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Abstract. The aim of this paper is to create a panel comparing some of the key decision-making support tools
used in situations with the characteristics of the problem of selecting suitable areas for constructing a final deep
geologic repository. The tools addressed in this work are also well known and with easy implementation. The
decision-making process in matters of this kind is, in general, complex due to its multicriteria nature and the
conflicting opinions of various stakeholders. Thus, a comprehensive study was performed with the literature in
this subject, specifically in documents of the International Atomic Energy Agency (IAEA), regarding the
importance of the criteria involved in the decision-making process. Therefore, we highlighted six judgment
attributes for selecting a decision support tool, suitable for the problem. For this study, we have selected the
followingmulticriteria tools: AHP, Delphi, Brainstorm, Nominal Group Technique andAHP-Delphi. Finally, the
AHP-Delphi method has demonstrated to be more appropriate for managing the inherent multiple attributes to
the problem proposed.
1 Introduction

Nowadays, considering the increasing demand for power,
and the environmental issues, it is ever more necessary to
adopt (and create) new alternative sources of power,
economically viable and with low environmental impact. In
this sense, because of environmental, social and political
concerns, recently, the nuclear power has drawn the global
attention.

The environmental impact is potentially the most
relevant topic concerning the suitability of nuclear power
[1]. And, since global warming has been the key topic of
several discussions over the last years (it is believed that
such phenomena is generated by the greenhouse gases
[GHG]: water vapor, methane and CO2), it increases the
environmental advantages of nuclear power plants. Among
such advantages, it is possible to mention that a smaller
space may be quite satisfactory for its construction, also it is
quite free from polluting gases emissions such as CO2 and
methane [2]. However, one of the most challenging
questions to be answered, regarding nuclear power, is the
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appropriate location for nuclear power plants construction
and location for nuclear wastes.

Since the early 1970’s, a rising concern with the final (or
temporary) disposal of radioactive wastes has been noticed.
This rising attention on nuclear wastes questions has
generated an economic and safety assessment that sought
to optimize the cost-benefit of these repositories (storage
location for disposal of radioactive wastes). Also, several
authors have been discussing about this issue [3–14].

Altogether, there is not many countries with final
repositories (for radioactive wastes) working. However,
some countries, as Finland, e.g., are making a great progress
building deep final repositories [14].

Thus, regarding the place selection for safely housing a
deep geological repository, we have walked into a decision-
making issue, since we need to choose, among the likely
possibilities, one that meets the several points required for;
and also that best fits these points, as deep geological
repository for radioactive waste, emphasizing the spent
fuel.

The process of decision-making involves various
specialties from different fields, considering it is a multi-
criteria problem. In this case, we need a decision support
tool that can arrange the specialists’ opinions within the
context of place selection.
mons Attribution License (http://creativecommons.org/licenses/by/4.0),
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2 Geological disposal of nuclear wastes

During the nuclear power plant operating life, it is
necessary to replace part of the reactor core fuel
periodically. This spent nuclear fuel is called (if it has no
other use) nuclear waste, which, besides emitting radiation
and heat, contains high amounts of radioactive nuclide. A
delicate point in handling such nuclear waste is the emission
of radiation for a very long time, what shall reach
thousands, or even millions of years.

There are thousands of tons of spent fuel waiting for a
solution for its final disposal, which puts this question
among the main concerns on the construction of a nuclear
power plant [15].

A deep geological repository is the most used solution in
countries where high level nuclear wastes management is
adopted already. Also, in the EURADWASTE and IAEA
Conference, it was largely discussed that deep geological
repositories are hitherto the safest and workable measure
for nuclear waste.

A deep geological repository is a nuclear waste
repository excavated deep within a stable geologic
environment (typically below 350 m or 500 m) in order to
avoid for a long time the biosphere contamination with the
radioactive nuclide [16]. Such isolation, in this type of
disposal, ensures safety until the nuclear fission products
decay and reach acceptable radiation levels. It entails a
combination of waste form, waste package, engineered seals
and geology that is suited to provide a high level of long-
term isolation and containment without future mainte-
nance. This feature must inhibit the motion of radioactive
nuclide into the middle of the external repository, ensuring
future safety for humans and environment [17]. Ratifying,
all these details are essential to ensure the future safety of
deep geological repositories.
3 Decision support tools

One of the most important tasks faced by decision makers is
selecting a site that meets the various criteria considered for
constructing the final deep geological repository for nuclear
wastes.

