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1 Status summary 
This report provides a short overview of the current status of the NKS-R programme. Since the 
last NKS Board meeting in January, final reports for six of the NKS-R activities started in 
2013 have been published on the NKS website. New submission dates for the four final reports 
that are missing have been approved. Contracts have been agreed and signed for all activities 
started in 2014. All activities initiated earlier than 2013 have been finally reported. 

1.1 Seminars 
Four NKS-R seminars will be held within the 2014 activities: Nordic-Gen4 seminar (4-5th of 
September in Lappeenranta), DIGREL seminar for end users (15th of January in Stockholm), 
L3PSA seminar (20th of January) and a workshop within the ProCom activity (15th of 
November at IFE Halden). 

1.2 Young scientist travel support 
Requests have been received. However, none has been eligible for support. Requests have been 
for participation in project work and for travels to international seminars outside the Nordic 
countries. 

1.3 Published reports 
The following reports have been published within the NKS reports series since the last board 
meeting in January: 
 
NKS-299 February 2014 NKS-R Decommissioning Seminar 2013 Decom-sem 
NKS-300 February 2014 The expected and experienced benefits 

of Human performance tools in nuclear 
power plant maintenance activities – 
Intermediate report of HUMAX project 

HUMAX 

NKS-301 February 2014 Improving design processes in the 
nuclear domain. Insights on 
organizational challenges from safety 
culture and resilience engineering 
perspectives 

SADE 

NKS-302 March 2014 Guidelines for reliability analysis of 
digital systems in PSA context – Phase 4 
Status Report 

DIGREL 

NKS-303 March 2014 Addressing off-site consequence criteria 
using Level 3 PSA – Phase 1 Status 
Report 

L3PSA 

NKS-304 March 2014 Software reliability analysis for PSA DIGREL 
NKS-305 March 2014 Evaluation of Existing Applications and 

Guidance on Methods for HRA – 
EXAM-HRA Phase 3a Summary Report 

EXAM-HRA 

 
 
The reports listed above are all final reports for work done in 2013 within the respective 
activities. Most of the activities result in one joint final report. However, participants in some 
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of the activities prefer to submit separate final reports. In addition, some of the activities are 
divided into sub-activities which provide separate reports. E.g. the DIGREL activity produced 
two final reports for 2013 (one overall DIGREL report and one software reliability report). 
Project reports (overall DIGREL report and software reliability report) for the entire period of 
the activity will be published in 2015. 

2 Activities initiated in 2013 
 
Ten activities were initiated in 2013. Five of the activities were continuing activities and five 
were new. Four final reports are still missing. An overview of the status of 2013 NKS-R 
activities is presented in table 1. 
 
Table 1. NKS-R 2013 activities 

Activity Description First 
invoice Report Second 

invoice 
Report 
number 

Decom-
sem Decommissioning seminar 2013 x x x NKS-299 

DECOSE Debris coolability and steam explosion x - -  

DIGREL Guidelines for reliability analysis of digital 
systems in PSA context x x 2/3 NKS-302 

NKS-304 

DPSA Deterministic-probabilistic safety analysis 
methodology x - -  

ENPOOL Experimental and numerical studies on 
suppression pool issues x - -  

Exam HRA 
Evaluation of existing applications and 
guidance on methods for human reliability 
analysis (HRA)  

x x x 
NKS-305 

HUMAX Maximizing human performance in 
maintenance x x 2/3 NKS-300 

L3PSA Addressing off-site consequence criteria 
using Level 3 PSA x x 3/4 NKS-303 

POOLFIRE 

Predictive analysis of pool fires in 
enclosures by means of CFD 
models for risk assessment of nuclear power 
plants 

x - - 

 

SADE 
Safety culture in design – improving 
resilience throughout the life-cycle of 
nuclear power plants  

x x x 
NKS-301 

 

