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1.0 Introduction

The purpose of this Report is to share and summarise our findings about the
regulatory roles of SKI/SSI in the context of the Swedish Nuclear System
(SNS), with an emphasis on nuclear waste management. The driving force in this
review is to make decision processes more transparent.

What is reported is based on interviews conducted with employees at
SKI/SSI/SKB during early December 1996, the presentation to SKI/SSI in
January 1997, discussions during the Shap Wells meeting in Cumbria during
March 1997 and RISCOM internal discussions.

We offer two hypotheses about the way the Nuclear Waste Management System
(NWMS) appears to work. We choose one and derive from it a view about
structural issues in SNS and NWMS. The conclusion is a set of systemic roles
for the regulators. It is the comparison between these systemic roles and the
actual situation that may trigger some adjustments in the system. Our hope is
that these findings will make apparent feasible and desirable changes in the
system in order to increase the chances for transparent decisions in the Nuclear
Waste Management System.

To understand this report it is necessary to share a few basic ideas about the
management of complexity in organisations. For this reason this report includes
in Section 4 a brief introduction to these ideas.

In summary, Section 2 includes a general background of the NWMS based on
interviews and general information. Section 3 makes a more focused attempt to
work out the issues expressed by people in the interviews. Section 4 discusses at
a more conceptual level systemic ideas such as the unfolding of complexity.
Section 5 is an attempt to organise viewpoints about the NWMS and offers
hypotheses to support a preliminary diagnosis of the system in Section 6. We
call this section 'A Problem of Identity'. It is only in Section 7 that basic
systemic arguments are unfolded with the intention of supporting an
appreciation of SKI/SSI's regulatory roles in the nuclear industry as a whole and
nuclear waste management in particular. Section 8 offers a summary of
conclusions.



2.0 General Background focusing on Nuclear Waste Disposal

The biggest generators of nuclear waste are the nuclear power utilities which
produce about 50% of Sweden's electricity. During 1995, 67 TWh came from
hydro-electric facilities and 67 TWh from nuclear facilities. While in 1996 due to
low rainfall, preliminary estimates for electricity supplied are 56 TWh from
hydro-electric facilities and 77 TWh from nuclear facilities. While Hydro Electric
Generators are the other major means of electricity generation, there are
alternative electricity generating processes (oil/gas fired generators, biomass,
wind turbines, etc.) installed that produce a combined capacity of less than 5%
of Sweden's current need. Thus the nuclear power utilities are a significant
strategic factor in providing electricity for Sweden. Figure 1 illustrates this
notion of electricity generation focusing on the concern about nuclear waste and
the provision of a fund for nuclear waste.

Figure 1 - Nuclear Electricity Generation & Nuclear Waste
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Through government statues and conditions attached to the granting of licences,
the nuclear power electricity generating companies are responsible for both the
safe operation of Nuclear Plants, and the handling and final disposal of spent
nuclear fuel and radioactive waste. SKB is the organisation set up by the utility
companies to manage the disposal of nuclear waste through all the necessary
stages.

The existing system for nuclear waste disposal involves industry making a
request for a license for this purpose. To support any request, SKB will carry



out pre-studies which lead to full proposals covering all aspects of nuclear waste
disposal including environmental impact assessments (ElA). Any license request
or proposal must include an Environmental Impact Statement (EIS).

License requests and proposals must satisfy various Government Acts. Figure 2
shows the process for complying with the Natural Resources Act (NRA).
Figure 3 shows the process for complying with both the Nuclear Activities Act
(NAA. Figure 4 shows the integrated approval process operating under all these
two Acts. In general the boxes refer to organisational units while the solid lines
with arrows show the formal licensing process. The broken lines with arrows
show information flows / communications between the organizations in charge
(the Government and SKI) and other key bodies in the licensing process,
including the host municipality.

Figure 2 - Approval / Rejection Process comply with NRA
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Figure 3 - Approval / Rejection Process
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Figure 4 - Integrated Approval / Rejection Process
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Apart from radiation dosage levels, the regulators' role is to recommend that
government accept, accept with preconditions or reject the proposal. In general,
the regulators do not prescribe how waste is to be disposed of. Through a
process of dialogue and review of the SKB R&D programmes, the regulators
ensure that SKB disposes of nuclear waste in a safe way and with limited
acceptable damage to the environment both in current and future time frames.
Based on recommendations of the regulators, the Government of the day has the
sole authority to grant licences for nuclear waste disposal. This is in effect a
political decision.

