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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

PREMISES

In its directive to the Swedish Nuclear Power Inspectorate for 2001 and 2002, the Government asked 
for a report on SKI’s future research strategy. The report is to describe future needs for SKI’s regula-
tory and supervisory work, the need for expertise in Sweden and the possibility of  international co-
operation. SKI must submit the report no later than by June 30, 2002.

At the early stage of  nuclear power development, the purpose of  nuclear safety research was to sup-
port reactor development. With time, this research has increasingly focused on supporting SKI’s regu-
latory and supervisory activities. The current direction, with the resources and priorities that apply 
today, has largely been determined on the basis of  recommendations from several investigations. SKI’s 
organisation has adapted to the current main purpose of  the research activities which are to support 
regulatory and supervisory activities. This means that SKI’s research project managers belong to the 
supervisory offi ces and that the research department is a small administrative unit.

SKI’s activities are primarily based on the Ordinance (1988:523) with instructions for the Swedish 
Nuclear Power Inspectorate, the Act (1984:3) on Nuclear Activities, the Ordinance (1984:14) on 
Nuclear Activities and the directive, the latest for the year 2002. On the basis of  these documents, SKI 
has interpreted that the main purposes of  the research that it is responsible for are:

• to provide a basis for SKI’s regulatory and supervisory activities as well as
• to maintain and develop expertise and research capacity of  importance for 

nuclear safety work.

In brief, the overall research goals for SKI are that SKI shall continuously have the knowledge, neces-
sary expertise and resources to conduct its regulatory and supervisory activities effectively. Further-
more, SKI shall contribute to ensuring that national expertise and research capacity are available.

SUPERVISORY CHALLENGES AND RESEARCH STRATEGIES TO SUPPORT REGULATORY AND 
SUPERVISORY ACTIVITIES

SKI’s research is a prerequisite for SKI to be able to conduct its regulatory and supervisory activities. 
A systematic review of  supervisory challenges that require research is presented in Chapter 5 of  the 
report. SKI’s research currently focuses on a number of  strategically important areas such as reactor 
technology, materials and fuel issues, human factors, nuclear waste and nuclear safeguards.

ACCESS TO RESEARCH AND EXPERTISE

Over the past decade, the nuclear infrastructure has changed considerably. This is largely due to the 
fact that the nuclear industry has made the transition from the development phase to the production 
phase. The nuclear power companies’ previous organisations with specialist expertise and resources 
have been successively closed down or converted into consulting companies. The Swedish boiling 
water reactor vendor, currently known as Westinghouse Atom 1, has undergone radical changes with a 
substantial downsizing of  activities in Sweden. However, it should be emphasised that Westinghouse 
Atom now has considerable expertise also outside Sweden. Furthermore, education and research in 
the nuclear area at universities have been considerably reduced and expertise, resources and interest in 
the area have thereby decreased.

1 The nuclear power plants were supplied by ASEA Atom, which later became ABB Atom and which was acquired 
 by Westinghouse in 2000.
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A review of  the availability of  expertise in Sweden shows that, in many areas, resources are adequate, 
but that SKI, in certain cases, needs to provide focused support in order to maintain the expertise that 
SKI needs for its regulatory and supervisory activities. The analysis highlights two areas without any 
real education and research: ”Materials testing and control” and ”Management, control and organi-
sation”. Education and research in the latter area lacks a safety perspective. SKI intends to take the 
initiative to conduct work within both of  these areas. 

Since national research resources are limited, SKI has, for a long time, actively participated in inter-
national research. There is a clear trend that international co-operation is increasing, also for safety 
research. SKI is prioritising co-operation on research conducted in the OECD/NEA and is partici-
pating in a large number of  projects organised within this framework. An example of  an important 
project of  this kind is the Halden Project in Norway which conducts research of  importance for fuel, 
materials and human factors. Since Sweden joined the EU, the importance of  joint European work has 
increased. SKI is itself  also actively participating and supporting Swedish organisations participating 
in European Commission projects and intends to support such projects in future. Furthermore, in the 
safeguards area, important joint work is underway in ESARDA (European Safeguards Research and 
Development Association).

Experience has shown that a prerequisite for taking advantage of  international research and expertise 
is that activities on the national level should be of  an adequate scope within each area. Furthermore, 
it has been found that, in order to promote strategic expertise, active work on the issues must be con-
ducted in addition to following up developments. In SKI’s opinion, the increased co-operation offers 
the possibility of  gaining access to important research information at a relatively modest cost.

SPECIAL SUPPORT FOR STRATEGIC EXPERTISE

In recent years, concerns have been expressed regarding the possibility of  maintaining adequate stra-
tegic expertise in the nuclear fi eld. To explore this issue, SKI has investigated the needs in the strategic 
expertise areas today and within a ten-year perspective. SKI has also investigated the extent to which this 
expertise is satisfi ed by university education. The investigation shows that the annual university recruit-
ment need is a total of  about 50 people within the strategic nuclear areas. In SKI’s opinion, the educa-
tion capacity in these areas is adequate at present and is assured for the foreseeable future as a result of  
the measures taken by SKI and the nuclear industry through the Swedish Nuclear Centre (SKC).

”CENTRES OF EXCELLENCE” AND ”NETWORKS OF EXCELLENCE”

There is also concern regarding expertise and resources for conducting qualifi ed experiments. Over 
the past ten years, several of  the world’s research reactors and experimental facilities in thermohy-
draulics have been decommissioned. The OECD/NEA has investigated this issue in a report which 
clearly highlights this disturbing trend. The OECD/NEA has therefore taken the initiative to support 
”Centres of  Excellence” (CoE), which are defi ned as international research groups associated with 
important experimental facilities. In practical terms, the support is provided through the development 
of  recognised research programmes at these facilities and through ensuring that these programmes 
have international support.

In parallel, within the Sixth Framework Programme, which is starting in 2003, the EU has used the 
term ”Networks of  Excellence” (NoE), where the aim is to achieve co-operation between researchers 
within a specifi c research discipline.
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EXECUTIVE SUMMARY

SKI has investigated the possibility of  proposing a CoE in Sweden or of  participating in NoE, in 
order to support important research conducted in Sweden. SKI sees a possibility that Studsvik’s R2 
reactor and the fuel experiments that can be conducted and analysed at this reactor could comprise a 
CoE. Studsvik has prepared a preliminary programme and the preliminary cost would be about SEK 
12 million/year for about fi ve years. SKB’s Hard Rock Laboratory at Äspö could also comprise a CoE. 
With respect to NoE, SKI currently envisages two possibilities: the Department of  Nuclear Safety at 
the Royal Institute of  Technology, Stockholm (KTH) within the area of  thermohydraulics and severe 
accidents as well as within human factors (man-machine-technology). SKI intends to support the 
efforts to set up a CoE or to participate in an NoE.

CONCLUSIONS

SKI’s conclusions can be summarised as follows:

• In SKI’s opinion, international research yields a high benefi t for invested efforts and intends 
to prioritise national expertise development based on international work.

• In SKI’s opinion, with the current support to universities, the level of  education and research  
within nuclear-related subjects will be satisfactory in the foreseeable future.

• SKI intends to take the initiative to ensure that work starts within the areas of  ”Materials tes-
ting and control” and ”Management, control and organisation” to rectify defi ciencies within 
these areas with respect to resources for education and research.

• In SKI’s opinion, the current level of  funds allocated to SKI for research must be maintained 
in order to provide the necessary support for the regulatory and supervisory activities and 
ensure the availability of  competent personnel.

• SKI intends to continue discussions with the industry concerning CoE and NoE and intends 
to report to the Government on this issue. If  Sweden is to be able to participate in a CoE 
and other international networks and research projects then SKI cannot exclude the need  
for increased research funding.



Drilling of  holes during expansion of  CLAB II on the Simpevarp Peninsula in the 

municipality of  Oskarshamn.              Photo: SKB
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1. PREMISES

1. PREMISES

1.1 ASSIGNMENT

The Government’s appropriation directions to 
the Swedish Nuclear Power Inspectorate for 2001 
states the following: 

“By not later than 31 December 2001, 

SKI shall submit a report on SKI’s future 

research strategy. The report shall describe 

SKI’s future needs in its regulatory and 

supervisory work and assess the future 

national competence need and how it can be 

met. The possibilities of  international coo-

peration shall be discussed in this context.”

In its appropriations directive for 2002, the 
Government decided to extend the deadline for 
the fi nal report on the assignment to 30 June 
2002.

Scope: The nuclear power industry’s own research 
in the fi eld of  nuclear power safety and non-pro-
liferation is not discussed in the report. An assess-
ment has, however, been made of  the national 
competence need, whereby the needs of  industry 
have also been taken into consideration.

1.2 EXECUTION AND STRUC-

TURE OF REPORT

A working group has prepared the report, which 
has been reviewed and commented on by SKI’s 
Executive Management. SKI’s research commit-
tee was consulted on 15 May and SKI’s board on 
12 June 2002. Valuable viewpoints were offered 
and have been incorporated into the report.

Structure of  report: Section 1.3 provides a historical 
retrospect on the development of  nuclear safety 
research up to today’s research. Chapter 2 states 
the purpose of  SKI’s research according to the 
instructions given in the ordinance for SKI. A 
brief  account is given in Chapter 3 on how SKI’s 
research is organized and managed. Subsequently, 

Chapter 4 describes SKI’s overall goals and stra-
tegies, based on the Government’s appropriations 
directive for how the regulatory and supervisory 
work is to be conducted. Chapter 5 describes the 
research strategy based on important supervisory 
challenges. Supervisory and research goals are 
given for each supervisory challenge. The strategy 
for ensuring that resources and competence are 
available to carry out SKI’s research is presented 
in Chapter 6. Chapter 7 describes the special sup-
port to the national competence, while Chapter 
8 outlines the possibility of  creating a Centre 
of  Excellence in Sweden and participating in 
Networks of  Excellence. Finally, conclusions are 
presented in Chapter 9.

1.3 BACKGROUND

During the early stage of  nuclear power develop-
ment, nuclear safety research went hand in hand 
with reactor development. Nuclear safety research 
subsequently came to focus more on verifi cation 
of  the safety margins and on providing a basis for 
safety-enhancing measures and improvements in 
the safety requirements. As nuclear power plants 
all over the world grow older and some are shut 
down, the focus of  nuclear safety research has 
shifted further. More and more resources have 
been devoted to achieving an understanding of  
ageing phenomena and how the waste can be 
managed and disposed of  in a safe manner.

In Sweden, as in most other nuclear power 
nations, the verifying nuclear safety research is 
managed and administered by the safety autho-
rities. Traditionally, much of  this research has 
been conducted by public organisations in order 
to build up and maintain competence there in 
nuclear safety matters. The purpose has been to 
obtain data and other knowledge independently 
of  the nuclear power industry.

SKI was given responsibility for nuclear safety 
research when SKI was formed in 1974. At that 
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time, the research funds which “Kärnsäkforsk” at 
the Royal Institute of  Technology had previously 
administered were transferred to SKI, where 
a Department of  Research was established. 
Nuclear safety research was funded via a special 
research fee levied from each reactor plant. This is 
regulated via an ordinance [1], and the fee is cur-
rently just over SEK 6 million per year for each 
nuclear power reactor in operation. The fee for a 
nuclear power reactor that has been taken out of  
operation is just under SEK 1.5 million per year 
until the plant has been dismantled. 

Since SKI assumed responsibility for nuclear 
safety research, a number of  investigations have 
been conducted to shed light on both the direc-
tion and scope of  the research and how it is 
conducted. The fi rst investigation was performed 
in conjunction with SKI’s reactor safety study in 
1977 [2]. This study reported results obtained at 
that time from nuclear safety research, national 
and international, within a number of  central 
technical fi elds and subjects. Based on these 
results and the other conclusions of  the reactor 
safety study, recommendations were issued on the 
future direction of  the research.

The direction of  the research was also dealt with 
by the reactor safety committee appointed by the 
Government after the reactor accident at Three 
Mile Island in the USA in 1979. The committee’s 
fi ndings [3] concurred for the most part with the 
research recommendations previously given in 
SKI’s own reactor safety study, but also pointed 
at the need to step up research efforts in the fi elds 
of  human factors (known in Sweden as man-tech-
nology-organisation), radioactive release control, 
and operation and maintenance. Furthermore, the 
report suggested that SKI’s own human resources 
for research activities were insuffi cient and should 
therefore be strengthened.

Partly as a consequence of  these recommenda-
tions, SKI’s research department was strengthe-
ned in the early 1980s with a couple of  additional 
staff. A couple of  years later, however, the work 
was reorganized and responsibility for research 
was transferred to the supervisory offi ces. This 

was done partly in order to get a stronger linkage 
between the supervisory needs and the direction 
of  the research, and partly in order to create 
better opportunities for competence develop-
ment at the supervisory offi ces. The majority of  
the personnel were transferred to the supervisory 
offi ces and the research department was given 
more comprehensive coordination and follow-up 
duties. This organisation is still valid and is descri-
bed more fully in Chapter 3.

At the beginning of  the 1990s, SKI, together 
with the Energy Research Committee, once again 
conducted an evaluation of  SKI’s nuclear safety 
research. This study, like the previous ones, dealt 
with both the direction of  the research and how 
it was being conducted within SKI. The study’s 
fi nal report [4] concluded that the research was 
generally characterized by high effi ciency both in 
terms of  producing results in the form of  know-
ledge, data and material that were needed for the 
supervisory and regulatory activities, and in terms 
of  competence development. However, the study 
also concluded that increased integration of  the 
research activities was needed and therefore pro-
posed that a new research area focused more on 
integrated safety assessment be established, which 
was also done. The study also laid the foundation 
for a more long-term planning of  research within 
SKI. In view of  the regulatory and supervisory 
challenges SKI was expected to meet during the 
coming 10-year period, the study also recom-
mended an increase in SKI’s research allocation, 
as well as increased human resources to enable 
long-range research activities to be conducted in 
parallel with the regulatory and supervisory tasks.

The international commission of  inquiry which 
was instructed by the Government in the mid-
1990s to review the activities of  SKI and SSI also 
found that SKI was having some diffi culties in 
keeping up with its more long-range investiga-
tion and research plans due to inadequate staf-
fi ng. The commission pointed out in its report 
[5] that the Swedish regulatory authorities in the 
fi eld of  nuclear technology do not have access 
to any domestic technical support organisation 
(TSO), in contrast to the case in most comparable 
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countries. The commission therefore urged SKI 
to continue its dialogue with the Government 
in order to ensure that allotted resources would 
match the goals established for the authority.

As a result of  this dialogue, SKI was strengthened 
with an additional eight staff  in order to be able 
to improve its investigation and research capacity. 
Moreover, SKI began to refi ne the strategies for 
its research activities and the processes for how 
they were to be conducted in the future. For this 
purpose, a working group was appointed with 
representatives from SKI’s supervisory offi ces 
and from SKI’s advisory research committee and 
reactor safety committee. The group’s fi nal report 
[6] recommended the methodology for prepara-
tion of  research programmes which underlies 

the strategies presented in the following chapters 
and the offi ce-specifi c research plans [7] which 
have now been prepared in conjunction with 
this work.

In 1995, the premises for SKI’s research activities 
were changed when Sweden became a member 
of  the EU, leading to increased cooperation 
with other EU countries. SKI was then given the 
role of  coordinator of  Swedish contributions to 
EU research. In the soon-to-be-concluded Fifth 
Framework Programme, relatively great efforts 
have been made in the form of  applications from 
SKI and other Swedish organisations, as a result 
of  which Sweden is currently participating in a 
relatively large number of  EU projects within 
reactor safety and nuclear waste safety.

1. PREMISES
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MOX fuel in CLAB (MOX = Mixed Oxide Fuel, a mixture of  uranium and plutonium oxide).    Photo: SKI
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2. PREMISES FOR SKI´S RESEARCH

2. PREMISES FOR SKI´S RESEARCH

The legal premises for SKI’s activities are the 
Nuclear Activities Ordinance (1984:14) [8], the 
Nuclear Activities Act (1984:3) [9] and the Ordi-
nance (1988:523) with Instruction for the Swedish 
Nuclear Power Inspectorate [10]. The last-named 
Ordinance 1988:523 states that SKI shall “take 
the initiative to such research and development as 
concerns the safety of  nuclear power plants and 
other nuclear facilities, safety in conjunction with 
the transport of  nuclear material or nuclear waste, 
and the safety of  methods for the management 
and disposal of  spent nuclear fuel and nuclear 
waste which are used or may be used in the future, 
as well as of  methods for decommissioning and 
dismantling of  reactor plants, in so far as no other 
authority has such duties, and otherwise take the 
initiative to such research as is needed for the 
Inspectorate to fulfi l its obligations.”

Furthermore, the Government has instructed SKI 
− in the appropriations directive for 2002 as well 
as earlier years − to work to maintain and develop 
competence for the safety and non-proliferation 
work within SKI as well as among the licensees 
and otherwise in the country at large.

Based on these instructions, and with reference to 
the clear division of  responsibilities set forth in the 
provisions of  the Nuclear Activities Act (1984:3) 
[9], SKI has concluded that the main purposes of  
the research for which SKI is responsible are:

¶ to provide a basis for SKI’s regulatory 
and supervisory activities

¶ to maintain and develop competence 
and research capacity of  importance for 
nuclear safety work.