3 Activities initiated in 2014 
Nine activities were started in 2014. Seven of these are continuing activities and two are new. 
Contracts have been signed for all activities. In this chapter short descriptions are given for the 
activities. For more detailed status reports see attachments. 
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3.1 ATR 
Impact of Aerosols on the Transport of Ruthenium in the primary circuit of nuclear power 
plant. 
Previous experiments have shown that the fraction of gaseous ruthenium transported through 
the primary circuit of an experimental setup at VTT was higher than what would be expected 
in thermodynamic equilibrium calculations. Focus of the ATR project is to study the impact of 
aerosols on the transport of ruthenium in the containment air of a BWR. Some of the most 
radiotoxic elements that may be released from the fuel into the containment’s atmosphere 
during a severe accident are iodine and ruthenium. In 2014, the impact of aerosols on the 
transport of ruthenium, especially gaseous Ru species, will be studied in primary circuit 
conditions. Different aerosol species (e.g. Ag, CsI and RuO2), will be injected to the gas flow 
together with the volatilized RuO4. Thereafter the impact on the transport of ruthenium will be 
studied. A better understanding of the containment atmosphere composition during a severe 
accident will lead to improved strategies for reducing the risk of ruthenium release to the 
environment. 
 
Activity leader: Christian Ekberg, Chalmers 
 
NKS-R funding: 300 kDKK 
 
Milestones: 

1) Experimental facility ready by the end of April 
2) Experiments/tests done at VTT by the end of June 
3) Experiments/tests done at Chalmers by the end of September/October 
4) Analysis of samples ready by the end of November/December 

 
Status 
The construction of the experimental facility is ready. The testing of the facility is ongoing and 
the experimental work will be initiated during the last part of May. There are no deviations to 
the original plan. 

3.2 DECOSE 
Debris coolability and steam explosion 
Uncertainties in assessment of (i) debris bed properties and coolability, (ii) steam explosion 
impact in BWRs will be reduced by experimental and analytical studies. The experimental part 
of the project will investigate key physical phenomena of the debris bed formation and 
coolability. Experimental data will be validated using simulation tools, leading to more reliable 
predictions of the debris bed coolability in case of an accident with a severe core damage. An 
analytical approach will be utilized to improve the prediction of coolability and to assess the 
uncertainties in modelling of steam explosion impact. The project is almost half way and is 
scheduled for another three years.  
 
Activity leader: Pavel Kudinov, Kungliga Tekniska Högskolan 
 
NKS-R funding: 500 kDKK 
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Deliverables: 
1) Report on COOLOCE experiments and coolability analysis and simulations carried out 

by VTT 
2) Report on experimental and analytical work carried out by KTH on debris bed 

formation and coolability 
3) Report on analysis of steam explosion in Nordic type BWRs by KTH and VTT 

 
Status 
There are no major deviations between plans and results except for:  

- VTT Task 8 (Analysis of steam explosion in a BWR containment) is a bit delayed due 
to change of the personnel. VTT has now recruited a diploma thesis worker who is 
learning to use the FCI codes and will continue with the task. A research visit with KTH 
scientists is possible. Final report is expected to be submitted at the end of May 2014. 

3.3 DIGREL 
Guidelines for reliability analysis of digital systems in PSA context 
Practical guidelines for analysis and modelling of digital systems in probabilistic safety 
assessment (PSA) for nuclear power plants are developed within the DIGREL activity. The 
activity comprises three interrelated activities. Firstly, a taxonomy for failure modes of digital 
I&C systems has been developed by a task group of OECD/NEA Working Group RISK. 
Secondly, in a parallel Nordic activity, a fictive digital I&C PSA-model has been developed 
for the demonstration and testing of reliability modelling approaches. The third activity has 
been to develop a method for the quantification of software reliability in the context of PSA. 
The interim results of the project have been published annually in NKS report series 
(NKS-230, NKS-261, NKS-277, NKS-302 and NKS-304). In 2014, the three activities will be 
finalized and a guidelines report will be prepared for the nuclear industry. 
 
