of the meteorological
phenomena causing meteotsunami waves would give basis for estimating probabilities of
meteotsunami events, a topic which has been requested by the end users.
2. Probability of occurrence of extreme weather events that have not been observed in Finland
(Funding: VYR, FMI)
In 2012 millenium long climate model simulations were used to analyse the occurrence of weather
events that have never been detected in observations. The global climate models have relatively
coarse spatial, vertical and temporal resolution. To be able to gain a better resolution and also a
better description of extreme weather events, global model simulations can be downscaled to a
finer resolution using regional climate models (RCMs). In 2013 we developed and tested methods
where RCMs could be used to downscale the interesting and potentially dangerous weather events
(freezing rain, very heavy snowfall) for the nuclear power plant locations. In 2014, the methods
will be utilized to provide model-based estimates of the probability of occurrence of unprecedented
extreme weather events in the changing climate of Finland by the end of this century.
3. Synthesis of the EXWE outcomes in 2011-2014 (Funding: VYR, FMI)
Along with the proposed topics for 2014 (see above), the following themes have been studied in
2011-2013: i) effect of West-Antarctic Ice Sheet on mean sea level scenarios for the Finnish
coast; ii) the success of earlier global mean sea level scenarios; iii) short-term very high
water levels in the Baltic Sea, including meteotsunamis and wind-related changes in sea

level behaviour; v) changes in the occurrence of heat waves; vi) probability of the
occurrence of unprecedented extreme weather events, such as freezing precipitation and
severe snowfall; vii) storm tracks and very high winds; viii) return levels of enthalpy.
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The aim of this subproject is to gather main results of the project within SAFIR2014 into a
synthesis publication.
Deliverables
Task

Deliverable

1

A report and/or scientific article on the results of the meteotsunami studies
A report and/or scientific article on the probability of occurrence of extreme weather
events that have not been observed in Finland
A synthesis publication

2
3

Applications
The sea level scenarios can be used as guidance when the design bases of the new nuclear power
plants are defined. The scenarios are also applicable in other areas of the society, like planning of
coastal constructions and preparedness for natural hazards. The results on extreme phenomena can
be used in defining the safety regulations for nuclear power plant constructions and operations.
The end-users are the power companies designing and running the nuclear power plants and the
nuclear safety authorities. The goals of this study are defined in co-operation with the end-users.
Education of experts



The studies of extreme sea levels form a major part of Milla Johansson’s PhD work
“Changes in sea level behaviour on the Finnish coast and their relation to atmospheric
factors", to be defended in 2014.
The studies of extreme weather events relate to Matti Kämäräinen’s and Pauli Jokinen’s
PhD studies.
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Risk Assessment of Large Fire Loads (LARGO)
Suurten palokuormien riskien arviointi
Duration
2010–2014
Project manager
Anna Matala
Volume and funding 2014
1.1 person-years
Funding sources (k€) 2014
VYR 124 k€, VTT 61 k€
1 person year = 10.5 person months.

185 k€

Objectives
The main objective of the project is the assessment of risks associated with large industrial fire
loads within NPPs, such as oil or electrical cables. The results of the project can be used to
ensure the fulfilment of defence-in-depth principle in fire protection. Specific requirements set
by the severity and nature of the fire for the elements of the defence-in-depth principle will be
studied, including the possibilities for detection and suppression and fire mitigation by
structural partitioning. The envisaged research includes the development of fire simulation
methods towards a validated capability to predict fire size under ventilation controlled
conditions and suppression, and development of a software tool for the interoperability of stateof-the-art fire and structural simulation models. The capability to evaluate the efficiency of
counter measures by plant personnel will be examined by further development and practical
application of the new fire-HRA –method. The sensitivity of digital automation to smoke and
heat will be studied to enable the prediction of damages in components and systems for which
empirical data is not yet available. The objective of the fire-HRA and device response studies is
the estimation of probability of successful safe shutdown.
Background
The computational assessment of the fire consequences is currently possible with sufficient
reliability for prescribed fires within the compartment of fire origin. Significant steps towards the
prediction of fire size have been taken during the last decade, partially within the Finnish NPP fire
safety projects dealing mainly with fires starting from established (prescribed) ignition to
spreading fires on electrical cables. Both empirical and theoretical work aiming at predictive
capability to simulate the transition from small local ignition to a developing fire has been carried
out, but some further work is still needed before practical applications. The possibilities for the
validation of flame spread simulations on electrical cables are currently better than ever due to the
availability U.S.NRC test data on horizontal and vertical (originally scheduled for 2011 but
delayed) flame spread. The simulation of fire penetration through structural barriers is currently
beyond the validated capabilities of fire simulation programs.
Probabilistic methods to account for the uncertainty associated with the initial and boundary
conditions have been developed and applied on paired-redundancy problems. These studies have
been limited to the problems considering only one fire compartment. The issue of fire spreading
outside the compartment has not been covered, except for the smoke spreading through the
ventilation network covered roughly in the late 1990’s. New method for the assessment of human
reliability in fire scenarios was developed in the end of the FIRAS project (2007-2010), but
applications are still pending. The knowledge about the response of electrical and mechanical
devices on heat and smoke is currently limited to the traditional technology, leaving a plenty of
open questions for those dealing with the digital automation under and after fire exposures.
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Specific Goals in 2014
Cuttings in funding are mainly focused to subtasks 2.2 and 4.1, and to travel budget of tasks 1 and
2. Due to these changes, the objectives of subtasks have been slightly modified.
1 Defence-in-depth for fires
The subproject aims at means to assess the defence-in-depth aspects of fire safety to support the
fire-PRA. New computational techniques are developed to evaluate the physical separation in fires
resulting from the ignition of large fire loads.
1.3 Assessment of physical separation (Funding: VYR, VTT)
The tool created in task 1.2 is exploited to study heat transfer between rooms and structures.
During 2014, the defence-in-depth of a Finnish NPP is investigated via case study. In order to
study the heat transfer between the rooms or compartments, the fire source should be of
significant size for maintaining a strong and long-lasting fire. The fire source could be a pool fire,
as the pool fire model has been improved in task 3.1 during previous years. The example
application will be chosen from Fortum or TVO. The fire simulation of this application would be
used also in the case study of subtask 2.2.
2 Response to fire
The subproject deals with responses to fire in two very different viewpoints. First is the reliability
of digital (programmable) automation under fire conditions, and the second is the response of the
control room and fire brigade personnel.
2.1 Effect of heat and smoke on digital automation hardware (Funding: VYR, VTT)
The modelling chain from the soot formation in the fire leading eventually to failure of, e.g.,
printed circuit board is studied in this subtask. The chain starts at fuel specification and the
following fire modelling. Fire produces soot that piles up on the surfaces. The significance of
electrophoresis will be studied at this point and possibly included to the model. The soot
deposition leads to bridging that further leads to loss of insulation resistance and failure of the
component. The connection between bridging and loss of insulation resistance has not yet been
clearly quantified anywhere in the literature. The overall goal is the integration of the phases of
this modelling chain.
2.2 Development and use of fire-HRA method (Funding: VYR, VTT)
During 2013, a more efficient implementation of the stochastic operational time model has been
studied. This application will be now tested via case study. The case could use the fire simulations
of the subtask 1.3 (pool fire) and study the operation of the fire brigade (both the NPP’s own and
the external, local fire brigade) in preventing the consequences of the fire. Due to cuttings in the
funding, the existing method will be applied to the case study, but no improvement of the method
will be done during year 2014.
3 Simulation of large fire loads
The subproject aims at validated capability to simulate large fires and the maintenance of
simulation software as an international co-operation.
3.3 Experimental validation of cable fire simulation model (Funding: VYR, VTT)
This subtask was before called “Correlation between cable fire risk and cable classification.” As
explained to reference group, according to present knowledge and capability of the simulation
software, this idea probably won’t produce good results. Therefore, a new plan for this subtask
was suggested and accepted in the reference group meeting 3/2013. The plan is to continue the
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large scale validation of the FDS software. New results from the PRISME 2 cable tray
experiments will be expected before the end of this year. These experiments will be made using
the cable that was provided by VTT, and therefore has been fully characterized earlier in this
project. Additionally, results of another cable (provided by GDF-SUEZ) will be used, as this cable
has been used in the most of the PRISME 2 experiments. A brief literature review will also be
prepared about the effect of radiation on the aging and following fire behaviour of the cables. It is
also planned to write an extensive journal article on the cable modelling activities in the LARGO
projects during the years 2011-2014.
4 OECD PRISME 2 (Funding: VYR)
The subproject aims at guidance and utilization of OECD PRISME 2 project, studying the
spreading of heat and smoke in enclosure fires, spreading of fires on cables and fire suppression
by water based systems. This subproject covers the participation fee that is 30k€ / year.
Deliverables
Task

Deliverable

1.3

Report on the results of the case study (including the results of task 2.2).

2.1

Report on the methods and results of soot modelling.

2.2

Joint-report with task 1.3.

3.3

Report on CFD simulations of PRISME 2 experiments.
Literature review on the effect of radiation to aging of cable materials.

4.1

Summary presentations on PRISME results in reference and ad hoc group meetings.

Applications
The developed methodology for the assessment of defence-in-depth will be used by the utilities to
support the fire-PRA. New computational methodology will be used to couple the fire simulations
with structural analysis. The computational results will give indication about the reliability of
physical separation and fire compartmentation in case of large fires loads burning. The new and
improved CFD fire simulation techniques will be used by the domestic and international fire
community for designing the fire protection, fire research and fire cause investigations. The
ultimate goal of the cable fire simulations is to allow a transition of standard-test based product
acceptance towards a risk based acceptance considering the physical properties of the product and
the intended application. The results of this project will, and have already been used for studying
the safety of the Finnish NPP’s also in external commissions. For instance, the experimental
results of PRISME 2 have been used in the evaluation of the cable fire risk in the feed water tank
compartment at Loviisa during 2013.
Education of experts
The work will contribute to the doctoral thesis of three young researchers.
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PRA Development and Application (PRADA)

Todennäköisyyspohjaisen riskianalyysin kehittäminen ja soveltaminen
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Ilkka Karanta
17 person months
189 k€
VYR 88 k€, VTT 40 k€, Aalto 10 k€, NKS 31 k€, OECD
HRP 20 k€

Objectives
General goals of the PRADA project are to:
Improve and develop methods for risk-informed decision making to support strategic and
operative plant management
Improve and develop PRA methods in terms of uncertainties and critical areas
Develop PRA knowledge and expertise in Finland
Foster international co-operation and import the best practices of the field into Finland
Background
PRADA-project is continuation of the project CHARISMA in the national nuclear safety
research programme SAFIR2010. Both PRADA and its predecessor CHARISMA are focused on
the development and application of probabilistic risk assessment methodologies. Characteristic
challenges in the field of probabilistic risk assessment are the handling of uncertainty, lack of
empirical data, need for enhanced contextuality and multidisciplinarity. As research trying to
improve PRA should meet these challenges, PRADA aims at fulfilling the goals outlined above
by conducting research in three areas:

1. Human reliability analysis (HRA)
2. Dynamic PRA
a. Integrated deterministic and probabilistic safety assessment
b. Recuperation modelling
c. Level 3 PRA
3. Imprecise probabilities in PRA
The research areas outlined above are interlinked and support each other. Due to the
nature of PRA an approach with several subprojects was chosen. The research work in
2012 was a continuation of the work completed in 2011, with the level 3 PRA research
task starting in 2012. In 2012, an evaluation guide was developed and tested in HRA; a
researcher network was established and a EURATOM project proposal was submitted in
integrated deterministic and probabilistic safety assessment (it was rejected, but a
revision to NUGENIA is under consideration); and requirements for a limited level 3
PRA are defined. In 2013, a new expert was assigned to the HRA field; a case study on
steam explosions was carried out in integrated deterministic and probabilistic safety
assessment; a new subtask, concerning the modelling and analysis of recuperation
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activities with the methods and tools of project management, was started; development
of a joint Nordic level 3 assessment methodology was started, with special focus on a
pilot application; and a method for analyzing portfolios (i.e. subsets) of component repairs was
developed. In 2014, the guidance on HRA will be written ready, and case studies will be
finalized; in IDPSA, the case study on steam explosions will be refined to account for different
vessel failure modes and debris coolability issues; in recuperation modeling, a case study will be
analyzed and its lessons taken into account in formulating the modeling formalism; in level 3
PSA, and a guidance on risk measures will be written, and a pilot application on a limited level 3
PSA will be conducted.

Specific Goals in 2014
1 Human reliability analysis
(Funding: VYR 20 k€, VTT 11 k€, OECD HRP 20k€)
The main objective of year 2014 is to continue the education of a new expert on the human
reliability analysis (HRA) field. This will be accomplished by the participation in the
international EXAM-HRA project and HRA method development.
EXAM-HRA is an international project (now including Finland, Sweden, Germany, Switzerland
and France) aiming at providing guidance on performing HRA, based on a survey of the HRA
practices in several nuclear power plant probabilistic risk assessments of the participating
countries. In the previous phases 2010–2011, the survey led up to the selection of a set of
scenarios and actions for further assessment. In 2012, an evaluation guide was developed and
tested with example cases. The results from the example case studies contain observations that
allow for improvements of both plant features as well as of the HRA itself. The case study results
provide a common basis for methods and guidance for HRA application and assessments to
improve consistency in in-depth HRA and HEP assessment.
In 2014, the assessments of existing HRA applications will be finalized by extending the
assessments of existing HRA applications with more cases and PRAs. This work shall provide an
overview of the assessments done by developing guidance on the scope of HRA applications and
choice of methods for HRA applications. The guidance reports will be released in 2014.
In 2014, VTT will continue the work the on case studies of existing HRA applications in
cooperation with the other EXAM-HRA participants. VTT will focus on selected case studies,
e.g. actions without procedures. VTT will also participate in the writing of the two guidance
documents: 1) Guidance on scope and 2) Guidance on methods. As part of EXAM-HRA, VTT
will participate in meetings, on-line meetings, plant visits and seminars. A project seminar will be
arranged for dissemination of results of EXAM-HRA. It will take place in fall 2014, and will
focus on the guidance on methods and the choice of methods for HRA applications.
2 Dynamic PRA
Subproject is aimed at enhancing the capabilities of probabilistic severe accident and consequence
analysis. Advanced method and tools for this purpose are developed.
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2.1 Integrated Deterministic and Probabilistic Safety Assessment (Funding: VYR: 18 k€, VTT:
13 k€, NKS 16,1 k€)
Integrated Deterministic and Probabilistic Safety Assessment (IDPSA) is a framework referring
to the variety of different approaches and tools developed for combined probabilistic and
deterministic analysis during the last decades. IDPSA is a family of methods which use tightly
coupled probabilistic and deterministic approaches to address aleatory (stochastic aspects of
scenario) and epistemic (modelling) uncertainties in a consistent manner. For example, what has
been referred to in the past as Dynamic PSA (DPSA) belongs to the family of IDPSA methods.
In 2011, an international workshop was organised in order to develop a joint European and US
research agenda on IDPSA for the coming 3–4 years. In 2012, the IDPSA network was
established and a Euratom project proposal was submitted. The application was rejected and the
next action for the network may be to prepare a further proposal for NUGENIA.
VTT’s research contribution within IDPSA includes the studies on dynamic PRA, passive system
reliability and level 2 PRA methods, especially related to the application of the dynamic PRA tool
SPSA. In 2011-12, a survey (isolation condenser) and Master’s Thesis (hydrogen management
case) have been carried out on the reliability analysis of passive systems. In 2013, a case study
related to the analysis of steam explosion in a boiling water reactor was outlined and performed
in Nordic cooperation. Common challenge with the isolation condenser, hydrogen and steam
explosion cases is the analysis complexities due to phenomenological uncertainties, and timing
and interaction uncertainties.
Work in 2014 will be directly based on the work performed in 2013. Possibility to use a fuelcoolant interaction simulation software to obtain pressure impulse probability distributions will
be examined; if it can be used, the work in 2014 will concentrate on it and other topics in this
subtask will receive less attention. The modeling approach will be refined further so that e.g.
different reactor pressure vessel failure modes would be better taken into account. In addition,
coolability of ex-vessel debris bed in level 2 PRA context will be looked into, which may
introduce synergies with SAFIR-project COOLOCE. The underlying general objective is to
pursue development of IDPSA approaches and methods.
This subtask also includes the integration of dynamic analysis methodologies results into FinPSA,
especially the level 2 tool. The goal is to be able to integrate the dynamic PRA modeling (this
subtask 2.1) into the FinPSA toolset. This subtask has thus connection to the planned SAFIRproject on FinPSA knowledge transfer (FINPSA-TRANSFER).
2.2 Recuperation modelling (Funding: VYR 6 k€, VTT 7 k€)
The subproject is aimed at the analysis of risks connected with recuperation from initiating
events. Such events might include a tsunami, an explosion, etc. Recuperation consists of many
activities with precedence relations, and can therefore be modelled as a project. In PRA,
recuperation is normally handled in event trees; however, an event tree is not a natural way of
expressing a set of interdependent activities with uncertainties, and may grow too large if all
alternative paths of action are taken into account. Thus, it would benefit PRA if a set of activities
for achieving a certain goal (e.g. preventing rising sea level from causing damage) could be
modelled and analyzed separately, and the result of this analysis – the probability that the goal is
achieved – could be used in the PRA model. Then the event trees of the PRA model would be
smaller and simpler, and the recuperation could still be analyzed in greater detail.
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When recuperation activities are modelled as projects, the methods and approaches developed in
project management literature become applicable. Naturally, there are special features that
distinguish recuperation projects from ordinary projects: there is a considerable element of
uncertainty to begin with, which may lead to choice between widely differing options; the plans
may have to be altered radically during the project; the goal of recuperation is usually more
abstract than that of an ordinary project; and so on. However, there are enough similarities so
that concepts and methods of project management can be used in a modified form.
The goal of the subproject in its second year of existence is to analyze a small case study. The
likely topic of the study is clearance and repair of a road in the Loviisa NPP area after e.g. storm
damage. The analysis will be based on Monte Carlo simulations applied to an activity network
model, and consist of statistical analysis of the simulation results.
3 Level 3 PRA (Funding: VYR 19 k€, VTT: 4 k€, NKS 14,6 k€)
The ultimate goal of the task is to achieve an approach to limited level 3 assessment methodology.
The target is to investigate and develop a calculation approach for risk evaluation in the case of a
radioactive release to the environment. Methods to estimate risk to the society in addition to an
individual are studied taking into account realistic approach. In 2013, the requirements for a
limited level 3 PRA are defined.
In 2014, the work will be continued in collaboration with the Swedish partners (Risk Pilot,
Scandpower and ES-konsult) in order to develop a joint level 3 assessment methodology. The
Nordic plan (2013–15) has the following tasks: 0 – Industry survey, 1 – Appropriate risk metrics,
2 – Pilot application, 3 – Regulation, guides and standards, 4 – Development of guidance
Document. In 2014, the focus is on tasks 1 (to be completed in 2014), 2 (to be started in 2014
and completed in 2015) and 3 (to be completed in 2014).
VTT’s work in 2014 will be to contribute to the tasks 1 and 3 and especially to focus on task 2 –
Pilot application. The aim with the pilot application is to study the following questions:
- how to define the source terms and probabilities in level 2 to facilitate limited level 3 PRA?
The aim is to use the level 2-3 interface defined in the project in 2012, to evaluate its strengths
and weaknesses, and to refine it base on the experiences.
- how to use a deterministic tool for atmospheric dispersion and probabilistic tool SPSA in an
integrated manner (analogous to MELCOR-SPSA use in level 2 PRA)? The approach to be
utilized in this study will be influenced by the experiences on the application of IDPSA on
level 2 (see above).
- data needed for a realistic site specific assessment of population risk, also taken into account
the safety assessment criteria given in the draft YVL guide B.1
- what requirements to set for SPSA tool to support level 3 PRA (link to FINPSA-TRANSFER
project)? In practice, this will be done by refining the definition of the level 2-3 interface
mentioned above.
- How to analyse and evaluate the radiation doses and health consequences to the affected
population, taking into account evacuation and shielding actions?
The Fukushima Daiichi accident will be used for verification of the model.
4 Imprecise probabilities in PRA (Funding: VYR: 20 k€, Aalto: 10 k€)
In 2014, this task applies the methods developed in this project in 2013 to analyze the risk
importance of groups of components. The method is developed for the use of STUK to perform

5
their stress tests with regard to multiple events at the same time. Relevant uncertainties are
identified prior to analysis using state-of-the art methods and insignificant uncertainties are
screened out of the analysis to ensure that the size of the model is computationally tractable.
Computational algorithms for the method are implemented in the Matlab-software developed
earlier in this project and the method is applied to realistic test data from a fault tree of a nuclear
facility. The method and its application are described in a manuscript, which will be submitted to
an international journal.
5. Project management and international co-operation (Funding: VYR: 5 k€, VTT: 5 k€)
The subproject includes management of PRADA, participation in the reference groups, planning
joint projects and related activities in SAFIR2014, resources for publishing results, and
international co-operation.
Deliverables
Task