In the early '80s, parliament decided to halt the construction of further nuclear
plants and phase out existing plants. In early February 1997, the Government
gave a commitment to the first closure of a nuclear reactor plant - in Barseback.
In contrast with the '80s decision, the current decision is not fully supported. It
is believed that the majority of people in Sweden (polls seem to indicate that
some two thirds of the population) would like to retain the use of existing
nuclear facilities for the technical life span of the plant rather than phasing them
out as soon as possible provided safety is not compromised. People are thinking
of jobs and saving money. When the decision to phase out nuclear energy was
taken in the early 80s perhaps people felt more secure and the unemployment
rate was relatively low. The 90s are proving to be more difficult with relatively
high unemployment.

The nuclear industry faces considerable uncertainty caused by shifting attitudes
of government particularly when there is a change in government. Technological
decisions take place in a political environment subject to change. Thus,
depending on the persuasion of the government in power, the industry might
expect different answers to questions like: 'Who decides on the life-span of
Nuclear Plants?'; 'Can we upgrade existing Nuclear Plants to extend their
economic life?'

In order to protect future generations who should not have to bear the cost of
decisions taken today on nuclear matters, there is currently a levy of about 2 Ore
per kWh. (amount is site dependent) on nuclear powered production of
electricity. This is invested in a Fund for Nuclear Waste Disposal. This fond may
be spent on research and development into the disposal of nuclear waste. The
government has decided that communities involved in the site selection process
(feasibility studies) may get resources from the fund (2 MSEK per year). This is
used by the communities to build up competence, to inform the public and to
employ experts to assist them in decisions they have to take related to the site
selection process. Additionally, the owners of nuclear powered generators need
to provide securities to safeguard against the possibility that the baseline
scenarios may result in insufficient funds being available for nuclear waste
disposal.



3.0 Emergent Issues

In addition to keeping abreast of technological issues, SKI/SSI need to be
continuously informed on the social climate and corresponding social mood and
changing attitudes. Figure 5 shows sources of complexity for nuclear waste
disposal. A key factor for the industry as a whole is to satisfy multiple
stakeholders over time in spite of changing technologies and shifting social
perspectives - the problem of'you cannot keep all of the people happy all of the
time'.

Figure 5 shows some of the key stakeholders/Much of the complexity present
results from the entanglement of technical, social and political issues.
Stakeholders, because of their different histories, have conflicting viewpoints
that may result in irreconcilable differences unless they are able to find ways of
sharing mental models of the situation. It is the collection of differing multiple
viewpoints that increases the complexity of the situation. This aspect of
complexity has a significant impact on issues relating to transparency and risk
assessment.

To illustrate what we refer to the as the 'complexity facing the Nuclear
Industry', several emergent issues and/or perceptions are presented. These
illustrations are based on comments and inferences made during interviews or
meetings. It is not the intention to give the full arguments behind each statement
but rather an indication of some of the viewpoints that exist among some of the
stakeholders. The use of full quotation marks indicates comments made that
were recorded verbatim.

It needs to be acknowledged that being this a pilot study, only a limited number
of interviews were undertaken during December 1996 and the views captured
are far from being a full representation of all the multiple stakeholders shown in
Figure 5. A total of nine interviews were conducted: four at SKI; four at SSI;
and one at SKB. No interviews were conducted with any of the local
communities or environmental groups.

1. Legitimation, Trust and Apathy

There was a concern that environmental groups appeared to be withdrawing
from the EIA processes. The interviews reflected uncertainty within SKI/SSI as
to why this was the case. Was it because these groups have limited resources
and therefore have to be selective in the debates in which they participate? Did
they not trust the process? Or did they not wish to legitimise the process
through their participation?



Figure 5 - Sources of Complexity for the Nuclear Industry
in terms of Waste - Multiple Stakeholders
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Also, "Public stayed away from a recent meeting. Why?" Did they not trust or
accept the procedure? It is believed that public participation is dependent on
many factors, which need to be considered. These include: the community itself;
the style of the meeting or forum; time of day when there may be more pressing
commitments; weather; sports fixtures; attitude of local politicians who often
call these meetings; lack of resources to attend. Although there are some funds
available for local communities to cover the costs of participation (from the
Waste Disposal Fund), there still seems to be a certain amount of apathy. Does
this apathy involve potentially deeper ethical issues (such as 'money cannot buy
votes') that are unlikely to be changed by making additional funds available to
local communities?

One explanation of the apathy might be that people think that there is a "win-win
consensus building process" going on between the major players in the field,
which excludes them. People may feel more engaged by a "win-lose situation",
where they recognise more clearly the alternatives, as a result of a more
adversarial process.

Some comments in the interviews were self-reflections by the regulators. The
municipalities especially, often say that SKI/SSI should be "attorneys for
concerned people". Sometimes, however, they are seen as "part of the enemy",
i.e. people do not see that SKI/SSI play an independent and critical role towards
SKB.

A related issue is whether "we can trust the experts". If the majority of the
population is to rely on experts how can we be sure that they don't represent
certain interests in society such as the nuclear industry? The experts are likely to
be applying value judgements in their analyses. These judgements may be based
on values that are different to those of people in general.

