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Abstract

NKS research work during the years 2002 — 2005 and its results have been
evaluated against a set of criteria defined by the NKS Board. The evaluation en-
compassed the NKS-R (reactor safety) and NKS-B (emergency preparedness)
programs and was conducted by two persons per program. The mode of work of
the two evaluation teams was adapted to the special conditions of the program at
hand, one being aimed more at the nuclear industry and the other at a more aca-
demic surrounding; in both cases, however, with great involvement of relevant
national authorities. The findings of the evaluators are presented in this report.
Financing and participating organizations, end users, deliverables, quality as-
pects, cost-benefit issues, time schedules, budgets and related issues are dis-
cussed. Finally, the sections on NKS-R and NKS-B, respectively, include conclu-
sions and recommendations for future NKS work.
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This is NKS

NKS (Nordic Nuclear Safety Research) is a scientific cooperation program in nuclear safety,
including emergency preparedness and radiation protection. It is an informal forum, serving as an
umbrella for Nordic initiatives and interests. Its purpose is to carry out joint activities producing
seminars, exercises, scientific articles, technical reports, manuals, recommendations, and other
types of reference material. This material offers guidance to concerned ministries, authorities,
research establishments and enterprises in the nuclear field in their decision-making.

The work is divided into two main branches:

NKS-R Reactor Safety including Decommissioning and Radioactive Waste

NKS-B Emergency Preparedness including Radioecology and Emergency
Preparedness Related Information and Communication Issues

Normally, only activities of interest to financing organizations and other end users are carried out.
The results should be practical and directly applicable. The main financiers are:

The Danish Emergency Management Agency
The Finnish Ministry for Trade and Industry
The Icelandic Radiation Protection Institute
The Norwegian Radiation Protection Authority
The Swedish Nuclear Power Inspectorate

The Swedish Radiation Protection Authority

Together with support from a number of additional financiers in the nuclear field, the total NKS
budget for 2005 was some €1.0 million (DKK 7.5 million). To this should be added contributions in
kind by participating organizations, worth approximately the same amount, without which this
program would not be possible.

The region in question is the five Nordic countries, i.e., Denmark (including the Faroe Islands and
Greenland), Finland, Iceland, Norway and Sweden. With a total population of some 24 million
people, and a common cultural and historic heritage, the Nordic countries have cooperated in the
field of nuclear safety for approximately half a century. Informal networks for exchange of
information have developed throughout the years, strengthening the region’s potential for fast,
coordinated and adequate response to nuclear threats, incidents and accidents. NKS has served well
as a platform for such activities.

This Nordic interest in cooperation and pooling of resources via NKS is due to the large number of
nuclear installations and activities in the region. There are four nuclear power reactors in operation
in Finland, and one (Olkiluoto 3) is under construction. Sweden has 12 nuclear power reactors. Of
these, 10 will continue operation and two have been permanently shut down (Barseback 1 and 2).
Preparations are being made to decommission the Barseb&ck reactors. There are research reactors in
Denmark, Finland, Norway and Sweden. The three Danish reactors have been closed and
decommissioning work has started. The reactors in Finland and Norway are still in operation. The
two Swedish research reactors have been shut down recently and face decommissioning. In Sweden
there is also a nuclear fuel production plant in operation. All five Nordic countries have interim



storages for radioactive waste. Finland, Norway and Sweden have final repositories in operation for
low and medium level waste. In Finland and Sweden work is in progress to allow construction of
final repositories for spent fuel. Apart from nuclear installations in the Nordic countries, there are
commercial, research and naval nuclear reactors and other nuclear installations in surrounding
eastern and western countries.

Therefore, NKS with its program for nuclear safety including radioactive waste, environmental
issues, emergency preparedness, radiation protection and information is of common interest to all
five Nordic countries. The hallmark of NKS is a spirit of sharing — all results are available free of
charge, not only to the NKS family but worldwide. When quoting NKS material, a reference to the
source will be appreciated.

A historical overview is given in a book entitled “Half a Century of Nordic Cooperation. An
Insider’s Recollection.” The author is Franz R. Marcus and the book can be ordered free of charge
from the NKS Secretariat.

About this report

The NKS-R program has been evaluated by Risto Sairanen (STUK) and Per Persson (independent
consultant), and the NKS-B program was evaluated by Per Hedemann Jensen (DD) and Tore
Lindmo (NTNU). The material has been compiled by Torkel Bennerstedt (NKS) and edited by
Annette Lemmens (FRIT). On behalf of the NKS Board, additional information on NKS policy and
activities has been supplied by Lars Gunsell (SKI) and Sigurdur M. Magnusson (GR), as needed.
NKS is grateful for the significant contributions made by the authors to evaluate and help improve
the overall NKS structure and mode of work as well as programs and activities.

Summary

Following an NKS Board decision in November 2005, NKS work and results from the years 2002
to 2005 have been evaluated. The two programs, NKS-R (reactor safety) and NKS-B (emergency
preparedness) were evaluated separately and according to a set of criteria adopted by the Board.
See Appendix 1.

NKS-R: The reactor safety program
In the case of NKS-R, the criteria were translated into a list of 14 questions by the evaluators.
Answers to the questions were collected from three sources:
e interviews of persons from Finland and Sweden having experience of working with NKS-R
e asurvey sent to end users of the NKS-R research results, and to activity participants
e review of NKS-R deliverables by the evaluators

Considering the limited level of funding, the achievements of the NKS-R work in 2002-2005 have
been very good. Only a few delays have been observed. In a vast majority of cases, the activity
leaders have conducted their activities according to plans and in a cost-effective way. The end users



have considered the results applicable. All finished activities have fulfilled the formal NKS
requirement of producing final documentation.

Some NKS objectives have not been completely fulfilled in NKS-R. Building of Nordic networks
has been only occasionally achieved. Most of the activities have been mainly conducted by the
leading organization. Contacts with power plants and with other relevant established Nordic
cooperation groups have been scarce in some cases.

The NKS-R evaluators recommend that the Nordic cooperation aspect should be enhanced in the
future. Contacts with other established Nordic cooperation groups, with the end users and with
NKS-B should also be reinforced.

Distribution of the NKS-R results should be improved, e.g., by arranging seminars presenting the
results of the program activities.

Education activities, especially for the younger generation, could be a regular feature of NKS-R.
The education could efficiently utilize the facilities available in various Nordic countries.

NKS-B: The emergency preparedness program

The NKS-B activities have been evaluated against activity proposals and against their scientific
merits. The quality of the deliverables varies considerably. Also, the cost-effectiveness, i.e., the
“return of the investment” in the different activities varies, as do the scientific perspectives of the
activities. Many of the activities, however, have the potential of being further developed within
Nordic research programs.

Activities on measurement technology have been a very valuable part of the NKS-B program
portfolio. Nordic countries possess expert competence in this field, which is also appreciated on the
European level. Nevertheless, radiological measurements constitute an expertise only mastered by
few institutions in each of the Nordic countries. Activities within NKS therefore constitute an
opportunity to further develop and maintain this competence as well as to work out common
protocols and procedures that will ensure coordinated actions within the Nordic countries in case of
an emergency. The activities on field measurements and laboratory-based analyses are highly
relevant and very valuable results have been obtained from both field exercises and laboratory
intercomparisons.