Activity leader: Jan-Erik Holmberg, RiskPilot 
 
NKS-R funding: 300 kDKK 
 
Tasks, milestones and deliverables 
Start 1.1.2014 
T + 3 M WGRISK/DIGREL task group meeting, finalisation of the failure modes 

taxonomy report 
T + 6 M PSAM12 conference paper presentations 
T + 10 M Final draft of the NKS report and (covering all activities 2010–14) 
T + 12 M DIGREL seminar (15th January 2015) 
T + 13 M NKS final report on guidelines of reliability analysis of digital I&C systems in 

PRA 
 
Status 
There are no deviation to the original plan. The task group meeting was held in Paris March 
3-4 and a final draft of the WGRISK report has been prepared. The overall progress of the 
activity is 20 %.  
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3.4 DPSA 
Deterministic-probabilistic safety analysis methodology 
The goals of the project are (i) to develop DPSA modelling approaches for scenarios where 
timing of the events, including PSA Level 1 and recovery actions, has significant effect on the 
results, and (ii) to develop methods for improving PSA and DSA using DPSA generated data. 
The project started one year ago and is scheduled to run for another four years. 
 
Activity leader: Pavel Kudinov, KTH 
 
NKS-R funding: 400 kDKK 
 
Tasks: 

1) To develop further the methodology for application of IDPSA with PSA/DSA to the 
Nordic nuclear energy industry and regulatory needs; 

2) To address further in-depth following issues of risk importance for different severe 
accident scenarios. 

a. Relocation of the core melt to the lower plenum, as initial conditions for the melt-
vessel structure interactions, melt release and ex-vessel steam explosion and 
debris bed coolability in Nordic BWRs; 

b. The influence of timing in PSA level 1 sequences and possible recovery actions 
on the amount and properties of the melt in the lower head; 

3) To suggest improved approaches to modelling of steam explosion and coolability risks 
in PSA, considering information provided from IDPSA analysis. 

 
Status 
There are no major deviations between plans and results. 

3.5 ENPOOL 
Experimental and numerical studies on suppression pool issues 
Steam injections into the pressure suppression pool of a boiling water reactor and their effects 
are studied within this project. Short term dynamic phenomena may cause pressure loads on 
pool structures and long term thermal transients following the steam injection may influence 
the pool’s pressure suppression capacity, which is why this is an important area of research. 
Experiments and numerical analyses of steam injections through blowdown pipes into the 
suppression pool are carried out and the main objective is to develop computational models 
which can be used to simulate the effects of steam injection. In 2013, the experiments 
concentrated on the dynamics of the free water surface in a blowdown pipe to provide data on 
mixing of a thermally stratified pressure suppression pool and on direct contact condensation. 
The experiments carried out with the test facility provide a representative database for 
numerical studies and modeling, which are carried out under the ENPOOL activity. This 
activity started in 2011 and continues in 2014. 
 
Activity leader: Timo Pättikangas, VTT 
 
NKS-R funding: 651 kDKK 
 
Deliverables of VTT: 

1) CFD calculations of blowdown with model of a sector of BWR containment 
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2) FEM calculations of chugging loads in BWR containment 
3) Summary report on the CFD and FEM methods developed in the project 

 
Deliverables of KTH: 

1) Further development of the Effective Heat Source and Effective Momentum Source 
models 

2) Validation of the models against latest available PPOLEX data 
3) Pre- and post-test simulations of the new series PPOOLEX tests 
4) Report on development, implementation, and validation of the Effective Heat Source 

(EHS) and Effective Momentum Source (EMS) models for prediction of thermal 
stratification and mixing in the pressure suppression pool 

 
Deliverables of LUT: 

1) Execution of the experiment series with a sparger 
2) Reporting of the sparger experiments 
3) Execution of the experiment series on DCC 
4) Reporting of the DCC experiments 
5) Delivery of relevant experiment data to the simulation partners 

 
Status 
The beginning of the test series at LUT is delayed by two months due to the problems with the 
PIV system. Resource problems have delayed the progress of the project at VTT. “Situation 
improves in June, when one member of the project team returns from leave of absence.”  

