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Participatory approaches to decision-making call for two-way dialogue with a wide
range of stakeholders. In the United Kingdom, probabilistic performance assessments
of a potential deep geological disposal facility have typically been undertaken by
experts to meet regulations set by other experts. However, there is potential for
performance assessments to fulfil the additional role of enabling dialogue with other
stakeholder groups. This paper suggests developments in the focus and presentation
of performance assessments to foster such dialogue. It reflects iues relevant to
performance assessment that arise as waste management organisations consider the
consequences of involving wider stakeholder groups in decision making about
repository development.

1. Introduction
The development of performance assessments within Nirex has responded to a risk-
based approach to the regulation of environmental, health and safety issues.
Theoretical concepts, models and datasets for quantitative assessments of the post-
closure performance of disposal facilities for radioactive waste have emerged1 2

Generally speaking, these perfon-nance assessments evaluate potential exposure to
radiation by modelling a proposed development, its evolution and the physical and
chemical processes that will affect it. Regulations provide a framework against which
the assessed performance can be evaluated by determining levels of compliance with
a quantitative regulatory risk targe t3 (Figure 1).

Since the production of these assessments, different, increasingly participatory,
approaches to repository development are being initiated. This new approaches have
consequences for those involved in developing performance assessments. In the past,
the application of perfon-nance assessments to foster general debate between experts
and non-expert stakeholder groups has been limited because:

The quantitative regulatory risk target does not necessarily represent the
concerns and values held by all stakeholders. In particular, the quantitative
definition of radiological risk derived from the physical sciences is not in accord
with that of social scientists who perceive risk as inherently multidimensional
and persona liStiC4.5.
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• Probabilistic assessment models abstract scientific understanding to make
estimates of future system behaviour based on probability theory. Probability
theory is not intuitive and the assessment models used can be complex. This
tends to focus discussion on the modelling process itself, rather than the
underlying scientific assumptions;

• The quantitative presentation of results from a risk analysis is rarely in a form
aimed at engaging non-regulatory stakeholders. The long timescales involved
and the scientific notation adopted are not easily assimilated.
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Figure 1: The process of performance assessment

Previous performance assessments by Nirex have been, defacto, the province of
detailed discussion between experts and are viewed as tools for the experts. Although
the safety of a nuclear waste management facility is central to the concerns of a wide
range of stakeholder groups, there is a danger that the debate about repository
development becomes isolated from those involved in developing performance
assessments. A valuable contribution, in terrns of describing the nature of the hazard
posed by a radioactive waste repository, is lost.

Innovative developments in the application and presentation of perfon-nance
assessment could help redress this balance. A key value of performance assessment
lies in the manner in which information, understanding and uncertainty is synthesised
to develop a view on perfon-nance. Capturing this, without it being overshadowed by
technical detail could help support the credibility (or not) of experts and encourage
their involvement in more general stakeholder dialogue.

In this paper, developments that have the potential to enhance the value of
performance assessment within stakeholder dialogue are considered. The paper
discusses the importance of a comprehensible pesentation of the conceptual
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scientific understanding that underlies the performance assessment. This conceptual
level provides good opportunities for dialogue with other stakeholder groups.
Additionally, performance assessments of radioactive waste management facilities
can involve estimating risks that may arise for thousands of generations into the
future. These long timescales can be difficult to appreciate. The paper considers
methods of making time more tangible to non expert stakeholder groups. Finally, the
paper reinforces general trends that increasingly recognise the power of indicators
other than radiological risk in building confidence about repository performance and
the potential power of advances in presentational techniques.

2. Conceptual basis
The term "conceptual basis" is used here to represent the physical and chemical
understanding of the features, events and processes that may determine how a facility
will evolve. This understanding forms the basis for modelling the repository and
estimating radiological risk. This conceptual basis reflects general scientific
understanding, expert judgement and uncertainty. It provides many opportunities for
engagement that are missed if attention is focussed solely on the radiological risk end
point of a performance assessment.

While most regulatory criteria focus on doses or risks to individuals, the most
meaningful scientific debate centres on the effectiveness of each of the engineered
and natural barriers. To this end it is appropriate for a perfon-nance assessment to
consider both the manner in which each barrier contributes to safety and the extent to
which they are likely to perform. The results need presentation in close association
with a discussion of the underlying scientific reasoning. In particular, discussions of
barrier efficiency should refer directly to key experiments and natural evidence and
openly debate the uncertainties. This is increasingly being recognised by the industry

6and reflected in more recent assessments of performance .