The purpose of the radioecology activities has been to establish reliable data for prediction of
possible dose to humans from different ecosystems, to be used in decision-support systems, and to
search for new organisms accumulating radionuclides in various ecosystems. From the published
reports of NKS activities in this field, it is not always clear how the results will be utilized in a
systematic manner to further strengthen the expertise within these two areas of radioecology. To
improve decision-support systems, critical analyses to identify which data are most needed to
strengthen system performance should be made and the data be acquired through focused activity
work. The search for new accumulating indicators should be limited to a few species relevant for
the Nordic countries and the effort then focused on a systematic long-term monitoring of such
species.



The emergency preparedness activities have been well-anchored. In general, all activities have been
relevant for emergency preparedness and they fulfil the criteria set up in the NKS-B program. The
activities have contributed to maintain and building up competence and to maintain and building
Nordic networks between scientists in emergency preparedness disciplines. Transverse
collaboration between closely related activities seems to have been rather low but might be
improved in the further work on integrating the activity results into broader decision-support
systems.

Challenges for future NKS work on emergency related activities will be careful considerations on
the balance between research-oriented and more practical-/routine-oriented activities, more clear
communication of the activity results, integration of such results into decision-support systems,
better integration of NKS activities with relevant EU activities, and inclusion of university
departments in research activities.

Sammanfattning

| november 2005 bestamde NKS’ styrelse att NKS-arbetet och dess resultat mellan aren 2002 och
2005 skulle utvérderas. De tva forskningsprogrammen, NKS-R (reaktorsékerhet) och NKS-B
(beredskap), utvarderades var for sig och i enlighet med direktiv fran styrelsen. Se Appendix 1.

R-delen utvarderades av Risto Sairanen (STUK) och Per Persson (fristdende konsult), och B-delen
utvarderades av Per Hedemann Jensen (DD) och Tore Lindmo (NTNU). Utvarderarnas rapporter
har sammanstallts av Torkel Bennerstedt (NKS) och redigerats av Annette Lemmens (FRIT). Lars
Gunsell (SKI) och Sigurdur M. Magnusson (GR) har vid behov och pa styrelsens vagnar lamnat
kompletterande information om NKS’ policy och verksamhet under utvarderingens gang.

NKS-R: Reaktorséakerhetsprogrammet

Utgaende fran utvarderingskriterierna utarbetade utvérderarna en lista med 14 fragor. Svar
inhamtades pa foljande vis:
e Personer i Finland och Sverige med erfarenhet av arbete inom NKS-R intervjuades
e En enkat sdndes till slutanvéandare av forskningsresultaten, och till deltagare i NKS-
aktiviteterna
e Rapporter, seminariematerial och annan information fran NKS-R studerades av utvérderarna

Med tanke pa de begransade resurserna ar resultatet av arbetet i NKS-R under aren 2002 — 2005
mycket bra. Férseningarna har varit fa. | de allra flesta fall har de aktivitetsansvariga foljt de
uppgjorda planerna och arbetat kostnadseffektivt. Slutanvandarna har bedémt resultaten som
anvandbara. Alla avslutade aktiviteter har i enlighet med NKS-kraven avrapporterats i en
slutrapport.

Vissa NKS-mal har inte uppfylits till fullo. Nordiska natverk har skapats bara i en del fall. De flesta
aktiviteter har huvudsakligen genomforts av den organisation som haft ledningsansvaret.
Kontakterna med kraftindustrin och andra relevanta etablerade nordiska samarbetsgrupper har varit
knappa i en del fall.



Utvarderarna av NKS-R rekommenderar att det nordiska samarbetet uttkas i framtiden.
Kontakterna med andra etablerade nordiska samarbetsgrupper, med slutanvéndare och med NKS-B
bor ocksa starkas.

Spridningen av resultat fran NKS-R bor forbattras, t ex genom att arrangera seminarier dar
resultaten av programaktiviteterna presenteras.

Utbildningsaktiviteter, sarskilt for den yngre generationen, skulle kunna vara ett aterkommande
inslag i NKS-R. Utbildningen kunde pa ett effektivt satt anvanda sig av de faciliteter som finns
tillgangliga i de nordiska landerna.

NKS-B: Beredskapsprogrammet

Aktiviteterna inom NKS-B har utvarderats mot aktivitetsforslagen och mot deras vetenskapliga
fortjanster. Kvalitén av levererade produkter varierar avsevart. Aven kostnadseffektiviteten (det vill
séga hur stor nytta man haft av de nedlagda resurserna) i de olika aktiviteterna varierar, och det
galler aven aktiviteternas vetenskapliga perspektiv. Men manga av aktiviteterna har potential att
utvecklas ytterligare inom nordiska forskningsprogram.

Aktiviterna rorande matteknik har varit en mycket vardefull del av NKS-B. De nordiska landerna
besitter expertkompetens, vilket uppmarksammas dven pa europeisk niva. Men bara ett fatal
organisationer i vart och ett av de nordiska landerna behéarskar radiologiska matningar. Aktiviteter
inom NKS ger darfor en mojlighet att uppratthalla och utveckla denna kompetens. Samtidigt kan
gemensamma protokoll och procedurer utarbetas i Norden, som underlattar koordinerade nordiska
insatser i ett beredskapsldge. Insatserna avseende faltmétningar och laboratorieanalyser &r mycket
relevanta, och mycket vardefulla resultat har uppnatts bade vid dvningar pa faltet och vid
jamforelsematningar pa laboratorier.

Aktiviteterna inom radioekologiomradet har haft tva syften. Det ena har varit att fa fram
vederhaftiga data for att kunna forutsaga dosen till manniska fran olika ekosystem, att anvandas
som underlag i system till stod for beslutsfattare. Det andra har varit att kunna studera nya mojliga
organismer som ackumulerar radionuklider i olika ekosystem. Av de publicerade NKS-rapporterna
pa detta omrade framgar inte alltid klart hur resultaten ska anvandas pa ett systematiskt sétt inom
dessa tva delar av radioekologin. For att forbattra systemen for stod till beslutsfattare borde kritiska
studier genomforas for att identifiera vilken typ av data som mest behovs for att forbattra systemen,
och sadana data borde sedan tas fram genom fokuserade insatser. Studierna av nya ackumulerande
organismer borde begransas till ett fatal arter som &r typiska for de nordiska landerna och arbetet
inriktas pa langtidssudier av dessa arter.

Aktiviteterna pa beredskapssidan har varit val forankrade. | allmanhet har alla aktiviteter varit
relevanta for beredskapen och de uppfyller kriterierna som géller for NKS-B. Aktiviteterna har
bidragit till att uppratthalla och utveckla saval kompetens som nordiska natverk mellan
vetenskapsman inom olika delar av beredskapen. Grénsoverskridande samarbete mellan nérliggande
fackomraden tycks ha varit sallsynt men skulle kunna utckas i ett kommande arbete med att inte-
grera resultaten i bredare beslutsstodssystem.

En utmaning for framtida beredskapsarbete inom NKS ar balansen mellan forskningsaktiviteter och
aktiviteter inriktade pa praktiska fragor och rutiner. Andra utmaningar ar tydligare resultatspridning,



implementering av de uppnadda resultaten i beslutsstodssystem, battre integration av NKS-
aktiviteter med EU-projekt, och ett 6kat deltagande av universitetsinstitutioner i forskningsarbetet.

Vi
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Introduction

The NKS structure and activities are evaluated fairly regularly. The last evaluation was reported in
NKS-66 of November 2002 and encompassed research results as well as organization and
administrative support regarding the years 1998 — 2001. As a consequence of this evaluation, the
Board decided to reorganize NKS activities and administration. The new structure and procedures
are described below. In November 2005 the Board laid down the directives for an evaluation of the
results and new mode of operation of the last 4 years (2002 — 2005). This report presents the
findings of the evaluators.