"Smart politicians get their way." This statement may imply the existence of
critical groups who do not trust the licence approval system set up by
government.

Do all stakeholders want transparency? Some stakeholders "don't necessarily
want the nuclear problem solved since this can be used as a proxy for other
agendas." Some segments of society "want sustainable development; a nuclear
industry is not wanted." For them the issue may be: how can we get society to
change to fully accepting sustainable development using the problems of
uncertainty resulting from the nuclear industry as the lever?

One interviewee reflected that SKB "has an economically efficient gold mine".
As long as SKB produced plans that were acceptable to the Regulators, the



Fund (metaphorically 'a pot of gold') was there for the asking. Few businesses
have access to such a guaranteed income.

2. Future generations

There is agreement that the present generation should not put an undue burden
on future generations. It is felt that SKI/SSI have the responsibility to inform
and counter misinformation. Accepting that there are likely to be risks with most
decisions about energy options, each option needs to be balanced with the risks
of alternative decisions, considering the buried assumptions on the type of
society implied by the various streams of thought.

Some issues with underlying assumptions are not easily resolved. For instance
the debate contrasting "geology is safer than society" (emphasises geological
disposal) versus "society is safer than geology" (emphasises surface storage with
the belief than in some future time technological innovations will produce safer
means for nuclear waste disposal).

The government's commitment to start the closure of one of the nuclear plants
adds to the burden of nuclear waste and related trade-offs. Is the current nuclear
waste disposal system able to cope with this increased load? While systems to
handle storage and disposal of operational waste are in place, are the necessary
facilities in place to handle adequately the decommissioning of entire nuclear
plants especially if the decommissioning process is accelerated?

3. Need to share language

What language is appropriate to achieve understanding given the technical
language of nuclear physics, geology and geochemistry etc.? SKI/SSI are doing
much to address this need. In a special joint effort the two authorities spend
some SEK 2 million per year on information in nuclear waste issues. In certain
cases (like the safety analysis project SITE 94), SKI produces four levels of
report: a high level technical report; a summary report for management; a
summary report for the community; and numerous explanatory brochures
addressing the needs of pupils at schools as well as local communities. SSI has
developed a video package for schools to which SKI has contributed. However,
the problem of transparency is likely to be far more complex than providing
clear information. Sharing a language is a problem of on going communications
and not of sporadic information.



4. Generational Paradigm difference: Methods of '80s no longer accepted

During the'70s and early '80s, policies on nuclear matters were decided upon
unilaterally, announced to the public at large and defended. The purpose of the
safety and radiation protection work programmes was to protect man. The
current position in the '90s is more considerate of multiple viewpoints leaning
towards a consensus approach. The decision making process necessitates that all
proposals meet scientific and technical criteria and are discussed with involved
communities. It is accepted that more public involvement increases the
likelihood that decisions will be accepted as legitimate in the future. The current
purpose of the safety and radiation protection work programmes is to protect
the environment which includes man. Success for the Utilities thus requires
greater dissemination of information. Making the decision processes more
transparent and fully describing all the risks relative to alternative risks is more
essential than ever.

S. Differences in Regional Cultures: Stockholm v rest of Sweden

The SKB feasibility studies involve different types of municipalities, and some of
them are quite far from Stockholm. The 'bureaucrats' in Stockholm are viewed
with suspicion. They (SKB, SKI, SSI) dress in suits and share a technical
language. The rest of Sweden questions the need for the tall buildings in
Stockholm. There is a perception, especially in northern Sweden, that the
regions subsidise the cities. "They take our electricity and send us their waste."
"Why not build a repository near Stockholm?" However, it seems that all
Swedes want sustainable economic development.

6 Comparisons between SKI and SSI

There is a close connection between the regulatory responsibilities of SSI
(radiation protection) and SKI (safety). But, there are cultural differences
between SSI, with its university origin, and SKI, which was set up as a
government body from the beginning and which has an "engineering culture".
It appears that the relationship between the two regulators is not always
harmonious and efforts have been made to resolve the issues. One issue that has
been the subject of many discussions is how to deal with the very long term in
setting criteria for radiation protection and safety assessment. Traditionally SKI
has paid more attention to longer time frames than SSI.

Both SKI and SSI get involved in quantitative models and qualitative
discussions in the philosophical and ethical domains. These issues have also been
frequently discussed at public meetings. There seems to be a wide spread of
different perceptions on these issues amongst politicians and the general public.
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Both SSI and SKI have the authority to publish legally binding regulations, e.g.
on the safety of geological disposal. Both authorities are currently developing a
set of criteria and guidelines in co-operation.