3.6 HUMAX 
Maximizing human performance in maintenance 
Maintenance is a key safety function in any complex sociotechnical system, such as a nuclear 
power plant. The aim of the activity is to enhance understanding on how to maximize human 
performance in maintenance activities of  nuclear power plants. In 2013, the use of specific 
tools, or lack thereof, has been analysed for three Nordic nuclear power plants (NKS-300). 
Interviews have been made with maintenance workers and those responsible for developing 
human performance programs on their opinions on the human performance tools.  The project 
will be finalized in 2014 and the aim is to provide recommendations on how to design and 
implement effective human performance tools.  
 
Activity leader: Maren H. Rø Eitrheim, IFE 
 
NKS-R funding: 500 kDKK 
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Tasks and milestones: 
Tasks Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

 
Planning activities in 2014 
 

x           

Conclude data analysis of the 
case studies at Nordic NPPs 
and draft 1-2 scientific papers 

 x x x x x x x x x  

Suggest what activities HPTs 
may best support vis-à-vis 
other socio-technical solutions 

    x x      

Develop recommendations on 
how to design and implement 
effective HPTs 

 x x x   x x x   

Disseminate findings: 
Continuous dialogues with the 
power companies 

x x x x x x x x x x x 

 
Final report 
 

          x 

 
Status 
Overall, the project progresses according to plan. Analyses of data obtained in the three case 
studies at Nordic plants (TVO, Loviisa and Ringhals) are in their final phases. Data collection 
in the international survey has been completed, and data analysis is currently ongoing. Project 
coordination is carried out using regular video-meetings, where ongoing research activities are 
discussed. 

3.7 L3PSA 
Addressing off-site consequence criteria using level 3 PSA 
The aim is to deepen the Nordic understanding about the merits and limitations of probabilistic 
off-site consequence analysis for nuclear facilities. The project began in 2013, and is in its 
second year of a planned three years. The project's first year focused on the development and 
analysis of an industrial survey about Level 3 PSA, which included several workshops and 
meetings with Nordic utilities, regulators, and safety experts. Level 3 PSA risk metrics 
including health, environmental, and economic effects have been researched and discussed in 
the first year's project report (NKS-303). The project has generated significant interest 
internationally and has interfaced with international organizations including the IAEA and the 
American Nuclear Society. The ultimate goal of the project is to produce a guidance document 
for Level 3 PSA in Nordic countries. 
 
Activity leader: Andrew Wallin-Caldwell, LRT 
 
NKS-R funding: 300 kDKK 
 
Tasks and milestones: 

1) Final report of appropriate risk metrics and regulation, guides and standards 
2) Detailed project plan for a pilot application including tools for dispersion and 

consequence analysis 
3) Outline of the guidance document 
4) Seminar in January 2015 
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Status 
“The project is proceeding as planned in the project plan that was developed during 2013. 
It must be noted that the budget for the project is limited. Thus far, the working group, 
stakeholders, and parties interested in the project have been quite enthusiastic and ambitious in 
what can be accomplished under the Task 3 guidance document and the Task 4 pilot project. It 
is important to be mindful of the resources and scope of the project, and continue to be mindful 
of scope creep and analysis limitation throughout the duration of the project.” 

3.8 Nordic-Gen4 
Nordic nuclear forum for generation IV reactors 
The objective of this forum is to promote communication and interaction between Nordic 
researchers in the generation IV reactor area. The network has existed since 2009. Originally 
the focus was on material issues, but now the scope is wider. The main activity has been to 
organise seminars with participants from academia (senior researchers and students) and 
industry. A two-day seminar will take place in Lappeenranta 14-15th September 2014, where 
both invited speakers from Europe and PhD-students will have a chance to present and discuss 
their research. Other activities of the network include smaller meetings, students visits as well 
as maintaining the website http://nordic-gen4.org/. 
 