Deliverable

1

VTT’s contribution to EXAM-HRA

2.1

Case study report(s) on IDPSA

2.2

A report on recuperation modeling

3

An interim reports on level 3 PRA capabilities
(i) Nordic report (Appropriate risk metrics, Regulation, guides and standards)
(ii) Finnish report – interim results of the pilot application, requirements on SPSA tool

4

Manuscript/submitted article that describes the developed method and the experiences
from applying it with test data

Applications
The following application possibilities are expected from the project subtasks:
Development of HRA and the survey of HRA practices can be applied in increasing the
quality of HRA analyses in NPPs
DPSA method development can be applied in the integrated analysis of complex
phenomena of severe accidents
Recuperation project models can be used in assessing schedule, resource and other risks
in e.g. level 2 PRA.
Increased capability for performing level 3 PRA, more realistic assessment of the risk of
a nuclear power plant to the society, support to planning of emergency preparedness
activities
Imprecise probabilities in PRA will develop a methodology that can be used to assess and
visualize the effect of uncertainties
Education of experts
The experts working in this project include the following doctoral students: Ilkka Karanta (VTT),
Taneli Silvonen (VTT), Markus Porthin (VTT) and Antti Toppila (Aalto). Additionally, the
VTT-Aalto University co-operation will increase nuclear safety expertise at the Aalto University
Systems Analysis Laboratory. The co-operation will also facilitate collaboration between doctoral
students under Prof. Ahti Salo.
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FinPSA knowledge transfer (FinPSA-transfer)
FinPSA tietämyksen siirto
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2012– 2014
Teemu Mätäsniemi
1.3 person-years
169 k€
VYR 102 k€, Fortum 5 k€, TVO 31 k€, ENSI 31 k€

Objectives
The main objective of the project is to ensure the support and development of a unique software
tool, FinPSA, dedicated to the performance of probabilistic risk analysis (PRA) for nuclear
power plants.
A general objective is to develop and demonstrate practice and skills in the development of
software products critical to safety.
Background
FinPSA and its predecessor SPSA are unique software tools developed by the Finnish Centre for
Radiation Safety (STUK) for carrying out probabilistic risk analyses. SPSA working in DOS
environment is a full level 1 and 2 PRA tool. FinPSA working in Windows environment
corresponds to the level 1 PRA part of SPSA, but has numerous new capabilities compared to
SPSA.
The present users of FinPSA/SPSA (“FinPSA” from now on) have expressed their satisfaction to
the software and would like to use it also in the future. However, STUK has only limited
resources to maintain and develop FinPSA, and on the other hand software development is not any
more considered to belong to the scope of activities of a regulatory body. STUK has thus taken the
initiative to plan the future of FinPSA with VTT and the main users.
During the project years (2012-2013), STUK and VTT have signed an agreement which makes it
possible to use and further develop FinPSA code and related documentation at VTT. The
requirements for future development have been carried out, the current design of level 1 have been
documented and reviewed, testing plan has been written and about half of test cases have been
reported. QA related standards have been studied, reported and the extracted knowledge is applied
to FinPSA. In addition, The FinPSA end user group meetings have been regularly organized. The
first FinPSA release of VTT is published in 2014 and research is more focusing to level 2 analysis
tool.
Specific Goals in 2014
1 Overall working coordination and co-operation
This is the coordinating subproject of the whole project. The subproject aims to assure success of
the following issues.
From the knowledge transfer point of view the main issues are 1) FinPSA/SPSA algorithm and
data structure level knowledge and 2) the software implementation level knowledge. The overall
strategy is that knowledge transfer will take place in parallel at both the levels in the subprojects
2-4, where STUK’s and VTT’s experts work as a team. In year 2014 considerable efforts will be
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in level 2 tool and its integration with level 1. The subproject includes also possible co-operation
with the SARANA project and participation to level 2 ad-hoc group. The SARANA project is
supported in data exchange between FinPSA and the YADRAT tool.
2 Software detailed design
In the 2012-2013 project years, the level 1 design has been documented and reviewed covering
architecture, units, algorithm of the solver and database descriptions. Also, the preliminary version
of the level 2 framework has been demonstrated and data exchange possibilities between levels 1
and 2 has been prepared. The design process goes on to the level 2 detailed and algorithm design.

Figure 1. Level 2 Architecture

Figure 1 represents the architecture of level 2 framework. Modules as Graphical modeller,
Solver, Statistical analyzator and Risk integrator will be designed and reported. Also, the needs of
PRA reporting are taken into account.
3 Prototype
The subproject aims at knowledge transfer on a deeper level. To achieve this, a new level 2
prototype tool and its integration with level 1 are implemented. Integration is based on loosely
coupled tools, which enables also a standalone usage of the level 2 tool. Only the most relevant
user interface features will be implemented because the focus is more in the correct and efficient
operation of the level 2 tool. Corresponding user manuals are created and updated as needed. In
addition, introduction training sessions for interface tree and level 2 topics will be organized.
4 Testing
In the 2012-2013 project years, many level 1 test cases have been specified and about half of tests
have been performed and reported. In addition, execution of some test cases is automated by
AutoIt. Thus, FinPSA is stated to have prerequisites for testing. However, it has been noticed that
correctness of results of complex test cases cannot be proved analytically. In these cases the
comparison of results to run results calculated by an earlier tool version can provide evidence
about program correctness. To support this kind of analysis new methods and tools are needed.
The subproject studies the needed methods and prepares a plan for tool support. In the future, test
run result comparison tool can also aid end users while they are validating new software version.
The correctness of level 2 tool is verified by test cases specified in this subproject. Thus, the
whole tool chain from level 1 to 2 is taken under test control.
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Deliverables
Task

Deliverable

1

Level 2 detailed design specification

2

Level 2 prototype tool, manuals (and introduction training sessions concerning interface
tree and level 2 topics)

3

Plan for level 1 run result comparison

4

Test cases for level 1 and 2 integration and level 2

The deliverables are as such confidential documents and will not be distributed outside of VTT
and STUK. SAFIR stakeholders including ENSI will get public summaries of the deliverables.
Applications
The project will facilitate the maintenance and further development of level 1 and 2 tools.
Education of experts
One of the main purposes of the project is to educate new experts to maintain and develop a
unique software tool, in order to ensure the future of the tool. Knowledge transfer from STUK
senior experts to younger researchers at VTT will be established.
There are three dissertations under preparation at VTT in the area of probabilistic risk analysis,
especially related to dynamic reliability analysis methods. The topics of this project are closely
related to them and will support the dissertations.
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Enhancement of Lappeenranta instrumentation of nuclear safety experiments (ELAINE)
Lappeenrannan ydinturvallisuuskokeiden mittausten ajanmukaistaminen
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2011 – 2014
Arto Ylönen
1.7 person-years
VYR 220 k€, TVO 50 k€

270 k€

Objectives
The main goal of the project is to increase the quality and quantity of the measured data generated
by the Nuclear Safety Research Unit at Lappeenranta University of Technology (LUT) in order to
meet the requirements imposed by today’s CFD modeling.
One of the main challenges in experimental research is “extracting” the studied physical quantities
from the test arrangement for the use of the analysts as numerical data. In nuclear safety research
this data is mostly used in validation purposes. Quality of the data depends on the capabilities of
the data gathering chain. The needs for the quality (and quantity) of test data has changed
dramatically in the last few years, mainly due to more extensive use of CFD computation. The
focus is now on 3D quantities instead of series of single point measurements, i.e. velocity fields,
etc. One important quantity in thermal hydraulics is heat flux, and testing of a sensor directly
measuring heat flux is ongoing. Another challenge is how to store and distribute this research data
to the end users of the results.
In addition to these general objectives, the main circulation pumps for the PWR PACTEL facility
were installed in 2013. In connection with the installation of the pumps general maintenance of the
PACTEL/PWR PACTEL facility was launched and will be continued in 2014.
Background
The ELAINE project was started in 2011 by acquiring a Particle Image Velocimetry (PIV)
measuring system, and studying the applicability of the Wire Mesh Sensor (WMS) and Electrical
Resistance Tomography (ERT) systems. This work is combined with the NUCPRI project of the
Academy of Finland. Development and implementation of new data storage software was also
started.
The measurement of volume fraction in two phase flows is needed for the validation of the CFD
codes, but it is challenging to perform in integral scale test facilities. Wire-Mesh Sensor (WMS)
can produce more information of two dimensional volume fraction distribution and velocity profile.
However, the installation of the WMS places great demands on the actual design of the test facility,
since the measurement meshes must be physically installed in to the vessel. The nature of the WMS
system is such, that the majority of the costs come from the electronics of the system, and the
actual sensors are more reasonably priced. For this reason a separate test setup with unique sensors
was a worthwhile investment.
Defining the heat flux is important in many experiment applications. Testing of heat flux sensors
has been investigated by Professor Andrey Mityakov in the laboratories of nuclear safety unit at
LUT. The first tests have proved to be promising, so further testing is included in the project.
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The PACTEL test facility, which has been in continuous operation for over 20 years, has been
equipped with two vertical steam generators in order to simulate modern nuclear power plant
designs that incorporate such a feature. The main purpose was to model Areva’s EPR reactor, but
the PWR PACTEL can also be used for generic modeling of vertical steam generator designs.

Specific Goals in 2014
1 Advanced use of CFD-grade measurement techniques
This subproject aims at building in-house expertise and know-how on the advanced measurement
techniques. Work is connected to the NUCPRI project of the Academy of Finland.
1.1 Advanced and combined use of PIV/WMS measurement techniques (Funding: VYR 75 k€)
The goal of this subproject is to study the use of PIV system for the measurement of continuous
phase velocities in dispersed two-phase flows. The combined use of PIV and WMS measurement
techniques increases the understanding on the applicability and the setting up of PIV to two-phase
flow systems. The work was started in 2013 when a test facility for Horizontal/Inclined Pipe flow
Experiments (named as HIPE) was designed and constructed. Also internal standards and
guidelines for the storing and processing the PIV/WMS data will be developed in this subproject.
This will be done to ensure that the data can also be accessed in the future.
1.2 Development and improvement of 3D High-Speed Camera data analysis routines (Funding:
VYR 40 k€)
Previously, pattern recognition algorithms have been used for the single camera set-up in the
PPOOLEX test facility at LUT. The analysis routines will be now updated and improved to
analyse the data synchronously recorded with the three high-speed cameras which were acquired in
the project in 2013. The algorithms can be applied to detect and analyse shapes and sizes of
patterns more accurately such as steam bubbles in a condensation pool and bubbles in a flow
channel.
1.3 Evolutionary types of Wire-Mesh Sensors and their capabilities (Funding: VYR 10 k€, TVO
50 k€)
Wire-Mesh Sensor measurement technique is well-established method to investigate mixing and
two-phase flow phenomena. The WMSs are widely used in research laboratories worldwide. The
aim of this subproject is to develop of evolutionary WMS designs and think out of the box
solutions how to study previously immeasurable flow phenomena. One these sensors is an axial
wire-mesh sensor that can be used to examine the axial flow development. Intrusiveness and the
applicability of the sensor will be studied in various single/two-phase flow conditions in a pipe
using traditionally aligned (i.e. horizontal) wire-mesh sensor(s).
2 PACTEL, PWR PACTEL maintenance
This subproject aims at guaranteeing the operability and availability of PACTEL and PWR
PACTEL facilities as maintenance work will be conducted.
2.1 Checking and updating basic instrumentation (Funding: VYR 35 k€)
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The maintenance and upgrades of instrumentation will be continued in 2014.
3 International co-operation and researcher exchange
This subproject aims at starting collaboration with two international partners (University of
Michigan and Paul Scherrer Institut).
3.1 Researcher exchange with PSI and UMICH (Funding: VYR 30 k€)
International co-operation will be launched with University of Michigan (UMICH, USA) and Paul
Scherrer Institut (PSI, Switzerland) to exchange experiences and the know-how on the use of
advanced measurement techniques (PIV and WMS). Researcher exchange will be arranged with
PSI on the measurement of containment related phenomena (in PANDA and PPOOLEX test
facilities) and with UMICH on the study of combined use of PIV and WMS techniques in bubbly
flows. The duration of researcher visits will be from 2 to 4 weeks/visit depending on the scheduling
of the experiments and necessary pre/post work on-site.
4 Data storage and distributing system development
The subproject aims at developing software replacing the STRESA database. The design and
coding of the new software was started in the ELAINE project in 2011 and was completed in 2013.
4.1 Maintenance and updates for EDS (Funding: VYR 5 k€)
Small-scale maintenance work and minor updates (i.e. bug fixes) will be done for the newly
finished data storage and distribution software (EDS).
5 Other equipment
This subproject aims at supporting research activities in LUT with the acquisition of essential
spare parts and measurement instrumentation. Some parts of the measuring and control systems are
not yet replaceable due to missing spare units. In addition, testing of modern heat flux sensors will
be continued.
5.1 Equipment as spare parts and to support experimental work (Funding: VYR 20 k€)
Replacement units for the sensors and instruments not having spare part yet will be acquired. Also
conductivity meter will be purchased to monitor the electrical conductivity of bulk liquid in the
single-phase mixing experiments. To support all PIV measurement activities, secondary set of
connectivity cables (from PC to laser/cameras) will be acquired to simplify the use of PIV system
in multiple test facilities.
5.2 Heat flux sensors (Funding: VYR 5 k€)
Testing of heat flux sensors will be continued and their applicability to existing/future test facilities
will be studied.
Deliverables
Task

Deliverable

1.1

Report on the PIV and WMS measurements in HIPE facility

4
1.3

Report on the new types of WMSs

3.1

Travel reports from PSI and UMICH visits

5
Applications
As a result of the project, CFD grade data will be available for validation and development of the
CFD codes used in the safety analyses of nuclear power plants. The usability of the PWR
PACTEL facility will increase and conducting of experiment types currently impossible will be
enabled.
Education of experts
The constructed test facility (HIPE) will be used for teaching purposes (laboratory exercises) in the
near future. Experimental data gained from the new devices will be used in the publications and in
later years in doctoral theses. Theses in other research organizations will contain research results
obtained from devices proposed in this project.
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Renewal of Hot Cell Infrastructure (REHOT)
Kuumakammiotutkimusvalmiuksien uudistaminen
Duration
Project manager
Volume and funding 2014
Funding sources (k€) 2014

2012 – 2014 and beyond
Wade Karlsen
36,5 person-months
1.350 k€
VYR 900 k€, VTT 450 k€

1 person year = 10.5 person months.

Objectives
The objective of this project is to plan and execute the hot cell and hot laboratory portion of the
infrastructure renewal, including the planning and making of critical equipment investments for
the facility, and training of the technical personnel that will be staffing the facility, carried out in
tandem with the design and construction of the Centre for Nuclear Safety (CNS). Central to 2014
is the Engineering Design of the hot cells, which is being outsourced to an appropriate company
selected by competitive bid. The principle piece of equipment to be purchased in 2014 is the
electrodischarge machine (EDM), for which competitive bidding was carried out in 2013. The
2014 project year also features an extended visit to a hot cell abroad by one hot cell engineer, for
learning techniques of working with fully enclosed cells.
The 2014 REHOT Phase 2 project is divided into three subprojects as follows:
•
Subproject 1 is dedicated to the hot cell design and construction project, which will
define and guide the technical construction of the hot laboratory portion of the new
building in tandem with the engineering design of the CNS. Central to this are the
shielding cells themselves, to be constructed of suitable materials and equipped with
appropriated manipulators and devices to provide protection against human radiation
exposure in line with the ALARA principle. Training for the hot cell environment is also
included.
•
Subproject 2 focuses on procurement of research equipment to be installed in the hot
cells, particularly executing the competitive bidding process for each item. This subproject also includes the nuclearization for the new equipment and training for their use.
•
Subproject 3 is to assure continuous exchange of information between the VTT
project team and the engineering design team carrying out the design and construction
work of the building itself, as it pertains to the aspects involving the interface between the
building systems and the hot laboratory and hot cells facilities (structural, electrical,
ventilation, fire protection, security, etc.).

Background
Renewal of the national hot cell infrastructure is a long-term commitment involving all of the
Finnish stake-holders, and has implications well beyond the current four year Safir 2014 program.
In November 2011 the CEO of VTT formally approved the building of the Centre for Nuclear
Safety (CNS), or “Ydinturvallisuustalo (YTT)” as it is known in Finnish. Since that facility will
house the hot cells and active materials research laboratories (hot-labs), the decision enabled the
REHOT Stage 2 planning to go forward. In 2012 progress was made on several fronts, but central
to the progress was the so-called L2 draft design process of the CNS, which was launched in
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earnest in August 2012. That effort involves some 70 engineers from about 10 different external
construction design companies hired by Senaatti-kiinteistöt (the constructor of the facility),
interfacing with the end-users of the facility. Based on the completed L2 draft design, Senaattikiinteistöt made their final decision to go forward with construction of the facility, and likewise
VTT and Senaatti completed their a rental agreement in Autumn 2013. As a consequence, the
building permit process was also launched, in tandem with launching the final engineering design
process of the facility.
In parallel with the building design process, the facility requirements of the hot cells and active
materials laboratories have been defined insofar as they form an interface between the building
systems and the laboratory and hot cell systems. To gather information, the HOTLAB
conferences in 2012 and 2013 were exploited for discussing with other experts, visits have been
made to several hot cell facilities abroad, including the CEA-Marcoule hot-labs, the IFE-Kjeller
and SCK-CEN hot cells, and several hot cells at Idaho National Laboratory. In February 2013, a
delegation of 20 people, featuring the key construction designers, made a group visit to CEA’s
LECI facilities in Saclay.
Due to the complexity of the design process and need for drawings, etc., in September 2012 it was
decided to utilize an outside contractor to make a Conceptual Design for the hot cells themselves.
The competitive bidding process was concluded on January 31, 2013, with Merrick & Company
the winner. Despite a tight schedule, Merrick & Company concluded the conceptual design
process in June 2013 and provided the final cost estimate for a turn-key solution by the end of July
2013. The design outcome was a set of drawings and 3-D models of the hot cells laid out within
the context of the CNS floor plan, and construction and shielding material descriptions. This
enabled evaluation of the extent to which the facilities should be constructed by VTT personnel
versus what should be procured from a third party. The conclusion was that the basement items
such as autoclave shielding, waste handling and storage, specimen storage, and surveillance cask
opening were all areas with enough VTT-specific aspects to merit further design and procurement
by VTT. while it would be most appropriate to procure a “standard” block of cells for the main
specimen handling and testing activities. The cost estimate, meanwhile, was an important data
point for more realistic budgeting for the hot cells.
In 2012 it was identified that VTT actually has limited possibilities to use external funding for
infrastructure investments, since the public investment aid –procedure (investointiavustusmenettely) is forbidden in state organizations. Public investment aid can be utilized e.g. by
universities, since they are regulated by the Bookkeeping Act (kirjanpitolaki), but VTT is
governed by the rules and regulations of the State Treasury (Valtiokonttori). It was decided that,
until an alternative solution is in hand, VTT’s contribution to the REHOT project will include
equipment procurement costs; i.e. VTT will make the scheduled equipment purchase from their
own budget, as a portion of its matching funds.