This site selection requires a multicriteria analysis with
an analytical solution. Since it deals directly with
conflicting criteria, e.g., demography, there would be
advantages and disadvantages. For example, if a deep
geological repository for high level waste is constructed in a
high population density area, there would be advantages in
transportation, such as easy roads access –making it easier
to get workforce. However, this same location may directly
affects the population because it could increase the risk for
people.

Multicriteria analysis is done considering international-
ly accepted factors as essential for the suitability of a place
for a deep geologic repository construction such as
lithology, relief, transportation, among others.

Generally, there are many technical requirements to be
properly fulfilled in place selection. Thus, the tools shown
below orient this dynamics of the selection process.
3.1 AHP

Multiple-Criteria Decision Making (MCDM) occurs in
cases where it is necessary to analyze decision situations
that embody both quantitative and qualitative criteria,
conflicting or not. The AHP is one of the most known and
used methods of MCDM [18].

Analytic Hierarchy Process (AHP) is a tool that drives
decision makers to meet the best solution that suits their
goal and their understanding of the problem, leading them
to a structured reflection on solving it in a constant process
of acquisition of knowledge. The AHP seeks to reproduce
what seems to be a natural method of human mind in
perceptions and judgements [19]. This technique was
developed by Saaty [20] (1980) and it is based on pairwise
comparisons of criteria, in order to create a relationship
matrix (proportion).

This decision support tool is characterized by its
simplicity and efficiency, what makes its use possible in
several fields, including: Strategic Planning [21], Marketing
[22] and Consensus-based assessment [23], Funding and
financing Choice for Air Transport [24] (1998), Quality and
Productivity Programs [25] and Project Analysis [26].

The AHP may incorporate both qualitative and
quantitative factors in the decision-making process [27],
so it is possible to deal with the inherent subjectivity of this
selection process.

Although it is a very effective tool [28], it highlights
some disadvantages of AHP technique:
–
 once the scale is subjective, it is liable to human error;

–
 it is vulnerable to human psychology;

–
 the number of comparative tables may be too large if
many attributes of comparison are used, creating, so, a
tendency to exclude them;
–
 there is a limit on the hierarchy levels (number) that can
be used;
–
 it is necessary a series of pairwise comparisons of the
elements for very large problems;
–
 ambiguous and inconsistent judgments by the decision
maker may be critical.

3.2 Delphi

Its use is recommended, either, when it has no measurable
data about a problem, as when there is. Also, its application
is best suited when there is no historical data regarding the
problem being investigated or, in other words, when
quantitative data relating to the issue under examination is
insufficient [29,30].

This technique shows a good performance on medium
and long-term forecasts [31], also its use has other benefits,
according to Preble: zero contamination of results; efficient
use of the experts’ intuition; results easily understood by lay
people; unambiguous communication between partici-
pants, and procedure documentation [32].

Delphi is largely used in tasks of technological or
marketing forecasting, in fields such as Project evaluation,
Investment analysis and Financial planning [33].
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Although Delphi is a good and very used research tool,
there is no consensus about its methodological validity, so,
raising several criticisms about it. Wheelwright and
Makridakis describe some of these criticisms, and they
are related to insufficient reliability: possibility to calculate
different results by using different specialists; unable to
predict the unexpected; difficulty of assessing the speciali-
zation level (expertise), etc. [34].

Sackman, the greatest critic of Delphi, condemns even
its anonymity. Despite the advantages of anonymity among
experts, the process is inevitably doomed to transparency
loss due to the tool inherent secrecy [35].

Some factors leading Delphi to failure, according to
Linstone and Turoff are: biased point of view (of the
research monitor), the use of poor techniques summary of
the results, to ignore and do not explore points of
disagreement, so resulting in an artificial consensus, etc.
[36].
3.3 Brainstorming

Brainstorming is a technique for group dynamics, its use
encourages participants to release their ideas; it is marked
by the lack of restrictions or inhibitions.

Due to the large flow of ideas, participants can create
new possibilities and resume them, especially those that had
not been taken into consideration. Indeed, this technique
works as an ideas’ conductor (a guide for), allowing the
group to achieve improvements in a relatively small period.

Some benefits provided by the decision support tool for
decision making in group:
–
 it quickly provides a large volume of ideas;

–
 it stimulates creativity and innovation;

–
 it encourages the engagement of the participants;

–
 it generates opening to the use of other tools.