Activity leader: Mattias Thuvander, Chalmers 
 
NKS-R funding: 200 kDKK 
 
Tasks and milestones: 

1) Organize a two-day conference 14-15th September in Lappeenranta 
2) Update and extend the Nordic Gen-IV web page 
3) Other networking activities, including meetings between VTT, IFE, Chalmers and DTU 

 
Status 
The work is proceeding in accordance with the plan. 

3.9 ProCom 
Measuring procedure competence 
Exstensive research has been performed by different organisations to identify the functions that 
enable reliable and resilient procedures. Measuring these functions reliably presents its own set 
of challenges. These are mainly (i) identifying reliable markers for each competence and (ii) 
developing guidance so that observers can reliably assess the crew’s degree of proficiency on 
each competence. Institute for Energy Technology, IFE, in Halden has acsess to a huge amount 
of data from simulator studies of complex emergency scenarios, that can be used for 
identifying procedure competence. The activity is a one year project ending in december 2014. 
 
Activity leader: Michael Hildebrandt, IFE 
 
NKS-R funding: 600 kDKK 
 

http://nordic-gen4.org/
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Tasks, milestones and deliverables: 

 
 
Status 
The project is progressing as planned, and according to the time schedule indicated in the NKS 
contract. 

4 Overview of all NKS-R activities 2010-2013 
It is seen from the table below that all activities started in 2012 and earlier have been finalised. 
An activity is considered to be started at the January board meeting, and ended when the final 
report has been delivered.  
Activity NKS number Started Ended 

Decom-sem NKS_R_2010_83 01/2010 12/2010 

DIGREL NKS_R_2010_86 01/2010 12/2010 

IACIP NKS_R_2008_61 01/2010 12/2010 

INCOSE NKS_R_2009_75 01/2010 05/2011 

MOSACA10 NKS_R_2008_69 01/2010 01/2011 

NROI NKS_R_2008_70 01/2010 04/2011 

POOL VTT NKS_R_2007_58 01/2010 05/2011 

POOL KTH NKS_R_2007_58 01/2010 06/2011 

POOL LUT NKS_R_2007_58 01/2010 03/2011 

AIAS NKS_R_2011_98 01/2011 12/2012 

DIGREL NKS_R_2010_86 01/2011 01/2012 

ENPOOL NKS_R_2011_90 01/2011 03/2012 

ENPOOL NKS_R_2011_90 01/2011 05/2012 
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ENPOOL NKS_R_2011_90 01/2011 05/2012 

MoReMO NKS_R_2011_95 01/2011 02/2012 

NOMAGE4 NKS_R_2008_63 01/2011 11/2011 

POOLFIRE NKS_R_2011_96 01/2011 02/2012 

SADE NKS_R_2011_97 01/2011 03/2012 

RASTEP NKS_R_2010_87 06/2011 09/2012 
AIAS NKS_R_2011_98 01/2012 06/2013 
DECOSE NKS_R_2012_100 01/2012 07/2013 
DIGREL NKS_R_2010_86 01/2012 02/2013 
ENPOOL VTT NKS_R_2011_90 01/2012 04/2013 
ENPOOL LUT NKS_R_2011_90 01/2012 03/2013 
ENPOOL KTH NKS_R_2011_90 01/2012 05/2013 
MoReMO NKS_R_2011_95 01/2012 03/2013 
Nordic-Gen4 NKS_R_2012_103 01/2012 11/2012 
POOLFIRE NKS_R_2011_96 01/2012 02/2013 
RASTEP NKS_R_2010_87 01/2012 10/2013 
SADE NKS_R_2011_97 01/2012 03/2013 
Decom-sem NKS_R_2013_106 01/2013 02/2014 
DECOSE NKS_R_2012_100 01/2013 unfinished 
DIGREL NKS_R_2010_86 01/2013 03/2014 
DPSA NKS_R_2013_107 01/2013 unfinished 
ENPOOL NKS_R_2011_90 01/2013 unfinished 
Exam HRA NKS_R_2013_110 01/2013 03/2014 
HUMAX NKS_R_2013_108 01/2013 02/2014 
L3PSA NKS_R_2013_109 01/2013 03/2014 
POOLFIRE NKS_R_2011_96 01/2013 unfinished 
SADE NKS_R_2011_97 01/2013 02/2014 
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Attachments 