NKS research was reorganized in 2001 in order to improve overall flexibility, transparency and
efficiency. The old structure of a handful of rather bulky 4-year projects was abandoned in favor of
a structure with a large number of smaller activities divided into two main program areas, each led
by a program manager:
e NKS-R: reactor safety, including decommissioning and radioactive waste
e NKS-B: emergency preparedness, including radioecology and emergency preparedness
related information and communication issues

Suggestions for new activities are invited through a procedure of Call for Proposals, initiated by the
NKS-R and NKS-B program managers. Proposed activities should be well defined and limited in
objectives, duration and costs. The proposals are evaluated by the respective program manager and
one or more experts and presented at the NKS Board meeting in November each year. Normally,
NKS activities are planned and financed for one year at a time and can be prolonged or extended by
the Board as appropriate. Thus, the content, duration and funding of the activities will vary over
time and between activities, and an element of competition in applying for NKS research funding
has been introduced.

The main source of financing of NKS activities is national institutions in the five Nordic countries.
The total financing for the years 2002 to 2005 is shown in Table 1, together with main expense
items in the same period.

Table 1. NKS financing and expenses for the period 2002-2005 (in DKK, based on yearly accounting reports)

Financing Expenses

National institutions 27 665 952 | Remainder costs 1998-2001 5428 839

Other sources 2 329 949 | Funding of R activities 10 701 768
Funding of B activities 10 486 930
Other costs 5417 630

Total income 29 995 901 | Total costs 32 035 167




Thus, unused funds from previous years have been spent to cover the costs. If activity spending in
each of the Nordic countries is compared with the financial contributions from the respective
countries, as shown in figure 1, it seems that Sweden has a significantly lower “return” than other
member countries.
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Figure 1. NKS program spending (in 2000 DKK) in individual Nordic countries, compared to
financial contributions from the respective countries, based on break-down of data in Table 1
country by country. (NKS-R expenses are allocated to activity leader’s country, NKS-B activity
expenses have been distributed on participating countries in each activity.)

Since the activities are funded on a yearly basis, all funding decisions and contracts between NKS
and the organizations that carry out the work are made for a maximum period of one year. Activities
that have a longer duration must apply for a continuation of the NKS funding annually. A final
report should be available immediately after finishing the activity. These arrangements ensure that
all activities are constantly supervised and evaluated at least once a year.

Program managers were nominated from the beginning of 2002 for the respective areas.
Administratively, the two program managers in the new structure replaced the former six project
leaders of the NKS 1998 — 2001 program, and “projects” are now normally referred to as activities
(although the old term project is still used occasionally). The responsibilities of the present program
managers include:

Managing the activities and proposing new ones

Ensuring that the program is conducted according to the decisions of the Board

Interacting with the Nordic end users

Interacting with the activity leaders, ensuring that the activities are running and being
reported according to plans (including budget)

e Reporting to the Board at its meetings



Background information and instructions for the NKS work are given in the Program Handbook
(NKS(06)3) and Administrative Handbook (NKS(06)4). In addition, the NKS-R and NKS-B
program managers have issued and updated Framework Reports for detailed instructions on the R
and B research work.

All NKS activities must be led by an organization based in Denmark, Finland, Iceland, Norway or
Sweden. It is allowed and even encouraged to link an NKS activity to other national or international
research programs. Non-Nordic partners are not excluded from the program, but they cannot be the
leading organization. All results of an NKS funded activity are public and published in the NKS
series. No funding can be given to proposals producing confidential results. The reports produced
by the activities are published electronically on the NKS website, and the final reports are also
printed.

It is intended to keep NKS work open and dynamic by regularly announcing new calls for
proposals, and encouraging candidate activities to apply for NKS funding. Applications can be
submitted at any time. Practically, most of the applications are received during the first funding
round launched in August every year with a deadline for proposals in September. All running
activities must also participate in the annual evaluation process if they are to be prolonged.

Applications are submitted to the program manager, who coordinates the evaluation process and
presents a funding proposal to the NKS Board. Each proposal is evaluated by experts representing
intended end users of the research results. The funding decisions are made by the NKS Board in a
meeting usually held in November. The program manager presents the Board with the evaluation
results and a proposal for funding distribution, including documented justification of the proposal.

After the Board meeting, the program managers contact the activity leaders who are expected to
give their acceptance of the terms given by the Board. If accepted by the end of December, the
activities can be contracted and start at the beginning of the following year.

Usually, a small part of the total NKS funding has been reserved for a second round in May.
The basic requirements that all activity proposals, and of course the activities should fulfil are:

e The activity should have a well defined organization.

e Each activity must have a responsible activity leader.

e There must be a detailed financing plan for each activity. All funding sources and in-kind
contributions must be indicated in the proposal. For research activities, the NKS funding can
normally be no more than 50% of the total funding.

e Each activity must produce documented results.

The organization proposing an activity must submit a plan for the activity. The format of the
activity plan is free, but there is a recommended structure given in the framework reports. The
activity plan should give a detailed description of the activity as regards the evaluation criteria listed
below. In addition, a signed proposal summary form must be submitted to document basic contact
information of the activity.

The program manager invites a team of experts to assist with the evaluation. The evaluation team
members perform their evaluation independently of each other for each proposal in their research
area. The evaluation is done by assigning numerical scores and justification for the scores using the
six evaluation criteria listed below.



o g s

The proposals should demonstrate the Nordic dimension. The Nordic dimension is
interpreted here as creation or maintenance of Nordic networks, transfer and build-up of
Nordic competence, and involvement of young Nordic researchers and research teams.

The technical/scientific content of the proposed activity should meet high international
standards, and new developments should be highlighted.

There should be distinct and measurable goals both for technical/scientific development and
for efforts related to information exchange.

The results should be highly relevant for the end users and financing organizations.
Participation of young experts in an activity provides additional merit.

Linking NKS activities to other international programs or work within, e.g., EU, IAEA and
OECD/NEA provides additional merit.






1. Evaluation of the NKS Reactor Safety Program, NKS-R, 2002-
2005

1.1 Introduction: Overview of NKS-R activities

1.1.1 Activities in the period 2002-2005

The NKS-R program in the current form started in 2002. At that time it was decided to divide the R
program into two themes:

1. Development and Validation (DELI) of assessment methods and new technology. The
theme covers challenges related to plant safety assessment and introduction of new
technology into the plants.

2. Management and organisation (MANGAN) of safety and quality assurance. The theme
covers the challenges related to implementation and assessment of effective safety and
quality management, and human performance in different situations.

Seminars can be considered as a third theme.

The present NKS-R program has evolved from activity proposals received in the annual process of
Call for Proposals. The objectives and the application process of the NKS-R program are described
in the NKS-R Framework report (NKS(05)4).

The bases for funding decisions are the proposal evaluation scores given by the proposal evaluation
teams. In addition to the scores, it is a responsibility of the program manager to consider factors
influencing the balance of the program. Factors listed in the NKS-R framework report are:

e The program - as a whole - must be balanced geographically. There may be individual
activities without a strong showing of co-operation between Nordic countries, but the
program must be balanced overall.

e Important Nordic organisations - utilities, authorities, and research institutes - should be
involved in NKS-R activities.

e There should be a fair representation of various technical research areas and themes.

e Proposals to ongoing activities can be accepted, on condition that the preceding activity has
been well-managed and successful.

e New activities are generally not initiated with activity leaders who have severely delayed
NKS activities pending. New activities may be considered after concluding and reporting
the delayed activity.