However, there is also potential for a greater level of stakeholder involvement in the
development of performance assessments. Scenario development lies at the heart of
performance assessment, being concerned with the conceptually straightforward task
of developing broad-brush descriptions of possible evolutions of the repository
system. As noted a decade ago in the NEA report on 'Systematic Approaches to
Scenario Development 7:

"The partly speculative nature of scenarios, and the relative ease with which they
can be described, can provide a rich and accessible meansfor public involvement. 

Scenario development methods have been developed in the intervening years8. Such
methods represent a systematic and transparent means by which the features and
processes included in a perfon-nance assessment can be selected and documented.
However, the methods have been developed for application by experts and can
appear complex and full of jargon and mystique. Clearly, there is benefit in
encouraging stakeholders to be more fully involved in scenario development by a
more appropriate articulation of the concepts.

For example, the many questions and 'what if?' scenarios posed by the public and
other stakeholders to waste disposal organisations are a means of scenario definition.
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If the industry is to be truly transparent, there is a need to ensure that these are
properly addressed. One suggested way forward is to compile a report of 'Frequently
Asked Questions (FAQs)' and considered responses to complement the more
structured approach to scenario development.

3. Timescales
The conceptual basis needs to consider repository performance for long timescales
into the future. It is difficult to appreciate the lengths of time involved. A different
impression can be given simply by presenting the same data plotted on different time

axes (Figure 2.
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Figure 2: GPA data plotted against different time axes

New approaches for representing these long timescales are under consideration.
These need to communicate the fact that the role of the various barriers, uncertainty
and nature of factors indicative of safety will change with time. The validity of
quantitative prediction decreases into the very far future, which underpins increasing
recognition of the importance of qualitative arguments9. Additionally, the benefit of
providing yardsticks to assist stakeholders to relate to the long titnescales by
comparison with past anthropological and geological history cannot be

underestimated.

Any attempt to explicitly reflect the timeframes of concern to a wide range of
stakeholder groups is likely to emphasise those shorter than required by regulations.
This will benefit dialogue with stakeholders because these shorter titneframes are
more tangible. Increasingly, emphasis is being placed by waste management
organisations on an extended period of active facility management following on from
repository operations during which the waste would be monitored and could be

1,12
retrieved with relative ease'" .

There appears to be strong public support for monitoring and retrievability. For
example, in the UK a Radioactive Waste Management Consensus Conference was
held in 1999 consisting of a citizens'panel, made up of fifteen members of the public
selected at random. A key issue to emerge from the Consensus Conference was

that
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"Radioactive waste must be removedfrom the surface and stored underground, but
must be monitorable and retrievable. 

This view was further endorsed at a recent stakeholder workshop organised by Nirex
14on monitoring and retrievability of radioactive waste

The development of monitoring objectives and technologies has important
implications for performance assessment. Previously, Nirex assessment models have
assumed repository backfilling soon after repository operations and the conservative
assumption is made that the waste canisters do not contribute to physical containment
after closure. During the pre-closure period of active facility management,
monitoring data will need to evaluate whether the wastes are behaving in line with
expectations. This will encourage the development of new realistic models and
datasets to complement the conservative models and data used in the present
generation of performance assessments.

A further uncertainty in quantifying radiological risk over the long timescales
associated with radioactive waste management is the need to make assumptions
about future human behaviour. These assumptions become progressively harder to
justify as one moves further into the future. In consequence, there is increasing
consideration being given to additional means of indicating levels of safety and
building confidence in repository performance.

4. Building confidence in the overall concept
Confidence is a key goal of dialogue. This includes developing stakeholder
confidence and trust in experts and in the performance assessment and establishing
the level of expert confidence in the performance assessment. Together, these will
determine confidence in the overall concept of a proposed facility. Confidence
building requires a broader vision than provided in a risk based performance
assessment. Recent international work acknowledges the need for "safety cases"
comprising the output of an assessment and a statement of confidence in those

5findings

Increasingly attention is being focussed on the use of multiple lines of reasoning". In
terms of complying with regulations, both qualitative and illustrative demonstrations
of safety have their place. as well as consideration of a wide range of quantitative
safety indicators to provide alternative perspectives 7 Examples of safety
demonstrations include comparisons with natural analoguesix and the creation of
demonstration facilities19. Recent international guidelines indicate that greater
consideration should be given to the protection of the natural environment itsele-".