The interviews also touched upon some other problems within SKI and SSI. For
example, both SSI and SKI maintain that there is a manpower shortage. "The
time for thinking very limited" at both SKI and SSI because of operational
pressures. The government has recently given SKI an increase in its budget that
will allow for more employees. However, most of these will be placed within the
rector safety division at SKI.

The appointment of a National Co-ordinator for nuclear waste seems to have
introduced some uncertainty within SKI and SSI concerning the roles of
different stakeholders. This includes the role of the Co-ordinator and possible
challenges to existing arrangements.

There also seems to be some uncertainty about communication strategy aimed at
the public. One staff member expressed that "we are unclear about our
communication strategy; not sure about what we are trying to achieve". It
would appear that both SKI and SSI feel the need to match information coming
from SKB, which has a large information budget and a clear communication
strategy aimed at the general public. This issue suggests that the regulators need
to work out more clearly their relationship with SKB. This is further discussed
in section 7.

7. R & D spend

SSI & SKI cannot hope to keep up with SKB in R & D, so how can they
regulate adequately? A response to this is that much of SKB's R & D spend is
used for underground laboratories and field investigations whereas SKI and SSI
focus on safety assessment which by its nature is relatively less expensive.
However this issue also reinforces the need for the regulators to work out more
clearly their links with SKB.

R&D spend (orders of magnitude for comparison)

SSI

SEK 2 mio

SKI

SEK 20 mio

SKB

SEK 200 mio
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8. Ultimate responsibility for Nuclear Waste

Is SKB truly responsible for activities (provided that it carries out all tasks in
accordance with the Licence) given that it has been licensed by the Government
with SSI & SKI vetting technical matters? Comments on the roles of SSI / SKI
in section 7 help to separate the various roles expected of the regulators.

4.0 Basic Concepts for Complexity Management.

A country such as Sweden may be viewed as a complex web of interacting social
systems. An individual is part of a local community; this community is one of many
within a region; Sweden is made up of numerous regions. Government, in the form of
the public sector, exists at many levels: national; regional; and local. Within the private
sector, industries consist of enterprises sharing a common focus.

An approach to viewing social systems and the organizations within them is to consider
them as autonomous units within autonomous units. This devolving strategy assists
organizations in understanding and coping with the complexity of their environments.
For instance the private sector of the economy may have several primary activities as
autonomous units within itself, one of them being the nuclear industry. The nuclear
industry may consist of four Plants producing electricity. Each of them is a primary
activity of this industry. Within each plant the likelihood is that there is a further set of
autonomous primary activities producing electricity for a more focused customer base,
and so forth. In such a plant, all other activities not producing electricity (the primary
purpose of the plant) are concerned with the management, service and regulation of the
plant and its embedded primary activities.

We refer to this concept as the 'Unfolding of Complexity' which is a cascading
structure of what we call 'recursive levels' consisting of autonomous units within
autonomous units. These levels show where self-organisation and self-regulation ie,
local problem solving capacity emerges and/or is required for the effective management
of complexity.

Figure 6 shows in a highly simplified and inaccurate fashion this unfolding of
complexity, from a global perspective. Our purpose here is to illustrate the idea of
complexity unfolding more than providing an accurate model of the Swedish social
system. In sections 6 and 7 we make a more accurate use of this modelling.

We take Sweden as recursion 0. Sweden as a country has a wide range of primary
activities. Since our concern is highlighting the consequences of nuclear waste we show
Public and Private Sector Organizations. Voluntary sector organizations, in a generic
sense, would also reside at this level.

12



Figure 6 - Unfolding of Complexity
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For recursion 1, we show the ministries for the public sector and various industries for
the private sector. The Ministry of the Environment and the Nuclear Industry are the
organizations of concern to us at this level.

For recursion 2, we show SKI and SSI within the Ministry of the Environment, and the
four nuclear plants and SKB as the organizations of concern.
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Unlike the traditional hierarchical organisation chart which typically shows reporting or
accountability relationships, the unfolding of complexity seeks to explain the
organisation's strategy to cope with the complexity of its tasks. This strategy adopts the
notion of various autonomous organisational units embedded in the overall
organisational system. The 'unfolding of organisational complexity' is shown as a series
of recursion levels. Each organisational unit (represented by a circle) is embedded
within a higher level of recursion and contains within it other lower recursive
organisational units. Each is viable in the sense that it has a business of its own and can
survive over time in its environment. This business may range from producing goods
and services at a profit for consumers or the provision of services for society by both
local and national government.