Specific Goals in 2014
1 Hot cell design and construction
Goal:
The goal of this subproject in 2014 is to carry out a competitive bid process and then award a
contract for the engineering design and fabrication of a block of up to six hot cells. A feature for
2014 is also a visit by a VTT hot cell engineer to another hot cell site, such as the CEA-LECI or
PSI’s hot cell facility.
Task 1.1: Engineering Design and fabrication of the hot cells
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The final engineering design phase for the hot laboratory facilities will produce the required
layout, construction materials specifications, detailed drawings and auxiliary equipment
specifications and systems interface of the hot cells themselves, to enable fabrication of the hot
cells. Based on the Conceptual Design produced by Merrick, a set of six cells is adequate to
encompass the minimum capabilities for mechanical testing and metallography of radioactive
structural materials, but the goal is to achieve smaller cell sizes than that proposed by Merrick, by
reducing the manipulator reach envelope requirements. The basic cells should be designed and
fabricated by a company experienced with hot cells. Candidates for such a contract include
Robatel Industries (France), Isotope Technologies Dresden (Germany), Wällischmiller
(Germany), Vinci construction (UK) and Aquila Nuclear Engineering Ltd (UK). According to
Merrick’s cost estimate, the detailed engineering design can cost on the order of 3 million euros
for the foreseen scope of VTT’s needs. Because that exceeds the budget of a single Safir project
year, the intention is to break the design process up over a greater length of time, which is also
recommended for enabling adequate time for interaction between VTT and the contractor for
developing the best design.
Task 1.2: Hot cell design basis specification
In order to guide the competitive bid process for hot cell engineering design and fabrication, the
suppliers require a design basis specification. This includes the radioactive source term, the
shielding requirement, and the acceptable level of residual radiation at the operator point. Integral
to these are factors such as the source residence time in the cell as well as the operator residence
time at the cell face. The Conceptual Design by Merrick revealed that the design basis has a
strong impact on the final cost of the cells, and therefore a more careful design basis will be made
for the engineering design in line with the ALARA principle.
Task 1.3 Development and training of hot cell functions
In 2012 the pair of practice manipulators was delivered, and the manipulator test station was
designed for them for installation in existing VTT facilities. In 2013 the facility was completed
and taken into use, enabling testing and defining of the operational limits of the accessory
equipment in various applications (manipulators, jigs, dedicated tools, etc.), to guide the selection
of accessory designs and features for equipping the cells in the hot laboratory in support of Task
1.1. This forms a basis for discussions with other international experts in this area, as well as
starts the process of producing the quality assurance documentation required for tests carried out
in the hot cells.
In 2012 and 2013 the principles of the hot lab waste handling challenges have been identified and
potential solutions explored. The focus of the hot cell function development for 2014 is the
conceptual design of the waste handling and storage facilities that will be executed by VTT. This
includes the specific layout, equipment specification and methodology for separating, treating,
temporarily storing, and returning or disposing of the hot lab waste stream. This benefits from
synergy with the VTT reactor and Otakaari hot cell decommissioning efforts as well.
A feature for 2014 is the visit by a VTT hot cell engineer to a hot cell facility abroad to get hands
on experience using hot cell facilities. Two candidate sites include the CEA-LECI facility for
structural materials characterization, and the Paul Scherrer Institute’s hot cell facilities. Jari
Lydman has expressed his interest in making a 3 month visit with a target window of June through
August. Discussions with the respective institutes will decide the most practical possibility.
The total volume of the three tasks in this subproject will be 15.5 person-months but the total
funding is 666 k€ to include a 439 k€ allocation for launching the engineering design sub-contract.
It is presumed that, once launched, the majority of the cost of the subcontract will be incurred in

4
2015. Travel allocations include expenses for visiting other hot cell facilities and for attending the
HOTLAB 2014 conference hosted by PSI, to continue harvesting insight into specific technical
solutions that may be utilized in VTT’s hot cell facilities. It is also foreseen that visits would be
made to the facilities of potential hot cell manufacturing/supply candidates.
2 Procurement of hot cell equipment
Goal:
This subproject focuses on procurement of research equipment to be installed in the hot cells, and
includes designing the investment schedule and installation parameters in conjunction with the
facility construction, executing the competitive bidding process for each item, and assuring that
the equipment can be used in a hot cell environment.
2.1 Procurement of equipment and investment installation schedule
The making of new equipment investments is a long process that requires thorough preparation in
many stages, including investment preparation, competitive bidding, and installation and
inauguration. But each of these phases involves a number of activities, some of which can occur
in parallel, but others that can only happen once previous stages have been completed. For
example, just to prepare for an investment, an accurate specification must be made, an appropriate
selection of potential suppliers must be found, and budgetary cost estimates must be made. To
assemble an adequate bid request, iterations of that process might be required based on what is
actually available on the market, and on advice that may be gleaned from the suppliers themselves.
All of these processes are ongoing in parallel for each of the different investments, and clearly
form a multi-year process. Once particular suppliers are identified, negotiations and quality
assurance evaluations are required. Thus, this task will also require travel to visit equipment
expositions and supplier premises for demonstrations, negotiations, quality assurance visits, etc.
As shown in Figure 1, in 2014 the principle procurement item includes the wire electric discharge
machine (EDM), while the competitive bidding process will be carried out for a hot cell SEM. As
a portion of the VYR matching funds, VTT will allocate 380k€ for the purchase of the EDM from
its own investment budget. An additional task will include completion of the engineering design
for the external water circuit for the EDM, which features a centrifugal particle separator for
recovery of the radioactive debris produced during the cutting process.
One of the most important aspects to making the investment of the hot cells themselves is
accommodating the large cost over such a short period of time. While MEE is working to develop
a means to subsidize the investment cost over a number of years, VTT is working to identify the
expected cost structure that can best utilize the subsidy in a responsible and effective manner. As
a part of this effort, potential hot cell suppliers have been interviewed with regards to their
expected payment schedules in terms of the fabrication schedule. Critical to the discussion is of
course the expected investment cost for the hot cells themselves. According to the Conceptual
Design and accompanying detailed cost breakdown by Merrick and Company, a conservative cost
estimate of 18 M€ could be expected. Therefore, in 2014 the competitive bid for the engineering
design and hot cell fabrication will be carried out in a manner that can determine the cost
proposed by manufacturers for the updated specification, without binding VTT to follow through
with the fabrication if the costs exceed the estimate proposed. This process is expected to provide
several additional cost estimates. The updated cost information will be joined with the results of
the MEE round of negotiations with the stakeholders, to produce an updated investment schedule
that will also include the estimated cost flow over the course of the whole investment period,
particularly with regards to the cost peak associated with the hot cell investment.
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Ydinturvallisuustalo, investoinnit / 30.1.2014
Vaihe

Kuvaus

2010

2011

2012

2013

2014

2015

2016

Vaihe 0 Manipulaattori harjoitusasema (manipulaattorit, k valmistelu kilpailutus toimitus
Vaihe 1 Lankasaha
valmistelu
kilpailutus toimitus
suunnitelu suunnitelu suunnitelu valmistus
Lankasaha vesipiiri
Optinen mikroskooppi
valmistelu toimitus
Aineenkoestukone (MTS)
valmistelu kilpailutus toimitus
Vaihe 2 Mikroskopia: SEM laitteisto
valmistelu valmistelu valmistelu kilpailutus toimitus
Mikroskopia: TEM laitteisto
valmistelu
valmistelu valmistelu kilpailutus toimitus
Kuumakammiot
kummakammioiden suunnitelu
Vaihe 3 Kuumakammioiden toteutussuunnittelu
valmistelu kilpailutus valmistus
Kuumakammioiden Pb-ikkunnat ja mainpulaattorit
valmistelu kilpailutus kilpailutus valmistus
Kuumakammioiden valmistus ja toimitus
valmistelu kilpailutus kilpailutus valmistus
Kuumakammioiden asennus: rakennus- ja asennustyöt
valmistelu valmistelu valmistelu valmistus
suunnitelu
Vaihe 4 Laiteasennukset:
Surveillance kapseleiden avaus
suunnitelu
valmistus
kapselin kiinnitysteline
valmistus
suunnitelu
jyrsin / saha - SIIRTO, ei hankinta
suunnitelu
valmistus
suunnitelu
valmistus
vastaanotto / merkintä - SIIRTO, ei hankinta
välivarasto
suunnitelu
valmistus
Koesauvan valmistus
EB hitsauslaite - SIIRTO, ei hankinta
valmistus
suunnitelu
Mekaaninen testaus
aineenkoestuskoneet x2
valmistelu kilpailutus
iskuvasarat x2 - SIIRTO, ei hankinta
suunnitelu
valmistus
Metallografia
suunnitelu
valmistus
metallografia valmiudet - SIIRTO, ei hankinta
optinen mikroskooppi - SIIRTO, ei hankinta
suunnitelu
valmistus
kovuusmittaus
valmistelu kilpailutus
Uudet valmiudet
mekaaninen testaus 20 – 800oC
valmistelu kilpailutus
tyhjöuuni
valmistelu kilpailutus
suojakuoren mekaaninen testaus
suunnitelu
valmistus
Vaihe 5 Ympäristövaikutteinen testaus
autoklaavit, kuormituslaitteet - SIIRTO, ei hankinta
vesipiirit
suunnitelu
valmistus
YHTEENSÄ

2017
siirto
asennus
siirto
siirto
siirto

asennus
asennus
asennus
asennus
asennus
siirto
siirto
asennus
siirto
toimitus
siirto
siirto
siirto
toimitus
toimitus
toimitus
asennus
siirto
asennus

Figure 1: Updated investment schedule for REHOT 2014

Task 2.2 Nuclearization of equipment and training for use
When new equipment is procured, training is necessary in the operation, use and maintenance of
the device or instrument. For installation in a hot cell, the equipment may need to be modified to
accommodate operation and maintenance when deployed in the closed hot cell. In 2014 it is
expected that training will continue on the manipulator training station and the hot cell capable
MTS, and particularly focus on the nuclearization of the EDM once it is delivered.
The total volume of the two tasks in this subproject will be 6 person-months, and of the total
funding of 474 k€, 380 k€ is reserved for actual investments. Most of the funds will be utilized in
the process of making specific equipment purchases, but some funding is also allocated for
travelling to visit equipment expositions and supplier premises for demonstrations, negotiations,
quality assurance inspection, etc.
3 Engineering design follow up and interaction
Most of the research laboratory equipment for the B- and C-laboratories will be able to be moved
from the existing facilties, and therefore will not require significant new investments.
Nonetheless, the building must be designed to accommodate the equipment, whether it is with
respect to uninterrupted electrical feed or maintenance of ventilation under-pressure, or even
simply with respect to being able to physically transport the equipment through the hallways and
to the room in which it is to be installed. The goal of this sub-project, therefore, is to assure
continuous exchange of information between the VTT project team and the engineering design
team carrying out the design and construction work of the Centre for Nuclear Safety (CNS)
building itself. It includes all aspects involving the interface between the building systems and the
hot laboratory and hot cell facilities (structural, electrical, ventilation, fire protection, security,
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etc.). The City of Espoo had granted the building permit, so the construction of the CNS will
commence at the beginning of 2014. That effort will continue to involve a large number of
engineers from the different external construction design companies hired by Senaatti-kiinteistöt,
interacting with the end-users of the facility. The current design and construction timeline is
illustrated in Figure 2.
In addition to the hot cells for testing and research of gamma-emitting structural materials, people
from nuclear waste chemistry, radiochemistry, and the iodine laboratory are involved. The main
tasks of the researchers participating in this work package are to identify the specific technical
needs of the facilities for each of their respective areas of expertise, and to communicate them to
each of the particular building design consultants by way of question-and-answer dialogues,
drawings, equipment technical specifications, and in some cases through the use of external
consultants. In a facility as complex as a radiological research laboratory, there are many different
facility systems and features which must be integrated into a functional entity. A decision
regarding one aspect of a feature often has repercussions for other systems and features, which
requires constant iterations towards a more perfect integration of the overall design. Throughout
the process each researcher representing their own area of expertise must be following the
developments to ensure that changes in another area do not affect negatively on meeting the needs
of their own area. The building design meetings occur at least one afternoon per week, every
week.
Ulla Vuorinen has been a key representative of many aspects of final repository and
radiochemistry laboratories, but mainly the B-laboratory radiochemistry and alpha-emitter
handling and storage facilities there. Emmi Myllykylä has been specifically responsible for cleanroom facilities for high resolution mass-spectroscopy in the C-laboratory. Tiina Heikola has been
responsible for Nuclear Waste Repository research facilities in the C-laboratory. Since research
scientists can rarely make it to all meetings, Wade Karlsen functions as the coordinator of the
overall facility end-user interests, and as such has the responsibility of attending every meeting
requiring end-user representation, which also comes with a responsibility to have some familiarity
with all of the activities being accommodated in the facilities. Another important aspect is the
radiations safety of the facilities, for which Tommi Kekki is explicitly responsible as the
Radiation Safety Officer. Tommi is expected to attend the weekly meetings as well, to ensure that
decisions made in the design process will not compromise the ALARA principle for worker
radiation exposure, and to advise on all aspects of accommodating the radiation safety needs of
the facility.
A feature in 2014 is a workshop to facilitate dialogue among all of the stakeholders regarding the
scope of the Center for Nuclear Safety hot laboratories and hot cells. A one-day workshop
featuring technical experts from each stakeholder can help to assess the foreseeable needs for the
infrastructure, and help guide decisions to ensure that the needs can be met adequately with the
minimum investment.
Based on the intensity of work that was required in 2012 and 2013, the volume of this subproject
is expected to be 15.0 person-months and a 210 k€ in 2014.
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Deliverables 2014
Subproject
1a
1b
1c
1d

1e
1f
2a
2b
2c
3a
3b

Deliverable
Hot cell design basis report
Analysis of competitive bids for hot cell Engineering Design
Engineering Design process launch; initial design iterations
Radioactive waste handling Conceptual Design
1. Description of the facilities in the context of the building itself.
2. Layout and conceptual design of the waste handling infrastructure alternatives
for achieving the functionality and safety required for the scope of activities.
3. Equipment list for the proposed hot cells.
Report of findings of working visit to a hot cell facility abroad
Travel report of HOTLAB 2014 conference
Delivery of hot cell adaptable EDM
Purchase specification for hot cell adaptable SEM
Demonstration of nuclearized aspects of EDM
Award of building permit for CNS
Hosted visit to CNS building site

Applications
The renewal of hot cell research infrastructure is essential for ensuring a national capability to
meet the requirements of examination, investigation and testing of reactor structural materials.
Both STUK and the nuclear power plants benefit greatly from the rapid response that a domestic
research capability can offer them.

Education of experts
The targeted facilities will be essential in the training and education of new experts in the field of
nuclear safety and nuclear technologies. In particular the training subproject is dedicated to
developing the skills of Finland’s next generation of hot cell operators capable of conducting incell tests and other research activities on highly radioactive structural materials in manners
meeting modern expectations for radiation protection. This is particularly advanced by offering
an opportunity for a hot cell engineer to work for a period at a hot cell abroad.
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Figure 2: VTT Centre for Nuclear Safety project schedule.
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Resource Plan for 2014
Project Name (MANSCU)
Expenses
Volume

Subprojects

1. HUMAX

Personnel Mat&supp Travel

person mo keuro

keuro

9,5

125

7,5

102

keuro

Financing

Ext serv

Other

TOTAL

VYR

Rignhals VTT

NKS

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

7

1

133
0
0

40

12

2

117
0

45

2.1 Task one name
2.2 Task two name

2. MODEL UPDATE

1

3.1 Task one name

keuro

34

28

31

72

0
TOTAL

17,0

227

1

19

3

0

Material costs are literature and external services consist of transcribtion, translation and editing services

250

85

34

100

31

0

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011 - 2014

Liite 2b

Resource Plan for 2013

Date:6.10.2012

Sustainable and Future Oriented Expertise
(SAFEX2014)

Author: Eerikki Mäki
Expenses
Volume

Subprojects
1. Human resource management in changing
operational environment

Personnel

person mo keuro

8,9

Mat&supp Travel

Ext serv

Other

TOTAL

VYR

Aalto

TTL

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

80

1.1 Assessment and follow-up of well-being and expertise development
and collaboration capabilities of the nuclear power expert network

2,9

26

1.2 Integration and dissemination of research results

6,0

54,0

Financing

7,0

2

89

65

11

13

65

11

13

26
54
0
0
0
0
0
0

TOTAL

Comments:

8,9

80,1

0,0

7,0

0,0

2,0

89

0

0

0

0

0

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011
Liite 2b
- 2014
Resource Plan for 2014
Project name: Signalled and Silenced Aspects of Nuclear Safety (SISIANS)

Marja

Ylönen

Expenses
Volume

Subprojects
1. Subproject one name

Personnel Mat&supp Travel

person mo keuro

8,5

keuro

keuro

84

2

Ext serv

Other

TOTAL

VYR

Univ.of JKL

keuro

keuro

keuro

keuro

keuro

1

86
0

1.1 Task one name

2.2 Task two name

3.1 Task one name

0
0

4. Subproject four name

0

3. Subproject three name

Comments:

26

60

26

0
0
0

2. Subproject two name
2.1 Task one name

TOTAL

60

8,5

84

0

2

1

0

86

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011 - 2014
Resource Plan for 2014

version 2, Jan-2014

Project Name: Coverage and rationality of the software I&C safety assurance (CORSICA)
Total project (VTT-FiSMA ry.)

Authors: Timo Varkoi & Jussi Lahtinen

Expenses
Volume

Personnel Mat&supp Travel

Subprojects
person mo keuro
keuro
1. Development S4N assessment method and
1,9
process
19,6

keuro

Financing

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

Fennovoima
EU

VTT

NKS

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

2,5

22,1

22,1

keuro

17,6

2,9

0,3

20,8

17,2

3,6

3. Test set generation for function block based
2,0systems
26,0

2,0

0,3

28,3

19,0

9,3

0,3

41,3

27,7

13,6

9,7

6,5

3,2

15,2

12,6

2,6

137,4

105,0

32,4

2. Comparison of safety standards

1,5

Liite 2b
Date: 24.1.2014

4. Novel technologies

3,0

39,0

2,0

5. Safety demonstrations

0,6

7,8

1,9

6. Management

1,0

11,2

2,0

10,0

121,3

2,0

TOTAL

2,0
11,3

2,0

0,9

VTT-project
Expenses
Volume

Personnel Mat&supp Travel

Subprojects
person mo keuro
1. Development S4N assessment method and process

keuro

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

Fennovoima
EU

VTT

NKS

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

9,8

1,0

0,3

11,05

7,4

3,6

3. Test set generation for function block based
2,0systems
26,0

2,0

0,3

28,30

19,0

9,3

0,3

41,30

27,7

13,6

9,70

6,5

3,2

7,90

5,3

2,6

98,3

65,8

32,4

2. Comparison of safety standards

0,75

keuro

Financing

4. Novel technologies

3,0

39,0

2,0

5. Safety demonstrations

0,6

7,8

1,9

6. Management

0,3

3,9

2,0

TOTAL

6,7

86,5

2,0

2,0
6,9

2,0

0,9

FiSMA-project
Expenses
Volume

Personnel Mat&supp Travel

Subprojects
person mo keuro
keuro
1. Development S4N assessment method and
1,9
process
19,6
2. Comparison of safety standards

0,75

7,9

keuro

Financing

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

Fennovoima
EU

VTT

NKS

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

2,5

22,1

22,1

1,9

9,8

9,8

7,3

7,3

39,2

39,2

3. Test set generation for function block based systems
4. Novel technologies
5. Safety demonstrations
6. Management

0,7

7,3

TOTAL

3,3

34,8

4,4

keuro

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011 - 2014

Liite 2b

Resource Plan for 2014

Date: 30.01.2014

Human-automation collaboration in incident and accident situations (HACAS)

Author: Jari Laarni

Expenses
Volume

Subprojects
1. Procedure usage in accident management
2. Integrated approach to HFE

Personnel Mat&supp Travel

person mo keuro

2,5
5,0

keuro

keuro

34
70

Financing

Ext serv

Other

TOTAL

VYR

VTT

HRP

NKS

keuro

keuro

keuro

keuro

keuro

keuro

keuro

2
5

36
75

12
63

12
12

Check
sum
Financing
12
36
75

2.1 Development of integrated HFE process

1,5

21

2

23

19

4

23

2.2 Assessment of HF impacts on safety

1,5

21

1

22

18

4

22

2.3 Validation in multi-stage modernization projects

2,0

28

3. Automation awareness and competence

5,5

75

1
1

3.1 Effect of UI solutions on automation awareness

2,0

28

3.2 Evaluation of automation awareness

1,5

20

3.3 Automation skills development

TOTAL

Comments:

2,0

27

13,0

179

2

4

1

2

1

2

1

11

1

0

30

26

4

81

18

37

30

32

8

16

8

32

22

6

9

7

22

26

27

4

12

11

192

93

49

38

81

27

12

192

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2010 - 2014
Resource Plan for 2014
SARANA - Safety evaluation and reliability analysis of nuclear automationEdited: 27.1.2014

Liite 2b
Authors: Janne Valkonen, Keijo Heljanko
Financing

Expenses
Total
Tasks

Volume

Personnel Mat&supp Travel

Ext serv

Other

TOTAL

VYR

VTT

NKS

Aalto

pm

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

Digital systems reliability
1.1 Reliability analysis of digital systems in PRA context (DIGREL)

2,5

28,2

0,0

4,0

0,0

0,0

32,2

12,8

7,3

12,1

0,0

1.2
1.3 YADRAT
Synergiesdevelopment
of methods and tools developed for nuclear I&C analysis
in RG2 projects

2,5

27,9

0,0

2,0

0,0

0,0

29,9

19,5

10,4

0,0

0,0

1,0

13,0

0,0

0,0

2,0

0,0

15,0

8,7

6,3

0,0

0,0

4,5

44,3

0,0

3,4

0,0

0,0

47,7

37,6

7,0

0,0

3,1

Formal systems analysis
2.1 Formal analysis of large systems
2.2 System level interfaces and timing issues

3,0

23,0

0,0

1,0

0,0

0,0

24,0

19,2

0,0

0,0

4,8

2.3 Plant-level models and failure modelling

3,5

36,7

0,5

3,0

0,0

0,0

40,2

28,0

10,6

0,0

1,6

2.4 Model checking tool portfolio

3,4

26,1

0,0

1,0

0,4

0,0

27,5

22,0

0,0

0,0

5,5

2.5 Formal analysis of source code

3,0

25,2

0,0

2,0

0,0

0,0

27,2

20,8

2,3

0,0

4,0

2,0

23,8

0,0

4,0

1,5

1,0

30,3

19,5

10,1

0,0

0,8

25,4

248,1

0,5

20,4

3,9

1,0

274,0 188,0

54,0

12,1

19,9

Management, publishing and international co-operation
3.1 Management, publishing etc.