The appropriations directive is interpreted to mean 
that SKI is responsible to ensure that suffi cient 
competence exists for SKI’s regulatory and super-
visory work now and in the future. As far as the 
competence of  the licensees is concerned, it is the 
licensees who bear full responsibility for ensuring 
that they possess suffi cient competence now and 
in the future to operate the nuclear power plants 
in a safe manner in accordance with the Nuclear 
Activities Act and the regulations and conditions 
issued by SKI. In this respect, SKI’s supervisory 
duty is to oversee how the nuclear power indu-
stry fulfi ls this obligation and make sure that the 
licensees take steps to ensure the availability of  
suffi cient competence in the future.
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FIGURE 1. INTERCRYSTALLINE FRACTURE SURFACE ON FRACTURE-
MECHANICAL TEST BARS.

FIGURE 2. CROSS-SECTION OF FRACTURE-MECHANICAL TEST BARS WITH 
FRACTURE BRANCHING. THE FRACTURE SURFACE FROM FIGURE 1 IS AT 
THE TOP OF THE FIGURE AND THE DIRECTION OF GROWTH IS FROM 
RIGHT TO LEFT.

FIGURE 3. CROSS-SECTION OF FRACTURE-MECHANICAL TEST BARS WITH 
FRACTURE BRANCHING. THE FRACTURE SURFACE FROM FIGURE 1 IS AT 
THE TOP OF THE FIGURE AND THE DIRECTION OF GROWTH IS FROM 
RIGHT TO LEFT.

FIGURE 4. INTERCRYSTALLINE FRACTURE SURFACE ON FRACTURE-
MECHANICAL TEST BARS.

(PHOTO: STUDSVIK)

1. 2.

3. 4.
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3. ORGANISATION AND CONTROL OF SKI´S RESEARCH

3. ORGANISATION AND CONTROL OF SKI´S RESEARCH

The research is currently divided into 16 research 
areas, which are presented briefl y in Appendix 
2. The budget for each research area for 2002 
is also presented here. SKI does not carry out 
any research of  its own, although it does often 
participate actively in ordered research projects. 
The research funds are instead used chiefl y for 
research projects carried out by outside sub-
contractors. For each research area there is a 
coordinator who has coordination and budget 
responsibility for the research conducted in 
this area. The research department is in charge 
of  administrative coordination, but also of  
follow-up to ensure that the overall goals are 
achieved. The research department is thus a 
small administrative unit with both technical 
and administrative competence. The department 
has a strategic overview over SKI’s research and 
makes decisions regarding priorities between the 
research areas.

The supervisory offi ces are responsible for 
ensuring that the research is identifi ed from the 
standpoint of  supervisory and regulatory needs 
and goals, initiated, ordered and followed up, 
and that the results are collected and processed. 
In this way a strong linkage is created between 
supervisory needs and the research needed to 
meet these needs. This ensures that the research 

results will actually be applied in the safety work 
at SKI and that SKI will continue to develop (a 
“learning” organisation), i.e. that the staff  will 
take responsibility for and follow the research 
and thereby raise their own level of  competence. 
It is, however, vital to be observant that the 
supervisory offi cials set aside suffi cient time for 
research-related duties. Of  course, an acute need 
for regulatory actions may arise during short peri-
ods when all available resources have to be put to 
use. The so-called strainer event in Barsebäck in 
1992 was an example of  this, when consumption 
of  research funds decreased by over 10%. SKI 
has obtained staff  increases since then, but even 
today there is a risk that an acute regulatory event 
may lead to a temporary decline in research.

In what way the research work is to be carried 
out is described in the research process in SKI’s 
quality assurance system. The research process is 
divided into the research programme process on 
the one hand and the research project process on 
the other. The programme process determines 
how research plans are prepared at the general 
level, the offi ce level and for each research area. 
Follow-up and effect evaluation are also inclu-
ded in the quality assurance system. The project 
process determines how each project is initiated, 
ordered, followed up and reported.
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The end of  the full-face bored tunnel at a depth of  460 m in the Äspö Hard Rock Laboratory in Oskarshamn Municipality.  

Photo: SKB
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4. OVERALL GOALS AND STRATEGIES

4 OVERALL GOALS AND STRATEGIES

4.1 SUPERVISION

The fundamental premises for SKI’s goals and the 
focus of  its activities are laid down in the nuclear 
activities legislation, which prescribes that those 
who have a licence to conduct nuclear activities 
also bear full and undivided responsibility for 
ensuring

• that the measures needed to maintain 
safety are implemented

• that the non-proliferation requirements 
are met

• that spent nuclear fuel and nuclear waste 
are managed and disposed of  in a safe 
manner.

In its supervisory and regulatory work, SKI shall 
further clarify the responsibilities of  the licen-
sees and ensure that licensees under the Nuclear 
Activities Act and others over whom SKI is sup-
posed to exercise supervision comply with issued 
requirements and conditions for their activities 
and achieve high quality in their safety and non-
proliferation work.

The overall goals of  the regulatory and super-
visory work are laid down in the appropriations 
directive for 2002. (The text below is taken from 
the appropriation directions for nuclear and 
nuclear material safety. More or less the same 
text applies, with the exception of  emergency 
preparedness, to non-proliferation as well, which 
is indicated in brackets):

Appropriate rules

SKI’s requirements shall be clear with regard 
to requirements on the safety-related technical 
design of  the facilities and the obligations of  the 
licensees when it comes to activities of  impor-
tance for safety (the non-proliferation work). The 
same applies to questions relating to the organisa-
tion and the competence of  the personnel. The 
regulations shall be designed in such a manner 

that the responsibility of  the licensees is not 
adversely affected or taken over by the state.

Supervision of  licensees’ responsibility for safety 

(nuclear non-proliferation)

SKI shall ensure that the licensees have good 
control over safety in their nuclear facilities (over 
nuclear material and nuclear equipment) and that 
the safety work (the non-proliferation work) is 
conducted with satisfactory quality.

Promote the safety work (the non-proliferation work)

SKI shall serve as a driving force in the safety 
work (the non-proliferation work) when opera-
ting experience, research results and technologi-
cal developments so warrant, both with respect to 
the licensees and in international cooperation.

Maintain and develop competence and knowledge

SKI shall work to maintain and develop national 
competence in nuclear safety matters (non-pro-
liferation matters). SKI shall moreover, through 
research and experience feedback, advance the 
supervisory and regulatory work and promote the 
safety work (the non-proliferation work).

Maintain emergency preparedness in nuclear activities

SKI shall maintain the level of  preparedness in 
terms of  organisation and knowledge needed to 
assist other authorities with technical advice and 
information in an accident situation.

Active communication, reporting and transparency

SKI shall regularly issue reports on the safety 
situation (non-proliferation matters) at the faci-
lities and the quality of  the licensees’ safety work 
(non-proliferation work), and otherwise actively 
communicate conditions and events in the regu-
latory area.

In order to achieve these goals, SKI applies an 
activity-oriented supervisory strategy with regu-
lations, inspection and review focusing on the 
licensees’ activities and the processes involved 
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in them as well as on their ability to conduct and 
develop the safety and non-proliferation work 
with high quality.

SKI’s strategy also includes identifying supervisory 
challenges early and meeting them by knowledge 
and competence build-up so that the requirements 
SKI imposes on the licensees and the assessments 
made of  their activities can be done in a cor-
rect fashion and based on accurate information. 
Knowledge and competence build-up shall pri-
marily take place via the supportive nuclear safety 
research and via SKI’s own investigatory activities, 
as well as via international cooperation within 
various technical fi elds of  importance for the 
regulatory and supervisory work.

4.2 OVERALL FOCUS OF THE 

RESEARCH

The overall goals of  SKI’s nuclear safety research 
are that it should contribute to:

• keeping SKI up to date with the know-
ledge, facts, analytical methods and 
supervisory tools that are needed to 
pursue effective regulatory and super-
visory activities, promote the safety and 
non-proliferation work, and be able to 
carry out SKI’s advisory tasks in accident 
situations or threats thereof

• giving SKI continuous access to the 
competence and the resources that are 
needed to assess the safety situation 
and the non-proliferation work with a 
suffi cient degree of  independence and 
integrity

• ensuring that national competence and 
research capacity of  importance for 
nuclear safety and non-proliferation work 
are available.

To achieve these goals, SKI applies a strategy 
with both short-range and long-range research. 
The research activities shall be based on a well-

balanced programme of  long-range research 
whose point of  departure is the supervisory chal-
lenges and whose aims are:

• to gradually build up knowledge in mat-
ters that are of  importance for the safety 
or non-proliferation work, and for which 
there is a more long-term need

• to gradually build up or maintain com-
petence and research resources within 
subject areas that are of  importance for 
the safety or non-proliferation work, and 
which SKI needs access to

• to systematically clarify whether concerns 
aroused in the supervisory work are or 
may become a safety problem.

This programme shall be kept up-to-date and 
modifi ed to suit the changing supervisory chal-
lenges, be based on a holistic perspective on 
safety and non-proliferation issues, and take into 
account the interdisciplinary nature of  the issues.

In the short term, research shall be initiated when 
SKI needs, for its supervisory and regulatory 
work, to obtain better knowledge or data relati-
vely quickly, within two to three years. The work 
may entail

• compiling existing knowledge on a speci-
fi c question

• collecting and analysing data
• clarifying how existing calculation 

models or analytical methods can be 
applied within a given problem area.

Research cooperation with other funding agen-
cies, nationally and internationally, is striven for 
where possible, taking into account time aspects 
and SKI’s independence and integrity. Coopera-
tion with the nuclear power industry takes place 
in competence-raising research at universities 
and institutes of  technology as well as in long-
range research of  a more fundamental nature. 
If  research aimed at providing a basis for SKI’s 
supervisory and regulatory work is intended to be 
conducted in cooperation with industry, a special 
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evaluation must be made. Cooperation in such 
research is mainly to be sought with the interna-
tional bodies of  which SKI is a member or with 
sister authorities within the framework of  bilateral 
agreements. Research within the OECD/NEA, 
the EU (reactor and waste safety) and ESARDA 
(non-proliferation) particularly contributes to the 
knowledge needed by SKI and is therefore given 
priority. This is further discussed in section 6.3.

4 OVERALL GOALS AND STRATEGIES

SKI’s overall research strategy also includes com-
bining knowledge-building research with com-
petence-raising research, wherever possible and 
reasonable. This means that SKI shall consider the 
possibility, when planning both short-range and 
long-range research aimed at accumulating know-
ledge, of  whether the research can be assigned to 
the organisations where SKI needs to build up or 
maintain competence and research resources.
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Experimental setup for imaging UV-light from spent fuel in CLAB.          Photo: SKI
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5. SUPERVISORY CHALLENGES AND RESEARCH 
STRATEGIES FOR SUPPORTING SUPERVISION

Based on the overall goals and strategies stipu-
lated in the preceding chapter, interim goals and 
research strategies for meeting the supervisory 
challenges faced by SKI in the medium and short 
term are specifi ed below (i.e. what knowledge is 
needed). Where this research can be conducted 
(resources and competence) is then discussed in 
Chapter 6.

The medium-range (3−5 years) and long-range 
(6−10 years) direction of  the research is depen-
dent on a number of  diffi cult-to-predict factors. 
Many of  these factors have to do with the cir-
cumstances under which electric power produc-
tion at nuclear facilities can be pursued. These 
circumstances are infl uenced to a high degree by 
future environmental and energy policies, in both 
Sweden and the rest of  the European Union. 
Market factors will also probably infl uence these 
circumstances, and probably to a higher degree 
than before.

This chapter is divided into three sections: Exis-
ting Facilities, New Facilities and Other Supervi-
sory Challenges, and in each section a number of  
supervisory challenges are identifi ed for SKI. For 
each supervisory challenge, a supervisory goal is 
given. Only the supervisory challenges that are 
judged to require research support are descri-
bed. Based on this supervisory goal, the research 
goal that supports the supervisory goal and the 
research strategy that is required to achieve the 
research goal are identifi ed.

5.1 EXISTING FACILITIES

5.1.1 Changed economic conditions

SUPERVISORY CHALLENGES 

The deregulation of  the electricity market in the 
Nordic countries and within parts of  the EU has 
changed the economic conditions of  the Swe-
dish nuclear power utilities. This has infl uenced 

their behaviour in different ways. Effects in the 
form of  postponed modernisations, operation 
and maintenance optimisations, reorganisations 
and rationalisations have come earlier and on a 
larger scale that what was predicted a few years 
ago. SKI judges that the situation is in the process 
of  stabilising and that the pace of  change among 
the Swedish power utilities will reach a level that 
is to be expected among companies acting on a 
competitive market.

New rationalisation and management strategies 
that are applied in other competitive activities 
are also beginning to be applied at the nuclear 
power plants with their specifi c risks and high 
safety requirements. At some plants, activities 
not directly related to production and mainte-
nance have been outsourced to contractors. At 
other plants, relatively far-reaching changes have 
been made in the operating and maintenance 
organisations. Furthermore, explicit demands are 
being made for rationalisations and a progressive 
reduction of  costs. More organisational changes 
and rationalisations have been announced at the 
plants. It should also be pointed out that ratio-
nalisation and optimisation measures are often 
irreversible processes (in contrast to technical 
changes) and it is therefore of  great importance 
that the licensees carry out consequence assess-
ments before the changes are implemented.

The nuclear power industry’s way of  meeting the 
changed economic conditions may prove to be 
benefi cial from a safety viewpoint, but may also 
pose a threat. There are examples internationally 
of  effects such as better planning of  refuelling 
outages and increased effi ciency in plant proces-
ses and in the management of  the day-to-day 
operation. But there are also examples of  severe 
staffi ng cuts, far-reaching outsourcing and an 
increase in maintenance work during operation.

Experience in recent years also shows that chan-
ges in ownership or new, complicated ownership 
relationships may be associated with the decom-
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missioning of  facilities, restructurings, rationalisa-
tions and other changes in the industry.

On the operating side, the nuclear power utilities 
work mainly with matters relating to optimisation 
of  the reactor core, better utilisation of  the fuel 
through development of  new fuel designs, and 
increased operational fl exibility by being able to 
run the reactors at varying load to a higher degree. 
For core optimisation, more effective use of  ther-
mal margins are considered through better calcu-
lation and monitoring procedures. The maximum 
fuel burn-up will probably also be a factor that is 
subject to optimisation. Such optimisation mea-
sures require more extensive, detailed and realistic 
thermal-hydraulic and reactor-physical analyses 
with new models and computer codes.

New strategies for maintenance are in the process 
of  being introduced at many of  the plants. There 
is an ongoing ambition to replace traditional and 
time-based preventive maintenance with condi-
tion- and reliability-based maintenance. These 
strategies, which can also include various kinds 
of  risk assessments, have already begun to be 
applied within certain areas. Probabilistic safety 
assessments are central in these risk assessments.

An increased use of  probabilistic safety assess-
ments for optimisation of  various measures at 
the plants imposes increased requirements on 
the scope, coverage, quality and validity of  the 
models, as well as on the quality of  input data 
used. Furthermore, methods are required for 
weighing together the risk resulting from the pro-
babilistic safety assessments on the one hand and 
the deterministic set of  requirements that can be 
said to defi ne a safe facility on the other.

SUPERVISORY GOALS

The goals of  supervision are that SKI should be 
assured that the licensees are implementing ratio-
nalisation and optimisation measures so that the 
prerequisites for managing, controlling and deve-
loping the activities in a safe manner are met, that 
the necessary safety margins are maintained in all 
operating situations, and that operational distur-
bances and defi ciencies are prevented by effective 
maintenance programmes.

RESEARCH GOALS

The goals of  the research are that it should 
contribute to keeping SKI supplied with the 
knowledge and facts that are needed to stipulate 
the necessary requirements on the licensees’ acti-
vities as these activities change and to assess the 
optimisation and rationalisation measures that are 
implemented.

RESEARCH STRATEGIES

SKI has initiated literature studies and know-
ledge reviews regarding rationalisation strategies, 
new philosophies and strategies for organisation 
and control, as well as management of  changes. 
These have been aimed at both the nuclear power 
industry and other industries with similar risk 
and safety perspectives. Furthermore, knowledge 
surveys have been carried out of  organisatio-
nal changes and safety. In order to achieve the 
research goals, SKI intends − based on these 
introductory knowledge reviews and surveys − 
to identify and initiate the research that is needed 
to obtain the knowledge and competence needed 
for SKI’s assessments of  organisational changes 
at the facilities and changes of  their strategies for 
control and rationalisation.

In the short- and medium-term perspective, SKI 
also plans to continue, in international coopera-
tion, to develop analytical tools and collect the 
data and material needed to evaluate the changes 
in safety margins that may follow from increased 
operational fl exibility through better fuel utili-
sation, new fuel designs and shorter or longer 
operating seasons. The strategy also includes 
initiating projects that continuously yield know-
ledge to assess the behaviour of  new fuel designs 
in connection with normal operation, operational 
disturbances and failures, as well as data needed 
to verify computer programmes. Furthermore, 
research will be conducted on various damage 
mechanisms that can affect the fuel and how such 
damage can occur and develop.

To meet the industry’s increased usage of  pro-
babilistic safety assessments for optimisation of  
maintenance and other measures at the plants, 
SKI is planning in the short-term perspective to 
conduct introductory knowledge surveys with 
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experience from various sectors where probabi-
listic risk models are used alongside deterministic 
basic requirements. SKI then plans to initiate the 
research needed to obtain more detailed know-
ledge regarding applicable weighing-together 
principles as well as their possibilities and limi-
tations. The strategy also includes a refi nement 
of  the principles for how human behaviour in 
different situations is to be taken into account in 
probabilistic safety assessments. Further, it inclu-
des obtaining knowledge and models for how the 
modern digital and programmable instruments 
and monitoring equipment that are now gradually 
being installed in the nuclear power plants are to 
be treated in the assessments. This research is 
foreseen to be conducted in short-, medium- and 
long-term perspectives.