Each circle contains the five systemic functions of Policy, Intelligence, Monitoring-
Control, Co-ordination and Implementation. Implementation refers to the set of
primary activities producing the organisation's primary task or business. These are the
autonomous units or smaller circles (systems) within the circle-in-focus, or, the system-
in-focus, as it is referred to in section 5. The other functions are the vital support or
regulatory functions that are essential for viability. Policy refers to leadership and setting
a strategic orientation. It also includes the setting of an ethical direction. The
Intelligence function refers to activities concerned with the 'outside-and-then'. It
includes aspects to do with long-term planning. The control function is concerned with
the 'inside-and-now' and is responsible for the allocation of resources and validation of
the information received from the implementation function by auditing its primary
activities. Co-ordination is concerned with the moment-to-moment smooth running of
operations and serves to minimise the potential for conflict between primary activities
ie, avoids oscillations between them and provides capacity for the organisation's
balanced development. At each level of unfolding, within each primary activity, the five
systemic functions will recur.

In the private sector, for instance, all organisational units at every level of recursion
have a management horizon that views both the long and short term appropriate for that
level of recursion. The lower levels of recursion may manage business strategy,
balancing operational detail with long term survival and often growth. The higher
recursive levels may deal with corporate strategy at an aggregated level, the highest
level possibly dealing with normative issues (values, beliefs and possibilities for
acquisition / divestment and organic growth / decay) and the 'grand organisational
plan'.

How these functions are distributed throughout the organisation is dependent on the
strategic intent and culture of the organisation. For a large scale organisation one would
expect to see some balance between centralisation of resources and the deployment of
functions so as to both optimise the organisation as a whole and respect the necessary
autonomy of each viable unit in order that local problem solving capability is available
to respond to customer or environmental requirements. We may expect that the
subsidiarity principle will apply here, that is, everything that can be done more
effectively at the local level will be done locally. To a large extent, the allocation of
resources by an organisation for producing its espoused purposes determines which
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organisational units are to be viewed as primary and how the unfolding of complexity is
to be enacted.

A distinct advantage of using the concept of the 'Unfolding of Complexity' is the ease
of'plugging' or 'unplugging' organisational units into the overall structure in keeping
with the need to continually anticipate or adapt to environmental change. Since any
viable unit has five functions and is directly linked to its environment, its structure is a
replica of other existing units.

Since one of the concerns in this report is regulation of the NWMS we highlight that, in
complexity terms, monitoring has a very specific role. It is akin to, but wider than the
role of the financial audit. Everyone in the organisation knows that the annual audit
takes place. But nobody is sure where the audit team will focus its attention. The
monitoring activity is sporadic and comes with very little warning. For this reason
everyone expects it could happen to them and prepares for it accordingly. The purpose
is to get detailed information for a brief period on what is going on at the lower level
recursion with its management being aware of the activity but completely bypassed.
This process achieves two goals: it validates the data passed up the accountability loop
(in terms of accuracy and meaning); it increases the Control function's understanding of
lower recursion level operations so that the resources bargaining process is undertaken
from the position of understanding rather than forceful personalities or being driven by
numbers. Monitoring takes place between the management of a higher level primary
activity and those producing the business processes of its embedded primary activities.
In general, the monitoring process should not jump more than one recursion level.
Monitoring 'topics' cover all that the 'control function' is involved in from finance to
process engineering, from human resource management to product engineering, from
sales and marketing to laboratory performance, from supply chain management to
quality control.

5.0 Views about the Nuclear Waste Management System

5.1 In addition to the many statutes and acts of government, companies operating in
the Nuclear Industry additionally need to pay careful attention to the National
Resources Act, the Nuclear Activities Act and the Radiation Protection Act.
These Acts have differing procedures for the granting/refusal of licence requests.
Licence applications for nuclear waste disposal need to have an Environmental
Impact Assessment as part of the application according to all three laws (see
Figure 4). The differing processes are illustrated in Figure 2 where outcomes
are decided under the Natural Resources Act and Figure 3 where outcomes are
decided under both the Nuclear Activities Act and Radiation Protection Act.

5.2 SKB is owned by the utilities but at the same time it has an overview of them, at
least in all aspects of waste management. This fact triggers a number of
questions. It is particularly interesting to develop an appreciation of how
government and communities alike see SKB's role within the Swedish Nuclear
System (SNS). There is considerable discussion around the risks associated with
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public safety due to possible harmful effects of nuclear waste. Unlike less
controversial industries the nuclear industry is closely overviewed both by the
Public and Private Sectors. This makes it necessary to introduce significant
complexity to the industry in order to reduce present and future risks. It would
appear that the perceptions of the public and private sectors about this risk are
very different. The private sector is concerned with a 'waste container'; the
public sector is concerned with a 'safe container'. These two different identities
for the Nuclear Waste Management System are discussed in Section 6 of this
report.

5.3 The organisational system in focus for our study is a 'system for the safe long
term disposal of nuclear waste in Sweden, within the framework of KBS-3.' We
call this the Nuclear Waste Management System (NWMS). As we will argue
later this system is almost the same as SKB, but not quite the same.

The issue of concern in the longer term is a 'society-owned situation to make
more transparent decision processes about nuclear waste management'.