These exemplify issues that are more tangible to a wider range of stakeholders than
the quantitative assessment of risk on very long timescales. Their incorporation into
performance assessments would increase its accessibility to a wider audience. This
raises the issue over whether the framework of a risk-based assessment can
incorporate multiple lines of reasoning and additional safety indicators in a
meaningful way, or whether a new approach to performance assessment may be
required. Also, there is a need to address the factors that influence the perception of
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risk such as catastrophic potential, familiarity, dread, trust in institutions, equity and
reversibility".

Performance assessment is only one component of the material necessary to present a
comprehensive case for repository development, covering such topics as principles
and criteria, present day environmental impacts, and economics. Such factors have
been incorporated in a 'Supporting Arguments' section of the recent status report for
the Drigg Post-Closure Safety Case 22 . Alternatively, recently, national programmes
have been developing the idea of incorporating performance assessments within an
Environmental Impact Statement23,24.

Confidence in the disposal concept is related to confidence and trust in the proponent
of the concept. Therefore the manner in which organisations and experts engage in
debate is important. Succinct messages have real power in building confidence.
Developing these messages without glossing over uncertainty is a challenge. It will
be important to ensure that the performance assessment remains comprehensible, as
well as comprehensive. The structure and presentation of the performance assessment
may need some rethinking if it is to make a manageable contribution to dialogue.

Such dialo-ue can be facilitated by effective communication techniques. For example
the 'Visual Language' described by Horne 21 integrates words, images and shapes into
a single communication unit, and the pioneering work of Tufte 21.21,21, on the effective
visual presentation of quantitative information has many potential applications in
repository perfon-nance assessment. To quote Tufte 28:

"When we reason about quantitative evidence, certain melhodsfor displacing and
analyzing data are better than ohers. Superior methods are more likely lo produce
truthful, credible, andprecisefindings. The difference between an excellent analysis
and afaulty one can sometimes have momentous consequences. 11

In particular there is merit in using what Tufte calls 'small multipes', essentially a
series of graphics showing the same combination of variables, indexed by changes in
another variable. For example, this technique is effective for illustrating alternative
patterns of spatial variability, the evolution of radionuclide migration plumes, and
visual storyboards that illustrate the evolution of the repository system at various
scales.

The use of such techniques is facilitated by the spectacular advances over recent
years in software and hardware for generating and presenting visual infori-nation. One
idea is to develop documentation using web-based technology that allows readers
with a specific topic in mind to more easily navigate a personalised path through a
comprehensive set of safety case reports, rather than having to read them in the order
chosen by the authors. Moreover, internet technology allows the incorporation of
computer simulation within a document, thus allowing readers to test for themselves
the impact of different options and parameter values.

It is also important to recognise that dialogue and confidence in the overall concept
will develop over successive stages of a repository development programme.
Performance assessments are used to support decisions made at various times. The
level of confidence required will be determined by the decision in hand. However,
repository development programmes are of a long duration, in particular where
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extended monitoring and retrievability is under consideration. Stakeholder
confidence will be enhanced by demonstrating a strategy for:

• ensuring continuity in the development of performance assessments throughout
the repository development programme;

• accommodating technological advances;

• enabling succession planning and the transfer of expertise.

Of course, the best form of communication is face to face, because body language is
the most universal and powerful language. However, the visual techniques mentioned
above can considerably enhance the effectiveness of presentations and discussions.
Finally, since "seeing is believing", the power of demonstration facilities should not
be underestimated.

5. Conclusions
There is scope for developing the role of post-closure performance assessment to
support wider dialogue between experts and other stakeholder groups. Primarily this
involves developing the more conceptual and qualitative areas of the performance
assessment in order to complement the quantitative calculation of risk over very long
timescales. Increasing the emphasis on these areas of the performance assessment
will provide stakeholders with the opportunity to engage in discussion with experts.
This will support an ongoing process of dialogue by enabling other stakeholders to
contribute to the development of the performance assessment (i.e. identifying
important issues, scenario development) and to reassure themselves about the
integrity of the assessment and of the experts involved in its development.
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