Brainstorming is used in several fields because it is easy
to be implemented. Also, it is used in the advertising
industry, for creating ideas, in software optimization, in
creation of electronic medical records, and for information
systems, in situations with multicriteria and in any other
field that needs to develop or create ideas for a particular
purpose.

Collaborative tools such as brainstorming, can present
problems. Some of them may be found in collaborative
environments [37]:
–
 difficulty to finding a suitable common time and location
to all group members;
–
 difficulty to ensure active and equal participation to all
group members;
–
 difficult to objectively conduct the meeting, not wasting
people’s time;
–
 difficulty to converge to a satisfactory solution.

3.4 Nominal Group Technique

The Nominal Group Technique (NGT) is an alternative
way to conduct a brainstorming, in a structured way. It is
based on the concept that it is possible to add procedures to
brainstorming, so optimizing some results [38].

This technique was created by Andre Delbecq and
Andrew VandeVen in 1971. The term “nominal” suggests
that it is a process of group interaction, but does not allow
verbal communication between participants.

The NGT is adopted in situations where it is necessary
to formalize and control the brainstorming sessions, the so-
called structured brainstorming. This can occur essentially
in two situations: when it is necessary to document, in
details, the participants’ ideas; or to avoid that excessive
extroverts participants inhibit others. This method is
widely used in various areas of knowledge such as
engineering and nursing [39–41].

As well as brainstorming, this technique is used in
conjunction with other tools. There are numerous appli-
cations for this technique, among which it is possible to
highlight: the definition of priorities for action in groups,
the problems’ roots identification, and/or group work on
alternative solutions.

The disadvantages are related to limitation of the
technique, since it handles only a problem a time, it allows
the participation of a maximum of nine people per group (it
is necessary to create several groups if there is a large
number of participants), also, it is not suitable for simple
problems that can be solved in less structured groups.
3.5 AHP-Delphi

The Delphi-AHP is applicable to a wide range of complex,
and multicriteria decisions that require judgments about
qualitative characteristics of some evaluators group, that in
the case of our question, are the experts.

According to Jessup andTansik, the integration of AHP
in a Delphi table increases the functionality of AHP, by
using it in an iterative sequence of individual questioning
and anonymous commentaries [42]. This combined tool
promotes the participants’ judgment on issues that are not
necessarily their specialty due to multicriteria characteris-
tic of the problem.

Wilkinson has noted that the assessment of the
feasibility of alternative projects, for information system,
requires that evaluators carry out a series of subjective
judgments, and concludes that a structured medium such
as Delphi-AHP is necessary to incorporate intangibles
factors [43]. Kaplan and Atkinson also recognize the
necessity of using AHP-Delphi to integrate qualitative
criteria in Management accounting systems to support
efforts in order to improve quality and productivity, thus
helping to justify investments in new production technolo-
gies [44,45].
4 Scoping the problem

The method will be applied for selecting a decision support
tool able to point a site, for a final deep geological
repository. This tool must possess specific features that
meet the needs of this multicriteria problem, providing a
solid and consistent result.
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According to IAEA albeit – for selecting a place for a
deep geological repository – each country has its specifi-
cities, political, cultural, and others, the rules for decision
making will, quite often, need of criteria definition and
evaluation methods [17]. Thus, it is necessary to clearly
point out the criteria applied. This meticulous analysis aims
to maximize safety and ensure transparency for stake-
holders.

The following criteria were based on an extensive
literature review. The International Atomic Energy Agency
have issued several guidelines addressing the topic and
advising on possible features of the decision problem
relating to a final deep geological repository [46–48].

Decision support tools will be compared according to
the following criteria:
–
 transparency and reliability: it should be considered a
transparent and traceable method, that take into account
the various groups (stakeholders) allowing them to best
follow and understand every decision made during the
process [14];
–
 subjectivity: a high level subjectivity nurtures disagree-
ment among experts (once there are experts from
different areas of knowledge), which may create a dispute
in comparing the judgment elements; also it may
complicate the obtaining and the analysis of final result.
Thus, a tool with low level of subjectivity in a
multicriteria problem is important because it enables
an ease of communication and agreement among experts;
–
 updating and adapting: according to documents pub-
lished by the IAEA during the 1980s, the process of final
deep repository siting is performed in “adaptive” steps,
lasting several years, which will evolve as long as decision
makers have considered every participants’ judgment.
Thus, the implemented tool must be able to update its
results, then allowing the review and selection, if
necessary, of new candidate sites – if necessary too – in
order to reduce the inconsistency between different views
of groups, and deal with new information emerged along
the process;
–

Table 1. Service level of attributes by decision support
tools.