The issue of immediate concern in this pilot study is a 'system to increase
understanding of what is entailed in making more transparent decision processes
about nuclear waste management and how to proceed in order to achieve this
transparency.' This is the objective of the RISCOM project.

5.4 The particular idea explored in this report is the structural requirements for an
improved transparency. Based on a discussion of complexity management,
potentially six systemic roles for SKI/SSI can be recognised. These are shown in
Figure 8. If SKI/SSI accept some or all of these roles, they may have to review
how they are being carried out to ensure the individuals responsible for the roles
are not placed in a situation where role conflict or ambiguity may arise. Given
the relative paucity of people working in the area of waste disposal within
SKI/SSI, the chances are that some individuals will have several, sometimes
conflicting, roles. The individuals need to be aware of which roles they are in at
all times and to be sensitive to the needs of each of the roles. This is particularly
important when SKI/SSI are dealing with issues affecting multiple stakeholders
or are in the presence of multiple stakeholders. Managing the expectations of
multiple stakeholders is likely to be challenging.
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6.0 A Problem of Identity

In this section we make use of the notion of virtual organisation and use the
concept of unfolding of complexity. However, we use this concept more in
terms of people's perceptions about the nuclear system than in terms of an exact
modelling of existing institutions.

The Swedish Nuclear System (SNS) can be seen, using the idea of complexity
unfolding (Section 4) at least from two perspectives:

a) The private sector's perspectives.

They may see each of the nuclear private companies and SKB as individual
subsystems of the SNS (see figure 7a)

Figure 7a - SNS Hypothesis 1

Swedish Nuclear
System (SNS)

Plant 1
Plant 2
Plant 3
Plant 4
SKB

b) The public sector's perspective.

Politicians and regulators may see the private companies as a whole as one
subsystem (Nuclear Operations or the 'private sector') and Nuclear Waste
Management System (NWMS) as another (see figure 7b). We argue here that in
perceptual terms this 'virtual organisation' may be, to some degree, the one that
is driving public action. Though the private sector (ie. Nuclear operations) may
see SKB as one more of its primary activities, the public sector may see in SKB
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the Nuclear Waste Management System rather than SKB in isolation. NWMS is
mainly SKB but it also includes other resources, public or private, focused on
the management of nuclear waste. For instance KASAM is one such resource.
Universities or research centres focused on nuclear waste management are
additional resources. SKI/SSI may be also additional resources and we will
come back to this point later.

Figure 7b - SNS Hypothesis 2

Nuclear Operations
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Plant 3
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SKB

>vel waste
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Of course, for the public sector, the most interesting of these two options is the
second one. It helps to appreciate how the same organisation can be seen from
different perspectives, creating different understandings and expectations. This
second view, the one with the 'private sector' and 'public sector' as subsystems,
has a 'private sector' subsystem which, as said before, most likely sees SKB as
one of its sub-systems. This is interesting because 'basically' the same
organisation is seen from two very different perspectives. They are basically, but
not exactly, the same because, we argue, from the public perspective there is a
NWMS, but from the private perspective there is SKB. This is likely to be the
source of the two identities for SKB. As said before, the public sector sees
NWMS as a 'safe container' on a par with Nuclear Operations and the private
sector sees SKB as a 'waste container' embedded within itself as one more of its
primary activities.

SKB, as part of the 'private sector', is responsible 'to produce and manage a
nuclear waste container'. Its main concerns, most likely, are driven by the
commercial ethics of private enterprises. This is not the view of the 'public
sector', who see SKB, or more accurately NWMS, as responsible 'of producing
and managing a safe disposal of nuclear waste'.

These two identities are reflected in Figure 7b, which suggests that people in
SKB are torn between being part of the 'private sector' within Nuclear
Operations as their main interest and being part of the 'public sector', with
public related problems of authenticity and legitimacy (NWMS). People today
are aware of the need to reconcile the ethical stance of commercial (profit
seeking) enterprises with the needs of society as a whole. SKB's situation seems
to exemplify, and provide a test case, to clarify the nature of this conflict.
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7.0 The Roles of SKI/SSI

7.1 Roles in the framework of the SNS

In this discussion we accept hypothesis 2, and make NWMS our system in
focus. When the structure implied by hypothesis 2 is not seen, there is the risk
for the public sector to conflate NWMS with SNS. Of course everyone is aware
of the private sector (i.e. Nuclear Operations), however it may not be seen as
part of the same system (i.e. the SNS) with NWMS as its sister sub-system. This
fragmentation makes it more likely that SKI/SSI will not see some of their
systemic roles. Moreover, they may get entangled in roles that normally would
be considered as SKB's roles. Whether this is the case or not is left to SKI/SSI
to judge, however our expectation is that a further elaboration of hypothesis 2
should highlight role clarity issues.