A1. Status report ATR 
 
Status report NKS ATR2, Contract no AFT/NKS-R(14)111/1 
 
The construction of the experimental facility is ready. It is mainly similar to the set-up which was used 
in the previous experiments at VTT (T. Kärkelä et al. “Experiments on the behavior of ruthenium in air 
ingress accidents – final report”, VTT-R-01252-07 (2007)).  It includes an inlet section with mass flow 
controllers to adjust the carrier gas (air) flow rate accurately. The air flow is directed to the high 
temperature tubular flow furnace (alumina tube) and the source of ruthenium as RuO2 powder is 
located there. The ruthenium source is heated to 1000 °C – 1500 °C in an oxidizing airflow (5 l/min) 
and the formation of gaseous ruthenium oxides takes place. Downstream the furnace, the reaction 
products are cooled down in a stainless steel tube. Aerosol particles are collected on a plane filter and 
gaseous ruthenium is trapped with a NaOH solution. 
 
As a significant difference to the previous set-up, an atomizer has been added to the inlet of the 
facility in order to produce various seed particles. One of the main objectives of this work is to study 
the effect of seed particles on the transport of gaseous ruthenium. 
 
For the online monitoring of aerosol products, the facility is equipped with Electrical Low Pressure 
Impactor (ELPI), Scanning Mobility Particle Sizer (SMPS), Condensation Particle Counter (CPC) and 
Tapered Element Oscillating Microbalance (TEOM) devices. Thus information on the particle number 
size distribution, particle number concentration and particle mass concentration will be gathered. 
Samples of particles in a gas phase will be collected with a vacuum aspiration sampler on microscope 
grids for the further analysis on particle morphology and elemental composition.    
 
Gaseous and aerosol samples will be analysed with several techniques, e.g. ICP-MS, INAA, Raman, 
XPS, SEM-EDX, TEM-SAED. 
 
The testing of the facility is ongoing and the experimental work will be initiated during the last part of 
May. 
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A2. Status report DECOSE 
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A3. Status report DIGREL 
22-002 / DIGREL – Reliability analysis of digital systems in PSA context 
Status May 2014/Jan-Erik Holmberg, Risk Pilot AB 
Task Status 
WGRISK activity (task 
group) focusing on the 
development of best practice 
guidelines on failure modes 
taxonomy for reliability 
assessment of digital I&C 
systems for PSA 

Task Group meeting in Paris March 3–4, 2014. Status 
reported to OECD/NEA WGRISK Paris March 4, 2014. 
Final draft of the report prepared. 
 
Paper prepared to PSAM12 conference.  
 
Progress 90% 

Development of the generic 
digital I&C system example 
and associated demonstration 
PSA-model 

Working meeting in Stockholm April 25, 2014. Detailed 
working plan made for 2014 tasks. 
 
Progress 15% 

Finnish-Swedish-German 
collaboration specifically on 
software modelling and 
quantification 

Phone meeting organised April 4, 2014. Detailed 
working plan made for 2014 tasks. 
 
Paper prepared to PSAM12 conference. 
 
Progress 15% 

Nordic end user workshop  NKS/DIGREL seminar will be organised on January 15, 
2015 in Stockholm.  
 
Progress 5% 

Final reports (public NKS 
report) 
- overall DIGREL report 
- software reliability 

report 

Outlines of the reports prepared. Final versions will be 
ready in January 2015 
 
Progress 20% 

No deviation to the original plan 
Overall progress 20% 
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A4. Status report DPSA 
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A5. Status report ENPOOL 
STATUS of NORTHNET RM3 and ENPOOL-NKS ACTIVITIES, May 7th, 
2014 
 
Work at LUT, Markku Puustinen, Jani Laine, Antti Räsänen, Lauri Pyy and Joonas Telkkä 
 
Deliverable 1: Execution of the experiment series with a sparger 
Design of the sparger model to be used in the tests is under discussion.  The test series will be 
done in autumn. A detailed test plan will be agreed with KTH. 
 