5.1.2 Ageing of  facilities and renewal 

of  operating licences

SUPERVISORY CHALLENGES

The Swedish nuclear facilities are ageing. Oskars-
hamn 1, which is Sweden’s oldest nuclear power 
reactor, was commissioned in 1972. The youngest 
reactors, Oskarshamn 3 and Forsmark 3, were 
started up in 1985. Age-related damage occurs 
and must be kept under constant surveillance. The 
licensees must have good advance planning with 
preventive measures, for example replacement of  
damage-susceptible components, and thorough 
monitoring and periodic in-service inspection 
and testing of  the plants’ physical barriers and 
other components important to the in-depth 
defence with subsequent remedial repairs when 
damage is observed. Moreover, validated models 
are required for analysis and safety-assessments 
of  damaged components that are intended to 
remain in operation for some time without repair 
or replacement.

Experience shows that where advance planning is 
insuffi cient, substantial problems can arise when 
damage is observed. In these situations lack of  
data and appropriate analysis, inspection and tes-
ting methods lead to uncertainties of  the safety 

margins. Furthermore, the damage can become 
very extensive before it is detected. Cases have 
been observed also in recent years, where damage 
has progressed far before being detected due to 
insuffi cient inspection programmes.

In recent years, SKI has seen tendencies that 
the industry questions recognised safety mar-
gins when analysing and evaluating observed 
damage in reactor components. Furthermore, 
preparations are being made at several plants 
for far-reaching changes in the plants’ in-service 
inspection programmes based on more quantita-
tive risk-informed principles than those applied 
today. An important incentive for these changes, 
which are also being seen internationally, is to 
reduce the costs of  in-service inspections and 
testing.

The announced changes also affect the present 
system for those qualifi cations of  non-destructive 
testing methods that are used to ensure quality and 
credibility of  the results. The applied qualifi cation 
process has led to clear quality improvements, but 
needs to be further refi ned to increase the reliabi-
lity of  the inspection and testing results.

In the longer-term perspective, SKI may also face 
questions related to review of  the plants’ operating 
licences and extended operating lives. In the case 
of  Ringhals 2, such a consideration of  licence rene-
wal may be due as early as 2005, while the other 
nuclear power plants are facing licence renewal in 
2010. At the same time, some of  the older plants 
are approaching the technical life of  about 40 
years for which they were originally designed. For 
Oskarshamn 1, this will occur in 2012, while for 
Oskarshamn 2, Ringhals 1 and 2 the date is 2015.

Even though extensive modernisations and 
component replacements have already been car-
ried out and more are planned for the future, 
the prerequisites must be clarifi ed for continued 
operation with vital plant parts and building 
structures in their basic design. This will include 
structural-mechanical verifi cations of  various 
kinds. Verifi cations of  the structural-mechanical 
state of  vital plant parts also require more tho-
rough inspections and tests than those that are 
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normally performed. New in-service inspection 
and testing programmes and methods must also 
be developed for these purposes.

SUPERVISORY GOALS

The goals of  supervision are that SKI should 
be assured 

• that the licensees have a preventive 
approach to ageing problems and that 
they apply effective monitoring, inspec-
tion and testing programmes that are 
able to detect damage early before safety 
is affected;

• that plants which apply for operating 
licences for a longer time than that for 
which they were originally designed carry 
out all the verifi cations that are needed to 
show that they can continue to be opera-
ted in a safe manner.

RESEARCH GOALS

The goals of  the research are that it should contri-
bute to keeping SKI supplied with the knowledge 
and facts that are needed to stipulate the necessary 
requirements on the licensees’ damage-preventive 
activities, and to be able to assess the suitability of  
applied monitoring, inspection and testing pro-
grammes and how the licensees handle situations 
when damage is observed. An important research 
goal is also that SKI shall, at the time of  renewal of  
licence renewals, have identifi ed relevant questions 
and built up the necessary knowledge base that are 
required to review the licensees’ applications.

RESEARCH STRATEGIES

The research goals shall be achieved by a progres-
sive build-up of  knowledge concerning various 
damage mechanisms, how damage can occur and 
grow, and how it can be detected in time before it 
affects safety.

In view of  the fact that stress corrosion crack-
ing (SCC) is the mechanism that has caused the 
most cracks and other damage in the mechanical 
components in the Swedish nuclear power plants, 
SKI plans to continue to initiate and support 
projects that provide a more in-depth under-

standing of  SCC-induced damage and how it 
can occur. Important aspects of  this research will 
also concern how metallic materials are affected 
by irradiation. Both irradiation-induced SCC and 
other effects of  irradiation, such as irradiation 
embrittlement, irradiation creep and swelling, will 
be studied in various projects.

SKI’s strategy also includes to closely follow 
national and international research on the abi-
lity of  electrical and monitoring equipment to 
withstand chemical and physical stresses, and how 
these properties can change when the equipment 
ages. Projects will be initiated to obtain further 
increased knowledge of  the suitability and vali-
dity of  the applied environmental qualifi cation 
programmes.

No serious age-related damage of  the reactor 
containment structure has yet been observed in 
Swedish nuclear power plants, but concerns exist, 
particularly with respect to problems that might 
occur over the long term. SKI is therefore con-
ducting some pilot studies and participating in 
joint international projects. Based on the results 
of  these pilot studies, SKI plans to initiate the 
needed research over the years to come. More in-
depth knowledge needs to be built up regarding 
damage mechanisms that can affect the concrete 
and metallic parts of  the containments. Further-
more, methods need to be developed to improve 
analysis of  how various kinds of  ageing can affect 
the structural integrity and leak-tightness of  the 
containments.

In both the medium- and long-term perspective, 
SKI also plans to continue supporting the further 
development of  models for safety evaluation of  
damaged mechanical components and other devi-
ces. Research will be aimed primarily at models 
based on a probabilistic principles. Safety margins 
to accident conditions can be determined more 
quantitatively with such models. Another impor-
tant part of  SKI’s strategy is further knowledge 
build-up around structural-mechanical verifi -
cations. Further research is therefore planned 
concerning how loads that can arise in various 
situations should be handled in safety evaluations.
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Future research will also include aspects that can 
infl uence the effi ciency of  applied inspection and 
testing programmes, including the reliability of  
the non-destructive testing that is performed.

Moreover, as a part of  the preparations for the 
upcoming licence renewals, SKI plans to identify 
other relevant questions that need to be taken 
into account via contacts with authorities and 
research teams in those countries where extended 
operating licences have been issued for nuclear 
power plants.

5.1.3 Modernisation and introduction 

of  new technology in operating 

facilities

SUPERVISORY CHALLENGES

Based on design reviews performed as a conse-
quence of  the so-called strainer event in 1992 in 
Barsebäck, as well as more detailed safety assess-
ments and economic considerations, the nuclear 
power utilities have identifi ed modernisation 
needs. It is above all the oldest plants that need 
to be renewed and modernised to conform to 
more stringent and up-to-date requirements on 
reliability and safety. Increased requirements on 
maintenance and testing also lie behind the need 
for renewal. In some cases, equipment may need 
to be replaced due to obsolescence and diffi cul-
ties fi nding spare parts or qualifi ed technicians for 
maintenance.

Electronics is an example where obsolete 
equipment will be replaced with more modern 
equipment based on digital technology. The new 
technology imposes new and different demands 
on the power utilities’ safety work in conjunction 
with the procurement of  this type of  equipment 
and its installation in the plants.

Furthermore, more or less extensive modernisa-
tions of  control rooms are being carried out at 
many of  the nuclear power plants. These changes 
affect working conditions and competence needs 
for a number of  personnel groups. The safety-

signifi cance in nuclear activities of  more screen-
based control rooms and new working methods 
has not been adequately clarifi ed.

SKI also exercises supervision over existing waste 
facilities, waste treatment plants at the nuclear 
power plants, SFR 1, CLAB and certain facilities 
at Studsvik. A number of  operational changes are 
foreseen at these facilities during the coming ten-
year period. Methods for solidifi cation of  liquid 
waste will, for example, be modifi ed. Further-
more, new safety assessments will be presented 
for SFR 1 and for CLAB as a result of  the ongo-
ing expansion.

REGULATORY GOALS

The goals of  supervision are that SKI should be 
assured that the licensees are modernising the 
facilities based on a comprehensive overall view 
and taking into account experience gained and 
research results so that safety is maintained and 
improved in a preventive manner.

RESEARCH GOALS

The goals of  the research are that it should contri-
bute to keeping SKI supplied with the detailed 
knowledge regarding safety-related developments 
and operating experience that is needed to stipu-
late the necessary requirements on the licensees’ 
modernisation activities and to be able to assess 
the safety-importance of  new technical solutions 
with subsequent changes in working conditions.

RESEARCH STRATEGIES

An important part of  SKI’s strategy to achieve the 
goals is to continuously follow and evaluate the 
development of  safety principles for existing and 
new reactor designs that is taking place interna-
tionally. This work, which will be pursued in both 
the short- and long-term perspective, is necessary 
in order to obtain a comprehensive picture of  the 
safety situation at the Swedish facilities.

Another important part of  SKI’s strategy to 
achieve the research goals within this area is an 
active participation in the OECD/NEA’s Halden 
Reactor Project in Norway. Through such par-
ticipation, SKI can contribute to identifying 
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and elucidating important issues in the context 
of  changes in control room work. For further 
knowledge build-up, SKI also plans to maintain 
networks of  research teams in Sweden and to 
develop an international network of  regulatory 
authorities and researchers, mainly in Europe, 
who conduct research within relevant areas. 
Furthermore, SKI is planning studies of  issues 
concerning assessment of  the competence requi-
rements associated with a transition to work in 
more screen-based control rooms.

In the more long-term perspective, SKI is plan-
ning to initiate studies of  experience from com-
pleted modernisations in Sweden and in other 
countries that have performed changes in control 
rooms. The purpose is then to elucidate why cer-
tain modernisation projects have better results 
than others, and thereby learn more about the 
success factors. In addition, projects are planned 
to evaluate the test and measurement tools used 
in the validation of  new control room interfaces 
and to obtain evidence on whether the operatio-
nalisation of  important validity measures such as 
situation awareness is acceptable.

SKI intends to continue participating interna-
tionally on research concerning which analytical 
methods and tests need to be applied to ensure 
that the new instrumentation and control (I&C) 
equipment functions as intended in different ope-
rating situations. This collaboration mainly takes 
place within the framework of  the studies and 
projects that are conducted by the OECD/NEA 
and the EU Nuclear Regulators Working Group. 
SKI plans to supplement this work with research 
projects dealing with certain special aspects of  
testing and inspection methods.

Depending on what changes are made in the 
existing waste facilities, new research needs may 
arise at SKI with regard to both operating safety 
and long-term safety. Some research may also 
be required to make sure that the expansion of  
CLAB does not increase the risk of  nuclear mate-
rial proliferation and to develop methods that 
reduce the need for regular inspections.

5.1.4 Decommissioning and 

dismantling of  facilities

SUPERVISORY CHALLENGES

Even though there is no indication in current 
environmental and energy policies that the Swe-
dish parliament is planning to order the shutdown 
of  further plants beyond Barsebäck 2, SKI must 
nevertheless maintain suffi cient preparedness to 
handle decommissioning situations. The reason 
for this is that closure of  plants can also take 
place on purely commercial grounds, depending 
on how the electricity market develops in the 
coming years.

With the closure of  Barsebäck 1 in the autumn 
of  1999, the decommissioning and dismantling 
work of  the Swedish nuclear power plants is 
approaching. This is a new aspect of  SKI’s super-
visory work. The second reactor is still waiting for 
notifi cation of  closure, and consideration for a 
renewed licence will take place in 2003. Increased 
direct supervisory measures are necessary, espe-
cially during the period when a decision has 
been taken until the plant has been taken out of  
operation.

Since the costs of  decommissioning comprise a 
relatively large portion of  the total costs of  the 
waste programme, the changed economic condi-
tions of  the power utilities have meant that they 
are trying to reduce the fees paid to the Nuclear 
Waste Fund and limit the size of  the securities that 
must be pledged according to the Financing Act.

SUPERVISORY GOALS

The goals of  supervision are that SKI should 
be assured that plants are being operated in a 
safe manner even if  they are threatened with 
closure or the closure date has already been set 
and that the licensees are planning far enough 
in advance to be able to decommission and dis-
mantle the plants in a safe manner, and also that 
suffi cient funds are being set aside to carry out 
decommissioning.
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RESEARCH GOALS

The goals of  the research are that it should contri-
bute to keeping SKI supplied with the knowledge 
and facts that are needed to stipulate the neces-
sary requirements on the activities, to be able to 
correctly assess the licensees’ plans for handling 
uncertain situations prior to a decision for clo-
sure, decommissioning and dismantling, inclu-
ding the costs, and then to oversee the realisation 
of  these activities.

RESEARCH STRATEGY

Experience from nuclear power plant shutdowns 
has been compiled and analysed in recent years. 
This experience comes from the nuclear power 
industry in the USA and Western Europe, but 
also from other industries in Sweden. SKI has 
followed the decommissioning of  Barsebäck 1 
both with regard to safety-related questions and 
to learn for the future.

From a waste point of  view, SKI must develop 
its competence in several areas, from purely 
technical aspects of  methodology for review of  
decommissioning plans and decontamination 
methods, to cost estimates and environmental 
impact assessments. In the short term, studies of  
decommissioning costs are the most urgent, and 
SKI plans to conduct comparative studies of  the 
costs of  completed dismantlings of  reactors and 
nuclear facilities. The purpose is to arrive at well-
founded cost calculations for dismantling of  the 
Ågesta plant and the R2 reactor. Methods for cost 
estimation also need to be developed, e.g. by clas-
sifi cation of  the various operations involved in 
the dismantling work. A starting point is attemp-
ting to integrate the cost breakdown arrived at by 
the OECD/NEA.

5.1.5 Threat assessment

SUPERVISORY CHALLENGES

The events in the USA of  September 11, 2001, 
have focused attention on the risk of  new acts 
of  terrorism. The physical protection of  nuclear 

facilities is aimed at protecting against unauthori-
zed intrusion, sabotage or other such actions, for 
example a terrorist attack, that could result in a 
radiological accident, and preventing unauthori-
zed handling of  nuclear material or nuclear waste.

It is still too early to say how the long-term threats 
against Swedish nuclear facilities will be affected 
by the terrorist attack in the USA and whether 
this will eventually lead to changed or tightened 
requirements on physical protection.

However, it is inevitable that SKI will, in its future 
supervisory activities, focus more on measures 
adopted to protect facilities against terrorist 
attacks and theft of  nuclear material and nuclear 
waste. The same applies to transport of  nuclear 
material and waste.

Since the fall of  the Soviet Union, there is 
increased concern that nuclear material will escape 
from the region via illicit traffi cking. National 
authorities and governments must cooperate in 
order to limit such proliferation.

SUPERVISORY GOALS

The supervisory goals are to ensure that physical 
protection at the nuclear facilities is adequate in 
relation to the existing threat assessment and that 
illicit traffi cking of  nuclear material and nuclear 
equipment does not occur.

RESEARCH GOALS

The research goals are that it should contribute to 
ensuring that SKI continuously has the necessary 
information needed for a correct assessment of  
the threats and how they change over time.

RESEARCH STRATEGY

The goals shall be achieved by a continuous 
build-up of  knowledge on how changes in the 
world around us can affect the threat assessment 
and how threats may have to be met by various 
measures at the facilities and from society. As 
a direct consequence of  the terrorist attack in 
the USA, the design basis threat assessment is 
being reconsidered.
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The strategy also includes conducting research to 
provide a better basis for well-founded decisions 
concerning a coordinated Swedish strategy in 
order to combat illicit traffi cking.

5.1.6 Competence assurance in 

the industry

SUPERVISORY CHALLENGES

The nuclear infrastructure in Sweden has changed 
considerably during the 1990s. An essential factor 
in this trend is that the nuclear power industry has 
left the design phase behind and entered a pro-
duction phase. This applies both at the previously 
highly competent expert organisations within the 
nuclear power fi eld and at the Swedish vendor 
of  reactor plants, now Westinghouse Atom.1

Extensive cutbacks and restructurings have been 
undertaken within these organisations, leading to 
a downsizing of  national nuclear-power-specifi c 
competence. In Westinghouse Atom’s case, these 
cutbacks have occurred in Sweden, but it should 
be pointed out that equivalent competence exists 
in the company outside of  Sweden. As a result of  
this downsizing, the integrated know-how, mainly 
regarding current generations of  boiling-water 
reactors, previously possessed by the vendor 
has diminished, which in turn imposes greater 
demands on the nuclear power utilities’ in-house 
competence and staffi ng. The employees at the 
plants, as well as within the rest of  the sector, are 
growing older, however, and must be replaced 
with new and less-experienced personnel.

Very little research has been done to date within 
the area of  competence assurance. A cursory 
review of  the research needs shows that there is a 
need for more in-depth study of  knowledge trans-
fer among the personnel of  the nuclear power 
plants in conjunction with a generation change. 
There is also a need to build up knowledge con-
cerning how supervision of  competence and staf-
fi ng is handled both by other Swedish activities 
with stringent safety requirements and by foreign 
nuclear regulatory authorities. Furthermore, there 
is a need for knowledge concerning different sys-
tems and methods for assuring competence.

SUPERVISORY GOALS

The goals of  supervision are that SKI should be 
assured that the licensees have suffi cient person-
nel with the competence needed to enable the 
activities to be conducted in a safe manner.

RESEARCH GOALS

The goals of  the research are that it should contri-
bute to keeping SKI supplied with the knowledge 
needed to be able to assess over time the licen-
sees’ competence assurance measures and how 
they handle generation changes.