The NKS-R activities during 2002-2005 can be grouped into six research areas:

Thermal hydraulics and severe accidents.
Organisation issues, safety culture

Risk analysis

Automation and control room
Radioactive waste and decommissioning
Plant lifetime management and ageing

ook E

The research area of thermal hydraulics and severe accidents has included experimental work and
analyses. Experimental activities have focused on condensation phenomena in pressure suppression
pools, fission product transport in severe accidents, ex-vessel debris coolability and interactions



between molten fuel and coolant. Condensation phenomena and their loads to structures have also
been analytically studied. A different kind of activity in this field was a preparatory project with the
objective of establishing a Nordic thermal hydraulic and nuclear safety network.

Organisational issues and safety culture has been a significant research area in the NKS-R program.
Three relatively large research projects have been conducted. A contextual assessment of
maintenance culture safety and efficiency in Finland and Sweden has been conducted, using the
Olkiluoto and Forsmark plants as examples. Safety management in a non-nuclear context has been
studied, with the objective of finding relevant insights to nuclear applications. There has also been a
research project to define the central reactor safety concepts in a fundamental, logically sound way.

Common cause failure models used in calculations of high redundant systems have been
investigated in the risk analysis area. Another activity in the area has been development of a
framework for the risk-informed decision making process, also assessing the status of risk-informed
decision-making in Sweden and Finland. A relatively new risk analysis activity has the goal to
better understand system requirements on the shutdown systems and control rod function in
different abnormal situations.

The main NKS-R research project in the automation and control room has focused on traceability
and communication of requirements in digital 1&C systems development. It has later been
succeeded by an activity to facilitate industrial use of the results produced in the first project.

Radioactive waste and decommissioning was introduced to the NKS-R program by a seminar on
decommissioning in 2005. At the same time, a research activity was begun to investigate cost
calculations with regard to decommissioning and dismantling of nuclear facilities.

Plant lifetime management is another topic that has been added to the program only lately. Two
activities have been started in 2005: One for wire system ageing, another for corrosion fatigue of
the primary system, especially the reactor pressure vessel.

During the evaluation period 2002-2005, the NKS-R program has consisted of 23 activities. They
are listed in Table 2

Table 2. Summary of the NKS-R activities during 2002-2005

Total NKS
Acronym Activity name Lul;gkng Duration Leader(s)
2002-2005
Antti Timperi,
PrePool & Condensation pool VTT
DeliPool experiments 1385 2002 - Heikki
Purhonen, LUT
. Maintenance culture and 2002 - Teemu
Main Culture management of change 1900 2005 Reiman, VTT
Safety management in non-
nuclear contexts with 2002 - Ola Svenson,
SafetyManagement potential relevance for the 720 2005 Stockholm
nuclear power industry and Univ
regulators
Seminar on 3D BWR . -
3DTransientSeminar Transient Analysis 280 2002 - Antti Daavittila,
2003 VTT
Methodology
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Acronym

BarriersControlManagement

RutheniumReleases
PreDeliMelt

CCFModels

DigitalRequirements

RiskInformedDecisions

Valdor2003

AutomationSeminar

RegulatorySeminar

DecommSeminar

ShutdownSequences

NOTNet

ExCoolSE

ImprovementPrgSeminar

KnowledgeManagement

CorrosionFatigue

CableAging

Activity name

Barriers, control and
management - An analysis
of concepts with applications
in nuclear power plant safety

Ruthenium behaviour in
severe accident condition

DELImelt pre-project

CCF model comparison

Traceability and
communication of
requirements in digital I1&C
systems development,
TACO

Framework for systematic
approach and
documentation for risk-
informed decision making,
pre-project

VALDOR 2003: the 3rd
symposium addressing
transparency in risk
assessment and decision
making

Nordic seminar on nuclear
automation

Nordic seminar on nuclear
regulatory work on reactor
safety

Nordic seminar on plant
decommissioning

Evaluation of reactor
shutdown sequences with
partly failing of shutdown
systems

Nordic thermal-hydraulic and
nuclear safety network

In-vessel and ex-vessel
coolability and energetics of
steam explosions in boiling
water reactors

Seminar on experience from
Nordic safety improvement
programs towards NPPs in
Russia and Eastern
European countries

Workshop on knowledge
management in Nordic NPPs

Corrosion fatigue
Wire system ageing

assessment and condition
monitoring

11

Total NKS
funding
kDKK
2002-2005

695

900
180

101

950

100

100

118

100

250

300

800

100

90

200

200

Duration

2002 -
2004

2002 -

2002

2002

2002 -
2005

2002

2002

2002

2003

2004

2004

2004

2004 -

2004

2004

2005 -

2005 -

Leader(s)

Morten Lind,
DTU

Ari Auvinen,
VTT

Bal Raj
Sehgal, KTH

Ralph Nyman,
SKI

Terje
Sivertsen, IFE
Atoosa P-J
Thunem, IFE

Kaisa Simola,
VTT

Kjell Anderson,
Karinta Konsult

Karl-Erik
Erikson, OKG

Lars Gunsell,
SKI

Karin Brodén,
Studsvik
RadWaste AB

Goran
Hultqvist,
Forsmarks
Kraftgrupp

Jari Tuunanen,
VTT

Hyun Sun
Park, KTH

Thorbjorn
Bjorlo, IFE

Svein Nilsen,
IFE

Urpo Sarajérvi,
VTT

Paolo Fantoni,
IFE



Total NKS

Acronym Activity name LanP?:(ng Duration Leader(s)
2002-2005
Terje

Management of

MORE requirements in NPP 150 2005 - Sperisen. JFE
modernisation projects Thunem, IFE
Cost calculation and related
issues with regard to Rolf Siéblom
CostCalculation decommissioning and 200 2005 - | '
Tekedo AB

dismantling of nuclear
research facilities

1.1.2 NKS-R Funding

Annual NKS funding to NKS-R is shown in Figure 2. The total costs of the NKS-R program during
2002-2005 have been 11.7 MDKK, of which the activities have received 9.8 MDKK and the
program manager 1.9 MDKK (16%). Funding of the program manager consists of the fees, program
manager’s travel costs and co-ordinating costs such as arranging internal seminars for the activity
leaders.

NKS-R Funding 2002-2005

3500

3000 kN &
2500 & @ &

[

2000

E Project manager
O Activities

1500

Funding, kDKK

1000

500

2002 2003 2004 2005
Year

Figure 2. Annual NKS funding to NKS-R in 2002-2005, thousands of Danish kroner (kDKK).

NKS annual funding to individual activities has varied from about 0.1 to 0.6 MDKK. Research
projects have usually received 0.3-0.4 MDKK annually, whereas a typical sum granted for
arranging a seminar has been 0.1 MDKK. It must be pointed out that the NKS-R funding is not the
main funding source for the activities. A majority of the resources is provided by national or other
funding.
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Of the 23 NKS-R activities, seven have received a substantial NKS funding, over 0.5MDKK, in
2002-2005:

e MainCulture (1.90 MDKK),

DeliPool (1.385 MDKK),

ExCoolSE (0.80 MDKK, PreDeliMelt 0.18 MDKK, in total 0.98 MDKK),
DigitalRequirements (0.95 MDKK ),

RutheniumReleases (0.90 MDKK ),

SafetyManagement (0.72 MDKK) and

BarriersControlManagement (0.695 MDKK).

All activities listed above were started in 2002 and were continued at least for three years.

Development of the NKS funding to the themes DELI and MANGAN, and to NKS-R seminars is
shown in Figure 3. The numbers in the Figure show the year of the funding decision, which causes
small inconsistency. For example, the funding decision for the decommissioning seminar was made
in 2004, but the seminar was arranged in 2005. It is hence shown in the 2004 column.