TOTAL

Task 1.1 total budget is 100,5 keur, out of which VTT's share is 32,2 keur. The shares of RiskPilot and Lloyd’s Register Consulting are in total 68,3 keur.
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Resource Plan for 2014, v2

Date: 29.1.2014

Safety requirements specification and management in nuclear power plants (SAREMAN)

Author: Teemu Tommila

Expenses
Volume

Tasks

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Financing

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

Fennovoima Posiva

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

12,7

1,4

0,0

0,0

0,0

0,0

5,1

0,0

44,5

15,4

2,0

2,0

2,0

2,0

0,0

0,0

10,1

0,0

0,0

0,0

0,0

0,0

5,6

0,0

10,8

4,3

0,0

0,0

0,0

0,0

0,0

0,0

40,7

2,9

0,0

0,0

0,0

0,0

18,8

0,0

0,0

19,3
67,8
15,7
15,2
62,4
12,2

8,2

1,4

0,0

0,0

0,0

0,0

2,6

0,0

0,0

192,5

127,0

25,5

2,0

2,0

2,0

2,0

32,0

0,0

T1 Refined conceptual model

1,5

19,3

0,0

0,0

0,0

0,0

T2 Requirement attributes

6,0

64,8

0,0

2,5

0,5

0,0

T3 Traceability information model & demo

1,0

14,2

0,0

1,0

0,5

0,0

T4 Active failures

1,5

15,2

0,0

0,0

0,0

0,0

T5 Natural language templates

4,5

59,9

0,0

2,0

0,5

0,0

T6 Project management

1,0

12,2

0,0

0,0

0,0

15,5

185,5

0,0

5,5

1,5

TOTAL

keuro

Comments: Task T2 includes co-operation with the VAHA-A initiative. Companies provide additional funding for maintaining a workspace in VTT's SharePoint system.

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011 - 2014

Liite 2b

Resource Plan for 2014

Date:06.02.2014

Project Name: Identification of FAult situations PROpagating BEtween different systems and disciplines (IFAPROBE)

Author: Kari Koskinen

Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

1.4 Automation hardware model

8.000 74.321
1.000
9.290
1.000
9.290
5.000 46.451
1.000
9.290

TOTAL

8.000 74.321

1. Prestudy
1.1 Environment model
1.2 Failure propagation analysis method
1.3 Action research and case studies

keuro

keuro

3.246

0.000

3.246

Financing
Check
sum
Financing
77.567
9.696
9.696
48.479
9.696
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
77.567

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

74.321 52.000 25.567
9.290 6.500 3.196
9.290 6.500 3.196
49.697 32.500 15.979
9.290 6.500 3.196

0.000 0.000 77.567 52.000 25.567

0.000

0.000

0.000 0.000

Comments:

Ohjeita:
Kaavoja on tarpeen muokata osaprojektien taskien lukumäärän mukaan. Taskit on tarkoitus summata yläpuolella olevalle osaprojektitasolle.
Myös TOTAL-rivin kaavat on muokattava tarpeen mukaan.
Oikeassa laidassa oleva rahoituksen Check sum -sarake on rajattu tulostusalueen ulkopuolelle. Sille pitää saada samat luvut kuin Total-sarakkessa.
Laitevuokrat voi sisällyttää sarakkeeseen Other: jos merkittäviä summia niin selitys Comment-kohtaan taulukon alle.
Financing sarakkeissa voi editoida nimet ja tuhota tarpeettomat sarakkeet (VYR sarake aina oltava näkyvillä, vaikka ei anottaisi rahoitusta).

0.000
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Resource Plan for 2014

Date: 29.1.2014

CRiticality Safety and Transport methods in reactor anALysis (CRISTAL)

Author: Karin Rantamäki

Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Financing

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

1. Calculation method

6.5

73.0

2

75.0

44.1

30.9

2. Criticality Safety

6.5

66.5

3

69.5

40.8

28.6

3. Dosimetry

1.0

11.0

2

13.0

7.6

5.4

4. International co-operation and training courses

1.3

15.8

9

24.8

14.6

10.2

5. Management

1.6

20.2

1.5

21.7

13.3

8.4

16.9

186.5

1.5

204

120

TOTAL

Comments:

0

16

0

0

0

0

0

0

84

0
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Resource Plan for 2014

Date: 30.1.2014

Three-dimensional reactor analyses (KOURA)

Author: Elina Syrjälahti
Expenses

Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

1. 3D core hydraulics

5.0

72.0

2.0

1.1 PORFLO development and couplings

72

2

1.2 Closure models and validation

5.0
0.0

2. Dynamics codes

7.2

95.0

1.0

2.1 Neutronics and core power
2.3 BWR

2.0
1.5
3.7

22
18
55

1

3. Co-operation, QA and administration

4.0

55.0

0.0

3.1 International co-operation and benchmarks

1.3
1.3
1.5

17
20
18

16.2

222

2.2 Fuel rod modelling

3.2 Documentation and QA
3.3 Project administration

TOTAL

Comments:
3 k€ Mat&supp includes computer costs and lisence costs (Matlab)

Financing

Ext serv

Other

TOTAL

VYR

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

0.0

0.0

0.0

74
74
0

37

37

0.0

0.0

0.0

96
22
18
56

47

46

8.0

0.0

1.0

64
25
20
19

33

34

0
0
1

1

234

117

117

8

3

8

0

Check
sum
Financing
74
0
0
0
93
0
0
0
0
67
0
0
0
0
0
234
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Resource Plan for 2014 (revised)

Date: 24.1.2014

Development of a Finnish Monte Carlo Reactor Physics Code (KÄÄRME)

Author: Jaakko Leppänen

Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

15.0

139

2. International co-operation

2.0

16

3. Validation and support

1.5

20

4. Project management

0.3

3

18.8

178

1. Development

TOTAL

Comments:

keuro

Financing

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

139

93

46

42

13

29

20

10

10

6

9

4

5

6

210

120

26

0

26

0

0

0

0

0

0

90

0
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Date: 22.1.2014

Neutronics, nuclear fuel and burnup (NEPAL)

Author: Jarmo Ala-Heikkilä
Expenses

Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

1. Accurate burnup calculations

7,5

72

2. Master's thesis on burnup calculations

0,0

0

3. Mesoscopic modelling of fuel pellets

6,0

44

4. Collaboration, project management

0,9

12

14,4

128

TOTAL

keuro

Financing

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

3

3

0

6

0

0

75

56

19

0

0

0

47

35

12

12

9

3

134

100

34

Comments:
Subproject 1 will be made at the ORNL during a 12-month visit. The ORNL will cover the remaining personnel costs
(3.5 person months + travel + daily allowances etc.), documented in a bilateral agreement between ORNL and Aalto.

0

0

0

0

0

0
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Resource Plan for 2014

Date: 29.01.2014

Extensive Fuel Modelling (PALAMA)

Author: Timo Ikonen
Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

8.0

87.0

1.1 Reviews

5.0

53

1.2 Model development

3.0

34

2. Statistical methods

1.5

16.0

2.1 Statistical steady state

0

2.2 Statistical transients

0.0
1.5

16

3. Validation

7.0

78.0

3.1 Validation
3.2 Benchmarks

5.5
1.5

62
16

55.0

4.1 Effects of irradiation

4.0
4.0

5. Project administration and international collaboration

6.0

66.0

2.0
4.0

22
44

3.0

29.0

1. New requirements and models

4. Halden Reactor Project

5.1 Project administration
5.2 International collaboration

6. MELODIE
6.1 MELODIE

TOTAL

keuro

Financing

Ext serv

Other

TOTAL

VYR

Halden

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

0.0

0.0

0.0

0.0

87.0
53.0
34.0

58

29

0.0

0.0

0.0

0.0

16.0
0.0
16.0

11

5

0.0

6.0

0.0

0.0

84.0

57

27

62.0
22.0

6

0.0

0.0

0.0

0.0

55.0
55.0

0.0

6.5

0.0

2.5

75.0

2.5

22.0
53.0

0.0

0.0

36.0

0.0

2.5

353.0

55

3.0

29

29.5

331.0

6.5

0.0

7.0

0.0

19.5

Check
sum
Financing
87
0
0
0
16
0
0
0
84

7

0
0

0
55
0
0
75

55.0

50

25

0
0

21.0

15.0

36.0

197.0

55.0

101.0

0.0

0
36
0
353.0

Comments: Other is for publication costs, costs for the upkeep of scientific calculation cluster and the license fees of research software (Matlab, estimated 500 euros)
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Resource Plan for 2014

Date: 23.1.2014

ESA (Enhancement of Safety Evaluation tools)

Author: Ismo Karppinen
Expenses

Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

14,5

129,5

2,0

1.1 APROS validation with PKL3 tests

3,5

39

2

1.2 APROS validation with LUT PCCS experiments

3,0

33

1.3 TRACE/PARCS Diploma thesis

8,0

58

1. Validation of primary system analysis codes

8,0

108

2.1 HYMERES/MISTRA PAR experiments, APROS + Fluent

5,0

60

2.2 OECD CFD benchmark, gas stratification in PANDA, Fluent

2,0

32

2.3 NUGENIA containment benchmark, APROS

1,0

16

2. Validation of containment analysis methods

63,0

16,0

0,5

8

0,5

8

3.3 OECD/PKL3
3.4 USNRC/CAMP 2

0,5

8

0,5

7

3.5 NORTHNET
3.6 FONESYS 3

0,5

8

1,0

16

3.7 OECD/ATLAS 4

0,5

8

2
2
2
3
1
3
3

4. Co-ordination

1,0

16

27,5

317

Comments:
1
OECD/HYMERES, participation fee 15 k€
2
Expenses of USNRC camp include also participation fee, 25 k$ (1.25 $
3
FONESYS participation fee 5 k€
4
Estimated participation fee is 20 k€

Other

TOTAL

VYR

TEM

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

0,0

132
41
33
58

75

57

0,0

110
60
34
16

63

47

0,0

139
10
25
10
30
9
24
31

79

60

0,0

16

10

6

0

397

227

2

4,0

TOTAL

Ext serv
keuro

2,0

3.1 OECD/GAMA
3.2 OECD/HYMERES 1

3. International co-operation

Financing

0

20

60,0
15
20
5
20

60

0

0

0

1 €). Inkind contribution (code validation calculation with TRACE) is included in task 1.

0

0

170

0
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Date: 29.1.2014

Experimental Studies on Containment Phenomena (EXCOP)

Authors: Markku Puustinen
Expenses

Subprojects

Volume

Personnel Mat&supp Travel

Ext serv

Other

TOTAL

VYR

NORTHNET NKS

VTT

person mo

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

1. Experiments with spargers and nozzles
1.1 Facility modifications and measurements
1.2 Experiments with spargers and nozzles

7,0

73,0

5,0

1,5
5,5

15,0
58,0

5,0

2. Experiments on direct contact condensation (DCC)
2.1 Facility modifications and measurements
2.2 Experiments on DCC

7,0

73,0

2,1

0,5
6,5

5,0
68,0

2,1

3. CFD calculations
3.1 CFD calculations of PPOOLEX experiments

2,0

23,0

0,0

2,0

23,0

4. Project management, Nordic co-operation and publications
4.1 Project management, Nordic co-operation and publications

2,5

26,0

2,5

26,0

18,5

195,0

TOTAL

Comments:

Financing

0,5

0,0

0,0

0,5

0,5

0,0

0,0

0,5

1,0

0,0

0,0

1,0

0,0

3,0

0,0

0,0

3,0

7,1

5,0

0,0

0,0

keuro

78,5
20,0
58,5

15,5

50,0

13,0

8
7,5

8
42

4
9

75,6
7,1
68,5

59,5

0,0

16,1

24,0
24,0

24,0

29,0
29,0

29,0

207,1

128,0

2
57,5

0,0

0,0

5,1
11

0,0

0,0

0,0

0,0

0,0

0,0

50,0

29,1

0,0

24

29
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Date: 21.01.2014

Project Name (NuFoam)

Author: Timo Pättikangas
Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

1. Simulation of single-phase flows

2,1

21

1.1 Development of single phase solver (Aalto)
1.3 Auxiliary validation cases (Aalto)

0,9
0,7
0,5

9
7
5

2. Two-phase modelling

9,8

110

8

2.1.a Development of two-phase solver (VTT)

36
9
36
19
5
5

4

2.4 Alternatives for the boiling model (Aalto)

2,8
0,9
3,6
1,5
0,5
0,5

3. National and international co-operation

0,2

3

3

3.1 National and international co-operation (VTT)

0,2

3

12,1

134

1.2 Effect of spacer grids on the flow (Aalto)

2.1.b Development of two-phase solver (Aalto)
2.2 Modelling of direct-contact condensation (LUT)
2.3.a Validation of boiling model (VTT)
2.3.b Validation of boiling model (Aalto)

TOTAL

Comments: Funding by organizations:

Aalto University
LUT
VTT
Total

Financing

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

LUT

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

21
9
7
5

15

6

5
5
5

4
2

118
40
9
40
19
5
5

84

4

6
6

6

3

11

145

105

4

40
40
65
145

Check

24
5
30
15
5
5

20

10

16
4
10
4

6

40
40
65
145

10

20
Subprojects 1.1, 1.2, 1.3,2.1.b,2.3.b,2.4
Subproject 2.2
Subprojects 2.1.a, 2.3.a,3.1

NOTE: KTH (coordinator) and VTT applied funding from NKS for OpenFOAM development.
Since funding from NKS is not realized, the proposed VYR-funding has been reallocated between NuFoam partners.

10
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Date: 21.01.2014

Numerical modelling of condensation pool (NUMPOOL)

Author: Timo Pättikangas
Expenses

Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

3,8

54

1.1 CFD modeling of chugging and pressure loads

2,1

30

1.2 Simulations of PPOOLEX chugging experiments

1,7

24

2

4

2

4

1. CFD modelling of condensation

2

Financing

4

60
30
30

25
10

15

5

25

14

20

8

14

10

50

29

40

4,1

53

2.1 FSI calculation of bubble collapse and scaling of loads

2,1

27

2.2 FSI calculation with an acoustic model of BWR

2,0

26

2

4

59
27
32

7,9

107

4

8

119

2. Fluid-Structure Interaction modeling

TOTAL

Comments: Other costs are license costs of Star-CD and Star-CCM+

15

15

20
15

17

10
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Date: 21.1.2014

PWR PACTEL experiments (PAX)

Author: Vesa Riikonen
Expenses
Volume

Subprojects

1. PWR PACTEL tests
1.1 Participating in the OECD/NEA PKL Phase 3 project
1.2 Flow reversing in the heat exchange tubes of the steam generators
2 Project management and documentation
2.1 Project management and documentation

Personnel Mat&supp Travel

person mo keuro

19,5
14,0
5,5

199,0
144
55

1,4
1,4

15,0
15

keuro

keuro

7,0
5
2

6,0
6

Financing

Ext serv

Other*

TOTAL

VYR

TVO

Other**

keuro

keuro

keuro

keuro

keuro

keuro

10,0
10

Comments:
Other*: 3.1 fee to OECD project, previously allocated in ESA project
Other**: 1.1 estimation OECD funding through Areva for 2014

20,9

214,0

187,0
130
57

16

16,0
16

20,0
20

20

20,0
20

20,0

258,0

223,0

1,0
1

3. OECD/NEA PKL Phase 3 project fee
3.1 OECD/NEA PKL Phase 3 project fee for 2014
TOTAL

222
165
57

7,0

7,0

10,0

15,0
15

20,0
20

15,0

20,0
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Resource Plan for 2014

Date: 21.01.2014

Modeling of steam generators of nuclear power plants (SGEN)

Author: Timo Pättikangas
Expenses

Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

2,7

36

2

1.1 Improvements of two-phase models

2,2

29

2

1.2 Modeling of VVER-440 steam generator

0,5

7

1. Development of phase change models (VTT)

Financing

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

38
31
7

24

7

7

24

7
7

2. Simulation of plant transients (Fortum)

1,2

14

1

2.1 Simulation of a Loviisa plant transient

1,2

14

1

3. Modeling of an EPR steam generator (VTT)

3,5

46

2

10

18

46

2

48
48

20

3,5

20

10

18

7,4

96

5

101

44

10

25

3.1 Simulation of EPR transients

TOTAL

Comments:
Note that Subproject 2 is 100% Fortum's in-kind work.

15
15

15
15

22
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Date: 23.1.2014

Uncertainty Evalution for Best-Estimate Analyses (UBEA)

Author: Joona Kurki
Expenses

Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

7,0

67,0

1.1 VEERA simulation model

1,0

10

1.2 Quantification of uncertainties

5,0

47

1.3 Comparison to PREMIUM results

1,0

10

2. PREMIUM benchmark analyses

1,0

10,0

2.1 Reporting

1,0

10

8,0

77,0

1. Reflooding uncertainty quantificaiton

TOTAL

Comments:

keuro

0,0

0,0

0,0

3,0

Financing

Ext serv

Other

TOTAL

VYR

VTT

keuro

keuro

keuro

keuro

keuro

0,0

0,0

0,0

0,0

3

0,0

3,0

0,0

0,0

67,0
10
47
10
0
13
13

38,0

80,0

29,0

6

4

26

21

6

4

8,0

5,0

8

5

46,0

34,0

Ver. 3
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Resource Plan for 2014

Date: 21.1.2014

Thermal hydraulics and fuel integrity in spent fuel dry cask interim storage facility (SPEFU)

Author: Risto Huhtanen

Expenses
Volume

Subprojects

Personnel

person mo keuro

Mat&supp

Travel

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

NKS

EU

VTT

Fennovoima

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

2,1

25

2

2,1

25

2

4. CFD modelling of cooling fins

1,7

22

5. CFD modelling of multiassembly tests

2,8

36

TOTAL

6,6

83,0

2. Long term behavior of spent fuel
2.2 Damage mechanims of cladding

Financing

27
27

11

6

10

11

6

10

22

15

7

0

2

38

14

9

15

4,0

87,0

40,0

22,0

25,0

Comments:

Page 1
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Resource Plan for 2014

Date: 29.1.2014

Core debris coolability and environmental consequence analysis (COOLOCE-E)

Author: Eveliina Takasuo

Expenses
Volume

Personnel Mat&supp Travel

Subprojects

person mo keuro

keuro

keuro

1. COOLOCE

7,3

100

1.1 Experiments

1,5

21

1.2 Maintenance and instrumentation

1,0

12

1.3 Analytical work and modeling

4,0

56

3

1.4 NKS joint activities

0,8

11

2

2. Environmental consequence assessment

4,7

3. Project management
TOTAL

5

5

Financing

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

113
21
18
61
13

41

28

6

10

5

8

3

7

25

6

30

2

9

2

57

57

27

0

30

1,0

13

13

6

0

7

13,0

170,0

183,0

74,0

5

5,0

1

2

1

5,0

Comments:
1.2 Mat&supp: Replacement central heaters for the test bed, TCs
1.2.External services: Electrician, equipment calibrations
1.3 Travel: MEWA workshop at Stuttgart University, Nugenia meeting (shared funding)
1.3 Other: Ansys Fluent license fee
1.4 Travel: Working visit to KTH (analyses and modeling)

2

1,0

2,0

0,0

0,0

0,0

28,0

44

0,0

81,0

0,0

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011 - 2014
Resource Plan for 2014
Chemistry of Fission Products in Containment (FISKES)
Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

1. Nitric acid formation
1.1 experiments with Chalmers

2. Iodine
2.1 OECD/NEA BIP2

3. Pool pH

keuro

keuro

0,5

7

1

1

0,5

7

1

1

0,5

7

3

0,5

7

3

4,0

49

3.1 iodine pool model ASTEC

2,5

28

3.2 pH calculation Chempool

1,5

21

3,0

35

3

3,0

35

3

4. Pool chemistry
4.1 experiments, modelling

Ext serv

Other

TOTAL

VYR

VTT

keuro

keuro

keuro

keuro

keuro

9
9

4

5

4

5

10
10

4

6

4

6

49
28
21

21

28

12

16

9

12

38
38

14

25

14

24

2,5

35

35

14

20

5.1 Chemsheet, MetroSAFE

2,5

35

35

14

20

4

5. Molten corium interactions

6. Project management

0,5

7

7

3

6.1 Project management

0,5

7

7

3

4

TOTAL

11

140

148

60

88

Comments:
Task 2.1 OECD/NEA BIP2 project (1.7.2011-31.7.2014)

4

4

0

0

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011 - 2014
Resource Plan for 2014

Date: 21.1.2014

Thermal Hydraulics of Severe Accidents (TERMOSAN)

Author: Tuomo Sevón

Liite 2b

Financing

Expenses

Subprojects

Volume

Personnel

Mat&supp

Travel

Ext serv

Other

TOTAL

VYR

VTT

person mo

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

1. Fukushima MELCOR Model

2,2

28

2

2. CSARP

0,6

8

3

3. PCC Calculations for LUT Experiments

3,8

41

4. OECD THAI-2

2,0

31

3

4.1 Program Follow-up

6

2

4.2 Analytical Work

0,5
1,5

25

1

6. Project Management

0,7

9

TOTAL

9,3

117

Comments:
2. The participation fee of CSARP is 30 kUSD
4.2. The license fee of Fluent code is 2 kEUR

0

8

25

2
2

0

27

30

12

18

36

24

12

41

19

22

36
8
28

18

18

5
13

3
15

9

6

3

152

79

73
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Resource Plan for 2014

Date:21.01.2014

Project Name (TRAFI)

Author: Teemu Kärkelä
Expenses
Volume

Subprojects
1. PhD Thesis
1.1 PhD Thesis by Jarmo Kalilainen

Personnel

person mo keuro

Financing

Mat&supp Travel

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

3.1

40

2

3.1

40

2

2. Primary circuit chemistry of iodine

6.3

82

2

2

2.1 Experiments on chemistry of iodine in primary circuit

6.3

82

2

2

42
42

25

18

86
86

60

25

39
39

22

17

3. Containment chemistry of iodine

2.8

37

2

3.1 Radiolytical oxidation of iodine by beta radiation

2.8

37

2

4. Ru transport through RCS
4.1 Effect of FP aerosols on Ru transport

3.9
3.9

50
50

2
2

5. OECD/NEA STEM

1.0

13

3

12.5

1.0

13

3

12.5

28
28

25

5.1 Participation in the STEM meetings

17.1

222

12.5

249

132

TOTAL

Comments:
Other sarakkeessa on mukana OECD/NEA STEM jäsenmaksu 12.5 k€.