RESEARCH STRATEGY

In the short- and medium-term perspective, 
SKI plans initial studies aimed at gathering 
knowledge of  methods and analyses that can 
be applied for supervision of  the industry’s 
competence assurance measures. These studies 
are intended to be conducted in other sectors 
with safety requirements equivalent to those in 
the nuclear fi eld. Furthermore, studies are plan-
ned of  the transfer of  knowledge in conjunction 
with a generation change.

Based on these initial studies, SKI then intends in 
the longer-term perspective to identify and suc-
cessively initiate the additional research that is 
needed to obtain more in-depth knowledge con-
cerning competence assurance and competence 
testing of  personnel with duties of  importance 
for safety at the facilities.

5.2 NEW FACILITIES

5.2.1 Final repository for spent 

nuclear fuel

SUPERVISORY CHALLENGES

SKB will commence site investigations during 
2002 and estimates that they will take about 5 
years to carry out. The investigations will focus 
on geoscientifi c factors, partly to be able to per-
form a safety assessment for the fi nal repository, 

1  The plants were delivered by ASEA Atom, subsequently ABB Atom, which was 
 bought in 2000 by Westinghouse.



21

and partly to provide data for the design of  the 
underground part. The investigations will also 
include studies to determine the local design of  
the facilities and the transportation system, as well 
as the impact on the environment and the com-
munity. An Environmental Impact Assessment 
(EIA, which is the process of  preparing an EIS, 
Environmental Impact Statement), in accordance 
with the Nuclear Activities Act and the Envi-
ronmental Code, will also be carried out during 
the site investigation phase. SKI needs to follow 
these investigations to determine whether suffi -
cient data are obtained for the needs of  the safety 
assessment. SKI will also play an important role 
as a consultation participant in the EIA process.

The site investigation phase can be said to be 
concluded when SKB submits an application for 
a permission to build a fi nal repository on a given 
site. An application will be able to be submitted by 
SKB at the earliest in 2007. The permit applica-
tion review procedure will take at least two years. 
The fi rst phase of  the construction of  the fi nal 
repository entails extensive site characterisation 
in tunnels and shafts at repository depth (detai-
led characterisation). SKB then plans to submit 
an application in 2013 for a licence to put the 
repository into operation in 2015. This licensing 
procedure will provide further opportunities 
for review.

The present-day transportation system for spent 
nuclear fuel is built around seaborne shipments 
on the Sigyn. If  the selected site of  the fi nal repo-
sitory is not near the coast, a new transportation 
system, including measures for physical protec-
tion and non-proliferation, must be built up 
including ground transport.

SUPERVISORY GOALS

The goals of  supervision are that SKI should 
be assured that the licensees are conducting the 
necessary development programme and adop-
ting, within a reasonable time, the measures 
needed to site, build and operate a fi nal repository 
for spent nuclear fuel, including a transportation 
system, and to demonstrate the safety of  the deep 
repository system.

RESEARCH GOALS

The goals of  the research are that it should contri-
bute to keeping SKI supplied with the knowledge 
and facts that are needed to stipulate the neces-
sary requirements on the activities, to be able to 
properly review an application to site and build a 
fi nal repository, and later to review an application 
for a licence to put the facility into operation, as 
well as to maintain competence for making inde-
pendent assessments of  the safety of  the deep 
repository system.

RESEARCH STRATEGY

SKB’s site investigations will generate a very large 
quantity of  data, and SKI intends to follow the 
work from several aspects. First there are general 
questions regarding data quality, what SKB mea-
sures and in what order (e.g. chemistry sampling 
before hydrology sampling caused excessive 
disturbance), and how many boreholes and 
where they are drilled; and second, evaluations 
and interpretation of  results, and not least how 
these data are coupled to safety assessments. The 
coupling to the safety assessment entails both that 
data from the site investigations should be used in 
the assessment, and that the assessment’s needs 
should infl uence the site investigations. SKI has 
set up an expert group, with experts from SKI’s 
circle of  consultants and researchers, to follow 
the site investigations.

In the review of  SKB’s most recent safety assess-
ment for the fi nal repository for spent fuel, 
SR 97, SKI stated the viewpoint that SKB needs 
to develop the safety assessment methodology, 
and when this should be reported. In order to be 
able to assess the development SKB is pursuing, 
SKI intends to test different parts of  its own 
methodology by means of  projects involving e.g. 
risk calculations, scenarios for human actions, and 
how expert assessments are handled, and to deve-
lop its own tools for calculations of  radionuclide 
transport.

SKI needs to maintain and develop knowledge 
regarding the engineered barriers (canister and 
bentonite) and their function in the fi nal reposi-
tory. SKB intends to make compilations of  exis-
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ting knowledge and develop its own calculation 
tools for achieving this.

SKI will also continue to participate in the design 
of  the decision-making process that is intended to 
lead to the siting and construction of  a fi nal repo-
sitory. The immediate aims of  the research efforts 
are arranging the VALDOR conference, coordina-
ting and participating in an EU project concerning 
risk communication (RISCOM), and supporting 
PhD studies of  local decision-making.

SKI may need to increase research concerning 
transportation of  spent nuclear fuel if  the site 
for the fi nal repository is chosen far from the 
coast, since the present-day transportation system 
is based on shipments by sea. The research con-
cerns e.g. methods for physical protection and 
non-proliferation.

In summary, SKI’s research needs will continue 
to be great during the coming 10-year period, and 
the ambition to cover the area will impose heavy 
demands on strategies for focusing at different 
points in time so that SKI possesses the required 
knowledge and facts at the right time, i.e. when SKB 
presents its safety assessments and applications.

5.2.2 Encapsulation plant and canister 

factory

SUPERVISORY CHALLENGES

SKB’s main alternative is to site the encapsula-
tion plant for spent nuclear fuel adjacent to 
CLAB. The projecting work and the EIA process 
for the encapsulation plant are being commenced 
during 2002, and an application for a permission 
to build the plant is planned to be submitted in 
2005. The permit application review process is 
expected to take at least two years and will entail a 
great deal of  work by SKI as regards both safety 
during operation and the canisters’ long-term 
performance in the fi nal repository. In the same 
way as for the fi nal repository, SKI will have to 
review the application for a licence for the start 
of  operation in 2015.

The canister factory, where the canisters will be 
machined and assembled, is not in itself  a nuclear 
facility that requires a licence under the Nuclear 
Activities Act, since no handling of  nuclear mate-
rial or nuclear waste occurs. It will, however, be 
necessary for SKI to follow the work closely, 
since the long-term performance of  the canisters 
is determined to a great extent by the fabrication 
methods, welding technology, quality control, etc.

As the fi nal repository plans are concretised, non-
proliferation issues associated with the encapsula-
tion plant will be adressed. The research at SKI is 
aimed at establishing verifi cation and surveillance 
requirements for encapsulation and devising the 
requisite measurement methods. In these matters, 
it should lie in Sweden’s interest to pursue deve-
lopment actively and not passively await solutions 
from the IAEA and other countries. Finland is 
also very active in this matter, as they have come 
far in their plans for a fi nal repository. The goal is 
to have a functioning system ready conceptually 
within the 10-year period. Important require-
ments on such a system are reliability and that it 
should work with as few inspection-days as pos-
sible. The work of  devising such a system must 
take place in consultation with the industry, the 
IAEA and the ESO (Euratom Safeguard Offi ce).

SUPERVISORY GOALS

The goals of  supervision are that SKI should 
be assured that the licensees are conducting the 
necessary development programme and adopting, 
within a reasonable time, the measures needed to 
be able to fabricate, seal and test canisters for fi nal 
disposal of  spent nuclear fuel; to site, build and 
operate an encapsulation plant, which will be a 
part of  the fi nal repository system; and to ensure 
that a safeguards system is developed for verifi ca-
tion of  non-proliferation.

RESEARCH GOALS

The goals of  the research are that it should contri-
bute to keeping SKI supplied with the knowledge 
and facts that are needed to stipulate the neces-
sary requirements on the activities, to be able to 
properly review an application for a permission to 
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site and build an encapsulation plant, and later to 
review an application for a licence to put the plant 
into operation, and to maintain competence for 
making independent assessments of  the safety of  
the deep repository system.

RESEARCH STRATEGY

The knowledge and competence needed at SKI 
for reviewing SKB’s application for a permission 
to build an encapsulation plant is largely the same 
as that needed for reviewing the application for 
a permission for the fi nal repository, since the 
canisters are a part of  the fi nal repository con-
cept. A safety assessment for the fi nal repository 
will be required in connection with an application 
for a permission for the encapsulation plant.

More specifi cally, SKI intends to carry out 
research concerning the canisters: design, engi-
neering, fabrication, sealing and testing, and how 
this infl uences the long-term properties of  the 
canisters in the fi nal repository.

The greatest research needs with regard to opera-
tion of  the encapsulation plant have to do with 
non-proliferation (verifi cation and surveillance 
requirements, measurement methods), where it 
lies in Sweden’s interest to pursue development 
actively and not passively await solutions from the 
IAEA and other countries.

5.2.3 Extension of  SFR 1 (SFR 3)

SUPERVISORY CHALLENGES

A renewed safety assessment of  SFR 1 was sub-
mitted by SKB during 2001, in compliance with 
the licence conditions for the facility. SKI has 
prepared its review with a number of  research 
projects over the past two years. The safety assess-
ments of  SFR 1 are important for several reasons; 
not least, they constitute a basis for the planned 
extension, SFR 3, which will be used to dispose 
of  most of  the waste from the decommissioning 
of  the nuclear power plants.

According to SKB’s and the power industry’s 
current plans, decommissioning of  the nuclear 
power plants will be commenced not earlier than 
around 2015. The exact date depends on the 
availability of  suitable fi nal repositories, among 
other things. SKB thus plans that SFR 3 will be 
fi nished by around 2015. The safety assessments 
that are needed for the permission application 
can be assumed to be similar to that for SFR 1, 
but must take into account the new waste types 
that arise when the plants are dismantled. SKI 
may need supportive research to be able to carry 
out SKB-independent assessments of  safety 
in connection with the fi nal disposal of  de-
commissioning waste.

SUPERVISORY GOALS

The goals of  supervision are that SKI should 
be assured that the licensees are conducting the 
necessary development programme and adopting, 
within a reasonable time, the measures needed to 
be able to dispose of  the operational waste and 
the future waste from the decommissioning of  
nuclear facilities.

RESEARCH GOALS

The goals of  the research are that it should 
contribute to keeping SKI supplied with the 
knowledge and facts that are needed to stipulate 
the necessary requirements on the activities, and 
to be able to properly assess how the licensees 
are planning to dispose of  operational and de-
commissioning waste.

RESEARCH STRATEGY

SKI’s research regarding SFR 1 (in operation) and 
a possible extension (SFR 3) is concerned with 
safety assessment and waste type characterisa-
tion. The extent of  the research is expected to 
be relatively small, but may increase if  decom-
missioning and dismantling are carried out to a 
greater extent.

The research concerns the presence and impact 
of  organic material, and the characterisation and 
handling of  both new waste types from decom-
missioning and old waste from Studsvik.

5. SUPERVISORY CHALLENGES AND RESEARCH STRATEGIES FOR SUPPORTING SUPERVISION
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5.2.4 Final repository for other waste 

and interim storage facility

SUPERVISORY CHALLENGES

Until recently, it has been assumed that the fi nal 
repository for long-lived low- and intermediate-
level waste, SLF 3-5, will be co-sited with the 
fi nal repository for spent nuclear fuel. However, 
SKB has stated that they intend to postpone 
siting until around 2035. The preliminary safety 
assessment SKB presented in 1999 for SLF 
3-5, which has been reviewed by SKI and SSI, 
reveals a large research need for this type of  
cementitious repository.

As a further result of  the postponement of  the 
siting of  SFL 3-5, SKB has identifi ed a need for 
interim storage of  waste (primarily core compo-
nents from the nuclear power plants) intended for 
this fi nal repository for a relatively long time. SKB 
intends to begin planning and designing such an 
interim storage facility in 2005, so it can be put 
into service around ten years later.

SUPERVISORY GOALS

The goals of  supervision are that SKI should 
be assured that the licensees are conducting the 
necessary development work and implementing, 
within a reasonable time, the measures needed for 
interim storage and fi nal disposal of  long-lived 
low- and intermediate-level waste.

RESEARCH GOALS

The goals of  the research are that it should contri-
bute to keeping SKI supplied with the knowledge 
and facts that are needed to stipulate the neces-
sary requirements on the activities, to be able to 
properly assess how the licensees are planning to 
dispose of  long-lived low- and intermediate-level 
waste, and to maintain competence for making 
independent assessments of  the safety of  the 
fi nal repository system.

RESEARCH STRATEGY

A great deal of  knowledge can be obtained from SFR 
and from safety assessments for spent nuclear fuel 
(e.g. SITE-94, SR 97 and its review), but a number of  
questions remain which must be addressed in sepa-

rate projects. SKI intends to conduct research in the 
fi eld chiefl y to be able to identify important issues and 
encourage SKB to conduct the necessary research 
and development.

5.3 OTHER SUPERVISORY 

CHALLENGES

5.3.1 Development of  SKI’s supervi-

sory strategies and working methods

SUPERVISORY CHALLENGES

Through its supervisory activities, SKI shall be 
assured that those who are licensed to conduct 
nuclear activities comply with the requirements 
and conditions stipulated for the activities and 
achieve high quality in their safety work. Since 
the end of  the 1990s, SKI has applied an activity-
oriented form for this supervision which entails 
that SKI – through regulations, review, investiga-
tion and inspection – focuses on the licensees’ 
activities and the processes involved in them, and 
also their capability to improve the safety and 
non-proliferation work with high quality. This 
supervision includes setting up clear, function-
oriented requirements and conditions regarding 
both the technical design and operation of  the 
facilities, and the organisation and management 
of  the safety and non-proliferation work. SKI’s 
activity-oriented supervision is also aimed at 
giving SKI a coherent picture of  the safety situa-
tion in terms of  national obligations in the non-
proliferation area (safeguards).

A central element in this supervision is thus to 
obtain, by means of  overall safety evaluations, a 
comprehensive overall picture which individual 
supervisory actions cannot provide. This overall 
picture is necessary to enable SKI to assess the 
combined effect of  a number of  measures which 
the licensees adopt over time, and whether they 
are developing safety in the manner intended by 
laws, regulations and permission conditions. The 
overall picture is also a prerequisite for detecting 
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signs in time based on minor events and non-con-
formances which are not serious in themselves 
but which, when viewed together, form patterns. 
In addition, the overall safety evaluations form 
an important basis for SKI’s prioritisation of  its 
supervisory activities.

Like other regulatory authorities, however, SKI 
must continuously develop and reconsider the 
appropriateness and effectiveness of  its super-
visory strategies to meet the challenges posed 
by changes in the world around it and in the 
circumstances of  the activity in question, as well 
as international developments in the nuclear 
safety work.

SUPERVISORY GOALS

The goal is that SKI shall at all times direct its 
supervisory activities and proactive efforts so that 
the best possible results are obtained from a safety 
viewpoint and so that its principals and other sta-
keholders have confi dence in SKI’s supervision.

RESEARCH GOALS

The goals of  the research are that it should 
contribute to keeping SKI supplied with in-
depth knowledge regarding different supervisory 
strategies and methods, their applicability in dif-
ferent situations, and their appropriateness and 
effectiveness.

RESEARCH STRATEGY

As support for the continuous improvement of  
its supervisory work, SKI plans to continue and 
broaden the ongoing work of  compiling know-
ledge surveys concerning various supervisory 
strategies that demonstrate their potential and 
limitations for ensuring that society’s demands on 
the activities are met. The studies will thus focus 
on both supervisory strategies that are applied in 
foreign nuclear activities and supervisory strate-
gies that are applied within other national areas of  
activity with similar risk pictures and obligations 
for those conducting the activities. In the short- 
and long-term perspective, SKI also plans to con-
tinue its cooperation in the OECD/NEA and its 
participation in the activities being pursued there 
regarding “regulatory effectiveness”.

Another important element in the supportive 
research is to refi ne the models used for overall 
safety evaluations. This research is planned to be 
aimed at evaluation of  different methods for sys-
tematic gathering, analysis and weighing-together 
of  results from a) SKI’s supervision of  the Swe-
dish nuclear facilities, b) the facilities’ self-inspec-
tion and c) experience from the operation of  
equivalent foreign facilities. Furthermore, addi-
tional studies are planned of  indicators that can 
provide early and clear information on conditions 
and factors of  importance for judging the safety 
situation at the facilities. These types of  indicators 
can thereby be an important complement to, and 
be included in, the overall evaluations.

5.3.2 RD&D programmes

SUPERVISORY CHALLENGES

SKI’s work with waste issues, and in particular its 
research programme, is dominated by the Swedish 
fi nal repository programme. In keeping with the 
requirements of  the Nuclear Activities Act, the 
fi nal repository programme is being run by SKB, 
and in the space of  ten years several milestones 
will be passed, provided the programme can be 
implemented more or less according to SKB’s 
plan (see section 5.2, “New facilities”).

Under the terms of  the Nuclear Activities Act, 
SKB is obliged to submit an RD&D (Research, 
Development and Demonstration) programme 
every three years for its planned activities. The 
RD&D programmes and their reviews have 
developed into important occasions for a criti-
cal examination of  the entire Swedish nuclear 
waste programme and give the Government an 
opportunity to stipulate conditions on the focus 
of  the programme. Besides the coming facilities 
that are planned for fi nal disposal of  spent fuel, 
the RD&D programmes cover decommissioning 
and dismantling, as well as alternative methods 
for fi nal disposal. SKB will submit research pro-
grammes in 2004, 2007, 2010, etc. The RD&D 
programmes will naturally shift focus as applica-
tions are submitted for various facilities, but it is 
not foreseen that their importance will diminish 
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on that account. For certain facilities, their impor-
tance will more likely increase, e.g. for the planned 
repository for other long-lived waste, which will 
be run as a research project up until 2030 – 2040.