Very poor
Poor
Average
Good
Excellent
multicriteria analysis: this technique has problems
related to many variables. The different criteria used
in the problem must be contextualized in the same
interface to enable a final judgment unique, and
theoretically consistent. In general, multicriteria decision
problems involve a set of alternatives that are evaluated
based on conflicting and incommensurate criteria [49,50].
Thus, we need a decision support tool that can analyze a
multicriteria problem in a fair and balanced way, as the
relative importance of each criterion.

The question of final deep repository siting, as well as
most of multicriteria problems, involves six components
[51]:

� a goal, or set of goals, the decision maker seeks to
achieve,

� a decision maker, or the whole group involved in the
decision-making process, have their own preferences
concerned to the assessment criteria,

� a set of evaluation criteria (objectives and/or physical
attributes),

� a set of decision alternatives,
� a set of uncontrollable variables (independent) or
“states of nature” (decision environment),

� a set of outcomes or consequences associated with each
pair of alternatives and attributes;
ease of deployment: any decision support tool has some
–

difficulty on being implemented, whether technical or
not. This difficulty in decision making is based on typical
features of the problem, such as a large number of experts,
many science fields involved, and the attributes subjec-
tivity. Thus, it is noteworthy that to decrease the process
costs is necessary a tool that can be easily used. The ease
of deployment is also tied to updating and adapting
criteria, if new assessments were required, the new results
may be obtained faster, and sometimes, with no many
additional costs;
–
 application time: due to a large number of experts
required for the problem solution, a too long process may
result in loss of judgment quality motivated by fatigue.
Thus, the ideal decision support tool is a non (time)
extensive.

5 Comparative table with the attributes

Table 2 shows a comparison between different attributes of
the decision support tools, based on a point scale, as
described in Table 1.
6 Conclusion

In an individual decision making, people only have to agree
with themselves; but in group, problems of consensus will
certainly occur. Therefore, there must be a tool able to
assist the group in a decision-making process.

The Delphi method has a big advantage regarding
information about the deep geological repository siting,
since it is very effective when the goal is to improve the
understanding of the problem (once the problem is
multicriteria and involves experts from different fields);
this tool has advantages, over brainstorming and NGT.
Brainstorming, as well as the Nominal Group Technique,
due to the large flow of ideas, do not have an informative
profile, so, being best suited for early steps of the project,
when there is no one idea yet, and they are clearly required.

As the presented problem requires several experts with
different academic backgrounds and different personalities,
it is necessary to avoid confrontation between them. The
anonymity during this process can eliminate the influence



Table 2. Comparative table of attributes to decision support tools, based on quantitative criteria.

Attributes Tool

AHP Delphi Brainstorming Nominal Group
Technique

AHP-Delphi

Transparency
and reliability Systematic and

consistent. It is able to
assemble the decision-
making process orderly
and foster transparent
judgments

It may generate
controversy, according
to Goodman (1987), due
to anonymity. The lack
of accuracy can create a
mistrust of the
stakeholders

It is transparent,
however, due to
difficulty of objectivity
may generate criticisms
regarding its reliability

It is transparent,
however, due to
difficulty of objectivity
may generate criticisms
regarding its reliability

Systematic and
consistent. It is able to
assemble the decision-
making process orderly
and foster transparent
judgments. Delphi
technique reduces the
AHP inconsistencies

Low level of
subjectivity It turns quantitative

data into qualitative. It
reduces the problem of
subjectivity

It addresses both
quantitative and
qualitative data. It is
able to reduce
subjectivity

High level of
subjectivity

High level of
subjectivity

It turns quantitative
data into qualitative. It
reduces the problem of
subjectivity

Supporting for
decision making
prone to
updating

If there is no change in
the weights of criteria, it
is possible to re-apply
the technique to obtain
another option

It would be required
another round of the
Delphi method -
considering the updates
coming from the interest
group

It would be required a
new brainstorming
session for information
updates

It would be required a
new NGT session for
information updates

If there is no change in
the weights of criteria, it
is possible to re-apply
the technique to obtain
another option