6

2
2

9

54
54

0

27

27

3

0

0

0

27

0

90

0
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Resource Plan for 2014

Date: 28.10.2013

Project Name (VESPA)

Author: Nieminen Anna
Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Financing

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

1. Abaqus, ASTEC and PASULA codes in reactor pressure vessel failure modeling
3,0
31
1.2 ASTEC analysis of a reference EPR accident scenario
1,5
14

0
48

9,0

60

5

3. Spent fuel pool accidents
3.1 Development of PANAMA model

2,0

30

4. Project management

0,8

7

16,3

142

TOTAL

Comments:

0

0
24

3

2. Vapour explosion analyses
2.1 Expert training and application exercise

keuro

0
0
24

0
1.1 Benchmarking Abaqus code against PASULA code

Other

8

0

0

0
0
65
0
0
30
0
7
0
150

0
0
31,0
0
0
15
0
5
0

0
0
29

5

0
0
15
0
2
0

70

0

0

0

5

0

75

0

Ver. 2B

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 20
Resource Plan for 2014
Passive Containment Cooling System tests (PCCS)
Expenses
Volume Personnel Mat&supp Travel

Subprojects

person mo
keuro

keuro

keuro

1. PCCS experiments (LUT)

7,6

70,0

4,0

1,0

1.1 Aerosol tests

7,6

70

4

1

2. Aerosol generator, sampling system and testing (VTT), BoA

4,9

64,0

7,0

7,0

2.1 Installation of the aerosol generator and sampling systems

1,8
0,6
2,5

23,6
7,9
32,5

3
1
3

2
2
3

12,5

134,0

11,0

8,0

2.2 Testing of the aerosol generator and sampling systems
2.3 Operating and data handling of the aerosol generator and sampling systems

TOTAL

Comments:

9,2222
13
12,5
13

Ohjeita:
Kaavoja on tarpeen muokata osaprojektien taskien lukumäärän mukaan. Taskit on tarkoitus summata yläpuolella olevalle o
Myös TOTAL-rivin kaavat on muokattava tarpeen mukaan.
Oikeassa laidassa oleva rahoituksen Check sum -sarake on rajattu tulostusalueen ulkopuolelle. Sille pitää saada samat luv
Laitevuokrat voi sisällyttää sarakkeeseen Other: jos merkittäviä summia niin selitys Comment-kohtaan taulukon alle.
Financing sarakkeissa voi editoida nimet ja tuhota tarpeettomat sarakkeet (VYR sarake aina oltava näkyvillä, vaikka ei ano
LUT volume (person-years)
VTT volume (person-years)
2,1
2,2
2,3
Total volume (person-years)

0,72
0,47
0,17
0,06
0,24
1,19

Page 1

0,47

Ver. 2B

Safety (SAFIR2014), 2011 - 2014
Date:22.01.2014

Liite 2b
Author: Juhani Vihavainen
& Teemu Kärkelä

Expenses
Ext serv TOTAL

VYR

VTT

keuro

keuro

keuro

keuro

4,0
4

4,0

79,0
79,0

79
79,0

Check
sum
Financing
79
79
0
0

78,0
28,6
10,9
38,5

53,0

25,0

19,4
7,4
26,2

9,2
3,5
12,3

78,0
28,6
10,9
38,5

157,0

132,0

25,0

157,0

us summata yläpuolella olevalle osaprojektitasolle.

olelle. Sille pitää saada samat luvut kuin Total-sarakkessa.
ment-kohtaan taulukon alle.
na oltava näkyvillä, vaikka ei anottaisi rahoitusta).
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Resource Plan for ENVIS 2014

v1

Date:24.1.2014
Author: Ulla Ehrnstén
Work volume
Volume

Subprojects

Volume

Expenses

Volume

Personnel Mat&supp Travel

person months
person months
person mo keuro
All

Aalto

keuro

keuro

Financing

Ext serv

Other

TOTAL

VYR

SSM

Fortum

TVO

Aalto

EU

VTT

Halden

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

VTT

1. Crack initiation

6.9

0.5

6.4

74.5

0.0

0.0

4.0

9.5

1.1 Experimental investigations on initiation

0.0
0.5

5.1

58.5

0.0

0.0

0.0

7.5

1.2. Intiation presursor structures

5.1
1.8

1.3

16.0

0.0

0.0

4.0

2.0 Characterisation of nuclear mock-ups

3.6

2.0

1.6

18.7

0.0

0.0

3. Characterisation of irradiated SS

3.2

0.0

3.2

41.0

0.0

4. Fatigue

1.9

0.0

1.9

24.3

5. Fracture toughness in environment

5.6

1.0

4.6

12.8

6.5

2.9
5.8
4.1

1.5
3.0

2.8

33.9

0.0

0.0

30.0

2.0

2.1

24.9

0.0

0.0

7. Creep testing of fuel claddings

0.6

0.0

0.6

8.1

3.0

8. Visiting scientist at CEA

3.0

0.0

3.0

35.0

9. Knowledge transfer

2.8

1.0

1.8

10. International co-operation

2.6

1.0

11. LME

2.6

TOTAL

45
4.3

6. Ageing of nulcear materials
6.1 Thermally aged duplex SS
6.2 Thermally aged weld metals
6.3 Ageing of Ni-based materials

Person years

0.0

0.0

2.0

0.0

33.0

Check
sum
Financing
0.0
88.0
66.0
22.0

38.0

15.0

31.0

10.0

2.0

88.0
66.0
22.0

7.0

5.0

2.0

8.0

25.0

2.3

46.0

20.0

5.0

2.0

19.0

0.0

46.0

7.7

0.0

4.7

53.4

0.0

0.0

0.0

0.0

0.0

0.0

0.0

53.4

53.4

0.0

0.0

0.0

2.8

27.0

15

0.0

0.0

0.0

0.0

0.0

12.0

0.0

27.0

55.0

2.0

0.0

9.0

1.0

67.0

30.0

10.0

0.0

0.0

3.0

0.0

24.0

0.0

67.0

6.3

75.3

0.0

0.0

66.0

25.0

0.0

0.0

18.0

0.0

30.5

0.0

16.5

0.0

0.0

16.0

24.0

0.0

20.0

9.3 150.6
2.0 34.5
4.2 68.1
3.1 48.0

77.0

1.4

150.5
34.5
68.0
48.0

0.0

0.0

0.9

0.0

0.0

0.0

23.0

0.0

0.0

1.6

24.6

0.0

0.0

2.6

31.2

12
1.1

33
3.2

411

25.0

6.0

4.5

25.0

20.0

7.0

16.0

28.0

5.0

5.0

10.0

12.0

0.0

0.0

0.0

0.0

0.0

0.0

12.0

0.0

12.0

5.0

40.0

10.0

0.0

0.0

0.0

0.0

0.0

30.0

0.0

40.0

0.0

2.6

25.6

16.2

0.0

0.0

0.0

0.0

0.0

9.4

0.0

25.6

11.0

6.0

2.4

44.0

18.0

0.0

0.0

0.0

8.0

0.0

18.0

0.0

44.0

8.0

0.0

0.0

3.8

43.0

18.0

5.0

20.0

0.0

0.0

0.0

0.0

0.0

43.0

13

19

110

44

242
41 %

60
10 %

20
3%

0
0%

33
6%

0
0%

188
32 %

53
9%
432 kNOK

597
100 %

597

Comments: the funding of Aalto is 110 k€, and is included in the external costs. The py volume is given separately for VTT and Aalto. The PM for Aalto includes also work by Prof. Hänninen and other in-kind
contributions.
The facility costs are at VTT based on person hours and is in other costs (TK200, Materiaalitutkimus, Espoo)
The funding from OECD Halden is in NOK, which is given in euros based on current exchange rate

597
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Resource Plan for 2014

Date: 31.1.2013

Fracture assessment of reactor circuit (FAR)

Author: Juha Kuutti
Expenses

Volume

Subprojects
1. Engineering assessment tools
1.1 XFEM

PersonnelMat&suppTravel

person mokeuro

keuro

keuro

Financing

Ext serv Other

TOTAL

VYR

Fortum

VTT

Other

Total

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

2.4

31.0

0.0

0.0

0.0

3.5

2.4

31

0

0

0

3.5

5.2

78.0

6.0

5.0

5.0

7.7

2.1 LBB case analysis

2.6

39

0

5

0

3.8

2.2 Long crack tearing instability

2.6

39

6

0

5

3.8

3. Low constraint fracture

1.7

26.0

2.0

0.0

2.0

2.6

3.1 Low constraint brittle

1.1

17

2

0

2

1.7

3.2 WPS

0.6

9

0

0

0

0.9

4. DMW

2. LBB

2.1

32.0

1.0

0.0

3.0

3.1

4.1 Analysis methods

1.1

16

0

0

0

1.6

4.2 Testing techniques

1.1

16

1

0

3

1.6

5. Project management

0.5

7

TOTAL

12

174

9

5

10

Comments:
Charge for test environment and research software under Other costs
VYR
Fortum VTT
Financing
42 % 26 % 32 %

17

35
35

22

0

102
48
54

16

55

31

8

15

8

27
28

33
23
10

22

0

11

39
18
22

26

22

13

0

35

0

102

0

33

0

38

13

16

14

8

8

3

0

12

11

6

15

6

7

5

2

0

7

215

91

69

0

215

55
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Resource Plan for 2014

Date: 31.1.2014

Monitoring of the structural integrity of materials and components in reactor circuit ( MAKOMON)

Author: Tarja Jäppinen

Expenses
Volume

Subprojects
1. NDE applications for detecting cracks in
primary circuit components
1.1 Ultrasonic applications

Personnel

person mo keuro

Financing

Mat&supp

Travel

Ext serv

Other

TOTAL

VYR

Fortum

Fennovoima VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

4,0

48

15

6

5,9

75

34

2,0

24

11

3

3,0

41,0

18

3

1.2 Radiography

1,0

12

2

1.3 Eddy Current (applications to surface crack evaluation)

1,0

12

2

keuro

41
*

1,5

18,5

9

9,5

1,5

15,5

7

8,5

2. Simulation and POD

2,0

24

18

3

3,0

48

23

25

2,0

24

18

3

3,0

48,0

23

25

3. Eddy current inspection technics for primary circuit

3,0

36

6

3

4,4

49

20

10

19

3.1 Magnetite measurement in steam generator

24

3

3

3,0

33,0

12

10

11

2.2 Eddy current simulation of the magnetite in SG tubing

2,0
1,0

12

3

1,5

16,5

8

TOTAL

9,0

108

39

13

172

77

* Confirmation on Fennovoima financing in February
Comments on material expenses:
task 1.1 UT-specimen manufacturing
task 2.1 CIVA-licence 16 k €

0

75
41
18,5
15,5

23

2.1 Ultrasonic simulation and POD

12

Check
sum
Financing

48
48
49
33
16

8
10

0

85

0

172

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011 - 2014
Resource Plan for 2014

Date: 27.1.2014

RI-ISI Analysis and Inspection Reliability of Piping Systems (RAIPSYS)

Author: Otso Cronvall

Liite 2b

Expenses

Subprojects

Volume

Personnel

Mat&supp

Travel

Ext serv

Other

TOTAL

VYR

SSM

VTT

Other

person mo

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

1. Evaluation of piping failure potential

4.8

62

1.1 Probabilistic computation of failure potential

2.8

36

1.2 Modelling of cyclic loading for probabilistic fatigue analyses

2.0

26

3.5

44

1.5

19

2. RI-ISI methodologies
2.1 ENIQ Task Group Risk activities

2.2 Development and application of quantitative risk computation procedures
2.0

TOTAL

Comments:

8.3

0

0

3

65
39
26

37

0

28

0

22

0

17

0

15

0

11

0

30

0

22

0

11

0

8

0

3

52
19
33

19

0

14

0

6

117

67

0

50

0

3

0

25

106

0

5

0

5

0

5

0

3
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Resource Plan for 2014

Date:6.2.2014

Project Name SURVIVE

Author: Matti
Etunimi
Valo
Sukunimi
Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

50
17
43
8
118

keuro

9
0
10
0
19

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

NKS

EU

VTT

SSM

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

65
32
20
12
15
72
23
15
10
5
0
15
167
72
0
15
100 %
43 %
9%
Comments: ext service = allocation to ORNL for SANS measurements (active material handling and deposit) to be payed by Fortum.
Other cost= VTT cost for research environment 10 €/h

1. Validation of small specimen test techniques
2. Multiscale modelling
3. Microstructural analysis and modeling
4. Reporting of old data
TOTAL

5,0
1,8
4,5
0,7
12,0

keuro

Financing

6
3
4
2
15

0

0

0

18
8
19
5
50
30 %

15
0
15
0
30
18 %
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Resource Plan for 2014

Date: 28.01.2014

Water chemistry and plant operating reliability (WAPA)

Author: Timo Saario
Expenses

Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

9.7

114

3.0

30

1.2 Deposition experiments

2.2

32

1.3 Literature study on film forming amines
1.4 Effect of ODA on low-alloy steel corrosion

1.0
3.5

40

2. Crud deposition

1.5

20

2

9

2

2.1 Deposition model

1.5

20

2

9

11.2

134

7

14

TOTAL

Comments:

5

Ext serv

1.1 Amines

1. Magnetite deposition

0

Financing

5

5

15

139
39
35
19
46

57

25

37

20

20

5

4

10

33
33

15

18

2

15

18

17

172

72

4
3

5

12

0

2
6

17

18

5

5

4

5

15

15

11

5

0

25

0

0

0

55

20

Resource Plan for 2014

Date: 28.1.2014

FRESH
Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Ext serv

Other

TOTAL

VYR

TVO

VTT

BG

keuro

keuro

keuro

keuro

keuro

keuro

keuro

2.0

28.0

2.5

3.0

14.4

1.1 Fatigue simulation, elastic-plastic model

1.0

14.0

2.5

3.0

14.4

1.2 Crack growth computations

1.0

14.0

2. Weld residual stresses

3.2

44.5

0.5

3.0

2.1 Weld overlay

12.3

0.5

3.0

21.0

2.3 Cladding

0.9
1.5
0.8

3. Stress categorization and Ke-factor

1.5

21.0

1.5

21.0

3.1

43.0

5.0

3.0

3.1

43.0

5.0

3.0

9.8

136.5

8.0

9.0

1. Termal fatigue simulation

2.2 3D modelling

4. Fatigue caused by turbulent mixing
TOTAL

Comments:

11.2

47.9
33.9
14.0

9.0

15.0

9.0

15.0

6.4

10.6

6.4

15.0

2.6

4.4

2.6

48.0
15.8
21.0
11.2

14.0

15.0

19.0

4.6

4.9

6.3

6.1

6.6

8.3

3.3

3.5

4.4

21.0
21.0

4.5

10.0

6.5

4.5

10.0

6.5

51.0

30.5

20.5

30.5

14.4

168

58

20.5

40

55

15

Resource Plan for 2014

Date: 23.1.2014

Heavy fouling and corrosion risks in the cooling water systems of NPPs and methods for their mitigation (RICO)

Author: Saija Väisänen

Expenses
Volume

Subproj ects

Personnel Mat&supp Trav el

person mokeuro

keuro

1. Indentifying the risks
1.1 Laboratory studies
1.2 Bench-scale studies

8
3
5

75
30
45

2. Education of experts
2.1 Working with pilot sized cooling water system
2.2 Taking part in NPC2014 conference

1

10

1

4

1

5

TOTAL

9

84

keuro

3
1
2

Ext serv

Other

TOTAL

VY R

SSM

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

13
5
8

91

14

3

2
1
1

3

15

3

3

Financing
Check
sum
Financing

46
18
28

17
7
11

28
11
17

91

3
1
2

4
2
3

14

9

7
3
5

105

53

20

32

105

35
55

5

Comments: The "Other" expences include research facility costs as w ell as fees for using special equipment, such as a scanning electron microscope (SEM)

35
55

5
9

10
57

160
25

272

0,6
3,2

8,9
1,4

15
1,5

2. Improving of the measuring system

3. Pre-calculation of the tests

4. Testing of the missiles, walls and structures

5. Archieving of the test results

TOTAL

285

5

195

0

25

60

keuro

13

13

130

130

keuro

Ext serv
keuro

Other

10

10

57

35

80

710

43

495

keuro

TOTAL
keuro

VYR

50

5

30

8

4

3

keuro

Aalto

0

8

4

3

60

5

40

keuro

keuro

Fortum TVO

Comments:
Impact 2014 project includes to day (28.10.2013) 9 partners (Fortum, IRSN, EDF, HSE, ENSI, AECL, CNSC, GRS and NRC)
SSM (Swedish Nuclear Authority) has promissed to join Impact project in 2014, but the agreement is not yet finalized.
The estimated funding will be 60 k€/partner/year (total 180 k€/partner/3 years). In addition VYR (50 k€) and VTT (130 k€) funding

20

1,1

keuro

Personnel Mat&supp Travel

person mo keuro

Volume

1. Improving of the Apparatus

Subprojects

0

keuro

NKS

0

keuro

EU

0

130

5

40

15

10

60

keuro

VTT

26

17

14

470

28

385

keuro

Other

Project Name Impact 2014
Financing

Version 1
Author: Ilkka Hakola
Expenses

Date:28.10.2013

Liite 2b
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Annex 2b

Resource Plan for 2014

Date: 2014.02.04

Project Name: MANAGE - Aging Management of Concrete Structures in Nuclear Power Plants

Author: Miguel Ferreira

VTT + Aalto University
Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Financing

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

Fennovoima
EU

VTT

Aalto

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

2,8

42,4

0,0

1,5

0,0

0,0

43,9

29,2

Task 1.1 NPP Standalone and network testing

1,3

19,9

0,0

1,5

0,0

0,0

21,4

14,4

0,0

0,0

0,0

0,0

0,0

3,3

3,7

Task 1.2 Platform debugging and adjustment to NPP systems

1,5

22,5

0,0

0,0

0,0

0,0

22,5

14,8

0,0

0,0

0,0

0,0

0,0

4,9

2,8

4,9

5,7

Subproject 1. Platform integration in NPP systems

8,2

6,5

2,0

30,5

0,0

2,0

0,0

0,0

32,5

22,0

Task 2.1 Planning and Executing User training

1,1

16,5

0,0

2,0

0,0

0,0

18,5

12,5

0,0

0,0

0,0

0,0

0,0

2,9

3,1

Task 2.2 Finalising user manual

0,9

14,0

0,0

0,0

0,0

0,0

14,0

9,5

0,0

0,0

0,0

0,0

0,0

1,9

2,6

13,2

5,4

Subproject 2. Platform user training

2,9

42,9

0,5

2,5

7,0

0,0

52,9

34,3

Task 3.1 Condition assessment

1,0

15,4

0,5

1,0

7,0

0,0

23,9

14,6

0,0

0,0

0,0

0,0

0,0

9,3

0,0

Task 3.2 NEA/CSNI/IAGE - ASCETS - first phase

0,6

8,5

0,0

1,5

0,0

0,0

10,0

6,1

0,0

0,0

0,0

0,0

0,0

3,9

0,0

Subproject 3. Concrete material research

Task 3.3 Irradiation of concrete

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

Task 3.4 Full Scale TWS test element - Design & testing planning

1,3

19,0

0,0

0,0

0,0

0,0

19,0

13,6

0,0

0,0

0,0

0,0

0,0

0,0

5,4

0,3

4,5

0,0

7,0

0,0

0,0

11,5

7,5

2,7

1,3

0,3

4,5

0,0

7,0

0,0

0,0

11,5

7,5

0,0

0,0

0,0

0,0

0,0

2,7

1,3

8,0

120,3

0,5

13,0

7,0

0,0

140,8

93,0

0,0

0,0

0,0

0,0

0,0

28,9

18,9

Subproject 4. International cooperation
Task 4.1 International cooperation

TOTAL

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011 - 2014

Liite 2b

Resource Plan for 2014

Date: 5.2.2014

STRUCTURAL MECHANICS ANALYSIS OF SOFT AND HARD IMPACTS (SMASH)

Author: Arja Saarenheimo

Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Financing

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

4.0

56.0

0.0

2.0

5.0

1.0

1.1 Literature study

1.5

21

0

0

5

0

1.2 Numerical methods and models

2.5

35

0

2

0

1

1. Damping of vibrations in reinforced concrete

64
26
38

38.3

0.0

0.0

0.0

0.0

0.0

25.7

0.0

15.6

0

0

0

0

0

10.4

0

22.8

0

0

0

0

0

15.2

0

74
36
28
10

44.3

0.0

0.0

0.0

0.0

0.0

29.7

0.0

21.6

0

0

0

0

0

14.4

0

16.8

0

0

0

0

0

11.2

0

6.0

0

0

0

0

0

4.0

0

4.5

61.0

0.0

1.0

10.0

2.0

2.1 FE analyses

2.5

34

0

1

0

1

2.2 Water filled missiles

2.0

27

0

0

0

1

2.3 Simplified methods

0.0

0

0

0

10

0

3. Liquid spreading

3.0

33.0

2.0

2.0

2.0

0.0

0.0

0.0

0.0

0.0

0.0

15.6

0.0

33

2

2

2

0

39
39

23.4

3.0

23.4

0

0

0

0

0

15.6

0

11.5

150.0

2.0

5.0

17.0

3.0

177.0

106.0

0.0

0.0

0.0

0.0

0.0

71.0

0.0

2. Post calculations for selected IMPACT tests

3.1 Liquid spreading

TOTAL

Comments: Other: Abaqus 400 €/month
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Resource Plan for 2014

Date:21.01.2014

Project Name (SESIMIC SAFETY OF NUCLEAR POWER PLANTS - TARGETS FOR RESEARCH AND EDUCATION (SESA))

Author: Ludovic Fülöp

Expenses
Volume

Subprojects
1. Earthquake hazard assesment

5.2

1.1 Seismic hazard studies

keuro

56

1.2

2.1 Analysis of selected NPP building structures

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

Wärtsilä

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

20
10
10

2

11

2.2 Capacity building and cooperation

3

5

2.2

3.1. Component response

35
30

5

3.2 Education

Comments:

Ext serv
keuro

19

2.3 Education

TOTAL

2

4

42

1.3 Source modeling and near-field effects (PhD)

3. Equipment qualification procedures

keuro

10

1.2 Fennoscandian earthquake data bank

2. Structural assesment

Personnel Mat&supp Travel

person mo keuro

Financing

8.6

110

2

0

20

This sheet summarises the TOTAL costs in 2014.