SUPERVISORY GOALS

The goals of  supervision are that SKI should be 
assured that the licensees have a comprehensive 
research and development programme for mana-
ging and disposing of  nuclear waste and spent 
nuclear fuel, as well as for decommissioning and 
dismantling of  nuclear facilities.

RESEARCH GOALS

The goals of  the research are that it should contri-
bute to keeping SKI supplied with the knowledge 
and facts that are needed to stipulate the neces-
sary requirements on the activities, and to be 
able to properly assess the licensees’ research and 
development programmes.

RESEARCH STRATEGY

The RD&D programmes will focus on different 
areas during the next 15 years, coupled to the plan-
ned applications. This means that the research SKI 
needs to conduct on account of  the RD&D pro-
grammes in the medium term (3 – 5 years) will pri-
marily concern the fi nal repository for spent fuel 
(including encapsulation), shifting in the slightly 
longer term (6 – 10 years) to the operation of  the 
fi nal repository and the encapsulation plant, and 
focusing in the very long term (>10 years) on the 
fi nal repository for other long-lived waste.

SKI’s research programme gives SKI an oppor-
tunity to build up and maintain knowledge and 
competence, both internally and in an external 
network of  researchers and consultants. It is par-
ticularly urgent that SKI build up “independent 
competence”, i.e. that its competence be detached 
from SKB and SKB’s research.

The research programme further provides an 
opportunity for SKI to keep up-to-date with the 
front line of  research (where SKB often fi nds 
itself), and to benefi t from international expe-

rience, for example through projects within the 
NEA and the EU, at different technical levels.

5.3.3 Financing of  the fi nal repository 

programme and of  the decommissio-

ning and dismantling of  the 

nuclear power plants

SUPERVISORY CHALLENGES

It is SKI’s task to review the industry’s cost calcu-
lations for fi nal disposal and decommissioning of  
facilities and to propose to the Government what 
fees the power utilities should pay to the Nuclear 
Waste Fund and what securities should be pled-
ged. SKI must also approve disbursements from 
the Nuclear Waste Fund for the execution of  the 
fi nal repository programme. SKI is required to 
closely examine both the general calculation met-
hods and the specifi c cost items.

As a result of  the changed economic conditions 
of  the power utilities, they increasingly act to 
reduce the fees paid to the Nuclear Waste Fund 
and limit the size of  the securities that must be 
pledged according to the Financing Act.

SUPERVISORY GOALS

The goals of  supervision are that SKI should 
be assured that the licensees calculate the costs 
for decommissioning and dismantling nuclear 
facilities and for disposing of  nuclear waste and 
nuclear fuel in a reasonable manner, and that suf-
fi cient funds are reserved for this purpose.

RESEARCH GOALS

The goals of  the research are that it should contri-
bute to keeping SKI supplied with the knowledge 
and facts that are needed to stipulate the necessary 
requirements on the licensees’ activities and to be 
able to properly assess, and submit statements 
to the Government concerning, the licensees’ 
calculations of  costs for decommissioning and 
dismantling the facilities and disposing of  nuclear 
waste and spent nuclear fuel.
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RESEARCH STRATEGY

The research activities are aimed both at the 
theories for and the application of  the calculation 
methods used, and at evaluating in greater detail 
the coupling between technology and economy. 
Method questions must therefore be studied 
in the following areas: estimation of  long-term 
investment projects with a number of  stochastic 
variables, evaluation of  cost development and 
models for simulating the growth of  the fund 
capital, with an emphasis on liquidity planning. 
Comparative studies are an important part of  
the research in this area, in a shorter perspective 
with a primary focus on the productivity trend in 
Sweden compared with other sectors (in Sweden 
and the EU), fabrication of  canisters, and costs 
of  completed decommissionings of  nuclear faci-
lities and reactors.

5.3.4 Consequences of  the Additional 

Protocol

SUPERVISORY CHALLENGES

The Additional Protocol to the Safeguards Agre-
ement with the IAEA entails a new approach 
to nuclear safeguards. The protocol gives the 
IAEA access to more information and enhanced 
inspection rights in a country. Previously, it has 
only been possible to perform inspections of  
declared material in declared facilities. Outright 
accounting and verifi cation of  nuclear material 
must be supplemented with information regar-
ding other nuclear activities in the country. This 
is done using open-source information, satellite 
imagery and environmental samples. In this way, 
the IAEA tries to obtain a complete picture of  
a country’s activities and ambitions within the 
nuclear energy fi eld. If  the IAEA decides that the 
conditions in the Additional Protocol (and in the 
Safeguards Agreement) are fulfi lled, the number 
of  inspections can be reduced. However, a smal-
ler number of  unannounced inspections are also 
made, which requires pre-agreed procedures both 
at the facilities and at SKI.

SUPERVISORY GOALS

The supervisory goal is that Sweden’s internatio-
nal obligations should be fulfi lled and that the 
declaration stipulated in the Additional Protocol 
be completed and submitted to Euratom/IAEA 
within the stipulated time.

RESEARCH GOALS

The research goal is that Sweden should, 
through international co-operation, contribute 
to the development of  new methods and use and 
improve the competence that exists in Sweden, 
e.g. within the area of  satellite imagery analysis. A 
secondary goal is to exploit the country’s amassed 
competence to evaluate the inspection activities 
of  international organisations in Sweden.

RESEARCH STRATEGY

A number of  research projects are being conduc-
ted as a consequence of  the Additional Protocol to 
the Safeguards Agreement with the IAEA. SKI is 
participating in the development of  new methods 
within areas such as the use of  open-source infor-
mation and analysis of  satellite imagery. By contri-
buting internationally to training within these areas, 
the competence of  SKI’s staff  is augmented. New 
methods and well-trained inspectors lead to better 
and more effective supervisory measures.

When the Additional Protocol enters into force, 
Sweden must make a full declaration of  its 
nuclear activities. SKI has therefore applied for 
and obtained funds from the Swedish National 
Space Board in order to evaluate the usefulness 
of  satellite imagery. By also appending historical 
data to the declaration, we can demonstrate to the 
IAEA the usefulness of  historical information in 
the application of  the Additional Protocol.

5.3.5 Transmutation

SUPERVISORY CHALLENGES

Transmutation is a technique that might be used 
to reduce the quantities of  nuclear waste in the 
future, and a great deal of  research is being con-
ducted under the auspices of  e.g. the EU. By 
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transmutation in this context is meant using an 
accelerator-driven subcritical reactor to transform 
long-lived nuclides to more short-lived nuclides 
in nuclear waste. This means that the fi eld has a 
bearing on both waste management and reactor 
safety. However, SKI does not consider transmu-
tation to be a realistic method for the treatment 
of  spent nuclear fuel from Swedish reactors.

For SKI, transmutation has also had a bearing on 
non-proliferation in conjunction with the sup-
port given to the ISTC (International Science and 
Technology Center, Moscow) in Russia. For seve-
ral years, SKI has supported a group that keeps 
track of  what is happening within transmutation 
research at the ISTC in order to determine how 
far the transmutation research has progressed 
(transmutation is also associated with certain 
non-proliferation problems) and how well the 
ISTC is fulfi lling its purpose of  engaging former 
nuclear weapons scientists in peaceful activities. 
In as much as the project is being conducted 
more and more as a fundamental research project 
funded by the EU aimed at solving the problems 
with transmutation techniques, it is SKI’s opinion 
that the non-proliferation aspect of  the project 
has diminished in importance.

A remaining supervisory challenge for SKI is 
to maintain suffi cient competence to evalutate 
SKB’s work, since SKB will continue to keep track 
of  developments in the fi eld of  transmutation.

SUPERVISORY GOALS

The supervisory goal is to make sure that SKI has 
suffi cient competence to evaluate SKB’s work in 
the fi eld of  transmutation.

RESEARCH GOALS

It follows from the above supervisory goal that 
SKI should follow international transmutation 
research to a limited extent.

RESEARCH STRATEGY

At present, international transmutation research 
is being pursued with great vigour in the EU and 
the USA, among other places. Research in the 
fi eld is being conducted in Sweden at KTH (the 

Royal Institute of  Technology in Stockholm), 
CTH (Chalmers University of  Technology in 
Gothenburg) and UU (Uppsala University). This 
research is of  a high international standard, as a 
result of  which these institutes and universities 
are participating in several EU projects. A suitable 
strategy for SKI is to follow this research.

However, SKI has another, equally important 
reason to support KTH’s and UU’s research on 
transmutation. Since this research involves deve-
lopment of  a new technology (within reactor 
physics and reactor safety), it exerts great attrac-
tion on young scientists, which has been shown in 
the research being conducted at KTH, CTH and 
UU. This means that this research has an indirect 
impact on the infl ux of  competence to Sweden, 
which will also benefi t existing nuclear power 
plants and SKI. SKI believes that this research 
can be given continued support, though on a 
limited scale, for example by contributing to the 
national portion of  EU projects.

5.3.6 Emergency preparedness

SUPERVISORY CHALLENGES 

Within emergency preparedness, SKI has both 
supervisory duties and duties in support of  the 
rescue authorities in an emergency situation. 
Both the supervisory duties and the emergency 
preparedness duties need to be further develo-
ped in the short- and medium-term perspective. 
Accident management and an understanding of  
phenomena associated with an accident situation 
therefore remain important areas in SKI’s work. 
A thorough understanding of  the evolution of  
events and mechanisms during accident situa-
tions and the ability to judge the source term and 
threat picture for the environment are among 
SKI’s regulatory duties. Prevailing strategies 
for accident management must be constantly 
re-evaluated.

The work of  updating SKI’s emergency plan must 
continue to be given high priority, along with the 
training and drilling of  SKI’s own emergency pre-
paredness organisation. Cooperation with other 
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national emergency preparedness organisations 
is necessary in order to clarify responsibilities and 
roles and to further improve national emergency 
planning. Continued active efforts to arrive at a 
common view of  tools and methods for decision-
making support will also be vital.

SUPERVISORY GOALS

The goals of  supervision within emergency pre-
paredness are that SKI should be assured that 
the licensees are constantly prepared to adopt the 
necessary steps in accident situations or threats of  
such to restore the facility to a safe and stable con-
dition and to furnish information on the situation.

The goals of  SKI’s emergency preparedness 
activities are, in accident situations, to effectively 
assist the responsible authorities with advice to 
limit medical and social consequences in the event 
of  radioactive releases or threats of  such.

RESEARCH GOALS

The goals of  the research are that it should con-
tribute to giving SKI the competence, the knowl-
edge and the tools that are needed to analyse the 
course of  serious accidents and to assess the risk 
of  radioactive releases, as well as to judge the 
measures adopted by the licensees for accident 
prevention, accident management and conse-
quence mitigation.

RESEARCH STRATEGY

An important part of  SKI’s research strategy in 
the area will be accident management issues and 
certain phenomena and processes of  importance 
to the course of  events where uncertainties exist. 
In the short- and medium-term perspective, SKI 
plans to support research concerning conditions 
that can arise in the containment during the 
course of  an accident and that have a bearing 
on the coolability of  the core melt in the reactor 
containment, steam explosion or vessel melt-
through, and the hydrogen issue. Issues concern-
ing the behaviour of  the fi ssion products during 
an accident and their release and transport will 
also be further studied.

Another important part of  SKI’s research strategy 
is participation in EU projects that are expected 
to provide better methods and tools for analysis 
and prediction of  accident and transient situa-
tions. These projects will be followed by other 
projects more adapted to Swedish conditions. In 
addition, SKI plans to initiate projects that will 
provide a basis for improving the functionality 
of  SKI’s own emergency preparedness systems. 
Furthermore, SKI is planning projects that will 
provide more detailed knowledge of  organisa-
tion, control, training and drilling of  emergency 
functions that will act in situations where incor-
rect or delayed decisions or advice can lead to 
very serious consequences for society.
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Fuel from the Ågesta reactor, stored in CLAB.                      Photo: SKI
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The preceding chapter presented SKI’s research 
strategy to achieve the research goals that are 
derived from SKI’s supervisory challenges. This 
chapter sheds light on what resources are availa-
ble and necessary to achieve these research goals.

6.1 DEVELOPMENT OF 

AVAILABILITY OF NUCLEAR 

COMPETENCE IN SWEDEN

The nuclear infrastructure in Sweden has changed 
considerably during the past decade. The previ-
ously highly competent and well-staffed expert 
organisations within the nuclear power utilities 
have gradually been phased out or transformed into 
consulting fi rms. Changes have also taken place at 
the Swedish vendor of  boiling-water plants, now 
Westinghouse Atom, and the operation has been 
downsized, even though Westinghouse still has 
considerable competence outside Sweden. This 
weakening may be of  special importance later on, 
since the different generations of  boiling-water 
reactors from the Swedish vendor have only been 
built in the Nordic countries. This means it is not 
fully possible to rely on international coopera-
tion and experience in evaluating the safety of  
these reactors. We are instead dependent to some 
extent on our own resources. In SKI’s view, the 
responsibility for compensating for these changes 
at the vendor and the expert organisations and for 
maintaining adequate competence for operation 
and safety at the reactors rests with the nuclear 
power industry. SKI’s primary role is to make sure 
that the industry assumes this responsibility. This 
supervisory challenge is described in section 5.1.6 
and no further comment is made here.

Undergraduate and postgraduate education 
within the fi eld of  nuclear engineering has been 
considerably downsized at universities and insti-
tutes of  technology. The main reason for this is 
that there has been no real new development of  
reactors for a long time. This has led to a cor-
responding decrease in competence, resources 

and interest in this fi eld. Nor is it certain that any 
undergraduate education will be given in nuclear 
engineering at these university institutions. Given 
these conditions, it is absolutely essential that 
vigorous competence assurance efforts be made 
in the future, and that the industry must assume 
greater responsibility also for undergraduate edu-
cation in nuclear engineering. It is SKI’s intention 
to continue its endeavours, in collaboration with 
the nuclear industry, to ensure that undergraduate 
education in the fi eld is at least maintained at 
its current level. Another important task is to 
contribute to high-level postgraduate education 
by supporting PhD students and awarding grants 
to established research centres and professorships 
at universities.

This situation is not unique to Sweden. Many 
other countries are experiencing a similar trend. 
It is therefore of  great common interest to the 
nuclear-power-producing countries to collaborate 
to ensure continued availability of  the resources 
needed to give technical and scientifi c support to 
safety supervision. So far, however, this has not 
led to concrete measures.

A brief  description of  the situation within a 
number of  Swedish organisations of  strategic 
importance for nuclear activities is provided 
below. There are also organisations from whom 
SKI has ordered isolated research projects which 
are not described below. The focus of  the interna-
tional cooperation is also described.

KTH - ROYAL INSTITUTE OF TECHNOLOGY 
(STOCKHOLM)

SKI considers experimental activities to be of  
great importance for maintenance and develop-
ment of  competence. KTH offers coverage of  a 
number of  areas within nuclear engineering today. 
Most of  the interest centres on KTH’s experi-
mental resources. The main focus of  interest 
at the Division of  Nuclear Power Safety today 
is processes during severe accidents. Important 
experimental resources that must be regarded as 
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a national asset have been built up. Much of  the 
work is fi nanced by the EU, and some of  the pro-
jects are also supported by parties from countries 
outside the EU. Knowledge is gathered to support 
an evaluation of  the effectiveness of  the Swedish 
measures to prevent radioactive releases during 
accidents and to develop and assess strategies for 
management of  accidents. The supervisory chal-
lenges in this area are described in section 5.3.6.

The Division of  Nuclear Reactor Technology 
has experimental equipment for measurement 
of  two-phase fl ow and critical thermal safety 
parameters. Being able to carry out simple fun-
damental experiments is important both to create 
interest among students in nuclear subjects and as 
an active educational tool. The experiments also 
address safety assessment of  operation under 
unusual conditions. The supervisory challenges, 
for example when it comes to safety evaluation 
of  new optimised fuel designs, are described in 
section 5.1.1.

SKI is currently sponsoring a professorship in 
nuclear power safety and has supported projects 
at the Division of  Nuclear Reactor Technology. In 
the future, SKI will also endeavour - preferably in 
collaboration with the industry (via the Swedish 
Centre for Nuclear Technology, SKC, see section 
7.2 for further description) - to ensure that expe-
rimental resources for basic investigations aimed 
at being able to assess different types of  measures 
of  importance for operation and safety will conti-
nue to exist at KTH. KTH is currently exploring 
the possibility of  forming a “Network of  Excel-
lence”, see Chapter 8.

The other nuclear divisions, nuclear physics and 
nuclear chemistry, have previously mainly been 
supported by the nuclear power industry. There 
is an ambition to expand collaboration between 
these divisions in order to be able to offer the 
students a broad education in nuclear technology. 
SKI intends to contribute actively towards this 
end. KTH’s activities in the fi eld of  transmuta-
tion are only sponsored to a limited extent by 
SKI, with the primary purpose of  maintaining 
and stimulating interest in nuclear research. Other 

supervisory challenges within transmutation are 
described in section 5.3.5.

SKI has also awarded grants to other research 
teams at KTH for e.g. research in the fi eld of  
materials science, which is important in answe-
ring certain questions regarding nuclear fuel. The 
funding is also for knowledge build-up regarding 
structural-mechanical assessments. In the fi eld of  
nuclear waste, grants have been awarded to the 
Division of  Chemical Engineering for research 
on radionuclide transport in the near fi eld (fuel-
canister-bentonite environment), which is of  
importance for the supervisory challenges related 
to the fi nal repository for spent nuclear fuel, see 
section 5.2.1.