Figure 3 illustrates the dynamic nature of the current NKS program structure. Focus on different
themes has varied considerably during the evaluated period. Summing over the four years 2002-
2005, both themes have received almost equal NKS funding (48% to Management and organisation,
44% to Development and validation). Total NKS-R funding for arranging of seminars has been 0.8
MDKK in 2002-2005, i.e. ~8%.

NKS-R Funding: Themes

1600

1400 4

1200 4

1000 4

B Management and Organisation
@ Development and Validation
O Seminars

800 -

kDKK

600 -

400 +

200 +

ol | [ ]

2002 2003 2004 2005

Year

Figure 3. Distribution of NKS-R funding to activity themes and to seminars.

Funding distribution to research areas in 2002-2005 is shown in Figure 4. Two focus areas can be
seen:
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e thermal-hydraulics / severe accidents and

e organisational issues / safety culture,
which both have received approximately a third of the total. The remaining third has been allocated
to the other five areas. The distribution reflects the history of the NKS-R program since 2002.
Activities in the two larger were part of the program already in 2002 and have continued to 2005.
Radioactive waste and decommissioning as well as plant lifetime management are newcomers to
the program, having activities started in 2005.

NKS-R Funding 2002-2005

37 %

6 %

O Thermal hydraulics and severe accidents
B Organisatorial issues and safety culture
OReactor physics

ORisk analysis

B Automation and control room

O Radioactive waste and decommissioning
B Plant lifetime management and ageing

3%

35%

Figure 4. Distribution of NKS-R funding (total 2002-2005) to research areas.

Leading organisations of the NKS-R activities in 2002-2005 are listed in Table 3, which shows also
the total NKS funding for their activities. There is a significant difference in organisation of nuclear
safety research between the Nordic countries, illustrated also by the number of NKS-R activity
leading organisations per country: Sweden had 8 organisations managing 10 activities, whereas the
Finnish 7 activities have been managed by VTT, and the Norwegian 5 by IFE.

The activities managed by VTT have received by far the largest share of NKS-R funding in 2002-
2005, about 45% of the total. The VTT led activities have in fact received a larger sum than the
activities of the next four organisations (IFE, KTH, SU, DTU) together.

Table 3. NKS-R Funding to organisations. Thousands of DKK (kDKK). Total 2002-2005

Country Organisation Number of NKS funding to
activities activities
2002-2005 (kDKK)
Finland
VTT 6% 4372,5
LuT? Y 692,5
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Country Organisation Number of NKS funding to
activities activities
2002-2005 (kDKK)

Sweden
SuU 1 720
KTH 2 980
SKI 2 101
Karinta Konsult 1 100
OKG 1 118
Studsvik 1 100
RadWaste
Forsmark 1 250
Tekedo AB 1 200
Norway
IFE 5 1490
Denmark
DTU 1 695
Total 23 9819

Y Funding for the DeliPool activity has been equally divided between LUT and VTT

The total funding received in 2002-2005 grouped by the country of the leading organisation is
shown in Figure 5. Finnish (VTT) led activities have received 52% of the NKS-R funding, Swedish
27%, Norwegian 13% and Danish 7%. The pattern has remained approximately the same also in
funding decisions for 2006 activities.

NKS-R Funding by leading country in 2002-2005

OFinland
B Sweden
O Norway
ODenmark

Figure 5. NKS-R Funding in 2002-2005 per country of the leading organisation.

Considering the size of the reactor safety programs in the Nordic countries, Swedish activities have
obviously been underrepresented in NKS-R.
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1.1.3 NKS-R publications

NKS-R publication activity has been prolific. 28 reports have been published in the NKS
publication series alone, listed in Table 4. In addition, numerous reports have been published in
scientific journals, at conferences and as national research publications.

Table 4. Summary of NKS-R publications in the NKS series, 2002-2005

Activity name and acronym

Project publications in NKS series

Condensation pool experiments (PrePool
& DeliPool)

A. Timperi et al.: Numerical analyses of a water pool under loadings
caused by a condensation induced water hammer. NKS-96. Mar 2004

J. Laine, M. Puustinen: Preliminary condensation pool experiments with
steam using DN80 and DN100 blowdown pipes. NKS-97. Mar 2004

Timo Péttikangas et al: Fluid-Structure Interaction Analysis of a Water Pool
under Loading Caused by a Condensation-Induced Water Hammer. NKS-
104. Apr 2005

J. Laine & M. Puustinen: Condensation Pool Experiments with Steam
Using DN200 Blowdown Pipe. NKS-111 Aug 2005

Maintenance culture and management of
change (Main Culture)

T. Reiman et al.. Contextual assessment of maintenance culture at
Olkiluoto and Forsmark. NKS-94 Apr 2004

Teemu Reiman et al: Maintenance culture and management of change. -
Intermediate report 2004. NKS-108 Apr 2005

Safety management in non-nuclear
contexts with potential relevance for the
nuclear power industry and regulators
(SafetyManagement)

O. Svenson, |. Salo: Safety Management: A Frame of Reference for
Studies of Nuclear Power Safety Management and Case Studies from
Non-Nuclear Contexts. NKS-88 Sep 2003

O. Svenson, |. Salo, P. Allwin: On safety management and nuclear safety.
NKS-95 Mar 2004

llkka Salo and Ola Svenson (Coordinators): A summary of the Nordic-
group conference on safety management, Lund, Sweden, October 28-29,
2004. NKS-106 Apr 2005

Seminar on 3D BWR Transient Analysis
Methodology (3DTransientSeminar)

A. Daavittila (ed.): 3D Analysis Methods - Study and Seminar. NKS-89 Oct
2003

Barriers, control and management - An
analysis of concepts with applications in
nuclear power plant safety
(BarriersControlManagement)

M. Lind: Barriers, Control and Management. Report from the pilot phase.
NKS-87 Sep 2003

Johannes Petersen: Countermeasures and Barriers NKS-113 Oct 2005

Morten Lind: Modeling Goals and Functions of Control and Safety Systems
-theoretical foundations and extensions of MFM. NKS-114 Oct 2005

Ruthenium behaviour in severe accident
condition (RutheniumReleases)

U. Backman et al.: Ruthenium behaviour in severe nuclear accident
conditions - progress report. NKS-92 Mar 2004

U. Backman et al.: Ruthenium Behaviour in Severe Nuclear Accident
Conditions - Final Report. NKS-100 Aug 2004

DELImelt pre-project (PreDeliMelt)

B.R. Sehgal, H.S. Park: Final Report on PRE-DELI-MELT, Pre-Project
(PRE) on Development & Validation (DELI) of Melt Behavior (MELT) in
Severe Accidents. NKS-99 Jun 2004

CCF model comparison (CCFModels)

U. Pulkkinen: CCF Model Comparison. NKS-90 Apr 2004

Traceability and communication of

T. Sivertsen et al.: Traceability and Communication of Requirements in
Digital I&C Systems Development. Project Report 2003. NKS-91 Mar 2004
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Activity name and acronym

Project publications in NKS series

requirements in digital I&C systems
development, TACO
(DigitalRequirements)

Terje Sivertsen et al: Traceability and Communication of Requirements in
Digital 1&C Systems Development - Project Report 2004. NKS-103 Apr
2005

Terje Sivertsen et al: Traceability and Communication of Requirements in
Digital I&C Systems Development. Final Report. NKS-115 Oct 2005

Framework for systematic approach and
documentation for risk-informed decision
making, pre-project
(RiskinformedDecisions)

K. Simola, U. Pulkkinen: Risk Informed Decision Making — a Pre-Study.
NKS-93 Apr 2004

VALDOR 2003: the 3rd symposium
addressing transparency in risk
assessment and decision making
(Valdor2003)

K. Andersson (ed.): VALDOR 2003. VALues in Decisions On Risk.
Proceedings. Jun 2003

Nordic seminar on nuclear automation
(AutomationSeminar)

K-E Eriksson (ed.): Proceedings of the Nordic Seminar on Nuclear
Automation. NKS-101 Aug 2004

Nordic seminar on plant decommissioning
(DecommSeminar)

Karin Brodén (ed.): Seminarium om avveckling. Risg, 13-15 September
2005. NKS-116 Dec 2005.