Some of the roles emerge from the need to regulate the SNS as a whole (see
Figure 7b), rather than each of the sub-systems independently:

General Issues

What are the implications of seeing SNS as the synergistic interaction of
'Nuclear Operations' and a 'NWMS'? Are there resources managing SNS as
a whole? This may not seem as a question directly relevant to SKI/SSI but it
is relevant in terms of the Nuclear Waste Fund. Accordingly, we consider it
should be seen as relevant to the regulators.

Are there (private) resources focused on managing 'Nuclear Operations' as a
total system, or are the nuclear plants independent producers?

Specific Issues

• To what extent is the difference between monitoring (auditing) the nuclear
waste management programmes (ie. Clab, SFR, and High Level Waste) and
the Nuclear Waste Management System (NWMS) structurally clear (role I in
figure 8)? In other words, how clear is the distinction between being an
internal or an external auditor to NWMS. It seems that both SKI/SSI and
SKB do the monitoring of CLAB, SFR and High Level Waste, albeit from
different aspects. What is not clear to us is why SKI/SSI should get involved
in monitoring safety indicator limits and not leave that to SKB, restricting its
responsibility to monitoring whether SKB is doing this job properly? Figure 8
shows SKB as the only monitor of its own programmes. This is fundamental
in order to avoid inefficient overlaps. However, today both SKB and SKI/SSI
are doing this monitoring. In a normative sense we are suggesting that
SKI/SSI's role should be to monitor NWMS as a whole (external auditors)
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and not its programmes (internal auditors). Role 1 in figure 8 makes apparent
the need to have this external auditor's role.

It makes sense to disentangle the role of SKI/SSI as internal or external
auditors (regulators) of the Nuclear Waste Management System. Role 1
makes the assumption that SKI/SSI are only external auditors in that system.
However if their internal auditors role were dominant at the expense of their
external auditors role (something which might be the case today), then de
facto SKI/SSI would be restricting their focus to internal issues, at the
expense of paying attention to the wider issues of the SNS. In other words
they would be subsuming themselves in the NWMS. This situation would
make it less likely that the regulators fulfil effectively their role of stretching
SKB, that is role 4, as it will be discussed below in Section 7.2.

• How are the operational oscillations between nuclear operations and waste
management dampened (eg, the competition for resources between these two
units; coordinating the flow of nuclear waste from nuclear operations into
waste management)? For instance, are there operational systems in place to
avoid over time a mismatch between waste management capacity and waste
production? What anti-oscillatory systems are in place to align the
decommissioning of nuclear plants with the nuclear waste management
programmes? This is a particularly interesting operational system in order to
avoid the uncoordinated development and use of resources in the two
subsystems. What's the role of SKI/SSI in this task? Are there adequate
resources in the regulators to audit how is the SNS dealing with these
possible oscillations? This is systemic role 2 for SKI/SSI in figure 8.

• Resulting from Hypothesis 2 in Figure 7b, it may be considered that role 3
operates at two levels. At the level of SNS the role includes the review of all
nuclear industry programmes and authorising the spending of the Nuclear
Waste Fund. Other role possibilities are discussed in 7.2.

7.2 Roles in the framework of the NWMS

Figure 8 is a model of complexity management in the NWMS, except for the
two triangles and box at the top of the figure, which relate to SKI/SSI's roles as
part of the total system (cf. Section 7.1).

The implementation Junction of the system in focus is the activity of the
contractors responsible for the operations of CLAB, SFR and High Level
Waste. This last primary activity is evolving as the R&D for the Deep
Repository, and related activities, become operational. That is the reason it is
shown in dotted lines in figure 8.
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Figure 8 - Diagnosis: Systemic Roles of SKI/SSIfocussing on NWMS
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How efficient is the 'here and now' management (the control function in
figure 8) of these nuclear waste management programmes? This is the
management of existing programmes as approved by government on the advice
of the regulators (Licensing process). While it is clear that SKB is responsible
for this management, what are the responsibilities of the regulators? This is
role 3 for the regulators. The perceptual illusion of hypothesis 2 has here an
effect. It is clear that SKB negotiates waste management programmes with its
own contractors, however we may also expect that SKB negotiates them with
SKI/SSI in the larger system (SNS, including whoever is in charge of the
nuclear waste fund). That is the reason we think that role 3 takes place at two
levels; one is internal to SKB and the other is external between the NWMS and
the SNS.

Since the Swedish system for licensing is based on a review-decide approach, as
opposed to the inquire-decide of the British system, it is apparent that the
regulators in Sweden are much closer to the on-going allocation of resources to
programmes than their counterparts in the UK. This poses an interesting
dilemma for the regulatory system. If regulators are too close to the decisions
they are more likely to lose their independence as regulators. On the other hand,
if they are too distant, as in the British case, the operators are more likely to
commit large amount of resources before any checks and balances takes place.
This makes it more likely that resources are wasted (e.g. Nirex deep repository
in the UK; and more specifically the rejected application for the Nirex hard rock
laboratory). This makes apparent the need to consider alternative designs for
SKI/SSI role 3.