CTH - CHALMERS UNIVERSITY OF TECHNOLOGY 
(GOTHENBURG)

SKI has previously been involved in long-term 
projects within the fi eld of  reactor physics at 
CTH. The nuclear power industry has also sup-
ported this research. The purpose on SKI’s part 
has been to maintain and develop competence 
regarding the effects of  e.g. core optimisation and 
core surveillance. Besides reactor physics, CTH 
previously had an active research programme 
within reactor technology. A resumption of  this 
work at the division would be welcomed by SKI. 
Most of  SKI’s grant to CTH will be awarded via 
SKC and continue at least in a medium-term per-
spective. The activities correspond to the super-
visory challenges when it comes to optimisation 
and surveillance of  the core (section 5.1.1) and 
development and introduction of  new techno-
logy (section 5.1.3).

The activities at the Department of  Nuclear Che-
mistry at CTH are of  great importance for under-
standing phenomena of  importance for the safety 
assessment of  fi nal disposal of  spent nuclear fuel. 
SKI has therefore sponsored e.g. PhD projects 
at the department, see supervisory challenges in 
section 5.2.1. In the fi eld of  reactor safety, long-
term EU projects are being conducted to study 
methods for reducing the radioactive release 
from boiling-water reactors during core melt-
downs. This knowledge is related to strategies for 
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emergency preparedness, see supervisory challen-
ges in section 5.3.6. Swedish stakeholders in the 
project include both SKI and the nuclear power 
industry. Another area in which CTH possesses 
unique competence in Sweden is the partitioning 
technology that is a prerequisite for transmuta-
tion. In a medium-term perspective, a grant will 
also be given to nuclear chemistry through SKC, 
which means that the level of  the SKI grant will 
largely be maintained. The goal of  the grant is to 
keep the undergraduate programme at least at its 
present level.

During the past 10-year period, SKI has also sup-
ported the work at the Department of  Applied 
Mechanics, which is conducting basic research 
and model development in the fi eld of  wave pro-
pagation in materials. SKI intends to continue 
this support.

At CTH as well there is an ambition to expand 
collaboration between the nuclear engineering 
departments in order to be able to offer the stu-
dents a broad education in nuclear engineering. 
SKI and the nuclear power industry will want 
to actively contribute to the formation of  such 
a centre.

UU – UPPSALA UNIVERSITY

Research of  importance for SKI’s supervisionon 
nuclear waste and nuclear non-proliferation is 
conducted at UU. This research concerns verifi -
cation of  the composition of  spent nuclear fuel 
and transmutation. SKI has, for example, funded 
a PhD project at UU involving experiments with 
drill cores and associated models for radionuclide 
transport, and also two PhD projects involving 
tomography of  spent nuclear fuel. This know-
ledge can be applied to the fi nal disposal of  spent 
fuel, see section 5.2.1. Tomography of  spent fuel 
is also used to improve methods for core calcula-
tions and thereby optimisation of  core loadings, 
see section 5.1.1. In a medium-term perspective, 
a grant will also be given to the Department of  
Radiation Sciences at UU through SKC. The goal 
of  the grant is to keep the undergraduate pro-
gramme at a level of  about 10 points. The grant 
will also enable UU to hire a senior researcher 

and a postdoctoral fellow with a special focus on 
reactor and fuel technology and related areas. SKI 
believes that supporting the postdoctoral level is 
particularly important, since there is a shortage 
of  such resources aside from the positions sup-
ported by SKC.

SU – STOCKHOLM UNIVERSITY

SKI is sponsoring a professorship in Nuclear 
Power Safety with a focus on psychological 
aspects of  the interaction between man-tech-
nology-organisation, MTO (more commonly 
known as Human Factors, in the English-spea-
king world). SKI considers it necessary to conti-
nue this work, since it is important in maintaining 
and developing national competence within the 
fi eld, and so that SKI can then exploit national 
competence for research. Nuclear power appli-
cations of  Human Factors methods range over 
several fi elds. In Chapter 5, special supervisory 
challenges have been identifi ed when it comes to 
assessment of  the plants’ organisational changes 
and changes in their strategies for control and 
rationalisation, section 5.1.1, as well as when it 
comes to modernisation of  the facilities, section 
5.1.3. Since attention was given to human factors 
issues relatively early in Sweden, SKI is conside-
ring exploring the possibilities of  a European 
network within the fi eld, see Chapter 8.

SU is currently also engaged in other areas. An 
example is for methodology development when it 
comes to incident investigation and risk analysis, 
as well as research intended to strengthen com-
petence relating to probabilistic calculations of  
radionuclide transport. SKI will continue to be 
interested in giving research assignments to the 
university in areas where it possesses competence 
of  special importance for nuclear power safety.

STUDSVIK

Studsvik was previously an important compe-
tence resource for much of  the nuclear research 
that was conducted in Sweden, but is now more 
of  a consulting and service company within the 
fi eld. However, it has been possible to retain and 
develop competence in some areas of  strategic 
importance for SKI within the company. This 
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is particularly true regarding research on materials 
and chemistry, where SKI, together with the indu-
stry, plans a further concentration to Studsvik. This 
research concerns age-related processes and super-
visory challenges and is described in section 5.1.2.

SKI supports fuel-related projects, e.g. testing of  
fuel in the R2 reactor at Studsvik Nuclear. The 
reactor is also used for university research and 
for educational purposes. The laboratory and hot 
cell are resources where fuel can be examined, for 
example. Even though it is then the industry’s 
responsibility to conduct and fund the exami-
nations, SKI has an interest from a supervisory 
perspective that resources are available within 
the country to e.g. determine the root causes of  
fuel damage. SKI deems that the reactor and the 
laboratory resources constitute an important stra-
tegic resource for safety and for the country. The 
activities at and around the reactor are of  such a 
magnitude that a broad involvement on the part 
of  the industry, nationally and internationally, as 
well as targeted aid, are necessary. One important 
type of  support is the State’s subsidy to the opera-
tion of  the R2 reactor as well as to the so-called 
sectoral research agreement. It is of  great impor-
tance that this subsidy continue to be given in the 
future. At present, the possibility that Studsvik 
could become a Centre of  Excellence is being 
explored (see Chapter 8).

The company comprises an important resource 
for SKI when it comes to computer codes for 
thermal-hydraulic and neutron-kinetic evalua-
tion of  processes associated with transients and 
accidents. To a large extent, the questions concern 
optimisation of  core and fuel and the sequence 
of  events during severe accidents. The supervi-
sory challenges related to severe accidents are 
described in section 5.3.6. Optimisation of  core 
and fuel requires access to methods for reactor-
physical calculations coupled with advanced ther-
mal hydraulics analyses and competent personnel 
to apply such methods. The supervisory challen-
ges in this area are described in section 5.1.1. SKI 
also engages Studsvik for research on copper cor-
rosion, which is of  importance for the supervi-
sory challenges associated with a fi nal repository 
for spent nuclear fuel, section 5.2.1. These are 

important issues for SKI, which makes Studsvik 
an important strategic research resource for SKI. 
SKI intends to continue supporting maintenance 
and development of  competence within these 
areas at the company.

FOI – SWEDISH DEFENCE 
RESEARCH AGENCY

SKI makes use of  the competence of  the Swedish 
Defence Research Agency, particularly within the 
area of  threat assessments, see section 5.1.5. Other 
Swedish authorities also participate in this work.

CONSULTING COMPANIES

Consulting companies are engaged by SKI mainly 
to gather and compile knowledge regarding 
special questions. There has not been so much 
investment in competence development in small 
consulting fi rms, since SKI considers that there 
is a risk that these companies may not endure for 
the long term. The large consulting companies in 
the sector are generally allied with a power utility 
or involved in assignments for the industry. The-
refore SKI must be somewhat cautious to compe-
tence investments in these companies.

A cornerstone in the Swedish strategy for 
development and maintenance of  competence 
within the entire nuclear engineering fi eld has 
been the existence of  a strong and competent 
vendor of  nuclear power plants in Sweden, cur-
rently Westinghouse Atom. Due to the market 
situation, some competence is no longer in such 
great demand. The company has adjusted to this 
situation and will probably continue to do so. In 
SKI’s opinion, the nuclear power industry bears 
primary responsibility for ensuring that the com-
petence needed for reactor operation and safety 
is available. SKI’s role in this context is to ensure 
that the industry takes responsibility for this. It 
is, however, possible that SKI will, after careful 
consideration, take part in certain projects at Wes-
tinghouse Atom.

SKI has engaged consulting companies within a 
few specifi c areas, e.g. for development of  models 
for probabilistic safety assessments. The compe-
tence needed to meet SKI’s research needs in the 
area is for the most part suffi cient at the present 
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time, via the different consulting companies that are 
available. SKI plans to continue doing what is neces-
sary to uphold this competence. However, in order 
to meet the competence needs in the long term as 
well, SKI also needs to engage research teams at 
universities and institutes of  technology in diffe-
rent projects for further development of  the safety 
assessment methodology with nuclear applications.

An important part of  SKI’s strategy for conti-
nuing to contribute to the further development 
of  PSA models is to spur on the power utilities 
in this direction, both in its direct supervisory 
activities and within the cooperative framework 
of  the Nordic PSA group (NPSAG) and Nordic 
Nuclear Safety Research (NKS). Information on 
PSA methodology is necessary for being able to 
assess the work of  the plants with the methods 
and e.g. the recurrent safety assessments. Some 
relevant supervisory challenges are described in 
section 5.1.1.

SKI engages consulting companies for geosci-
ence and rock mechanics research relating to a 
fi nal repository for spent nuclear fuel, see section 
5.2.1, as well as for cost calculations and decision-
making processes in the nuclear waste issue, sec-
tion 5.3.3. Consulting companies are also used for 
evaluation of  criticality safety in connection with 
transportation and storage of  nuclear material. 
A re-evaluation of  the strategy for competence 
provision may be necessary due to vulnerability 
within this area of  such great importance to SKI. 
The knowledge is applied in assessment of  trans-
portation, storage of  fuel at the facilities and in 
interim storage facilities, and fuel fabrication.

6.2 SPECIFICALLY IDENTIFIED 

RESOURCE DEFICIENCIES 

IN SWEDEN

In the work of  producing the departmental 
research plans [7], SKI has identifi ed certain 
defi ciencies when it comes to undergraduate and 
postgraduate education. These relate to “Inspec-
tion and testing of  materials” and “Management, 
control and organisation”.

INSPECTION AND TESTING OF MATERIALS

Defi ciencies in Swedish undergraduate and 
postgraduate programmes in the fi eld of  inspec-
tion and testing of  materials pose a problem 
which has been further aggravated by the fact 
that several of  the Swedish testing companies 
have downsized, and in some cases closed, their 
development units.

In order to ensure that SKI’s research and deve-
lopment needs are met, research projects will the-
refore be assigned to the currently active research 
teams at e.g. CTH and SU in the short-term 
perspective. In addition, certain efforts are plan-
ned to get research activities under way at KTH. 
In the medium- and long-term perspective, SKI 
plans to contribute more actively to increasing the 
availability of  competence and research resources 
within the fi eld. SKI also intends to support the 
Swedish Qualifi cation Centre’s (SQC) plans to 
evolve into a national Centre of  Excellence with a 
focus on methods for evaluation and qualifi cation 
of  non-destructive testing systems.

MANAGEMENT, CONTROL AND ORGANISATION

Defi ciencies in the national resource picture 
have been identifi ed in the area of  manage-
ment, control and organisation of  activities with 
stringent safety standards, and the competence 
situation within the country must be regarded 
as problematic in certain regards. While there are 
many researchers working on organisational ques-
tions, the safety perspective is rarely taken into 
account. SKI therefore wishes to take steps to 
get more researchers interested in organisational 
aspects of  safety.

6.3 DEVELOPMENT OF AVAILA-

BILITY OF NUCLEAR COMPE-

TENCE INTERNATIONALLY

Since national research and competence resour-
ces are limited, SKI has for a long time actively 
participated in international safety research of  
relevance for Swedish reactors. There is a clear 
tendency towards increasing international coope-
ration. The advantage of  international coopera-
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tion is that even small countries can, by joining 
forces in a project, gain access to important 
research information at a relatively modest cost.

OECD/NEA

SKI prioritises cooperation on research conduc-
ted within the OECD/NEA and participates in 
a large portion of  the projects that are organi-
sed within this framework. A number of  small 
nuclear power countries generally also partici-
pate in these projects, thereby gaining access to 
research results at affordable costs. Each research 
project is funded by apportioning the cost of  the 
project among the participants according to an 
agreed-upon allocation scheme.

In the short- and medium-term perspective, 
SKI is participating in groups for collaboration 
within the safety and waste fi eld established by 
the OECD, as well as in several projects funded 
jointly by member countries which the OECD has 
started. In the safety fi eld, this includes technical 
experiments and databases as well as collabora-
tion in the area of  human factors (man-machine 
interaction). In the waste fi eld, work is primarily 
pursued within safety assessment, engineered bar-
riers and geological media.

Participation in the OECD/NEA’s Halden Pro-
ject, which was established back in 1958, has been 
a cornerstone of  SKI’s international research. 
The Halden Project represents an important 
competence asset when it comes to research on 
ergonomics and control room design, see super-
visory challenges in section 5.1.3. An example is 
the safety-related importance of  more screen-
based control rooms and new modes of  working.

The Halden Project has also provided access to 
essential knowledge and competence needed to 
judge the behaviour of  new fuel designs in con-
nection with normal operation, operational trans-
ients and accidents, see supervisory challenges in 
section 5.1.1. An important part of  SKI’s strategy 
will therefore continue to be to exert infl uence on 
the Halden Project so that questions of  impor-
tance in this area will continue to be explored. 
The Halden Project is also being engaged by 
SKI to examine fuel damage mechanisms. SKI 

intends, together with the industry, to provide 
continued support to the Halden Project, at least 
in the medium-term perspective.

In the fuel fi eld, SKI is participating in the long-
term CABRI project in a research reactor in 
France. The goal of  the project is to determine 
damage limits associated with reactivity accidents 
in nuclear fuel at high burn-up. The purpose of  
the work is to meet the supervisory challenges 
described in section 5.1.1.

The OECD has arranged a large number of  so-
called international standard problems, where 
scientists from various countries apply their tools 
for thermal-hydraulic and neutron-kinetic safety 
assessment in well-defi ned experiments. SKI is 
also participating in projects aimed at retaining 
experimental resources. SKI deems research coo-
peration within the OECD/NEA to be of  high 
quality and relevance for Swedish reactors and 
believes it should be given priority.

EUROPEAN COOPERATION

Research cooperation within the EU has assumed 
increasing importance in recent years. The EU 
has its own research budget where the member 
countries can apply for subsidies for cooperative 
projects. The EU also gives long-term direct sub-
sidies to projects in the reactor safety fi eld. One 
goal of  the EU’s research is to form European 
networks of  researchers and research teams. 
These networks and teams can become an impor-
tant asset for SKI’s research, at least in the long-
term perspective. SKI has a role as coordinator 
of  Swedish efforts within the nuclear fi eld for the 
EU’s research.

Within the framework programmes, research pro-
jects are being conducted with relevance to safety 
in the areas of  thermal hydraulics, severe acci-
dents and emergency preparedness, replacement 
of  ageing electrical components, and methods 
for safety review of  digital systems. Within the 
nuclear waste fi eld, research is being conducted 
on bentonite and coupled processes, radionuclide 
transport and risk communication. Collaborative 
research within strength of  materials is being 
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conducted within the framework of  a European 
network on steel components.

SKI’s assessment of  the Sixth Framework Pro-
gramme, where applications are to be submitted 
in 2003, is that the research being conducted 
within the EU is important for certain research 
areas, for example the waste area, which has been 
given greater attention in the upcoming pro-
gramme. One problem has been that all organi-
sations that apply for funding from the EU must 
also have national fi nancing, at least 50-75%. SKI 
intends to continue to support projects based on 
their individual merits.

An important research resource within the EU 
is the Joint Research Centre, JRC. Previously, 
research in the reactor safety fi eld was conducted 
at different research laboratories in the EU. A cur-
rent tendency is for the reactor safety research to 
be concentrated to certain locations. For example, 
important reactor safety work has been moved 
from Ispra to Petten.

SKI has good insight into the work being conduc-
ted by the JRC on materials and is participating in 
the activities which SKI considers cost-effective. 
It is worth noting that much of  the research on 
materials is industry-related. There has previously 
not been much Swedish interest in the research 
being conducted within the JRC within reactor 
safety. As contacts with the JRC develop, there 
may be reason to reconsider a greater involve-
ment to enable greater benefi t to be derived from 
this research. It is, however, important to note 
that greater involvement in the JRC’s activities 
normally requires resources in terms of  both time 
and money to get the desired results, and must 
like all research be judged from case to case.

The fi eld of  nuclear non-proliferation (safe-
guards) is of  both a technical and political nature. 
If  new threats arise directed at the nuclear sector, 
new research projects may need to be initiated. 
This requires a broadening of  the knowledge 
base, for example by international cooperation 
within ESARDA (European Safeguards Research 
and Development Association). It is also in 
Sweden’s interest to take a proactive role and not 

passively await the IAEA’s and other countries’ 
solutions, for example by Swedish participation in 
the IAEA’s Coordinated Research Programme.