Multicriteria
analysis It is one of the most

known and efficient
MCDA methods

It can be used for
multicriteria decision
making, whether
quantitative or
qualitative

Although it can handle
with multicriteria
problems at the same
time, may be
complications due to its
subjectivity

Although it can handle
with multicriteria
problems at the same
time, may be
complications due to its
subjectivity

Its multicriteria analysis
is based on AHP
technique

Ease of
deployment It is considered the

opinion of one expert
per time. Easy data
gathering, and results
achievement

It is considered the
opinion of one expert
per time. Easy data
gathering, but may
occur some difficulty in
data obtaining if the
problem complexity
requires a high number
of sessions

Ease of deployment.
However, the main
difficulty is to gather all
participants (experts) at
the same time

Ease of deployment.
However, the main
difficulty is to gather all
participants (experts) at
the same time

It is considered the
opinion of one expert
per time. Easy data
gathering, and results
achievement
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of factors such as academic or professional status, also their
oratorical ability will not influence the reliability/validity
of their arguments. Thus, the anonymity in Delphi method
is an important topic to be considered. Brainstorming can
obscure the view of some participants, and even that it has
an organized brainstorming – NGT – it would present
some influence because of the presence of other partic-
ipants.

One of the important characteristics of the AHP is the
ability to structure the problem into hierarchical levels.
This tool scores each attribute relevance of multicriteria
problem, and thus it is possible to separate each criterion
into importance levels. Ending this ranking and the matrix
construction (for criteria judgment), it also presents a
coherence level to measure the quality of judgments made
by the experts.

A well-defined criterion of when to stop, in several other
decision support tools (Delphi, for example), is not clear. A
Delphi round is closed when it reaches an apparent
consensus among the participants. But, this way, Delphi
creates the possibility of some inconsistency that has not
been noticed by experts during the judgment process.

Although it has subjectivity in some attributes,
according to Costa [18], one of the main advantages of
MCDM method is that on it, it is possible to recognize the
inherent subjectivity of decision-making problems, thus
using value judgment as a way to treat it scientifically. On
the problem of deep geological repository siting, subjective
criteria are present along the entire process, so it is essential
that the selected tool also covers this type of situation.

Due to the importance and some controversies related
to nuclear power, the choice for final deep geological
repository should be reliable and transparent, so commu-
nity and public agencies will be convinced about its real
safety and costs. In Delphi method, according to Wright
and Giovinazzo [30], some disadvantages related to method
transparency and credibility were pointed out, such as
forcing consensus unduly, difficult to draft a questionnaire
unambiguous and not biased, and excessive dependence of
the results regarding the experts’ choice. Therefore, AHP is
a good option, since it presents a transparent and reliable
method that encompasses both qualitative and quantita-
tive factors in a structured and consistent process.

A combined decision support tool AHP-Delphi method
provides an option that embraces the different qualities of
these two processes, thereby optimizing the decision
making. Both tools work in an integrated manner: Delphi
method increases the AHP technique power, but also
keeping its advantages. While the AHP allows participants
to know each attribute priorities, its relative weights – in
pairwise comparisons – and the level of consistency of their
decisions, then, Delphi allows an information return (to
decisions) of other members.

AHP-Delphi keeps the AHP qualities, and due to this
information return characteristic of Delphi, it allows a
cutback of inconsistencies usually generated by AHP, and
in many cases, it may improve the outcomes; since this tool
assumes that decision makers and experts are inconsistent
in their value judgments regarding decision criteria and
alternatives [14]. The information return, in this case, also
works as an improvement for understanding the problem,
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considering that no experts know all the areas addressed by
the problem in its entirety. In this sense, it is possible to
gather opinions more informed/consistent, due to these
constant updates of information during an AHP-Delphi
method session.

Summing up, the AHP-Delphi method was best suited
for decision making in selecting an appropriate location for
constructing a final deep geologic repository for high level
nuclear waste.

The authors would like to thank the Program of Nuclear Energy
(COPPE/UFRJ), Celso Suckow Fonseca Federal Center for
Technological Education for their support.
Nomenclature
IAEA
 International Atomic Energy Agency

CHG
 Greenhouse Gases

MCDM
 Multiple-Criteria Decision Making

AHP
 Analytic Hierarchy Process

NGT
 The Nominal Group Technique
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