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Abstract. In today’s context elaborate public participation exercises are conducted around the world to elicit and 
incorporate societal risk perceptions into nuclear policy Decision-Making. However, on many occasions, such as 
in the case of radwaste management, the society remains unconvinced about these decisions. This naturally leads 
to the questions: are techniques for incorporating societal risk perceptions into the radwaste policy decision 
making processes sufficiently mature? How could societal risk perceptions and legal normative principles be 
better integrated in order to render the decisions more equitable and convincing to society? Based on guidance 
from socio-psychological research this paper postulates that a critical factor for gaining/improving societal 
acceptance is the quality and adequacy of criteria for option evaluation that are used in the policy decision making. 
After surveying three radwaste public participation cases, the paper identifies key lacunae in criteria abstraction 
processes as currently practiced. A new policy decision support model CIRDA: Complex Intelligent Risk 
Discourse Abstraction model that is based on the heuristic of Risk-Risk Analysis is proposed to overcome these
lacunae. CIRDA’s functionality of radwaste policy decision making is modelled as a policy decision-making
Abstract Intelligent Agent and the agent program/abstraction mappings are presented. CIRDA is then applied to a 
live (U.K.) radwaste management case and the advantages of this method as compared to the Value Tree Method 
as practiced in the UK case are demonstrated.
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1. Introduction

When decisions need to be made now but which would have implications lasting for the next 
millennia, it is a complex and arduous process. The problem of how to manage high-level long lived
radioactive wastes (radwastes) is one such challenge for nuclear policy decision makers and nuclear 
safety authorities. Various options exist for long-term radwaste management but there is in general a 
preferred tendency to decide on disposal using deep geological repositories as a solution. Countries 
including Finland, France, Germany, Sweden, the USA and now the UK are making progress towards 
implementing geological disposal. Improving and sustaining societal acceptance for this policy 
decision has now become critical world-wide. This involves examining ways and means of achieving 
enduring societal persuasion over the next few decades at the very least.

According to well established models of persuasion proposed by social-psychologists societal 
persuasion can happen via two routes:  a “central” route or a “peripheral” route.   Central route to 
persuasion involves an objective focus based on arguments and thinking while the peripheral route 
occurs when people are influenced by incidental cues e.g., speaker’s attractiveness, other heuristic 
conditioning [1]. Attitude changes via the central route appear to be stronger (i.e., more persistent, 
resistant to attack and predictive of behaviour) than changes induced via the peripheral route. Hence 
radwaste policy decision makers would be interested in knowing how to strengthen the central routes of 
societal persuasion. A necessary condition to achieve (central) persuasion is to get the thoughts of the 
audience to agree with the arguments used [2] while making the radwaste policy decision. Getting such 
agreement of the thoughts of the audience involves an understanding of their apriori risk perceptions,
applying the relevant legal/ethical principles and transparently addressing them in the policy decision-
making and risk responses. This involves a careful focus on the process of eliciting the risk criteria from 
underlying risk discourses and linking it in an explicit manner to policy Decision Making (DM) in light 
of the normative criteria. This postulation of a systematic focus on criteria for improving societal 
acceptance is valid in line with corresponding socio-psychological recommendations, particularly, on 
improving quality of “arguments” which are construed as “bits of information contained in a 
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communication that are relevant to a person’s subjective determination of the true merits of the 
advocated position”[3]. This paper proposes a policy decision support model CIRDA, (Complex 
Intelligent Risk Discourse Abstraction model) to address such criteria elicitation and processing from 
the underlying societal discourses and legal/ethical principles.

Section 2 discusses societal perceptions of the radwaste problem. Section 3 discusses the current 
approaches used for incorporating societal risk perceptions -in particular from France, South Korea and 
UK and also describes some of the shortcomings of such approaches. Section 4 outlines the CIRDA 
model construction. Section 5 consists of an application of CIRDA to the particular case of the UK 
radwaste problem. Section 6 summarises the results of the CIRDA application to the UK case and 
explains the advantages of using this method. Key conclusions are outlined in Section 7.