Nordic thermal-hydraulic and nuclear
safety network (NOTNet)

Jari Tuunanen and Minna Tuomainen: Final Report of the "Nordic Thermal-
Hydraulic and Safety Network (NOTNET)"- Project. NKS-107 Apr 2005

In-vessel and ex-vessel coolability and
energetics of steam explosions in boiling
water reactors (ExCooISE)

H. S. Park et al: Ex-Vessel Coolability and Energetics of Steam Explosions
in Nordic Light Water Reactors - EXCOOLSE Project Report 2004 NKS-
112 Oct 2005

Seminar on experience from Nordic safety
improvement programs towards NPPs in
Russia and Eastern European countries
(ImprovementPrgSeminar)

Thorbjorn Bjorlo (ed.): Nordic Nuclear Safety Research (NKS) Seminar on
“Experience from Nordic Safety Improvement Programmes towards
Nuclear Power Plants in Russia, Central- and East-European Countries”
Park Hotel, Halden, Norway 25th-26th November, 2004. - Seminar
proceedings. NKS-105 Apr 2005

Workshop on knowledge management in
Nordic NPPs (KnowledgeManagement)

Svein Nilsen: Knowledge Management in Nordic NPPs. Summary report of
the findings from the workshop. NKS-102 Apr 2005

1.1.4 NKS-R Seminars

Nine seminars have been arranged by NKS-R during 2002-2005.

e 3D BWR Transient Analysis Methodology April 8, 2003, Otaniemi, Finland.
e Values in Decisions on Risk, VALDOR 2003, June 9-13, 2003, Stockholm, Sweden.

Stockholm, Sweden.

Nordic Seminar on Nuclear Regulatory Work on Reactor Safety, November 3-4, 2003,

Nordic Seminar on Nuclear Automation, April 5-7, 2004, Oskarshamn, Sweden
Knowledge management in Nordic NPPS's, October 7-8, 2004, Halden, Norway
Nordic-group conference on safety management, October 28-29, 2004, Lund, Sweden
NKS Seminar on Safety Improvement Programs in Russia and Eastern Europe, November

25 - 26, 2004, Halden, Norway

e Traceability and Communication of Requirements in Digital 1&C Systems Development,
2" TACO Industrial Seminar, December 8, 2004, Helsinki, Finland

e Decommissioning Seminar, September 13-15, 2005, Risg, Denmark

The seminar participants have considered the NKS-R seminar activity useful.
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1.2 Evaluation methods

Evaluation of the NKS-R part was conducted by Per Persson and Risto Sairanen. When assigning
the evaluation task, the NKS Board determined a set of evaluation criteria. The criteria were
formulated by the evaluators as a list of questions shown in Table 5. Information to answer the
questions was collected from three sources.

e interviews of selected persons from Finland and Sweden

e asurvey sent to NKS-R research result end-users and to the project participants

e review work by the evaluators
The source used for a particular question is indicated in Table 5.

Table 5. The criteria used in the NKS-R 2002-2005 evaluation

No Question Source of information
Interview Survey Review
1 How well is the NKS-R research program known? v v
2 To what extent are the results utilised? v 4
3 How useful have the NKS-R seminars been? 4 v
4 Has the NKS-R program created and maintained Nordic v v
networks in reactor safety?
5 Has the NKS-R program built new competence or v v v
transferred competence within the Nordic countries?
6 Has the program provided possibilities for young scientists? 4 v v
7 What has been the scientific level? v v 4
8 Has the program been balanced? Especially, 4 v
. Have important organisations been involved?
. Have there been enough information spreading
activities in form of seminars, etc?
9 Are the priorities the correct ones? Are any important 4 4
activities missing?
10 How relevant are the proposal evaluation criteria? v
11 Did the projects that were selected for funding have clear v v
goals? Did the project leaders follow the project plans and
timetables?
12 Has the program been conducted in a cost-effective way? v v
13 What are the positive and negative experiences from the v
NKS-R 2002-2005 work?
14 Is the overall quality of the results satisfactory 4 4
15 What are recommendations for future work? v v v

1.2.1 Interviews

The objective of the personal interviews was to get information that would be impossible to obtain
by other means. Important persons in this respect were the former and current program managers.
Questions 10 and 11, for example, are of the type for which the program managers have much more
background information and experience than others.

The persons interviewed in Finland were:

Petra Lundstrém, Fortum, former NKS-R program manager

Nici Bergroth, Fortum former NKS-R program manager

Jorma Aurela, Ministry of Trade and Industry  owner representative, NKS board member
Heikki Raumolin, Fortum NKS board member

Ulla Ehrnstén, VTT NKS board member

Olli Vilkamo, STUK former NKS board member
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In addition, Timo Okkonen, a former NKS-R program manager sent written comments to the
questions.

The Swedish persons interviewed were:

Jesper Kierkegaard, Vattenfall current NKS-R program manager
Karl-Fredrik Ingemarsson, Vattenfall NKS board member

H. S. Park, KTH NKS-R activity leader (ExCo0ISE)

Ola Svensson, Stockholm University NKS-R activity leader (SafetyManagement)
Lars Gunsell, SKI owner representative, NKS board member

The interviews were documented in summary reports that were sent for comments and approval to
the interviewed persons.

1.2.2 Opinion survey

Information from the end-users and activity participants was collected by a web-based opinion
survey. The guestion sheet used in the survey is shown in Appendix 1. The survey was sent to 41
addressees in the following 22 organisations. The response was moderate, 15 answers from 10
organisations were received by May 5 2006, when the survey page was closed.

Table 6. Distribution of the NKS-R questionnaire

Organisation Number of
answers

Denmark

Beredskabsstyrelsen -
Forskningscenter Risg -
Danish Radiation Protection Institute, SIS -
Danish Decommissioning, DD -
@rsted DTU -

Finland

Ministry of Trade and Industry 1
Radiation and Nuclear Safety Authority 3
Teollisuuden Voima Oy 1
Fortum 1
Technical Research Centre of Finland -
Lappeenranta University of Technology -
Posiva Oy -

Iceland
Geislavarnir rikisins -

Norway

Statens strélevern
Institutt for Energiteknikk

N

Sweden

Vattenfall AB 1
SwedPower AB -
Kéarnkraftsdkerhet och Utbildning AB, KSU -
Ringhals AB

OKG AB

Forsmarks Kraftgrupp
Statens Karnkraftinspektion

NN P!
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1.2.3 Evaluator reviews

A third source of information was review of selected NKS-R activities by the evaluators themselves
or by persons from the Finnish and Swedish regulatory organisations. Activity reports published in
the NKS series were the main source of information.

The objective of the reviews was to assess the scientific level of the activity reports, connections to
international research, the value of the results to the end users, and the overall quality of the results.
The eight NKS-R activities that had received the largest NKS funding in 2002-2005 were reviewed
in this way. They are listed in Table 7.