NORDIC COOPERATION

Nordic research projects were previously consi-
dered important. The importance of  the Nordic 
perspective has, however, diminished in recent 
years. Nordic collaboration chiefl y takes place 
within NKS and via bilateral agreements with 
Finland in particular. Joint Nordic projects have 
been carried out within the area of  severe acci-
dents. Collaboration on PSA models takes place 
in the Nordic PSA group (NPSAG) and within 
NKS. The competence developed via the OECD 
projects in Halden can be regarded as an impor-
tant resource for Swedish interests.

Nordic research cooperation has been deemed 
by SKI to have fairly high priority. Even though 
research interests differ in the different Nordic 
countries, it has been possible to settle on pro-
jects with a joint Nordic perspective. SKI intends 
to continue supporting this Nordic cooperation, 
at least in the medium term, although at a slightly 
lower level than today.

IAEA

SKI is participating in a number of  research pro-
jects arranged by the IAEA. This is particularly 
important in the area of  nuclear non-prolifera-
tion and new threats. It is in Sweden’s interest to 
be active in this area by, for example, participating 
in the IAEA’s Coordinated Research Programme. 
SKI also supports the reactor safety research which 
the IAEA is conducting in special areas. SKI is par-
ticipating to some degree in the development work 
concerned with safety evaluation, fuel projects and 
safety indicators for waste repositories.

SKI deems that its opportunities for competence 
development within the IAEA’s research vary 
from area to area.

REGULATORY COOPERATION

A cornerstone in SKI’s international research 
cooperation has been the multilateral projects 
that are arranged and led by the United States 
Nuclear Regulatory Commission (NRC). In such 
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projects, the NRC stands for most of  the cost 
and other countries get to take part and share in 
the results for a relatively small contribution of  
their own. Recently the NRC has striven to get 
other countries to take a greater share, and there 
is a risk that the present-day form of  cooperation 
will dwindle in the future. Joint research is being 
conducted within areas such as development and 
application of  thermal-hydraulic and neutron-
kinetic safety codes, and severe accidents.

SKI also cooperates with the Finnish regulatory 
authority, STUK, particularly on projects carried 
out by the research laboratory in Helsinki, VTT. 
At present a project is under way concerning cor-
rosion of  the copper canister in a fi nal repository 
for spent nuclear fuel, see section 5.2.1.

SKI has agreements with a number of  foreign 
safety authorities concerning mutual exchange 
of  information and intends to preserve these 
contacts with them, as well as with research teams 
who support the regulatory work.

CONSULTANTS

SKI engages numerous international consultants 
with specialist competence, mainly within areas 
where national competence does not exist or 
is engaged by other actors. Examples of  such 
areas in the waste management fi eld are che-
mistry, geoscience and safety assessment (incl. 
radionuclide transport), while areas of  interest 
in the reactor safety fi eld include methods for 
assessment of  control room modifi cations and 
maintenance programmes, as well as various 
strategy questions.

Like domestic consultants, the international 
consultants have, with some exceptions, mainly 
been used to gather knowledge on special issues. 
Their contribution to national competence 
build-up is judged to be relatively marginal. SKI 
predicts that the engagement of  international 
consultants will be kept at roughly the present-
day level and that each assignment will be judged 
on its individual merits.

6.4 OVERALL EVALUATION

As is evident from the above discussion, the 
resources that are of  importance for nuclear 
research are concentrated to a few organisations 
in Sweden, and to international collaboration. It 
is also evident that the national resources do not 
cover the existing needs. SKI fi nds that the trend 
is rather towards increasing dependence of  the 
Swedish nuclear sector on international collabo-
ration. SKI needs assistance in certain areas, for 
example in the form of  expert support, to fulfi l 
its commitments. This assumes that SKI is able 
to continue to give targeted support to retain 
and develop some strategic national infrastruc-
ture. State support to Studsvik is also important 
and must continue. SKI must furthermore have 
resources to participate to an increasing degree 
in different types of  international cooperation, 
above all when it comes to experimental research 
where small countries such as Sweden can join 
forces in projects and thereby gain access to 
important research information at a relatively 
modest cost.

Experience has shown that a prerequisite for 
being able to profi t from international informa-
tion and competence is to have national activities 
of  suffi cient scope within the fi eld in question. 
Furthermore, in order to foster strategically 
important competence, it is not suffi cient merely 
to follow developments within an area. It is also 
necessary to work actively with the issues. SKI 
believes that international research yields a high 
return for a given investment and intends to 
prioritise national competence build-up based on 
international collaboration.

Moreover, SKI has identifi ed two areas where defi -
ciencies exist with regard to education and research 
in Sweden: “Inspection and testing of  materials” 
and “Management, control and organisation”. SKI 
intends to adopt measures to support a national 
Centre of  Excellence with a focus on non-destruc-
tive testing and to get more researchers interested 
in organisational aspects of  safety.
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7.1 SURVEY OF STRATEGIC COM-

PETENCE NEEDS

As a basis for the work with SKI’s research 
strategy, ES-konsult was contracted to conduct 
a study to survey strategic competence areas, 
quantify the need today and in a 10-year perspec-
tive, and determine to what extent specifi c nuclear 
competence needs are currently being met by uni-
versities and institutes of  technology. The study 
was also supposed to shed light on whether the 
measures adopted during 2001 to support educa-
tional activities at university institutions (see next 
section 7.2) were suffi cient or whether further 
measures are needed. The report can be found in 
(in Swedish) its entirety in [11]. A summary of  the 
report from the study is given in Appendix 3.

The study was conducted in the form of  a survey 
where a questionnaire was sent to the utilities and 
seven other organisations, including SKI. In the 
questionnaire, 11 competence areas were defi ned 
(see Appendix 3), and for each area the respon-
dent was asked to stipulate availability of  per-
sonnel, need for personnel in 2010, turnover of  
personnel and need of  external contractors. Alto-
gether, the data gathered covered 709 employees, 
with levels of  education and experience in the 

7. SPECIAL SUPPORT TO STRATEGIC 
NATIONAL COMPETENCE

TABLE 1

Distribution of  employees according to experience and level of  education in questionnaire responses.

1) University degree with 180 points/4.5 years studies (Master of  Science)
2) University degree with 120 points/3 years studies (Bachelor of  Arts or Bachelor of  Science)

7. SPECIAL SUPPORT TO STRATEGIC NATIONAL COMPETENCE

industry as shown in Table 1. According to the 
report, the age distribution over all educational 
levels is such that it does not lend support to the 
fear that a very large proportion of  competence 
will be lost in about ten years. The report does, 
however, point out that the oldest age category 
contains a high proportion of  the individuals who 
helped to design the nuclear power plants.

The forecasts for 2010 indicate some increase 
in the personnel need, on the order of  10%, for 
university-educated personnel, while the need for 
postgraduate-level personnel is predicted to dimi-
nish slightly. The clearly increased personnel need 
is found within process monitoring and process 
control, as expressed by the nuclear power plants, 
but otherwise the changes are generally small.

Appendix 3 shows what the education need is 
projected to be for the different competence areas 
broken down by educational level. The greatest 
need is reported for the area Nuclear Engineering 
etc., followed by Materials and Chemistry, Solid 
mechanics and Material testing, and then Process 
Safety and Process Instrument & Control (I&C).

The questionnaire also posed some general ques-
tions concerning which competence areas require 
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the longest in-house training or experience build-
up, within which areas it is most diffi cult to recruit 
personnel, and whether a competence shortage 
can be foreseen. The replies suggest that long in-
house training or experience build-up is required 
within areas with a relatively low proportion of  
postgraduate-level personnel. The same areas 
are mentioned as being the most diffi cult to fi nd 
replacements in, and as possible areas with com-
petence shortages.

The annual recruitment needed to maintain the 
competence level can be estimated from the data 
in the completed questionnaires on how many 
people are needed within different competence 
areas and personnel turnover fi gures for the last 
fi ve years. The total annual recruitment need is 
judged to be about 50 people to the organisations 
that participated in the survey. It is SKI’s judge-
ment that the present-day educational capacity 
of  university institutions in Sweden is suffi cient 
and that the measures described in the next sec-
tion 7.2 will help to maintain this undergraduate 
education.

7.2 SPECIAL SUPPORT TO UNI-

VERSITY INSTITUTIONS 

The Government’s appropriations directive to 
SKI for 2001 (as well as for 2002) states that “SKI 
shall take action to ensure that the competence 
required for the safety and non-proliferation work 
is maintained and developed within SKI as well 
as at the licensees and elsewhere in the country.” 
The reporting requirement states that SKI shall 
show how the appropriation for nuclear safety 
research has been used for this purpose. 2001 
was a very interesting year in this respect, since 
undergraduate and postgraduate education at uni-
versities and institutes of  technology wound up in 
the risk zone when several professors in nuclear 
subjects retired.

Section 5.3 of  SKI’s FOSTRA report [6] examines 
research and educational resources at universities 
and institutes of  technology. Several professors in 
nuclear subjects resigned their positions during 
2001, and the Royal Institute of  Technology 

(KTH) announced that fi nancial support was 
needed in order to fi ll some of  these positions. 
This applied to the professorships in Nuclear 
Chemistry and Reactor Technology at KTH. 
KTH also needed support for the professorship 
in Reactor Physics. CTH, on the other hand, had 
decided to appoint a replacement for the profes-
sorship in Nuclear Chemistry.

SKB announced its willingness to sponsor the 
professorship in Nuclear Chemistry at KTH, 
and the parties in the Swedish Centre for Nuclear 
Technology (the power utilities, Westinghouse 
and SKI) were willing to sponsor the profes-
sorships in Reactor Engineering and Reactor 
Physics, so KTH advertised vacancies in the two 
professorships in Nuclear Chemistry and Nuclear 
Energy Technology (which had changed its name 
from Reactor Engineering). In the ensuing nego-
tiations between the fi nancial partners in the Swe-
dish Centre for Nuclear Technology (SKC), an 
agreement has been drawn up broadening SKC’s 
mission to include direct support to the posts 
at KTH, CTH and Uppsala University (UU). 
Furthermore, agreements have been drawn up 
between SKC’s partners and the individual uni-
versities. All agreements are valid for six years. To 
cover these increased costs, SKC’s budget is being 
increased starting in 2002 to SEK 16 million per 
year from a former level of  about SEK 10 million 
per year. SKI stands for one-third of  these costs.

SKI fi nds it highly gratifying that SKI, together 
with the nuclear power industry, has secured 
future undergraduate and postgraduate pro-
grammes at KTH, CTH and UU. According to 
ES-konsult’s study [11], the annual need for uni-
versity-educated staff  is about 50 persons/year. 
This same study also shows that it is suffi cient to 
maintain the educational level that exists today, 
since retirements within the next 10-year period 
will not increase as feared (see preceding section 
7.1). The measures that were adopted via SKC to 
support undergraduate and postgraduate educa-
tion can therefore be regarded as adequate.

With these agreements, SKI has, together with 
the power industry, clearly demonstrated its inten-
tion to ensure that competence is maintained and 
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developed. It is, however, important to follow up 
how well the institutes of  technology and uni-
versities are able to attract engineering students 
in nuclear power-related courses and then also 
postgraduate students.

In addition to the support to KTH, CTH and UU, 
SKI is also funding a professorship in Human 
Factors at Stockholm University, with a focus 
on psychological aspects of  the interaction bet-
ween man, technology and organisation (Human 
Factors is often called MTO in Sweden for Man, 
Technology and Organisation). SKI also intends 
to continue supporting this professorship, at least 
in the medium-term perspective. There may also 
be a need to support other parts of  this area and 
have an interdisciplinary perspective.

7. SPECIAL SUPPORT TO STRATEGIC NATIONAL COMPETENCE

In summary, SKI’s strategy with regard to natio-
nal strategic competence is

• Firstly, to ensure that undergraduate 
instruction exists in unique subjects (i.e., 
subjects that would not be offered if  
nuclear power did not exist). This is done 
to a great extent via agreements (together 
with the industry through SKC) with the 
universities. 

• Secondly, to ensure that good research 
is conducted at university institutions 
in nuclear power-related subjects. This 
is normally done by supporting PhD 
students, but can in exceptional cases 
involve supporting professorships.
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Copper canister of  natural size, about 4.8 m tall, is lifted into the exhibition hall at the Äspö Hard Rock Laboratory 

in the municipality of  Oskarshamn. Photo: SKB
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8 ”CENTRES OF EXCELLENCE” OCH 
”NETWORKS OF EXCELLENCE”

8 ”CENTRES OF EXCELLENCE” OCH ”NETWORKS OF EXCELLENCE”

In recent years, concern has grown that it will 
be diffi cult to sustain a suffi ciently high level of  
competence, not only within the nuclear power 
industry, but also in the research community. 
What is particularly worrying is that a number of  
research reactors and other experimental facilities 
in the fi eld of  thermal hydraulics have been shut 
down during the past 10 years. The OECD/NEA 
has shed light on this problem in a report [12], 
where the term ”Centre of  Excellence” (CoE) is 
also defi ned as a joint undertaking for an interna-
tionally recognized research team at a major expe-
rimental facility. The idea is that good research 
programmes are developed and pursued within a 
”reasonable” time (often 3-5 years) to maintain 
the experimental facility and its research team.

At the same time, the EU has, for its Sixth 
Framework Programme that will begin in 2003 
(applications for funding will be made in 2002), 
used the term “Networks of  Excellence” (NoE), 
where cooperation between researchers within 
a given discipline is striven for. At least three 
countries must participate to form an NoE, but 
it is normally assumed that at least six countries 
are included.

As is evident from the above, CoEs are centred on 
one facility (although there is an example where a 
project concerns two facilities in two countries), 
while NoEs always involve several research teams 
with or without experimental facilities. The idea 
behind an NoE is that research in Europe should 
be integrated better, and that an NoE is an instru-
ment for realising this.

SKI has explored the possibility of  creating CoEs 
or NoEs to support important research being 
conducted in Sweden. SKI sees a possibility that 
Studsvik’s R2 reactor, with the analysis resources 
that exist in connection with it, could become a 
CoE. Studsvik is currently working to present a 
programme that could be of  international interest. 
Preliminarily, it is envisioned that the programme 
could include research on the integrity of  the fuel 
cladding in connection with normal operation 

and events that cause power rises in power ramp 
tests. Studsvik possesses recognised international 
competence for carrying out this type of  experi-
ment. The preliminary cost of  these tests would 
be around SEK 12 million per year for about fi ve 
years. This means that the national contribution 
(about 50%) would be about SEK 6 million per 
year, of  which SEK 1 million in already existing 
projects can be used. Studsvik thus foresees that a 
national allocation of  SEK 5 million/year would 
be needed to realise the project.

When it comes to CoEs, SKI believes that 
Studsvik is the only possibility for Sweden within 
the fi eld of  reactor safety. There are other very 
good experimental facilities, but the facilities that 
exist at universities and institutes of  technology 
are not accepted as CoEs by the OECD/NEA, 
and the few other facilities or teams that exist are 
not suffi ciently unique. Within the waste fi eld, 
SKI sees that SKB’s Äspö Hard Rock Labora-
tory could be a CoE. SKI believes that a CoE 
in Studsvik could make a valuable contribution 
to assuring competence within the area of  fuel 
safety in Sweden. Since Studsvik is working on a 
proposal for a work programme that can attract 
international participants, SKI will look into this 
matter more closely. If  SKI fi nds that the propo-
sal is of  the desired quality, SKI intends to sup-
port Studsvik in its efforts to found a CoE and 
get back to the Government regarding fi nancial 
support within the country for such a project.

When it comes to NoEs, SKI sees two possibili-
ties at the present time:

¶ The facility at KTH, Division of  Nuclear 
Power Safety, for experiments for ana-
lysis of  severe accidents and thermal-
hydraulic phenomena.

¶ Human Factors 

As far as KTH’s facility is concerned, KTH is 
currently exploring the possibility of  assembling 
a network, and since KTH’s research in this area 
has been supported by the EU, SKI deems it 
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highly likely that this research team will be inclu-
ded in an NoE. SKI deems it urgent that such an 
NoE be formed with the support of  the industry 
and SKI.

In the Human Factors area, SKI is currently 
exploring the possibilities of  starting a network 
with Stockholm University, Mälardalen University 
and the Linköping University of  Technology. It 
is likely that these organisations intend to partici-
pate in an initiative by the Technical University of  

Berlin in the area of  learning organisations aimed 
at improving safety in high-risk systems which 
will be of  great value for these organisations. SKI 
intends to continue supporting efforts to form 
such an NoE.

SKI does not exclude the possibility that other 
networks, e.g. in the waste fi eld, may be formed 
with Swedish participants. SKI judges whether it 
will give support to other Swedish organisations in 
NoEs in each case based on its individual merits.
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9. CONCLUSIONS

9. CONCLUSIONS 

PREMISES

SKI’s research is a prerequisite for SKI’s ability to 
fulfi l its assignment. Research to support super-
vision is focused today on a number of  strategi-
cally important areas such as reactor technology, 
material and fuel questions, human factors, waste 
and non-proliferation (safeguards). SKI’s intel-
ligence analysis shows that this focus should be 
maintained over the next few years. Some reallo-
cation of  priorities between research areas may be 
necessary due to changes in the nuclear area. For 
this research, SKI contracts universities as well as 
consulting companies.

The resources that are of  importance for nuclear 
research are concentrated to a few organisations 
in Sweden. But the national research resources 
alone do not cover the existing needs. One reason 
is that the previously highly competent and well-
funded Swedish expert organisations within the 
nuclear power utilities have gradually been phased 
out or transformed into consulting fi rms. Chan-
ges have also taken place at the Swedish vendor 
of  boiling-water plants, now Westinghouse Atom, 
and the activities have been downsized considera-
bly in Sweden. There has been a similar trend in 
other countries. Moreover, countries which pre-
viously conducted expensive experiments have 
themselves increasingly sought international sup-
port as their research resources have dwindled. As 
a result, numerous international projects have or 
are planned to be started. SKI notes that Swedish 
nuclear activities are also becoming increasingly 
dependent on international collaboration.