2. Societal perceptions of the radwaste problem

Societal persuasion on radwaste disposal options is typically sought to be achieved by using a 
combination of Probabilistic Safety Assessment (PSA)/Performance Assessment (PA) studies, expert 
opinions, cost-benefit analyses and also by taking recourse to legal principles e.g., the Precautionary 
Principle (PP), ALARA etc. In many countries, participative approaches (limited stakeholder/public 
consultations) are conducted to incorporate society’s views in such decisions. Despite these steps, many 
members of the public are not yet persuaded of the (urgent) need for geological disposition of wastes 
[4]. Even if they are, there is a typical Not-In-My-Backyard (NIMBY) societal reaction that stymies 
most radwaste disposal decisions. One of the key underlying causes for such adverse reactions is a gap 
in the way geo repository risks are perceived by experts and by public. 

An IRSN-SCK (2002) study found that 82% of the French population ranked nuclear waste risks to 
belong to the risk category of “medium high” and above [5]. A recent Eurobarometer survey highlighted 
the key risks perceived by the public vis-à-vis radwastes: the possible effects on the environment and 
health (51%) and the risk of radioactive leaks (30%). Other adverse risk perceptions were: the transport 
of radioactive waste to the disposal site (7%), the risks due to a terrorist attack (4%) and a drop in 
property prices (3%)[6].A brief overview of how such risk perceptions are currently built into the policy 
DM to achieve societal acceptance is explained below.

3. Current Approaches for incorporating risk perceptions in radwaste policy DM 

Various public participatory models are already in vogue (and some are evolving) in order to engage 
stakeholders in radwaste policy DM e.g., Cooperative Discourse Approach, Analytic-deliberative 
approach [7], etc. Such models comprise of two key components:
 i) Mechanisms/Formats of public and stakeholder involvement: e.g., consensus conferences,
Citizens’ Panels, bilateral meetings, roundtables, web based opinion collection etc.
ii) Risk Criteria Abstraction approaches: wherein risk-based decision criteria elements (and other 
applicable normative elements e.g., ethical elements) are derived from the argumentation/risk discourse 
and these are then incorporated into formal Multi-criteria DM approaches.

Note: Abstraction (in particular Process type of abstraction) denotes the extracting of essential details 
about an item or a group of items, at the same time ignoring the inessential details. This is a widely used 
tool in the computer sciences to reduce computational complexities.

The approaches used in three radwaste public participatory cases are briefly reviewed hereunder. Out of 
these the UK case will be taken up in detail in the later sections.

3.1 The case of France

In France, a research program to study radioactive waste disposal began with legislation enacted in 
1991. In this, the French nuclear safety authority ASN played an important role: “with respect to high-
level, long-lived waste in particular, ASN's duties notably concerned the examination and supervision 
of the corresponding projects, (including deep geological disposal) in order to assess whether they 
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offered a credible technical solution that was acceptable with regard to long-term safety” [8]. Much 
like other key nuclear risk/safety decisions, this decision has also been subject to intense public 
argumentation and rhetoric– challenging ASN on the ‘credibility’ and ‘acceptability’ aspects of the 
proposed reference solution. With French parliamentary support in early 2006, the deep geological 
disposal option has been chosen as the reference solution for high-level and long-lived radioactive 
wastes.

3.2 The case of the Republic of Korea [9] [10]

Since 1986, the Korean initiative for selecting a disposal facility for LILW was suspended 9 times. 
The Korean experience of a radwaste repository site selection was marked by riots of residents, strong 
local government opposition, systematic anti-nuclear campaigns and politicization of the issue for the 
elections. Various laws were passed to enable the radwaste management option of repository including 
the Law of compensation (1994), Law of consent (2004) and finally the Special Law (2005). Attempts 
to improve the societal acceptance through studies conducted by a group of institutes of social studies 
led by the Seoul National University did not take off and the study results were never presented.
Finally, in November 2005, a designated site was chosen.

3.3 The case of UK [11]

CoRWM, Committee on Radioactive Waste Management was mandated by the UK Government in 
2003 to make recommendations for the long-term management of the UK’s higher activity wastes that 
would both protect the public and the environment, and inspire public confidence. In its final report in
2005, CoRWM recommended “Within the present state of knowledge, CoRWM considers geological 
disposal to be the best available approach for the long-term management of all the material categorised 
as waste in the CoRWM inventory when compared with the risks associated with other methods of 
management. The aim should be to progress to disposal as soon as practicable, consistent with 
developing and maintaining public and stakeholder confidence”. In making this decision, CoRWM 
used a Value Tree (VT) approach to risk criteria abstraction, part of which is reproduced in Fig. 1. 
Readers are requested to refer to [12] for a complete overview of the value tree elements with better 
readability. 