Table 7. NKS-R activities selected for evaluator review

Activity name (Acronym) Leading Reports
organisation reviewed
Maintenance culture and management of change (Main Culture) VTT NKS-108
Condensation pool experiments (DeliPool) VTT NKS-104
In-vessel and ex-vessel coolability and energetics of steam KTH NKS-112
explosions in boiling water reactors (ExCooISE)
Traceability and communication of requirements in digital I&C IFE NKS-91,
systems development, TACO (DigitalRequirements) NKS-103,
NKS-115
Ruthenium behaviour in severe accident condition VTT NKS-92,
(RutheniumReleases) NKS-100,
NKS-118
Safety management in non-nuclear contexts with potential relevance Stockholm NKS-88,
for the nuclear power industry and regulators (SafetyManagement) University NKS-95
Barriers, control and management - An analysis of concepts with Drsted NKS-87,
applications in nuclear power plant safety DTU NKS-113,
(BarriersControlManagement) NKS-114
Nordic thermal-hydraulic and nuclear safety network (NOTNet) VTT NKS-107

1.3 NKS-R Evaluation results: The survey and the interviews

Information from the survey answers and from the interviews is collected and summarised here
under the criteria from Table 5.

1.3.1 How well is the NKS-R research program known?

The question was asked in the survey in a numerical form using 5 as the highest, and 1 as the lowest
score. The fractional distribution of the results is shown in Fig. 5.
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Figure 6. Survey results: familiarity of the NKS-R program.

The result indicates that the program is quite well known, at least within those organisations and by
the persons who answered the survey. A remark was added in one question, that in his organisation
the program is well known within a small group of people, but most of the persons working in the
organisation did actually know very little of the NKS programs. Similar opinions were also given
from some interviewed persons.

1.3.2 To what extent are the results utilised?

The numerical results given in the survey are shown in Figure 7. There is considerable spread, but
the overall score is fairly good. It was pointed out in interviews and in the comments given in the
survey, that the NKS-R activities normally are part of a larger entity, for example part of a national
research project. Utilisation of results is usually an important criterion for national research. By
complementing the national or international project, the NKS-R results become useful at least for
some end users.

Utility representatives pointed out that in order to ensure that the results are in a form that they can

use, the utilities should be involved in the activities from early stage. Strong connection to the needs
of power plants was recommended.
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score
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0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 90,0 100,0
(9

Figure 7. Survey results: Utilisation of the NKS-R program results.

1.3.3 How useful have the NKS-R seminars been?

From interviews and from the survey results it is obvious that arrangement of seminars is a very
important form of NKS activity. The seminars could cover one specific subject or several minor
topics. In this way there is an active distribution of the research results and there is a possibility to
meet experts and to generate discussions.

The NKS-R seminars have undoubtedly been successful. Nine seminars have been arranged within
four years. The survey scores were all high numbers 3-5, averaging over 4. During interviews, the
Automation seminar in Oskarshamn, the seminar on Nuclear Regulatory Work in Stockholm, and
the Decommissioning seminar in Risg were mentioned as examples of useful and well organised
NKS-R seminars.

22



Seminars

Score

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 90,0 100,0
(9

Figure 8. Survey results: NKS-R seminars.

The seminars up to date have focused on a specific topic, not on NKS-R research. There has been
no general NKS-R seminar to give information of the total program results in 2002-2005. It was
recommended to arrange also this kind of seminars at certain intervals. A 4-year interval was
considered suitable, because enough results should be available to arrange a seminar.

Some internal seminars for NKS-R activity leaders have also been arranged. The persons who
actively participated in the program (managers, activity leaders) considered this type of joint
discussion necessary for effective conduction of the program.

1.3.4 Has the NKS-R program created and maintained Nordic networks in reactor safety?

The question on Nordic networks received maybe the most complex response in the list of questions
The numerical results for the question were fairly good, as shown in Figure 9. Criticism was
expressed in the written comments, however. It was pointed out that there had been a lack of
contacts to the established Nordic co-operation groups like NPSAG, NORTHNET or APRI.

In most of the NKS-R activities the main work has been conducted by the leading organisation
alone. An indication of this can be seen in the reporting. Only two of the NKS-R activities have
produced reporting having authors from more than one country.

There have been cases, where networking has undoubtedly been good. MaintenanceCulture and
DigitalRequirements were mentioned in interviews as successful examples of network building
activities. Indicative, these are the NKS-R projects that have produced reports by authors from
several countries.
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Networks

Score

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 90,0 100,0
(9

Figure 9. Survey results: Network creation.

It was recommended in one survey answer that to improve the co-operation each NKS-R research
activity should have participants from at least two Nordic countries. Another suggestion was that a
mechanism could be established, by which the program manager could merge activity proposals
having similar contents into one joint activity.

There has been an activity in NKS-R with a particular objective to create a Nordic network,
NOTNet. NOTNet produced a plan for Nordic thermal hydraulic and safety network, including
detailed research plans. The next step has been taken late 2005 with the NORTHNET kick-off
meeting. The new NORTHNET co-operation is separate from NKS. It could be considered to
include NORTHNET supporting or co-ordinating activities in the future NKS-R, too.

1.3.5 Has the NKS-R program built new competence or transferred competence within the
Nordic countries?

The numerical survey results, as shown in Figure 10, are again good. It was pointed out, that the
NKS-R research has been linked to the national research programs having as one objective to build
new competence. In most cases, it is impossible to separate the NKS-R part from the nationally
funded part.

It was stressed in the interviews that the development of competence is an important factor for the
Nordic countries. It was suggested that organized education, as a series of seminars and/or regular
education in relevant subjects might be an activity supported by NKS. In such an activity the
research results could be presented and explained together with more fundamental information.
Possibly, existing Nordic facilities could be used, like research reactors and full scale simulators.

The question is linked to the next question on the possibilities for young scientists.
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Competence building

Score

2]

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 90,0 100,0
(9

Figure 10. Survey results: Competence building.

1.3.6 Has the program provided possibilities for young scientists?

The score in the survey was quite good also in this respect. Participation of young scientists is one
of the evaluation criteria for applications. Therefore it has been considered in most of the activities.
On the other hand, the program has not been targeted at young persons. Most of the activity leaders
have been experienced scientists.

The generation shift is a concern for all Nordic countries. In Finland and Sweden the generation
who participated in the building of existing reactors is retiring within some years. In was suggested
that NKS could initiate some activity focused especially on young scientists.

Possibilities for young scientists

Score
w

L

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 90,0 100,0
(9

Figure 11. Survey results: Possibilities for young scientists.
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1.3.7 What has been the scientific level?

The survey results gave rather good scores on this question. The interviewed persons considered the
scientific level high in the areas they were familiar with. Of the projects that have received the
highest NKS-R financing, many have produced results of high scientific quality. Some examples
mentioned in this respect were: DeliPool, ExCoolSE, MainCulture, RutheniumReleases and
DigitalRequirements.

There was also a recommendation to encourage some visionary work, even if it does not produce
immediate results.

Scientific level

Score
w

0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 90,0 100,0
0

Figure 12. Survey results: NKS-R scientific level.

1.3.8 Has the program been balanced?

Written comments were given on this topic in the survey questionnaire. The balance of the NKS-R
research topics and the themes was considered relatively good by the persons that answered the
survey. The interviewed persons were also satisfied with the balance.