0

78
20
14
44

64

1

19
11
3
5

9

35
30
5

24

1

132

97

2

13

0

0

0

0

5

5

5

5

23

10
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Resource Plan for 2014

Date: 14.1.2014

Extreme weather and nuclear power plants (EXWE)

Author: Kirsti Jylhä
Expenses

Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

5.0

48

1.1 Meteotsunami modelling in the Bay of Bothnia

2.7

26

1.2 Improving understanding of meteotsunamis by radar data a

2.3

2. Probability of occurrence of extreme weather
events that have not been observed in Finland
3.Synthesis of the EXWE outcomes in 2011-2014

1. Meteotsunamis on the Finnish coast

TOTAL

keuro

Financing

Ext serv

Other

TOTAL

VYR

FMI

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

31.7

16.3

16.8

8.7

22

48
26
22

14.5

7.5

3.5

34

34

22.4

11.6

2.5

27

27

17.8

9.2

11.0

109

109

72

37

0

0

0

0

Comments:
Following statements of the SAFIR2014 steering committee, funding applied for EXWE from VYR was reduced to 72 k€.

0

0

0

0

0

0

The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011 - 2014
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Resource Plan for 2014

Date: 21.1.2014

Risk Assessment of Large Fire Loads

Author: Anna Matala
Expenses
Volume

Subprojects
1. Defense-in-depth for fires
1.3 Assessment of physical separation

2. Response to fire
2.1 Sensitivity of digital automation on heat and smoke
2.2 Fire-HRA development and applications

3. Simulation of large fire loads
3.3 Experimental validation of cable fire simulation model

4. OECD PRISME
4.1 Utilization of OECD PRISME 2
4.2 Participation fee
TOTAL

Comments:

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

3.0
3.0

35.0
35

0.0

4.0
3.0
1.0

46.0
32
14

3.2
3.2

Financing

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

0.0
0

0.0

5.0
5

0.0
0
0

0.0

35.0
35

10.0
10

5.0
5

0.0

1.0
1.0

14.0
14

0.0

5.0
5

0.0

11.2

130

15

10

0

1.0667

0.0

35
35

25

51
37
14

24

50
50

26

30.0

49

49
19

30
30

185

0.0

0.0

0

0

0

0

0

25

10

0

10

0

0

0

0

0

20
4

27

0

17
10

0

0

0

0

0

26

24

0

24

0

0

0

0

0

0

0

0

0

0

0

0

61
0.3297
61

0

30

124
0.6703
185
124
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Resource Plan for 2014

Date: 07.02.2014

Project Name (PRADA)

Author: Ilkka Karanta

Total budget (VTT + Aalto)

Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Financing

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

4,0

48,0

0,0

3,0

0,0

0,0

4,0

48

0

3

0

0

2. Dynamic PRA
6,0
2.1 Integrated Deterministic and Probabilistic Safety Assessment
5,0
2.2 Recuperation modelling
1,0

58,0

0,0

3,0

0,0

0,0

45
13

0
0

3
0

0
0

0
0

3. Level 3 PRA
3.1 Level 3 PRA

2,5

32,5

0,0

4,5

0,0

0,0

2,5

33

0

5

0

4. Imprecise probabilities in PRA
4.1 Imprecise probabilities in PRA

3,8

30,0

0,0

0,0

3,8

30

0

0

5. Project management, international co-operation

0,7

9,1

0,0

17,0

178

0

1. Human reliability analysis
1.1 Human Reliability Analysis

TOTAL

VTT Budget:

20,0

0,0

0,0

0,0

0,0

0,0

11,0

20,0

20

0

0

0

0

0

11

20

61
48
13

24,0

0,0

0,0

0,0

16,1

0,0

20,0

0,0

18
6

0
0

0
0

0
0

16,1
0

0
0

13
7

37
37

19,0

0,0

0,0

0,0

14,6

0,0

4,0

0,0

0

19

0

0

0

14,6

0

4

0

0,0

0,0

30

20,0

0,0

0,0

0,0

0,0

0,0

0,0

10,0

0

0

30

20

0

0

0

0

0

0

10

0,0

0,0

1,0

10,1

5,0

0,0

0,0

0,0

0,0

0,0

5,0

0,0

11

0

1

189

88

0

0

0

31
0

0

40

30

Expenses
Volume

Subprojects

51,0
51

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

4,0

48,0

4,0

48

2. Dynamic PRA
6,0
2.1 Integrated Deterministic and Probabilistic Safety Assessment
5,0
2.2 Recuperation Project Modelling
1,0

58,0

3. Level 3 PRA
3.1 Level 3 PRA

2,5

32,5

2,5

33

4. Imprecise probabilities in PRA
4.1 Imprecise probabilities in PRA

0,0

0,0

0,0

0

5. Project management, international co-operation

0,7

9,1

0

0

0

13,2

148

0

11

0

1. Human Reliability Analysis
1.1 Human Reliability Method Development

TOTAL

0,0

Financing

3,0

0,0

0,0

51
51

20,0

61
48
13

24,0

37
37

19,0

0
0

0,0
0

0

1

10

5

5

1

159

68

3

0,0

3,0

45
13

0,0

0,0

3

0,0

4,5

0,0

0,0

4,5

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

0,0

11,0

20,0

11

20

20,0

0,0

20

0,0

0,0

0,0

16,1

18
6

0,0

16,1

0,0

0,0

0,0

13
7

14,6

19

0,0

4,0

14,6

0,0

0,0

0

0,0

0

0,0

0

0,0

4

0,0

31

0,0

0

0,0

40

20

Comments:
Subtask 1.1: Other = Halden in-kind
Subtasks 2.1 and 3: NKS-funding based on application submitted to NKS, high uncertainty to get them
Additionally Aalto University will participate in task 4.1 only:

uudet % #DIV/0!

Aalto Budget

Expenses
Volume

Subprojects
4. Imprecise probabilities in PRA
4.1 Imprecise Probabilities in PRA
TOTAL

#DIV/0! #DIV/0!

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Financing

Ext serv

Other

TOTAL

VYR

NN

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

3,75

30,0

0,0

0,0

0,0

0,0

3,75

30,0

0,0

0,0

0,0

0,0

3,75

30,0

0,0

0,0

0,0

0,0

30,0
30,0
30,0

20,0

0,0

0,0

0,0

0,0

0,0

0,0

10,0

0,0

0,0

0,0

0,0

0,0

0,0

10,0

20,0

20,0

10,0
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Resource Plan for 2014

Date: 22.1.2014

FinPSA knowledge transfer (FinPSA-transfer)

Author: Teemu Mätäsniemi
Expenses

Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

1. Overall working coordination and co-operation

1,0

12

2. Software detailed design

4,0

3. Prototype
4. Testing
TOTAL

keuro

Financing

Ext serv

Other

TOTAL

VYR

Aalto

Fortum

TVO

NKS

EU

VTT

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

10

22

11

45

45

29

6,0

68

68

43

3,0

34

34

19

14

159

169

102

0

10

Comments:
Other = ENSI (Swiss Federal Nuclear Safety Inspectorate)
VTT will provide the software development environment (hardware and software facilities)
STUK will provide considerable in-kind contribution for all subprojects.
The end users (TVO, ENSI, Fortum) will provide in-kind contribution to the testing

0

0

0

5

6

3

7

6

2

12

11

7

8

5

31

0

0

0

31
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Resource Plan for 2014

Date:22.01.2014

Enhancement of Lappeenranta instrumentation of nuclear safety experiments (ELAINE)

Author: Arto Ylönen
Expenses

Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Financing

Ext serv

Other

TOTAL

VYR

Fortum

TVO

EU

Other

keuro

keuro

keuro

keuro

keuro

keuro

keuro

keuro

13,5

137,0

15,0

2,0

10,0

11,0

6,0
3,0
4,5

62
30
45

5
5
5

2

5

1
5
5

2. PACTEL, PWR PACTEL maintenance
2.1 Checking and updating basic instrumentation

1,5

15,0

15,0

5,0

1,5

15

15

5

3. International co-operation and researcher exchange
3.1 Researcher exchange with PSI and UMICH

1,5

15,0

10,0

5,0

1,5

15

10

5

4. Data storage and distributing system development
4.1 Maintenance and updates for EDS

0,5

5,0

0,5

5

5. Other equipment
5.1 Equipment as spare parts and to support experimental work
5.2 Heat flux sensors

1,0

9,0

10,0

0,5
0,5

4
5

10

18,0

181,0

40,0

1. Advanced use of CFD-grade measurement techniques
1.1 Advanced and combined use of PIV/WMS measurement
1.2 Development and improvement of 3D High-Speed Camera data analysis routines
1.3 Evolutionary types of Wire-Mesh Sensors and their capabilities

TOTAL

Comments:

5

0,0

0,0

6,0
6

12,0

20,0

17,0

175
75
40
60

125,0

50,0

75
40
10

50

35
35

35,0

30
30

30,0

5

5,0
5

25
20
5

25,0
20

270,0

220,0

35

30

5

50,0
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The Finnish Research Programme on Nuclear Power Plant Safety (SAFIR2014), 2011 - 2014
Budget and Resource Plan for 2014
Kuumakammiotutkimusvalmiuksien uudistaminen (REHOT)
Expenses
Volume

Subprojects

Personnel Mat&supp Travel

person mo keuro

keuro

keuro

Ext serv

Other

TOTAL

VYR

VTT

VTT Investm Check

keuro

keuro

keuro

keuro

keuro

keuro

15,5

217,0

10,0

1.1 Hot cell engineering design and construction

9,5

133,0

10,0

439,0
439,0

1.2 Hot cell design basis specification

2,0

28,0

1.3 Development and training of hot cell functions

4,0

56,0

2. Procurement of Hot Cell equipment

6,0

84,0

380,0

10,0

0,0

2.1 Procurement of equipment and installation schedule

2,0
4,0

28,0

380,0

10,0
0,0

3. Engineerign Design follow up and interaction

15,0

210,0

TOTAL

36,5
36,5

511,0
511,0

1. Hot Cells design, construction and training

2.2 Nuclearization of equipment and training for use

Original budget

56,0

380,0
380,0

20,0
84,0

439,0
618,0

0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0

666,0
582,0
28,0
56,0
474,0
418,0
56,0
210,0

666,0
582,0
28,0
56,0
94,0
38,0
56,0
140,0

0,0
0,0
0,0
0,0
380,0

0,0
53,8

1350,0
1350,0

900,0
0,67

450,0
0,33

380,0

0,0
70,0

Comments:
The Other column is the VTT research infrastructure tax, which is 11€/person-hour.
Central to 2014 is the Engineering Design of the hot cells, which is being outsourced to an appropriate company selected by competitive bid.
The engineering design and construction of the building itself will be paid by Senaattikiinteistö Oy.
The Travel budget include an allocation for enabling an extended visit to a hot cell abroad by one hot cell engineer.

sum
Financing
666
582
28
56
474
418
56
210
0
0,0
1350,0
70

Appendix 3
The steering group, the reference
groups and the scientific staff of the
projects in 2014

Steering Group of SAFIR2014

Person
Marja-Leena Järvinen, Chair
Keijo Valtonen, Vice Chair
Arto Kotipelto
Eija Karita Puska
Pentti Kauppinen
Liisa Heikinheimo
Olli Hoikkala
Sami Hautakangas
Kristiina Söderholm
Hanna Virlander
Ilkka Männistö
Rainer Salomaa
Sanna Syri
Filip Tuomisto
Riitta Kyrki-Rajamäki
Juhani Hyvärinen
Heikki Purhonen
Anneli Leppänen
Nils Sandberg
Kåre Axell
Jaana Avolahti
Jorma Aurela, TEM &VYR
contact person
Jari Hämäläinen, Director of
SAFIR2014, Secretary of the
Steering Group

Organisation & Finnish abbreviation
Radiation and Nuclear Safety Authority (STUK)
Radiation and Nuclear Safety Authority (STUK)
Finnish Funding Agency for Technology and
Innovation (Tekes)
Technical Research Centre of Finland (VTT)
Technical Research Centre of Finland (VTT)
Teollisuuden Voima Oyj (TVO)
Teollisuuden Voima Oyj (TVO)
Fortum Power and Heat Oy (Fortum)
Fortum Power and Heat Oy (Fortum)
Fennovoima Oy
Fennovoima Oy
Aalto University
Aalto University
Aalto University
Lappeenranta University of Technology (LUT)
Lappeenranta University of Technology (LUT)
Lappeenranta University of Technology (LUT)
Finnish Institute of Occupational Health (TTL)
Swedish Radiation Safety Authority (SSM)
Swedish Radiation Safety Authority (SSM)
Ministry of Employment and the Economy (TEM)
Ministry of Employment and the Economy (TEM)
Technical Research Centre of Finland (VTT)
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SAFIR2014 Reference Groups / Tukiryhmät

uddated 27.3.2014

1. Man, organisation and society / Ihminen, organisaatio ja yhteiskunta
Person
Matti Vartiainen, chairperson
Kirsi Levä
Hanna Kuivalainen
Ann-Mari Sunabacka-Starck
Leena Norros
Heli Talja
Soili Vaimala
Anna Raitanen
Tellervo Juurmaa
Magnus Halin
Matti Kattainen
Liisa Sallinen
Mikko Merikari
Anna-Maria Teperi
Jaana Isotalo
Johan Enkvist

Organisation
Aalto
TUKES
STUK
STUK
VTT
VTT
TVO
TVO
Fortum
Fortum
Fortum
Fennovoima
Fennovoima
(HF expert)
Posiva
SSM

2. Automation and control room / Automaatio ja valvomo
Person
Martti Välisuo, chairperson
Mika Koskela
Heimo Takala
Mika Kaijanen
Tommi Karhela
Olli Ventä
Mauri Viitasalo
Lauri Tuominen
Ville Nurmilaukas
Juha Sirola
Ilkka Niemelä

Organisation
Fortum
STUK
STUK
STUK
VTT
VTT
TVO
TVO
Fortum
Fennovoima
Aalto
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3. Fuel research and reactor analysis / Polttoainetutkimus ja
reaktorianalyysi
Person
Antti Daavittila, chairperson
Riku Mattila
Risto Sairanen
Lena Hansson-Lyyra
Markku Hänninen
Seppo Tähtinen
Petri Kotiluoto
Arttu Knuutila
Mikael Solala
Laura Kekkonen
Tuukka Lahtinen
Malla Seppälä
Libor Klecka
Pertti Aarnio
Anna Alvestav

Organisation
STUK
STUK
STUK
STUK
VTT
VTT
VTT
TVO
TVO
Fortum
Fortum
Fennovoima
Fennovoima
Aalto
SSM

4. Thermal hydraulics / Termohydrauliikka
Person
Eero Virtanen, chairperson
Miikka Lehtinen
Mikko Ilvonen
Anitta Hämäläinen
Juha Poikolainen
Mikko Lemmetty
Timo Toppila
Heikki Kantee
Leena Torpo
Juha Luukka
Timo Siikonen
Anne Jordan
Anna Ryman
Ninos Garis
Pekka Nurmilaukas, expert

Organisation
STUK
STUK
VTT
VTT
TVO
TVO
Fortum
Fortum
Fennovoima
Fennovoima
Aalto
LUT
SSM
SSM
Platom
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5. Severe accidents / Vakavat onnettomuudet
Person
Risto Sairanen, chairperson
Lauri Pöllänen
Tomi Routamo
Arja Saarenheimo
Ilona Lindholm
Kristiina Rusanen
Janne Vahero
Lasse Tunturivuori
Marko Marjamäki
Mika Harti
Nici Bergroth
Niina Miettinen
Jarmo Ala-Heikkilä
Heikki Suikkanen
Ninos Garis

Organisation
STUK
STUK
STUK
VTT
VTT
TVO
TVO
TVO
Fortum
Fortum
Fennovoima
Fennovoima
Aalto
LUT
SSM

6. Structural safety of reactor circuits / Reaktoripiirin rakenteellinen
turvallisuus
Person
Martti Vilpas, chairperson
Mika Bäckström
Petri Kinnunen
Arja Saarenheimo
Eila Lehmus
Kim Wallin
Erkki Muttilainen
Kimmo Tompuri
Antti Kallio
Alpo Neuvonen
Petri Kytömäki
Ossi Hietanen
George Rajan
Hannu Hänninen
Peter Ekström

Organisation
STUK
STUK
VTT
VTT
VTT
VTT
TVO
TVO
TVO
Fortum
Fortum
Fortum
Fennovoima
Aalto
SSM
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7. Construction safety / Rakennustekninen turvallisuus
Person
Pekka Välikangas, chairperson
Jukka Myllymäki
Heli Koukkari
Eila Lehmus
Vesa Hiltunen
Timo Kukkola
Joonas Koskinen
Tapani Kukkola
Aki Mattila
Juha Rinta-Seppälä
Jari Puttonen
Kostas Xanthopoulos

Organisation
STUK
STUK
VTT
VTT
TVO
TVO
Fortum
Fortum
Fortum
Fennovoima
Aalto
SSM

8. Probabilistic risk analysis (PRA) / Todennäköisyyspohjainen
riskianalyysi (PRA)
Person
Ilkka Niemelä, chairperson
Matti Lehto
Jorma Sandberg
Tuula Hakkarainen
Ilona Lindholm
Ari Koskinen
Risto Himanen
Jari Pesonen
Kalle Jänkälä
Tommi Purho
Juho Helander
Ahti Salo
Per Hellström

Organisation
STUK
STUK
STUK
VTT
VTT
VTT
TVO
TVO
Fortum
Fortum
Fennovoima
Aalto
SSM
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9. Development of research infrastructure / Tutkimusinfrastructuurin
kehittäminen
Person
Risto Sairanen, chairperson
Martti Vilpas
Timo Vanttola
Pentti Kauppinen
Liisa Heikinheimo
Esa Mannola
Sami Hautakangas
Harri Tuomisto
Christoffer Ehrnrooth
Pertti Aarnio
Riitta Kyrki-Rajamäki
Heikki Purhonen
Jorma Pitkänen
Jorma Aurela

Organisation
STUK
STUK
VTT
VTT
TVO
TVO
Fortum
Fortum
Fennovoima
Aalto
LUT
LUT
Posiva
TEM
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Project personnel
Managing safety culture throughout the lifecycle of nuclear plants (MANSCU)
Turvallisuuskulttuurin hallinta laitosten elinkaaren eri vaiheissa
Research organisation: VTT
Project manager: Pia Oedewald, VTT
Person
Pia Oedewald, M.A, Senior
Scientist

Org.
VTT

Nadezhda Gotcheva, PhD,
VTT
Research Scientist
Reiman, Teemu, PhD (psych), VTT
Senior Scientist
VTT
Elina Pietikäinen, M.A.
(psych), PhD student, Senior
Scientist (on maternity leave)

Tasks
Project manager, overall planning, data
acquisition, data analysis and
reporting, HUMAX and MODEL
UPDATE
Deputy project manager, research
work, MODEL UPDATE
HUMAX and MODEL UPDATE
HUMAX

Kaupo Viitanen, M.A, (psych), VTT
Research Scientist
Mikael Wahlström, DI,
VTT
Research Scientist

HUMAX, MODEL UPDATE

Prof. Håkan Alm

MODEL UPDATE

MODEL UPDATE

Ann-Britt Skjärve

Luleå
University,
Sweden
Chalmers
University,
Sweden
IFE, Halden

HUMAX

Christer Axelsson

Vattenfal

HUMAX

Prof. Anna-Lisa Osvalder

MODEL UPDATE
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Sustainable and Future Oriented Expertise (SAFEX2014)
Kestävää ja kehittyvää tulevaisuuden osaamista
Research organisations: Aalto University (Aalto) and Finnish Institute of Occupational
Health (TTL)
Project manager: Eerikki Mäki, Aalto University
Person
Eerikki Mäki, D.Sc. (Tech.)