Deliverable 2: Reporting of the sparger experiments 
No progress. Expected submit date of the report is November 30th, 2014. 
 
Deliverable 3: Execution of the experiment series on DCC 
Facility preparations for the tests are under way. The DN100 blowdown pipe and the new three 
high speed cameras will be used in the tests. The laser of the PIV measurement system is being 
repaired by the manufacture. The test series will start as soon as the PIV laser has returned to LUT. 
 
Deviation: The beginning of the test series is delayed by two months due to the problems with the PIV 
system. 
 
Deliverable 4: Reporting of the DCC experiments 
No progress. Expected submit date of the report is September 30th, 2014. 
 
Deliverable 5: Delivery of relevant experiment data to the simulation partners. 
No progress. 
 
 
Work at VTT, Timo Pättikangas, Antti Timperi and Jarto Niemi, VTT 
 
Deliverable 1: CFD calculations of blowdown with model of a sector of BWR containment 
Implementation and improving “The large interface model”  in Fluent has been continued. 
Some numerical problems in the implementation of the large interface tracking model still 
exist. Resource problems have delayed performing of the subtask. One project team member 
returns from leave of absence in June, which improves the resource situation. Final simulations 
with the model will be started in August. 
 
Deliverable 2: FEM calculations of chugging loads in BWR containment 
Modelling of pressure pulse in water has been studied with the Star-CCM+ CFD code by using 
different time steps and time discretizations as well as single- and double-precision solutions. 
FSI calculations using coupling of Star-CCM+ CFD and Abaqus FEM codes have been started. 
The bi-directional explicit and implicit FSI couplings have been so far briefly tested in a 
simplified test case. 
 
The final calculations of the BWR containment have been delayed until August. 
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Deliverable 3: Summary report on the CFD and FEM methods developed in the project 
This subtask will be started in August. 
 
Deviation: Resource problems have delayed the progress of the project. Situation improves in 
June, when one member of the project team returns from leave of absence.  
 
Work at Royal Institute of Technology (KTH), Hua Li, Walter Villanueva and Pavel 
Kudinov 
 
Deliverable 1: Further development of the Effective Heat Source and Effective 
Momentum Source models for spargers and RHR nozzles 
Pre-test analysis with proposed designs of sparger and RHR nozzles is ongoing. The final 
designs of the sparger and RHR nozzles will be agreed with LUT. 
 
Deliverable 2: Validation of the models against latest available PPOOLEX data 
Validation of EHS/EMS models against recently concluded PPOOLEX MIX-07 to MIX-12 
tests has been performed. 
 
Deliverable 3: Pre- and Post-test simulations of the new series PPOOLEX tests 
No progress. 
 
Deliverable 4: Report on the model development and validation 
No progress. 
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A6. Status report HUMAX 
Project: Maximizing Human Performance in Maintenance (HUMAX) 
 
The purpose of the HUMAX project is to provide recommendations on how to improve the 
effectiveness of Human Performance Tools (HPTs) in maintenance work.  The 
recommendations will be developed based on insights from three case studies at Nordic 
nuclear power plants (Ringhals, TVO and Loviisa), an international questionnaire survey, and 
a literature review. 
 
Overall, the project is progressing according to plan. 
 
Project Group in 2014: Pia Oedewald (VTT), Teemu Reiman (VTT), Kaupo Viitanen (VTT), 
Christer Axelsson (RAB), Rossella Bisio (IFE) and Ann Britt Skjerve (IFE, co-ordinator). 
 
Milestones: 
No. Activities Duration (planned) Status 
1  Literature review January-Mach 2013 Completed in 2013 
2 Conclude analyses of the 

three case studies, and 
write 1-2 scientific 
papers based on the 
results obtained. 

March-November 2014 The preliminary results 
of the three case studies 
were documented in the 
intermediate report, 
January 2014. 
 