A final consideration regarding this role: are resources responsible for the
Nuclear and Radiation Protection Acts, well integrated? Or are they dealing with
SKB's decision making in a fragmented manner?

The intelligence Junction in figure 8 is concerned with the outside and then of
the NWMS. How are relevant resources integrating their contributions? This
question does not relate directly to SKI/SSI, whose role should be essentially
regulating SKB's work, but more fundamentally to SKB's current work on the
transportation, encapsulation and disposal of nuclear waste in a deep repository.
All this in the context of social concerns about the long-term effects of this
waste to local communities and society at large. This suggests the need to
consider the dialogue between these communities and the 'nuclear waste
management system' (Figure 8). In the interest of society it is important to
create independent capacity to challenge the views and decisions of this system,
perhaps in the form of academic centres supporting communities and
environmentalists, but also in the form of SKI/SSI's role of advocates for the
community. This is at the core of transparency.

Paradoxically, even if it is not apparent in the surface, there is the risk of
conflating the interests of society with those of the nuclear industry. This is
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likely to be the case if those, like SKI/SSI, responsible for society's interests are
also made part of the NWMS, as it appears to be the case today (cf. Discussion
in Section 7.1). Their systemic role should be creating relevant issues for the
NWMS to respond to rather than operating from within. Since it is necessary to
regulate the industry at the same time as challenging it, it may be necessary to
consider two types of roles, those focused on regulation (role 1) and those with
an environmental responsibility (creating complexity for the nuclear industry).
This is SKI/SSI's role 4.

This role becomes less clear if SNS and NWMS are conflated. If for instance
SKI/SSI do nuclear waste management R&D and de facto operate from within
NWMS, the chances are that their role as 'stretchers' of that system (i.e. SKB)
will suffer. They will reinforce the NWMS intelligence work from within and
thus produces pre-emptive closure, that is, reinforce internal perspectives, rather
than stretch directly or indirectly policy making from the outside.

Finally, from the perspective ofthe policy function the regulators' role may be
both, to monitor the quality of debates forming policy (role 5) and to make
policy recommendations to government about licenses for SKB (role 6). In
particular it should consider the quality of the debates between those doing
Environmental Impact Assessments (EIAs) for planned developments and those
responsible for the definition of the NWMS programmes.

Is there an adequate balance between the resources of those operating under the
Natural Resources Act and those operating under the Nuclear and Radiation
Protection Acts? It would appear that if this balance does not exist, and for
instance those making decisions under the Nuclear and Radiation acts are much
stronger than those under the Natural Resources Act, then, the robustness of the
nuclear industry would be compromised to the detriment of society at large. This
would be case if those in the control function, that is those operating under the
nuclear acts, have more resources and are better connected than those in the
intelligence function, that is those operating under the NRA. The argument is
that those operating under the NRA should be creating complexity (i.e. issues of
concern) for the nuclear industry to take a more enlightened and robust view of
the longer term. In order to increase this robustness it is necessary to increase
the challenges of society (role 4) and also increase the quality of decisions within
the nuclear system. This last role, that is improving policy processes, is role 5 in
figure 8.
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8.0 Conclusions

From the above discussions SKI/SSI systemic roles aimed at increasing
transparency in decision making are as follows:

1- auditing SKB's auditing capacity of its primary activities (Role 1).

2- operational balance of nuclear operations and NWMS (Role 2)

3- auditing SKB's 'resources bargaining1 with the nuclear industry. It seems
necessary to audit the consistency between SKB's resources bargaining with
Nuclear Operations (private sector) and its resources bargaining with the SNS as
the NWMS. The problem is auditing the bargaining of'service programmes'
consistent with the industry's programmes. Part of this is auditing SKB's R&D
plans (reviewing SKB 3 year plan). This is Role 3.

4- advocates for the people, triggering environmental challenges (e.g. from
communities) to SKB's operations. This is a mechanism to create tension in
NWMS to keep the system stretched. (Role 4). In particular from the issues
discussed in section 3, it is apparent that a good deal of effort is required in
order to make more effective the interactions between the environmental groups,
and also communities, and the nuclear industry. We think that understanding and
improving these communications is at the core of the problem of transparency. It
is also important to clarify and design more precisely the role of the Co-
ordinator, now more than one year into his office, as a bridge in-between
communities and the government.

5- auditing the quality of the balance between processes in 3 and 4 above, (balance
between Intelligence-Control). This is Role 5.

6- Making recommendations to government (Role 6)
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