An increase in seminar activity and information meetings was requested in several answers. On the
other hand, it was pointed out that there is a limit to the frequency of seminars that would be
attended, and that there should be a need for a Nordic seminar. It must be pointed out, that the
current NKS method of working has decreased the direct influence of the governing bodies. A
seminar will be arranged only if some organisation submits a proposal for it. The program manager
can influence proposals in an indirect way by contacting suitable organisations and encouraging
project proposals for seminars. The Board can also play an active role within their own country.

The current NKS organisation allows for dynamics, as the annual evolution of the NKS-R themes
shows in Fig. 2. Eventually, the content of the program is based on the activity proposals. For
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example, automation and plant ageing are topics that could have had more weight but applications
in these areas have been few up to recent years. The weight of decommissioning is increasing,
which was generally considered positive.

Most of the activity proposals came from universities and research organisations. The utilities have
been involved in the activities but have not acted as activity leaders except in a few cases. It was
pointed out, that utility involvement was necessary for rendering the results applicable at the power
plants. Without direct power plant contacts, the research was easily considered “academic” by the
end users, and not relevant for practical application.

1.3.9 Are the priorities the correct ones? Are any important activities missing?

The NKS-R instructions for Call for Proposals do not rank the research topics. Some interviewed
persons considered that NKS should specify the research objectives more precisely. More weight
should be put on the applicability of the result by defining the end users and discussing with them in
advance, before submitting a proposal.

It was also admitted that a small program can not cover everything. On particular topics, the
response varied widely between the answers. Some examples are:
e Decommissioning is an interesting new opening
More waste issues
Waste issues are not important
Modernisation of 1&C should have a higher volume
More PSA
Keep organisation and human factors in focus
Focus on nuclear specific issues
More projects on safety assessment of design and operation
There is a good balance now, which should be kept in the future

It was mentioned in one of the interviews, that the NKS program should not give an impression that
the current structure (the projects themselves, types of projects, research topics) will continue
unchanged for ever. It was therefore recommended, that NKS reviews the whole program at certain
intervals and changes the structure if considered appropriate.

1.3.10 How relevant are the proposal evaluation criteria?

This question was only put to persons, who have been involved with the activity proposals, i.e. the
program managers and activity leaders. They were generally satisfied with the present application
process and the evaluation criteria. The NKS-R framework report has been revised a couple of
times with improvements. It was considered that the current criteria reflect well the objectives of the
NKS-R program.

A common practise in EU research projects is that the participating organisations must come from
several EU countries. This is not required in NKS-R considering individual activities. The overall
program should be geographically balanced, but ensuring this has been left to the program
managers and to the NKS board.
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As an evaluation criterion, the term “Nordic dimension” has been applied. The term has enabled
funding of activities conducted by single countries, even by single organisations, if the activity topic
has been of common Nordic interest. All the reviewed NKS-R activities have fulfilled this, quite
flexible, evaluation criterion. Even if the research has been conducted by a single organisation, the
results have been applicable for more than one country.

1.3.11 Did the projects that were selected for funding have clear goals? Did the project
leaders follow the project plans and timetables?

The question was put to the program mangers. They considered the quality of the projects good and
managing of the NKS-R program relatively problem free. Generally, the activity leaders kept the
schedules and budgets. In those few cases, where a delay in reporting was observed, funding has
been frozen until the missing document has been delivered.

1.3.12 Has the program been conducted in a cost-effective way?

This question was asked in the interviews but not in the survey. The main comment was that NKS-
R has produced good results with a small budget. The cost basis of the activity proposals has been
regularly checked, and the costs have been acceptable.

Program management requires a large effort. The former project managers considered that the work
can not be done with less than the volume they have used, 50% of their working hours. They
recommended that the NKS Board should take a more active role in reviewing the applications and
discussing the program manager background information paper.

NKS-R funding is given in two rounds: a larger sum is distributed in autumn; a part is reserved for
distribution in spring. The former NKS-R program managers considered the spring round
unnecessary. Their opinion was that it complicates the project proposal evaluation and conduction
of the program. The main body of activities receives financing in the autumn, starts work at the
beginning of the next year and can provide measurable results within the same year. The projects
with a funding decision in May make contracts early summer and generally begin their work only
after the summer vacations. The results they have produced by the end of the year are therefore very
limited.

The end users pointed out that all NKS-R program managers have been effective, but that the
system is also quite dependent on the capability of the program manager. Some of them also felt
that NKS organisation is heavy considering the volume of the program.

1.3.13 What are the positive and negative experiences from the NKS-R 2002-2005 work?

During the interviews this question was put to the program mangers and activity leaders. The
former program managers considered their work interesting, a good opportunity to learn of different
research topics, and a valuable way to meet persons working in nuclear safety on Nordic countries.
Before their assignment their impression of the NKS research had been vague, but their
appreciation of the value of the NKS activities increased during the work. The method of working
was considered generally efficient.
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Two activity leaders were interviewed who both had NKS-R funding as complement to other
funding sources. The ExCoolSE activity belonging to the DELI part did not have any participants
from other countries whereas the SafetyManagement activity in MANGAN had participants from
Finland and Norway. Both leaders had a positive experience of cooperation with NKS.

Concerning the experimental ExCoolSE project it was stressed that it is difficult to get funding for
projects to such an extent that a “critical mass” can be obtained and “real research” can be carried
out.

1.3.14 What are recommendations for future work?

Most of the survey results and interviews were positive with regard to the present NKS-R program.
There are some comments, however, that were mentioned several times:

o efforts should be made to get a better distribution of the NKS-R activities and research
results,

e astrong connection to the needs of power plants is needed,

e the work should be connected to the established Nordic working groups, as well as with
EU-research,

¢ Nordic co-operation within activities should be better,

e areview every 4 or 5 years is needed

1.4 Detailed review of selected activities

The eight NKS-R activities that had received the largest NKS funding in 2002-2005 were reviewed
by the evaluators and by persons from the Finnish and Swedish regulatory organisations. Activity
reports published in the NKS series were the main source of information.

1.4.1 BWR condensation pool experiments

Title Condensation pool experiments

Identification number NKS_R_2002_01,

and Acronym PrePool/DeliPool

Duration Started 2002, continues in 2006

NKS funding 2002- 1.385 MDKK

2005

Leader Antti Timperi, VTT (FI)

Participants VTT (FI), LUT (FI)

Deliverables A. Timperi et al.: Numerical analyses of a water pool under loadings
caused by a condensation induced water hammer. NKS-96, March
2004.

J. Laine, M. Puustinen: Preliminary condensation pool experiments with
steam using DN80 and DN100 blowdown pipes. NKS-97, March 2004.
Timo Pattikangas et al: Fluid-Structure Interaction Analysis of a Water
Pool under Loading Caused by a Condensation-Induced Water
Hammer. NKS-104, April 2005.

J. Laine & M. Puustinen: Condensation Pool Experiments with Steam
Using DN200 Blowdown Pipe. NKS-111, August 2005.

Evaluated deliverables NKS-104

BWR suppression pool studies were started in 2002 by a pre-project PrePool and later continued
with the DeliPool activity. VTT has been the leading organisation. The activity includes
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experiments (POOLEX) conducted at LUT and analyses of the experiments done at VTT. During
the time under review, 2002-2005, PrePool/DeliPool has received 1.385 MDKK total NKS funding.
In addition, the national funding to the project has been substantial.

Connections to other Nordic organisations have been few. No organisations outside Finland have
participated. The Nordic dimension criterion has been justified by the objective of the investigation,
which is common and judged important for all Nordic BWRs. By the end of 2005, the activity has
published four reports in the NKS series.

The recent report Fluid-Structure Interaction Analysis of a Water Pool under Loading Caused by a
Condensation-Induced Water Hammer, NKS-104