Abstract accepted for 
presentation at WOS.net 
2014 (details below). 

3 Conclude analysis of the 
international survey. 

March-November 2014 On-going 

4 Develop 
recommendations on how 
to design and implement 
HPTs. 

March-April 2014 and 
August-October 

On-going 

5 Disseminate findings. Continuous dialogues 
with the power companies 

 

6 Final report December 2014  
 
Overall status: 
 
Overall, the project progresses according to plan.  
 
Analyses of data obtained in the three case studies at Nordic plants (TVO, Loviisa and 
Ringhals) are in their final phases. Data collection in the international survey has been 
completed, and data analysis is currently ongoing.  
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Project coordination is carried out using regular video-meetings, where we discuss and 
coordinate the ongoing research activities. 
 
Status on the individual activities: 
 
Ad 1) Literature review (2013) 
A literature review has been carried out and documented complete draft format. The scope of 
the review was to provide project members with a summarised presentation of the main 
assumptions and characteristics of the human performance programme movement.   
 
Ad 2) Conclude analyses of the three case studies, and write 1-2 scientific papers based on 
the results obtained 
The project comprises three case studies at Nordic plants. Data was collected during 2013. 
• The Ringhals case: Data collection has been completed: 9 interviews (2 engineers and 1 group 

leader from the mechanical, electrical and I&C maintenance departments, respectively) and a 
web-based survey administered to maintenance staff (337 persons).  

• The TVO case: Data collection has been completed: 15 interviews (12 maintenance workers 
and supervisors, 3 control room operators) and a couple of survey questions concerning 
human performance tools were added at TVO’s regular safety culture survey. 

• The Loviisa case: Data collection has been completed: 22 interviews (maintenance supervisors 
and managers) and regular meetings have been arranged where the findings have been 
discussed.   

 
The preliminary results of the three case studies were documented in: Oedewald, P., Skjerve, 
A.B., Axelsson, C., Viitanen, K., Pietikäinen, E., Reiman, T., 2014. The expected and 
experienced benefits of Human performance tools in nuclear power plant maintenance 
activities. Intermediate report of HUMAX project. Nordic nuclear safety research, NKS-300, 
Roskilde, Denmark. 
 
Abstract accepted for presentation at Wos.net 7th international conference, 30 September - 03 
October 2014 Glasgow, Scotland, UK: Oedewald, P., Skjerve, A.B., Axelsson, C. Viitanen, K., 
Reiman, T: Expected and experienced benefits of Human Performance Tools in nuclear power 
maintenance activities. In this paper, we will expand on the topics addressed in the 
intermediate report.  
 
Ad 3) Conclude analysis of the international survey 
The purpose of the international survey was to gain better understanding on the expected and 
measured benefits of using Human Performance Tools, as well as insights into success factors 
associated with their implementation. The survey was designed based on the insights obtained 
from the three case studies, and distributed to 1055 respondents, identified based on 
participation in international meetings focusing on various aspects of Human Performance 
Programs. The survey received 135 responses from at least 47 organisations (many of the 
respondents did not indicate where they came from) mainly from North America and Europe. 
The analysis of data obtained in is currently ongoing.   
 
Ad 4) Develop recommendations on how to design and implement HPTs  
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A scheme has been developed to facilitate documentation of and dialogues about potential 
recommendations, identified based on the findings in the study. The goal of this activity is to 
generate a list containing 15-25 recommendations, which may be of generic use to Nordic 
plants by December 2014.  
 
Ad 5) Disseminate findings  
 
The preliminary outcome from the case studies on Nordic plants was presented at the Working 
Group on Human and Organisational Factors (WGHOF) meeting in Paris, 26th March. Parts of 
the lessons learned about safety management in the HUMAX project have been included in a 
paper to be presented in a Technical Meeting at IAEA, 10-13 June 2014.  
 
Expected submit date of the final report: 
We expect to submit the final report 31, December 2014.  
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A7. Status report L3PSA 
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A8. Status report Nordic-Gen4 
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A9. Status report ProCom 
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