Org.
Aalto

Krista Pahkin, Lic.Sc.

TTL

Sara Lindström, VTM

TTL

Anna-Leena Kurki, MA
(edu)

TTL

Tasks
Project manager, researcher: responsible for
designing assessment method for managing
human resources, responsible for organizing
pilot studies and analyzing their results,
responsible for writing research results in
practically oriented journals and national and
international science forums
Deputy project manager, researcher:
responsible for designing assessment method
for managing human resources, participating
in the pilot studies and analyzing their results,
and finalizing the assessment method.
Participates in the publishing of the research
results.
Researcher: responsible for participating in
the pilot studies and analyzing their results,
and finalizing the assessment method.
Participates in the publishing of the research
results.
Researcher: responsible for participating in
the pilot studies and analyzing their results,
and finalizing the assessment method.
Participates in the publishing of the research
results.

Signalled and Silenced Aspects of Nuclear Safety (SISIANS)
Ydinvoiman korostetut ja vaiennetut näkökohdat
Research organisation: University of Jyväskylä
Project manager: Marja Ylönen, JYU
Person
Marja Ylönen, Doctor in
Social Sciences

Org.
JYU

Tasks
Project manager, analysis and reporting
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Coverage and rationality of the software I&C safety assurance (CORSICA)
Turvallisuuskriittisten I&C ohjelmistojen täsmällinen ja kattava varmistaminen
Research organisation: VTT and FiSMA ry.
Project manager: Timo Varkoi, FiSMA
Person
Ossi Teikari, MSc student,
(1.6.-31.8.2014)
Janne Valkonen, MSc Tech
Jussi Lahtinen, MSc Tech
Risto Nevalainen, Lic Tech

Org.
VTT

Tasks
Comparison of safety standards

VTT
VTT
FiSMA

Timo Varkoi, Lic Tech

FiSMA

Novel technologies
Test set generation, Model checking
Development of Nuclear SPICE process
assessment model, validation
Development of Nuclear SPICE
assessment process, validation

Human-automation collaboration in incident and accident situations (HACAS)
Ihmisen ja automaation yhteistyö häiriö- ja hätätilanteissa
Research organisation: VTT
Project manager: Jari Laarni, VTT
Person
Jari Laarni, PhD

Org.
VTT

Paula Savioja, MScTech

VTT

Leena Norros, Res Prof, PhD

VTT

Iina Aaltonen, MScTech
Hannu Karvonen, MA

VTT
VTT

Hanna Koskinen, MA

VTT

Jari Lappalainen, LicScTech

VTT

Marja Liinasuo, PhD

VTT

Mikael Wahlström, MA
Markus Porthin, MScTech
Paula Laitio, MScTech

VTT
VTT
VTT

Tasks
Project manager, Human factors engineering,
Interactive large-screen displays, Simulator
fidelity, Participation in WGHOF
Deputy project manager, Procedure usage in
accident management, Human factors
engineering, Control room validation
Procedure usage in accident management, Control
room validation, Participation in WGHOF
Automation awareness
Automation awareness, Simulator environment
design
Interactive large-screen displays, Simulator
fidelity
Automation awareness, Simulator environment
design
Procedure usage in accident management, Human
reliability analysis
Procedure usage in accident management
Human reliability analysis
Automation awareness, Simulator environment
design
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Safety evaluation and reliability analysis of nuclear automation (SARANA)
Ydinvoima-automaation turvallisuuden ja luotettavuuden arviointi
Research organisation: VTT, Aalto
Project manager: Janne Valkonen, VTT
Person
Janne Valkonen, MScTech

Org.
VTT

Tasks
Project management, Synergies of methods and
tools developed for nuclear I&C analysis in RG2
projects

Kim Björkman, MScTech

VTT

Jussi Lahtinen, MScTech

VTT

Reliability analysis of digital systems in
PRA context (DIGREL), YADRAT
development
Formal analysis of large systems, Plant-level
models and failure modelling, Synergies of
methods and tools developed for nuclear I&C
analysis in RG2 projects

Tero Tyrväinen, MScTech

VTT

Reliability analysis of digital systems in
PRA context (DIGREL), YADRAT
development

Antti Pakonen, MScTech

VTT

Synergies of methods and tools developed for
nuclear I&C analysis in RG2 projects, Formal

Markus Porthin, MScTech

VTT

Keijo Heljanko, DrTech

Aalto

analysis of large systems
Guidelines for reliability analysis of digital
systems in PRA context
System level interfaces and timing issues,
Formal analysis of large systems, Model
checking tool portfolio, Synergies of methods
and tools developed for nuclear I&C analysis in
RG2 projects, Formal analysis of source code

Tuomas Kuismin, MScTech

Aalto

Siert Wieringa
MScTech
Antti Siirtola, PhD

Aalto
Aalto

System level interfaces and timing issues,
Model checking tool portfolio, Synthesis of
different techniques and abstraction levels in
nuclear I&C analysis
Formal analysis of large systems, Model
checking tool portfolio
Model checking tool portfolio, Formal
analysis of source code

Kari Kähkönen, MScTech
Antti Vanhala, Trainee

Aalto

Model checking tool portfolio, Formal

Aalto

analysis of source code
Formal analysis of source code

11

Safety requirements specification and management in nuclear power plants
(SAREMAN)
Turvallisuusvaatimusten määrittely ja hallinta ydinvoimalaitoksilla
Research organisation: VTT and Aalto University
Project manager: Teemu Tommila, VTT, and Eero Uusitalo, Aalto University
Person
Jarmo Alanen

Org.
VTT

Antti Pakonen,
M.Sc.(Eng.)

VTT

Teemu Tommila,
M.Sc.(Eng.)

VTT

Quang Doan, Master’s
Thesis student
Tomi Männistö,
professor,
D.Sc. (Tech.)
Eero Uusitalo,
M.Sc.(Tech)

Aalto

Mikko Ylikangas

Aalto

Uni.
Helsinki /
Aalto
Aalto

Tasks
Synthesis of the SAREMAN conceptual
model and SIMPRO SEAModel
(Systems Engineering Artefact Model)
Demonstration of a traceability
information model in a tool environment
Use of natural language requirement
templates and graphical presentations in
design and model checking
Support of the VAHA-A initiative
Conceptual models for safety
requirements definition and management
Use of natural language requirement
templates in design and model checking
Support of the VAHA-A initiative
Requirements engineering guidelines for
I&C
System compliance with regulatory
requirements
Responsible manager

Project manager
Requirements engineering practices in
design and licensing
Active failures
Support of VAHA initiative
Coding for the KLAD system in support
of VAHA initiative

Identification of FAult situations PROpagating BEtween different systems and
disciplines (IFAPROBE)
Järjestelmien välillä etenevien vikatilanteiden tunnistaminen
Research organization: Aalto University
Project manager: Nikolaos Papakonstantinou, Aalto
Person
Nikolaos Papakonstantinou,
DTech

Org.
Aalto

Tasks
Project manager, APROS 6 modeling,
analysis and reporting, data acquisition
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Criticality Safety and Transport methods in reactor analysis (CRISTAL)
Kriittisyysturvallisuus ja kuljetusmenetelmät reaktorianalyysissä
Research organisation: VTT
Project manager: Karin Rantamäki, VTT
Person
Rantamäki Karin, DrTech

Org.
VTT

Häkkinen Silja, DrTech
Juutilainen Pauli, MScTech
Kotiluoto Petri, PhD

VTT
VTT
VTT

Pusa Maria, DrTech

VTT

Räty Antti, MSc
Valtavirta Ville, MScTech
Viitanen Tuomas, MScTech

VTT
VTT
VTT

Tasks
Project management, calculation methods,
criticality safety, international co-operation
and training courses
Calculation methods
Criticality safety
Calculation methods, international cooperation and training courses
Calculation methods, international cooperation and training courses
Calculation methods
Criticality safety
Reactor dosimetry, international cooperation and training courses

Three-dimensional reactor analyses (KOURA)
Kolmiulotteiset reaktorianalyysit
Research organisation: VTT
Project manager: Elina Syrjälahti, VTT
Person
Syrjälahti Elina, MSc (Tech)

Org.
VTT

Hovi Ville, MSc (Tech)

VTT

Hämäläinen Anitta, DSc (Tech)
Ilvonen Mikko, LicSc (Tech)

VTT
VTT

Rintala Jukka, MSc (Tech)
Räty Hanna, MSc (Tech)

VTT
VTT

Sahlberg Ville, Research trainee
Taivassalo Veikko, PhLic (Phys)

VTT
VTT

Task
Project manager, Fuel behaviour
models, BWR modelling, International
co-operation
PORFLO development and
applications
BWR modelling, TRAB3D/SMABRE
PORFLO development and
applications
Neutronics
Deputy project manager, BWR
modelling, International co-operation
Neutronics
PORFLO development and
applications
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Development of a Finnish Monte Carlo reactor physics code (KÄÄRME)
Suomalaisen Monte Carlo -reaktorifysiikkakoodin kehittäminen
Research organisation: VTT
Project manager: Jaakko Leppänen, VTT
Person
Jaakko Leppänen, DTech
Maria Pusa, DTech
Tuomas Viitanen, MScTech
Ville Valtavirta, MScTech
Toni Kaltiaisenaho, BScTech

Org.
VTT
VTT
VTT
VTT
VTT

Tasks
Project manager, code developer
Deputy project manager, code developer
Code developer
Code developer
Code developer

Neutronics, nuclear fuel and burnup (NEPAL)
Neutroniikka, ydinpolttoaine ja palama
Research organisations: Aalto University
Project manager: Jarmo Ala-Heikkilä, Aalto
Person
Jarmo Ala-Heikkilä, D.Sc.(Tech.)
Seppo Sipilä, D.Sc.(Tech.)
Aarno Isotalo, D.Sc.(Tech.)

Org.
Aalto
Aalto
Aalto

Markus Ovaska, M.Sc.

Aalto

Pertti Aarnio, D.Sc.(Tech.)
Rainer Salomaa, Prof.
Mikko Alava, Prof.
Filip Tuomisto, Prof.
Eric Dorval, M.Sc.(Tech.)
Risto Vanhanen, M.Sc.(Tech.)

Aalto
Aalto
Aalto
Aalto
Aalto
Aalto

Tasks
Project manager
Deputy project manager
Computer simulations, analytical
methods
Computer simulations, analytical
methods
Internal support group
Internal support group
Internal support group
Internal support group
Internal support group
Internal support group
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Extensive fuel modelling (PALAMA)
Polttoaineen laaja-alainen mallinnus
Research organisation: VTT
Project manager: Ville Tulkki, VTT (Timo Ikonen, VTT, acting project manager
since 16.12.2013)
Person

Org.

Tasks

Asko Arkoma,
MSc (Tech)

VTT

Analysis of reactivity initiated
accidents and loss of coolant
accidents, implementation and
development of SCANAIR
code.

Silja Häkkinen,
D.Sc(Tech)

VTT

Review on minor actinide
burning in LWR fuels

Santtu Huotilainen,
VTT
MSc(Tech)

MELODIE creep experiments

Timo Ikonen,
D.Sc. (Tech)

Uncertainty analysis, FINIX
development, project
management

VTT

Joonas Kättö, MSc
VTT
(Tech)

Improvement of validation
database system for ENIGMA
and the code SPACE for using
it, oxidation models, LOCA
phenomena.

Seppo Kelppe,
MSc (Tech)

VTT

WGFS, CABRI participation

Henri Loukusa,
BSc (Tech)

VTT

FINIX validation,
thermochemical modelling

Elina Syrjälahti,
MSc (Tech)

VTT

GENFLO-FRAPTRAN
coupling.
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Enhancement of Safety Evaluation tools (ESA)
Turvallisuusanalyysityökalujen kehittäminen
Research organisation: VTT
Project manager: Ismo Karppinen, VTT
Person
Ismo Karppinen, MScTech

Seppo Hillberg, MScTech
Risto Huhtanen, MScTech
Markku Hänninen, DrTech

Jarno Kolehmainen,
MScTech
Joona Kurki, LicTech
Sampsa Lauerma, trainee
Ari Silde, MScTech
Pekka Urhonen, MScTech

Org. Task
VTT Project manager, validation of APROS code,
participation in OECD/GAMA, follow-up of
OECD/HYMERES, OECD/PKL3, co-ordination
of Northnet RM3
VTT Deputy project manager , validation of APROS
and TRACE codes, follow-up of USNRC/CAMP
VTT Development and validation of CFD calculation
methods
VTT Participation in the FONESYS code developers
network
VTT Validation of APROS
VTT Validation of TRACE 3D module, follow-up of
OECD/ATLAS
VTT Validation of APROS
VTT Validation of APROS Containment
VTT Validation of APROS and TRACE codes
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Experimental Studies on Containment Phenomena (EXCOP)
Suojarakennuksessa tapahtuvien ilmiöiden kokeellinen tutkimus
Research organisation: Lappeenranta University of Technology
Project manager: Markku Puustinen, Lappeenranta University of Technology
Person
Markku Puustinen, MScTech

Org.
LUT

Jani Laine, MScTech

LUT

Heikki Purhonen, DrTech
Vesa Riikonen, MScTech
Antti Räsänen, MScTech

LUT
LUT
LUT

Vesa Tanskanen, DrTech
Arto Ylönen, Dr. sc. ETH
Zurich
Harri Partanen, Engineer
Hannu Pylkkö, Technician

LUT
LUT

Ilkka Saure, Technician

LUT

Lauri Pyy, MScTech

LUT

Joonas Telkkä, MScTech

LUT

Elina Hujala, MScTech
Eetu Kotro, Trainee

LUT
LUT

LUT
LUT

Tasks
Project manager, Experiment planning and
analysis
Deputy project manager, Experiment
analysis, Data conversion
International tasks, Experiment planning
Data acquisition, Experiments
Instrumentation, Data acquisition, Data
conversion, Visualization, Control systems,
Experiments
Computer simulations, Experiments
Assessment of measurement techniques,
Experiment analysis
Designing of test facilities, Experiments
Construction, operation and maintenance of
test facilities, Experiments
Construction, operation and maintenance of
test facilities, Experiments
Assessment of measurement techniques,
Experiments
Assessment of measurement techniques,
Experiments
Pattern recognition, Experiment analysis
Construction, operation and maintenance of
test facilities, Instrumentation, Data
acquisition, Data conversion, Visualization,
Control systems
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OpenFOAM CFD-solver for nuclear safety related flow simulations (NuFoam)
OpenFOAM CFD -ratkaisija ydinturvallisuuden virtaussimulointeihin

Research organisation: VTT, Aalto, LUT Energy
Project manager: Dr Timo Pättikangas, VTT
Deputy project manager: Juho Peltola, VTT
Person
Timo Pättikangas, D.Sc.
Juho Peltola, M.Sc.

Org.
VTT
VTT

Jarto Niemi, M.Sc.

VTT

Timo Siikonen, Prof.
Tomas Brockmann, M.Sc.
Juhaveikko Ala-Juusela, M.Sc.
Vesa Tanskanen, D.Sc.
Giteshkumar Patel, M.Sc.

Aalto
Aalto
Aalto
LUT
LUT

Task
Project manager, two-phase CFD modeling
Two-phase CFD model development and
validation
Two-phase CFD model development and
validation
CFD model development and validation
CFD modeling
CFD modeling
CFD model development and validation
CFD model development and validation

Numerical modeling of condensation pool (NUMPOOL)
Lauhdutusaltaan numeerinen mallintaminen
Research organisation: VTT
Project manager: Timo Pättikangas, VTT
Person
Timo Pättikangas, DTech
Jarto Niemi, MScTech
Antti Timperi, MScTech

Org. Task
VTT Project manager, CFD modeling of
condensation pool
VTT CFD modeling of condensation pool
VTT Modeling of fluid-structure interactions
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PWR PACTEL experiments (PAX)
PWR PACTEL kokeet
Research organisation: LUT
Project manager: Vesa Riikonen, LUT
Person
Vesa Riikonen, MScTech

Org.
LUT

Markku Puustinen, MScTech
Heikki Purhonen, DTech
Virpi Kouhia, MScTech

LUT
LUT
LUT

Otso-Pekka Kauppinen,
MScTech
Antti Räsänen, MScTech

LUT

Jani Laine, MScTech

LUT

Lauri Pyy, MScTech

LUT

Joonas Telkkä, MScTech

LUT

Harri Partanen, Engineer
Hannu Pylkkö, Technician

LUT
LUT

Ilkka Saure, Technician

LUT

Eetu Kotro, Trainee

LUT

LUT

Tasks
Project manager, experiment planning,
analysis and reporting, data acquisition
Deputy project manager, experimental work
International tasks
APROS code modeling and calculations,
experiment analysis and reporting
TRACE code modeling and calculations
Instrumentation, data acquisition, process
control, experimental work
Experimental work, experiment analysis and
reporting
Experimental work, experiment analysis and
reporting
Experimental work, experiment analysis and
reporting
Designing of test facilities
Construction, operation and maintenance of
test facilities, experimental work
Construction, operation and maintenance of
test facilities, experimental work
Construction, operation and maintenance of
test facilities, experimental work
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Modeling of pressure transients in steam generators (SGEN)
Ydinvoimalaitosten höyrystimien mallintaminen
Research organisations: VTT and Fortum Power and Heat Oy
Project manager: Timo Pättikangas, VTT
Person
Timo Pättikangas, DTech

Org.
VTT

Ville Hovi, MScTech
Ismo Karppinen, MScTech
Jarto Niemi, MScTech

VTT
VTT
VTT

Sampsa Lauerma, Research
Trainee
Tommi Rämä, MScTech

VTT

Lauri Peltokorpi, MScTech
Timo Toppila, MScTech

Fortum
Fortum

Fortum

Task
Project manager, development of CFD
models for steam generators
CFD modelling of steam generators
Apros modelling of steam generators
Development of CFD models for steam
generators
Apros modeling of steam generators
CFD modeling of VVER-440 horizontal
steam generator
Apros modeling of Loviisa NPP
CFD modeling of VVER-440 horizontal
steam generator

Uncertainty Evaluation for Best Estimate Analyses (UBEA)
Best-estimate –turvallisuusanalyyseihin yhdistetty epävarmuuksien arvioiminen
Research organisation: VTT
Project manager: Joona Kurki, VTT
Person
Joona Kurki, Lic.Tech
Torsti Alku, MScTech

Org.
VTT
VTT

Tasks
Project manager
Deputy project manager, research on input
uncertainties
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Thermal hydraulics and fuel integrity in spent fuel dry cask interim storage
facility (SPEFU)
Lämmönsiirto ja polttoaineen eheys väliaikaisessa käytetyn polttoaineen
kuivavarastossa
Research organisations: VTT
Project manager: Risto Huhtanen, VTT
Person
Risto Huhtanen, LicTech

Org.
VTT

Ville Tulkki, LicTech

VTT

Asko Arkoma, MScTech
Timo Pättikangas, DrTech

VTT
VTT

Tasks
Project manager, modelling and simulation
of heat transfer
Deputy project manager, behaviour of spent
fuel, creep models
Spent fuel, material parameters
Simulation of heat transfer

Core debris coolability and environmental consequence analysis (COOLOCE-E)
Sydänromukeon jäähdytettävyys ja ympäristövaikutusten arviointi
Research organisation: VTT
Project manager: Eveliina Takasuo, VTT
Deputy project manager: Tuomo Sevón, VTT
Person
Eveliina Takasuo, MScTech

Veikko Taivassalo, PhLic (Phys)
Tuomo Kinnunen, Engineer
Taru Lehtikuusi, Technician
Jukka Rossi, MScTech
Mikko Ilvonen, LicTech

Org. Tasks
VTT Planning, design and analysis of the
COOLOCE experiments, modelling of
debris coolability
VTT 3D modelling of debris coolability
VTT COOLOCE experiments: design,
installation and maintenance work
VTT COOLOCE experiments: design,
installation and maintenance work
VTT Atmospheric dispersion calculations
VTT Atmospheric dispersion calculations
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Chemistry of fission products in containment (FISKES)
Fissiotuotteiden kemia suojarakennuksessa.
Research organisation: VTT
Project manager: Tommi Kekki, VTT
Person
Tommi Kekki, MSc

Org.
VTT

Tiina Lavonen, MSc
Merja Tanhua-Tyrkkö,
MScTech
Jaana Rantanen
Karri Penttilä, MScTech

VTT
VTT

Anna Nieminen, MScTech

VTT

VTT
VTT

Tasks
Project manager, OECD/NEA BIP-2 project,
nitric acid formation
Pool chemistry, experiments
Pool chemistry, experiments
Nitric acid formation
pH calculation Chempool, Chemsheet,
Molten corium interactions
Iodine pool model ASTEC

Thermal Hydraulics of Severe Accidents (TERMOSAN)
Vakavien onnettomuuksien termohydrauliikka
Research organisation: VTT
Project manager: Tuomo Sevón, VTT
Person
Tuomo Sevón, MScTech