SKI further notes that in order to fulfi l its assign-
ment, the Inspectorate needs not only fi nancial 
resources but also competent personnel. This 
enables targeted support to be maintained to stra-
tegic national infrastructure and to international 
cooperation including internationally fi nanced 
projects. With this is meant above all experi-
mental research where small countries such as 
Sweden can join forces with other countries on 

projects and thereby infl uence and gain access 
to important research information at a relatively 
modest cost.

IDENTIFIED RESOURCE DEFICIENCIES IN SWEDEN

Certain defi ciencies have been identifi ed in the 
analysis concerning resources for education 
and research in areas of  great importance to 
supervision. Such areas are “Material testing “ 
and “Management, control and organisation”. 
Undergraduate and postgraduate programmes do 
exist in a general sense in the latter area, but not 
concentrated on safety-related issues. SKI intends 
to initiate projects within both of  these areas.

INTERNATIONAL RESEARCH

The trend is that international cooperation has 
increased, and in SKI’s judgement it will have to 
increase further in scope. Experience has shown 
that a prerequisite for being able to profi t from the 
results of  international research is to have natio-
nal activities of  suffi cient scope within the fi eld in 
question. SKI believes that international research 
yields a high return for a given investment and 
intends to prioritise national competence build-
up based on international collaboration.

It is also possible for Sweden to host interna-
tional projects in the form of  Centres of  Excel-
lence (CoEs) or Networks of  Excellence (NoEs). 
CoEs are important experimental facilities and 
competence resources supported by the OECD/
NEA so that they will not be lost. NoEs involve 
exchange of  experience and implementation of  
joint projects within the EU’s framework pro-
gramme. Studsvik’s R2 reactor has been identi-
fi ed as a potential CoE facility, above all due to 
Studsvik’s unique resources and competence in 
carrying out advanced fuel tests. SKI believes the 
chances of  obtaining international support for a 
work programme within this area are good. SKI 
intends to continue its discussions with the indu-
stry on CoEs and NoEs and intends to get back 
to the Government in this matter.
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SKI is also exploring the possibilities for Sweden 
to participate in networks within the fi elds of  
thermal hydraulics and severe accidents, as well as 
Human Factors.

NATIONAL COMPETENCE PROVISION

Together with the nuclear industry, SKI is cur-
rently giving fi nancial support to universities in 
order to maintain undergraduate and postgra-
duate programmes within areas that are unique to 
nuclear safety. These activities are subject to time-
limited agreements and are regularly re-evaluated. 
The most recent agreement is from 2002 and 
entails a broadening of  previous agreements. SKI 
judges that support must continue to be provided 
in these areas in the future. With the current scope 
of  the aid, SKI judges that educational resources 
will be adequate within the foreseeable future. 
The competence situation must be constantly 
monitored, however, and initiatives taken in time 
to secure suffi cient competence and capacity for 
the safety work.

RESEARCH ALLOCATION

SKI’s assessment is that the current research 
level must be maintained in the future in order 
to provide adequate support to supervision and 
competence provision. It is, however, extremely 
important that the research allocation have grea-
ter fl exibility than the operating allocation. Expe-
rience has shown that a guaranteed allocation 
saving of  3% of  last year’s allocation is insuffi cient 
and that it is in the nature of  research that there 
is greater variation than in the operating alloca-
tion. If  the need for support to the universities 
should increase, this must not be at the expense 
of  the resources used to support supervision. 
Such fi nancing must be solved in some other way. 
The basic principle should be that universities and 
institutes of  technology should fi nance their own 
undergraduate programmes.

In the event of  a decision to participate in CoEs 
and other international networks and research 
projects, SKI considers additional research fun-
ding to be necessary. SKI intends to get back in 
this matter when the international discussions 
regarding additional networks and projects have 
come further.
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Ågesta fuel in CLAB, photographed under UV light with the experimental set-up on p. VIII   Photo: SKI



49

APPENDIX 1. 
ABBREVIATIONS

APPENDIX 1.   ABBREVIATIONS

CoE   Centre of  Excellence

CLAB   Centralt mellanlager för använt kärnbränsle (Central interim storage 
 facility for spent nuclear fuel)

CNRA Committee on Nuclear Regulatory Activities

CTH   Chalmers tekniska högskola (Chalmers University of  Technology)

DNV   Det Norske Veritas

ESARDA  European Safeguards Research and Development Association

ESO   Euratom Safeguards Offi ce

IAEA   International Atomic Energy Agency

ISTC   International Science and Technology Center (Moscow)

JRC   Joint Research Centre

KSU   Kärnkraftsäkerhet och Utbildning AB (Nuclear safety and training centre)

KTH   Kungliga Tekniska Högskolan (Royal Institute of  Technology)

EIA Environmental Impact Assessment

EIS Environmental Impact Statement

MTO  Man, Technology, Organisation

NEA   Nuclear Energy Agency

NKS   Nordiskt Kärnsäkerhetssamarbete (Nordic Nuclear Safety Research)

NoE   Network of  Excellence

NRC   Nuclear Regulatory Commission (USA)

OECD Organisation for Economic Cooperation and Development

PSA   Probabilistic safety assessment

SFL 3-5 Slutförvar för långlivat låg- och medelaktivt avfall (Final repository for 
  long-lived low- and intermediate-level waste)
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SFR   Slutförvar för radioaktivt driftavfall (Final repository for radioactive 
 operational waste)

SKB   Svensk Kärnbränslehantering AB (Swedish Nuclear Fuel and Waste 
  Management Company)

SKC   Svenskt Kärntekniskt Centrum (Swedish Centre for Nuclear Technology)

SKI   Statens kärnkraftinspektion (Swedish Nuclear Power Inspectorate)

SQC   Svenskt Kvalifi ceringscentrum (Swedish Qualifi cation Centre)

SSI   Statens strålskyddsinstitut (Swedish Radiation Protection Authority)

SU   Stockholms universitet (Stockholm University)

UU   Uppsala universitet (Uppsala University)
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SKI’s research is divided into 16 R&D areas, which are shown in Table 1 and Figure 1. The budget for 
each R&D area during 2002 is also reported here. For each R&D area there is an R&D area coordina-
tor with coordination and budget responsibility for the research in the area. The R&D area coordina-
tor is placed within the supervisory offi ces to ensure that the research is governed by the supervisory 
needs. The research department is responsible for administrative coordination, but also for strategic 
overview and follows up to ensure that overall technical goals are achieved. The research department 
is thus a small administrative unit with both technical and administrative competence.

APPENDIX 2. 
SKI’S RESEARCH - CURRENT STATUS

APPENDIX 2.   SKI´S RESEARCH - CURRENT STATUS

TABLE 1. 

Research areas and allocation of the research budget in 2002.
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Figure 1. Allocation of  funds within different research areas for 2002.

For 2001, SKI has made an estimate of  how large a proportion of  the research funds comprised com-
petence aid, which has been defi ned as support to universities and institutes of  technology for profes-
sorships and PhD students. Some of  this support is being fi nanced via the Swedish Centre for Nuclear 
Technology (SKC), where SKI pays one-third of  the cost, see section 7.2. SKC mainly fi nanced PhD 
students during 2001. The large costs for support to positions during 2001 were the professorship for 
Reactor Safety at KTH and the professorship in MTO at SU. Furthermore, SKI fi nanced or partially 
fi nanced three PhD students. The total competence support in 2001 amounted to SEK 7.5 million, 
allocated as follows:

SKC     SEK 1.9 million
Support to positions at KTH, SU SEK 3.7 million
Other PhD students   SEK 1.8 million

This support will increase starting in 2002 when SKC will expand its activities and also sponsor posi-
tions at KTH, CTH and UU. This is described in greater detail in section 7.2 of  the main report.
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APPENDIX 2.   SKI´S RESEARCH - CURRENT STATUS

Figure 2. Allocation of  invoiced research funds in 2000 nationally, internationally, universities and institutes of  

technology, etc.

SKI also analysed who were recipients of  the research orders during 2000. Figure 2 shows that a consi-
derable proportion (35%) of  the orders were placed abroad. This proportion is more than 50% in the 
fi eld of  nuclear waste. One source of  uncertainty in these fi gures is that orders placed with a Swedish 
consultant may involve follow-up of  an international project, which is not apparent from the research 
database.

Moreover, it can be noted that on a national level, more than a quarter of  the orders were placed with 
universities. Since approximately SEK 7.5 million was competence aid, this means that approximately 
SEK 10 million was commissioned research. In addition, more than one-third of  the orders were 
placed with Swedish companies.
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APPENDIX 3. SURVEY OF 
STRATEGIC COMPETENCE NEEDS

APPENDIX 3.  SURVEY OF STRATEGIC COMPETENCE NEEDS

1 Karnik, P., Hammar, L., Karläggning av strategiska kompetensbehov för kärnteknisk verksamhet i nuläget 
 och för framtiden, SKI Report 01:36 (2001)

2  Kärnkraftavveckling – kompetens och sysselsättning, SOU 1990:40, Ministry of the Environment and Energy  (1990).

OUTLINE OF THE STUDY

As a basis for the work with SKI’s research strategy, ES-konsult was contracted to conduct a study to 
survey strategic competence areas, quantify the need today and in a 10-year perspective, and determine 
to what extent specifi c nuclear competence needs are currently being met by universities and institutes 
of  technology. Following is a summary of  the report1. A more comprehensive study with the same 
purpose was carried out in 19902.

The study was conducted in the form of  a survey where a questionnaire was sent to the power utilities 
(Barsebäck, Forsmark, Oskarshamn, and Ringhals), SKI, DNV, SQC and the largest contractors to the 
nuclear power industry (SKB, Westinghouse Atom, KSU, Studsvik). Eleven competence areas were 
defi ned in the questionnaire (see below), and the following information was requested for each area:

• availability of  personnel (in 2000 or 2001) for different categories broken down by age 
and years of  experience

• need of  personnel in 2010 for different categories (but without particulars regarding age 
or experience)

• turnover of  personnel during the past 5 years (1996-2000)
• details on the engagement of  external contractors to meet the competence need.

The defi ned competence areas were:
1. Reactor and Core Physics
2. Nuclear Engineering, Reactor Design, Reactor Design Principles
3. Thermal Hydraulics Engineering
4. Reactor and Process Dynamics
5. Materials and Chemistry, Solid Mechanics, and Material Testing
6. Fuel Technology
7. Safety Assessment (PSA, Deterministic Safety Assessment, etc.)
8. Process Monitoring and Control
9. Safety Management; Human Factors (= Man, Technology and Organisation, MTO)
10. Waste Treatment and Disposal
11. Geoscience

The competence levels are classifi ed as follows:

• University degree with 120 points/3 years studies (Bachelor of  Arts or Bachelor of  Science)
• University degree with 180 points/4.5 years studies  (Master of  Science)
• Postgraduate education (licentiate, PhD)

The age distribution was given with the intervals -35, 36-45, 46-55 and 56-, while experience (within 
the area) was given as less than 2 years, 2-5 years or more than 5 years.
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In this study, a strategically nuclear competence area refers to competence required to fulfi l the activity 
goals (above all safety and reliability) within the above nuclear areas, while a specifi cally nuclear com-
petence area refers to competence which is needed solely in nuclear activities, and which cannot 
be provided with certainty over the long term via university programmes in the current manner. A 
strategically nuclear competence area can be of  a general technical/scientifi c nature with specifi cally 
nuclear elements (e.g. Thermal Hydraulics Engineering) or solely specifi cally nuclear (e.g. Reactor and 
Core Physics).

The study does not cover non-proliferation, since competence within this area is not specifi cally 
nuclear. Furthermore, the study does not cover the nuclear competence needs that lie completely 
within SSI’s sphere of  responsibility: radiation physics, radiation protection, radioecology, etc. Nor 
were all contractors and consultants within the sector included by the survey.

The new generation of  operators and instructors for control room personnel have a three-year (120 
points) university-level education, while this education was previously a two-year extension of  the 
upper secondary school’s production and maintenance engineering programme. For consistent pro-
cessing of  the replies in the questionnaires, these have been treated as under 120 points, whereby many 
of  KSU’s instructors have been excluded from the study.

Another uncertainty in the interpretation of  the questionnaire replies stems from the instruction to 
specify the number of  employees instead of  labour units (man-years/year). If  the individuals work 
within several strategic competence areas, this infl uences the distribution between the competence 
areas, which is probably of  little importance for the results of  the study. If  the personnel are used out-
side of  the strategic areas, the competence need will probably be overestimated. Another uncertainty 
has been how different organisations have interpreted the content of  the competence areas.

RESULTS

Altogether, the data gathered cover 709 employees, with levels of  education and experience in the 
industry as shown in Table 1.

TABLE 1

Distribution of  employees according to experience and level of  education in questionnaire responses.

1) 4.5 years studies
2) 3 years studies
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The age distribution is shown in Figure 1 (all university-educated personnel) and 
Figure 2  (personnel with a postgraduate education).

Figure 1. 

Age distribution 

of  all university-

educated

personnel.

Figure 2. 

Age distribution 

of  personnel with 

a postgraduate 

education.

The bar graphs show that the age distribution covering all educational levels does not show a ”bulge” 
in the highest age interval as feared, while such a bulge can be seen among personnel with a postgra-
duate education. It can also be seen that the nuclear power plants have less of  a tendency than other 
organisations to recruit persons aged 46 or more and with little experience in the sector (< 5 years).

The forecasts for 2010 indicate some increased need, on the order of  10%, for university-educated 
personnel, while the need for personnel with a postgraduate education is predicted to decline slightly. 
The category with the clearest increase in need (as expressed by the nuclear power plants) is Process 
Monitoring and Control, but otherwise the changes are generally small.

APPENDIX 3.  SURVEY OF STRATEGIC COMPETENCE NEEDS
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The distribution of  the personnel need among the different competence areas 
is shown in Figure 3, broken down into educational levels.

Figure 3. Number of  employees 

distributed over competence areas 

and level of  education.

COMPETENCE AREAS:

1. Reactor and Core Physics
2. Nuclear Engineering, Reactor Design, Reactor Design Principles
3. Thermal Hydraulics Engineering
4. Reactor and Process Dynamics
5. Materials and Chemistry, Solid Mechanics, and Material Testing
6. Fuel Technology
7. Safety Assessment (PSA, Deterministic Safety Assessment, etc.)
8. Process Monitoring and Control
9. Safety Management; Human Factors (= Man, Technology and Organisation, MTO)
10. Waste Treatment and Disposal
11. Geoscience

The greatest need in absolute numbers is reported for Nuclear Engineering, etc. (114 employees, more 
than half  of  them at Westinghouse), followed by Solid Mechanics and Material Testing (105) and Pro-
cess Monitoring and Control (94). Nuclear Engineering, etc. and Process Monitoring and Control have 
a fairly high proportion of  120-point university graduates (42-44%), but the highest proportion of  
120-point university graduates is in Fuel Technology (53%). The greatest number of  personnel with a 
postgraduate education is found in the areas Waste Treatment and Disposal, and Solid Mechanics and 
Material Testing, while the greatest proportion of  personnel with a postgraduate education is found in 
Geoscience. The lowest proportion of  personnel with a postgraduate education is in the areas Process 
Monitoring and Control, and Nuclear Engineering.

The questionnaire also posed some general questions concerning which competence areas require the 
longest in-house training or experience build-up, within which areas it is most diffi cult to recruit per-
sonnel, and whether a competence shortage can be foreseen. The replies suggest that long in-house 
training or experience build-up is required within areas with a relatively low proportion of  postgra-
duate-level personnel. The same areas are mentioned as being the most diffi cult to fi nd replacements 
in, and as possible areas with competence shortages.
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ANALYSIS OF DEMAND ON COMPETENCE PROVISION AND EDUCATION

The annual recruitment needed to maintain the competence level can be estimated from the data in 
the completed questionnaires on how many people are needed within different competence areas and 
personnel turnover during the last fi ve years. To couple this recruitment need to requirements on edu-
cational capacity at university institutions, the following matrix shows the annual recruitment need (in 
brackets) for the different competence areas:

The university programmes that are currently specifi cally nuclear are Reactor Physics, Reactor Tech-
nology, Nuclear Power Safety and Nuclear Chemistry. These programmes contribute to competence 
provision in the following manner:

¶ Reactor Physics and Reactor Technology provide a good basis for many of  the strategic 
competence areas, but specifi cally for Reactor and Core Physics and Reactor Technology, etc.

¶ Nuclear Power Safety contributes to essential portions of  the competence within Safety 
Assessment and Reactor and Process Dynamics.

¶ Nuclear Chemistry particularly contributes to the competence within Reactor Technology, 
Fuel Technology, Waste Treatment and Disposal, and Geoscience.

In order to estimate the annual educational need in the nuclear educational programmes, the following 
must be taken into consideration:

¶ the proportion of  the graduates from a given programme who will actually work in the 
nuclear power sector in the future

¶ the competence need among consultants and contractors
¶ whether, and to what extent, a reduction in the capacity of  the university programmes in 

nuclear engineering can be replaced by increased capacity in educational and on the job train-
ing programmes run by the industry.

Generally, reduced university-level education is the most diffi cult to replace in category I, it is easier in 
category II, while categories III and IV are little affected as long as public support of  higher education 
remains in place.

APPENDIX 3.  SURVEY OF STRATEGIC COMPETENCE NEEDS
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