Anna Nieminen, MScTech
Veikko Taivassalo, PhLic (Phys)

Org.
VTT

Tasks
Fukushima modelling with MELCOR,
PCCS calculations with MELCOR,
CSARP, OECD THAI-2, project
management
VTT PCCS calculations with ASTEC
VTT Fluent calculations of hydrogen
combustion experiments in THAI-2
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Transport and chemistry of fission products (TRAFI)
Fissiotuotteiden kulkeutuminen ja kemia
Research organisation: VTT
Project manager: Teemu Kärkelä, VTT
Person
Teemu Kärkelä, MScTech

Org.
VTT

Ari Auvinen, MScTech

VTT

Melany Gouello, PhD

VTT

Jarmo Kalilainen,
MScTech

VTT

Pekka Rantanen, LicTech

VTT

Unto Tapper, PhD
Raoul Järvinen, Technician
Emmi Myllykylä, MSc

VTT
VTT
VTT

Jaana Rantanen, Technician

VTT

Tiina Lavonen, MSc

VTT

Tuula Kajolinna, Engineer

VTT

Tasks
Iodine and ruthenium experiments, Followup of OECD/STEM project, Interpretation of
results
Follow-up of OECD/STEM project,
Interpretation of results
Iodine experiments in primary circuit
conditions
Iodine experiments in primary circuit
conditions, Studies on particle deposition by
turbulent natural convective flow
Studies on particle deposition by turbulent
natural convective flow
Electron microscopy
Construction of experimental facilities
Chemical analysis iodine and ruthenium
experiments
Chemical analysis - iodine and ruthenium
experiments
Chemical analysis - iodine and ruthenium
experiments
Analysis of gaseous compounds - iodine
experiments

Vessel failures, steam Explosions and Spent fuel Pool Accidents (VESPA)
Paineastian puhkeaminen, höyryräjähdysten mallinnus ja käytetyn polttoaineen altaiden
onnettomuudet

Research organisation: VTT
Project manager: Anna Nieminen, VTT
Person
Anna Nieminen,
M.Sc.(Tech.)
Mikko Patalainen
M.Sc.(Tech.)
Kari Ikonen D.Sc.(Tech.)
Magnus Strandberg, Trainee

Org.
VTT
VTT
VTT

Tasks
Project Manager , ASTEC accident scenario
analysis for EPR pressure vessel failure
Pressure vessel failure simulations with
Abaqus
Development of PANAMA CFD model to
simulate heating of interim spent fuel storage
Vapour explosion analyses with MC3D
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Passive containment cooling system tests (PCCS)
Passiivisen suojarakennusjäähdyttimen kokeet
Research organization: LUT, VTT
Project manager: Juhani Vihavainen, LUT
Person
Juhani Vihavainen, LicTech

Org.
LUT

Markku Puustinen, MScTech
Heikki Purhonen, DTech
Joonas Telkkä, MScTech
Antti Räsänen, MScTech

LUT
LUT
LUT
LUT

Harri Partanen, Engineer
Hannu Pylkkö, Technician

LUT
LUT

Ilkka Saure, Technician

LUT

Eetu Kotro, Trainee

LUT

Teemu Kärkelä, MScTech

VTT

Pekka Rantanen, LicTech

VTT

Ari Auvinen, MScTech
Raoul Järvinen, Technician
Johanna Forsman, DTech

VTT
VTT
VTT

Tasks
Project manager, experiment planning,
analysis and reporting
Experimental work
Experiment planning and analysis support
Experiment analysis support
Instrumentation, data acquisition, process
control, experimental work
Designing of test facilities
Construction, operation and maintenance of
test facilities, experimental work
Construction, operation and maintenance of
test facilities, experimental work
Construction, operation and maintenance of
test facilities, experimental work
Deputy project manager, aerosol experiment
planning, analysis and reporting
Aerosol experiment planning, analysis and
reporting, aerosol facility construction
Aerosol experiment planning
Aerosol facility construction
Aerosol experiment planning, analysis and
reporting, aerosol facility construction
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Environmental influence on cracking susceptibility and ageing of nuclear materials
(ENVIS)
Ympäristön vaikutus ydinvoimalaitosmateriaalien murtumiseen ja vanhenemiseen
Research organisation: VTT and Aalto University
Project manager: Ulla Ehrnstén, VTT
Person
Ulla Ehrnstén, MScTech

Org.
VTT

Juha-Matti Autio (YG),
MScTech

VTT

Matias Ahonen (YG),
MScTech

VTT

Santtu Huotilainen (YG),
MScTech
Pertti Aaltonen, MScTech
Pekka Moilanen, DTech

VTT

Mykola Ivancenko (YG),
DTech
Wade Karlsen, DTech
Hannu Hänninen, Prof.

VTT

Risto Ilola, DTech
Tapio Saukkonen, MScTech
Antti Forsström, MScTech
(YG)
Roman Mouginot, MScTech
(YG)
Teemu Sarikka, MScTech
(YG)

Aalto
Aalto
Aalto

VTT
VTT

VTT
Aalto

Aalto
Aalto

Tasks
Project manager, analysis and reporting,
international tasks, mentoring
Deputy project manager, metallography of
stainless steel plant sample ), liquid metal
embrittlement experiments
Low temperature crack propagation
experiments, preparation of thesis
manuscript
Secondee at CEA Sacley, France,
preparations for in-core creep experiment
EPR testing mentoring
Design of biaxial creep equipment
TEM investigations on irradiated stainless
steels
TEM on irradiated materials, mentoring
Analysis and reporting, international tasks,
mentoring
Project management at Aalto
SEM/EBSD measurements
Ageing of nuclear materials, nanoindentation
measurements
Characterisation of nuclear mock-ups, SEM,
nanoindentation
Characterisation of nuclear mock-ups, SEM
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Fracture assessment of reactor circuit (FAR)
Reaktoripiirin murtumisriskin arviointi
Research organisation: VTT
Project manager: Tom Andersson (1.6.2013-31.1.2014), Juha Kuutti (1.2.2014->), VTT
Person
Päivi Karjalainen-Roikonen,
MScTech
Kim Wallin, Research. prof.
Heikki Keinänen, MScTech
Mikko Patalainen, MScTech
Juha Kuutti, MScTech
Kalle Kaunisto, MScTech
Tapio Planman, MScTech
Tom Andersson, MScTech
Pekka Nevasmaa, DScTech
Sebastian Lindqvist, MScTech
Qais Saifi, MScTech

Org. Tasks
VTT Low constraint, DMW, LBB
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT

Low constraint, DMW, LBB
LBB
LBB
XFEM
XFEM
WPS low constraint
WPS low constraint
DMW
DMW
DMW

Monitoring of the structural integrity of materials and components in reactor
circuit (MAKOMON)
Materiaalien ja komponenttien eheyden monitorointi
Research organisation: VTT
Project manager: Tarja Jäppinen, VTT
Person
Tarja Jäppinen, Lic.Sc. (Tech.)

Org.
VTT

Jonne Haapalainen, M.Sc.

VTT

Ari Koskinen, M.Sc. (Tech.)
Esa Leskelä, M.Sc. (Tech.)

VTT
VTT

Tasks
Project manager, Eddy current
applications
Deputy project manager, Ultrasonic
simulations and reflectors, radiography
Ultrasonic reflectors
Ultrasonic reflectors and simulations

Stefan Sandlin, M.Sc.

VTT

New ultrasonics methods, radiography

Kari Lahdenperä, Lic.Sc. (Tech.)

VTT

Eddy current applications

Antti Tuhti, Engineer

VTT

Ultrasonic reflectors, Digital radiography
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RI-ISI Analyses and Inspection Reliability of Piping Systems (RAIPSYS)
Putkistojärjestelmien RI-ISI analyysit ja tarkastusten luotettavuus
Research organisation: VTT
Project manager: Otso Cronvall, VTT
Person
Otso Cronvall, LicTech

Org.
VTT

Jouni Alhainen, MScTech

VTT

Kalle Kaunisto, MScTech

VTT

Taneli Silvonen, MScTech

VTT

Tero Tyrväinen, MScTech

VTT

Ari Vepsä, MScTech

VTT

Tasks
Project manager, risk informed in-service
inspection methodology, probabilistic
fracture mechanics
Probabilistic fracture mechanics software
development
Database applications, structural reliability
software development
Piping break risk analyses (until end of June
2014)
Piping break risk analyses (possibly
replacing Mr. Silvonen as of beginning of
July 2014)
Deputy project manager, probabilistic
simulations and sampling methods

Advanced surveillance technique and embrittlement modelling (SURVIVE)
Kehittynyt surveillance -tekniikka ja materiaaliominaisuuksien luotettava
mallintaminen
Research organisation: VTT
Project manager: Matti Valo, VTT
Person
Petteri Lappalainen, MSc

Org.
VTT

Matti Valo, MScTech

VTT

Anssi Laukkanen, MScTech
Jari Lydman, engineer

VTT
VTT

Tuomo Lyytikäinen, engineer VTT
Tapio Planman, MScTech
VTT

Tasks
project manager 1.7.2104 , resistivity
measurements
project manager
30.6.2014, reporting,
does not utilize the project resources in
autumn.
Modelling, calculations
Mechanical testing, EB-welding,
metallography and HV-tests
Mechanical testing
Fracture mechanics analysis

27

Water chemistry and plant availability (WAPA)
Vesikemia ja laitosten käyttövarmuus
Research organisation: VTT
Project manager: Timo Saario, VTT
Person
Martin Bojinov, professor
Tiina Ikäläinen
Taru Lehtikuusi, Research
Assistant
Seppo Peltonen, Research
Engineer
Timo Saario, DrTech
Konsta Sipilä, MSc
Essi Velin, MSc

Org.
UCTM
VTT
VTT

Tasks
Impedance modelling
Deposition experiments
Chemistry control

VTT

Equipment design

VTT
VTT
VTT

Project manager, planning and reporting
Corrosion experiments
Measurement of zeta-potential under PWR
secondary side conditions

Fatigue affected by REsidual Stresses, environment and tHermal fluctuations
(FRESH)
Jäännösjännitysten, ympäristön ja lämpötilanvaihteluiden vaikutukset väsymiseen
Research organisation: VTT
Project manager: Heikki Keinänen VTT
Person
Heikki Keinänen, MScTech
Otso Cronvall, LicTech
Antti Timperi, MScTech
Juha Kuutti, MscTech
Qais Saifi, MscTech

Org.
VTT
VTT
VTT
VTT
VTT

Tasks
Project manager welding simulation
Numerical modelling
CFD computation, numerical modeling
Numerical modelling
Numerical modelling
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Heavy fouling and corrosion risks in the cooling water systems of NPPs and
methods for their mitigation (RICO)
Korroosion ja saostumien muodostumisen riskit ydinvoimalaitosten
jäähdytysvesikierroissa sekä niiden ennaltaehkäisy
Research organisation: VTT
Project manager: Essi Velin, VTT
Person

Org.

Tasks

Johanna Lukin, Research
Technician
Seppo Peltonen, Research
Engineer
Tiina Ikäläinen, Research
Engineer
Taru Lehtikuusi, Research
Technician
Mirva Pyrhönen, Research
Technician
Tarja Eriksson, Research
Technician
Arto Nyholm, Research
Technician
Marketta Mattila, Research
Technician
Juha-Matti Autio, MScTech
Pauliina Rajala, MSc

VTT

Laboratory experiments

VTT

Equipment design

VTT

Equipment design

VTT

Chemistry control

VTT

Microbiology

VTT

Microbiology

VTT

Equipment modification

VTT

SEM investigations

VTT
VTT

SEM investigations
Microbiology measurement analysis

Timo Saario, DrTech

VTT

Deputy project manager, impedance
modelling

Saija Väisänen, MScTech

VTT

Essi Velin, MScTech

VTT

Project manager, planning and experiments
Project manager, planning, experiments and
reporting
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Impact (IMPACT)
Research organisation: VTT
Project manager: Ilkka Hakola, VTT, Assistant project manager: Ari Vepsä
Person

Title

Org.

Ari Vepsä, MScTech
Vepsä Ari
Calonius Kim Mathias
Halonen Matti
Halonen Pekka
Hietalahti Jouni Aslak
Järvinen Erkki Olavi
Kaunisto Kalle
Kuutti Juha Ilmari
Lehmus Eila
Mäkinen Jukka Olavi
Patalainen Mikko
Saarenheimo Arja Kyllikki
Schlesier Erja Beata Hannele
Sjöblom Ville
Uanik Secil

MScTech
MScTech
MScTech
MScTech
Research eng
Research eng.
MScTech
MScTech
MScTech
MScTech
Research eng
MScTech
LicScTech
Assistant
Research eng
Assistant

VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT
VTT

Task
Tasks: 1 Test apparatus; 2 Measurements,
3 Pre-calculations, 4 Testing, 5 Archiving
Project manager, 1 2 3 4 5
Assistant project manager 1 2 3 4 5
24
125
125
1245
245
34
234
2
1245
345
2345
5
1245
1

The material tests and casting have been done by VTT Expert Services Oy
Pre-stressing of concrete walls have been done by Tensicon consulting

Management of Ageing of NPP Concrete Structures (MANAGE)
Ydinvoimaloiden betonirakenteiden ikääntymisen hallinta
Research organization: VTT
Project manager: Miguel Ferreira, VTT
Person
Miguel Ferreira, Ph.D.

Org.
VTT

Mikko Tuomisto, B.Sc.

VTT

Olli Stenlund, M.Sc.

VTT

Esko Sistonen, D.Sc. (Tech.)
Faim Al-Neshawy, Lic.Sc.
(Tech.)
Jukka Piironen, MSc. (Tech.)

AU
AU
AU

Tasks
Project manager, Planning of the platform,
application and interfacing of the program
ServiceMan, condition analyses based on
samples.
Planning of the MANAGE platform. Design
of interfaces between central database and
analysis tools.
Planning of the MANAGE platform. Design
of interfaces between central database and
analysis tools.
Condition analyses based on samples.
Planning of the platform. Planning of the
central database and the inspection database.
Condition analyses based on samples.

VTT – VTT Technical Research Centre of Finland
AU – Aalto University

30

Structural Mechanics Analysis of Soft and Hard Impacts (SMASH)
Rakenteiden mekaniikan menetelmiä pehmeiden ja kovien iskukuormitusten
tarkasteluun
Research organisation: VTT
Project manager: Arja Saarenheimo, VTT
Deputy project manager: Kim Calonius
Person
Arja Saarenheimo, LicTech
Kim Calonius, MScTech

Org. Tasks
VTT Project manager, structural analyses
VTT Deputy project manager, structural analyses

Ari Silde, MScTech

VTT Liquid dispersal studies

Topi Sikanen, MScTech
Antti Paajanen, MScTech
Markku Tuomala, Prof
Jari Pietilä, trainee

VTT
VTT
TUT
TUT

Fire dynamic simulations
Fire dynamic simulations
Analytical methods
MSc thesis

Seismic Safety of Nuclear Power Plants – Targets for Research and Education
(SESA)
Ydinvoimaloiden seisminen turvallisuus
Research organizations: VTT, , Institute of Seismology (Uni. Of Helsinki), Aalto
University, AF-Consult
Project manager: Ludovic Fülöp, VTT
Person
Ludovic Fülöp, Ph.D.

Org.
VTT

Vilho Jussila
Saari Jouni, Ph.D.

VTT
AF

Malm Marianne, M.Sc.
Niko Leso
Pekka Heikkinen, Prof.
Päivi Mäntyniemi, Ph D.,
docent
Timo Tiira, Ph. D.

AF
AF
SeI
SeI

Jari Puttonen, Prof.

SeI
Aalto

Tasks
Project manager; Coordination of the
structural analysis, equipment qualification
review, Teaching (SP1, SP2)
Modelling tasks of buildings in SP2 and SP3
Deputy project manager; Seismic hazard
modelling methods– SP1
Seismic hazard modelling – SP1
Seismic hazard modelling – SP1
Coordination of hazard studies (SP1)
Teaching - Earthquake hazard assessment
Data analysis of data-bank and developing
the attestation relationships – SP1
Overall planning of teaching activity,
Teaching
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Extreme weather and nuclear power plants (EXWE)
Sään ääri-ilmiöt ja ydinvoimalaitokset
Research organisation: FMI
Project manager: Kirsti Jylhä
Debyte project manager: Hilppa Gregow
Person
Kirsti Jylhä, Dr

Org.
FMI

Hanna Boman, MSc
Hilppa Gregow, Dr

FMI
FMI

Harri Hohti, MSc

FMI

Milla Johansson, MSc
Hannu Jokinen
Pauli Jokinen, MSc

FMI
FMI
FMI

Kimmo Kahma, Prof

FMI

Anu Karjalainen, Ms
Matti Kämäräinen, MSc

FMI
FMI

Katri Leinonen, MSc
Hilkka Pellikka, MSc
Pentti Pirinen, MSc
Kimmo Tikka

FMI
FMI
FMI
FMI

Tasks
Project manager, synthesis, weather
extremes, climate change
Meteotsunami related research, reporting
Debyte project manager, synthesis, storm
winds, climate change
Weather radar analysis related to
meteotsunami research
Synthesis, sea level rise
Refraction modelling of meteotsunamis
Weather extremes, Downscaling of climate
model data
Meteotsunamis and their refraction
modelling, sea level height, synthesis
Meteotsunamis: data analysis
Modelling of weather extremes, uncertainty
analysis, synthesis
Synthesis, earlier sea level scenarios
Meteotsunami research synthesis
Meteotsunami related weather analysis
Refraction modelling of meteotsunamis
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Risk Assessment of Large Fire Loads (LARGO)
Suurten palokuormien riskien arviointi
Research organisation: VTT
Project manager: Anna Matala (VTT)
Person

Org.

Tasks

Anna Matala, D. Sc. (Tech)

VTT

Topi Sikanen, M. Sc. (Tech)
Johan Mangs, PhD
Antti Paajanen, M. Sc.
Terhi Kling, M. Sc. (Tech)
Tatu Pinomaa, M. Sc. (Tech)

VTT
VTT
VTT
VTT
VTT

Project manager starting 10.1.2013. Cable
fire simulations.
Pool fire simulations, FDS development.
Soot yields and smoke.
HRA development.
HRA development.
Defence-in-depth.

PRA Development and Application (PRADA)
Todennäköisyyspohjaisen riskianalyysin kehittäminen ja soveltaminen
Research organisation: VTT
Project manager: Ilkka Karanta, VTT
Person
Ilkka Karanta, LicTech

Org.
VTT

Taneli Silvonen, MScTech

VTT

Markus Porthin, MScTech
Jukka Rossi, MScTech
Ahti Salo, Prof., DTech
Antti Toppila, MScTech

VTT
VTT
Aalto
Aalto

Tasks
Project manager, IDPSA, modeling of
complex operations, level 3 PSA
Deputy project manager, level 2 PSA,
IDPSA
Human reliability analysis
level 3 PSA
Imprecise probabilities subproject manager
Main researcher in imprecise probabilities
subtask
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FinPSA knowledge transfer (FinPSA-transfer)
FinPSA tietämyksen siirto
Research organisation: VTT
Project manager: Teemu Mätäsniemi, VTT
Person
Teemu Mätäsniemi,
MScTech
Kim Björkman, MScTech

Org.
VTT

Tero Tyrväinen, MScTech

VTT

Taneli Silvonen, MScTech

VTT

VTT

Tasks
Project manager, software detailed design,
prototype implementation
Deputy project manager, algorithms,
software detailed design, prototype
implementation
Testing(integration 1&2, level 2), software
detailed design, prototype implementation
Level 1 run result comparison plan

Enhancement of Lappeenranta instrumentation of nuclear safety experiments
(ELAINE)
Lappeenrannan ydinturvallisuuskokeiden mittausten ajanmukaistaminen
Research organisation: LUT
Project manager: Arto Ylönen, LUT
Person
Arto Ylönen,
Dr. sc. ETH Zurich
Antti Räsänen, MScTech

Org.
LUT

Vesa Riikonen, MScTech

LUT

Heikki Purhonen, DrTech
Jani Laine, MScTech
Lauri Pyy, MScTech
Joonas Telkkä, MScTech
Harri Partanen, Engineer
Hannu Pylkkö, Technician

LUT
LUT
LUT
LUT
LUT
LUT

Ilkka Saure, Technician

LUT

Eetu Kotro, Trainee

LUT

Andrey Mityakov, Prof.

LUT

LUT

Tasks
Project manager, advanced measuring
devices and applications
Instrumentation, data acquisition, process
control, experimental work
Deputy project manager, experiment
planning, analysis and reporting, data
acquisition
Planning and supervising
Experiment planning, analysis and reporting
PIV and WMS applications
PIV and WMS applications
Designing of test facilities
Construction, operation and maintenance of
test facilities, experimental work
Construction, operation and maintenance of
test facilities, experimental work
Construction, operation and maintenance of
test facilities, experimental work
Heat flux measuring devices
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Renewal of Hot Cell Infrastructure (REHOT)
Kuumakammiotutkimusvalmiuksien uudistaminen
Research organisation: VTT
Project manager: Wade Karlsen, VTT
Person
Wade Karlsen, Ph. D.
Petteri Lappalainen, MScTech

Org.
VTT
VTT

Ulla Ehrnstén, MScTech
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