Figure 1: Value-tree for the UK Case drawn by CoRWM (partial representation)

Table 1: Summary of formal risk criteria abstraction approaches used
S.No. Name of country Formal Risk Abstraction 

approach used?
Remarks

1 France N Techno-economic approach
2 Republic of Korea N Mostly on Cost-Benefit Analysis basis
3 U.K. (CoRWM) Y Value Tree approach 
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Table 1 briefly summarises the criteria abstraction approaches used in the three cases. This abstraction 
process was reviewed in detail and the ensuing observations are discussed hereunder.

3.4 A review of the risk criteria abstraction approaches used in the three cases

i) Not ALL the criteria are extracted from the underlying discourses. i.e. the process fails tests 
of sufficiency.

ii) The criteria that is extracted is analyst specific i.e. the process is susceptible to analyst bias
iii) Given the same risk discourse, two analysts can come up with different sets of criteria i.e. 

the process fails tests of replicability.
iv) In most cases, the criteria obtained through numerous public discourses and legal discourses 

are not explicitly traceable to the final criteria list used in the policy DM. 
v) Since the extracted criteria from the societal risk discourse and its explicit link to policy 

DM is not monitored, it makes a systematic policy review in the light of fresh information, 
difficult to perform and does not support a life-cycle approach to Policy DM criteria.

vi) The abstraction of normative-criteria elements from legal/ethical principles is again made 
on a subjective analyst specific basis. No formal abstraction process is followed for criteria 
extraction leading to the same problems as discussed from (i) to (v) as above. In addition, 
problems of legal criteria overlaps are frequent.

In order to overcome the above lacunae present in existing processes, this paper proposes a new model 
for criteria abstraction as outlined below.

4 The Complex Intelligent Risk Discourse Abstraction (CIRDA) Model for Policy decision 
support

Analysing the risk discourse arising from various stakeholders such as waste producers, waste 
management agencies, regulatory authorities, local communities and elected representatives is 
certainly “complex” and needs robust tools which are flexible to process information from both the 
imprecise social sciences and the precise natural sciences. Such tools are found in the field of 
Artificial Intelligence. This paper suggests a complex intelligence approach to process arguments from
multi-disciplinary risk discourses, abstract risk-criteria elements from them in a systematic manner
and builds these risk criteria elements into policy DM.

4.1 Radwaste DM Problem formulation: A complex intelligent approach

In the field of Artificial Intelligence, models of complex intelligence are often built with the help of 
Intelligent Agents. An Intelligent Agent (IA) is anything that can be viewed as perceiving its 
environment through sensors and acting upon the environment through effectors. A generic IA is 
depicted in Fig. 2 [13]. Intelligent agents that model functional intelligence are called as Abstract 
Intelligent Agents (AiA). This paper proposes a Complex Intelligent Risk Discourse Abstraction
model (CIRDA), wherein

i) the radwaste policy decision maker ~ Abstract Intelligent Agent (Fig. 3) and
ii) Incorporating societal risk perceptions into policy DM ~ AiA translating percepts to action.

Figure 2: A Generic Intelligent Agent                    Figure 3:  A Policy DM Abstract Intelligent Agent
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There are various types of Agents. In this paper the format of a reflex agent with internal state is used.
Table 2 provides the Agent Program. This agent works by finding a rule whose condition matches the 
current situation (as defined by the percept and the stored internal state) and then doing the action 
associated with that rule. The key is the functional mapping from percept to action. Please refer [13] 
for further details on agent constructions. CIRDA AiA equivalent translations are provided in Table 3.

Table 2: Agent Program Figure 4: Schematic Diagram of the agent

Table 3: Equivalent translations of the Agent Program for the policy DM AiA in CIRDA.

Percept P: societal risk perceptions from which are extracted rci –risk criteria
State S// Current state of radwaste management option performance vis-à-vis risk criteria abstracted 
from the societal risk discourse and normative criteria extracted from legal/ethical principles
Action A: assessment of option performance against risk criteria in light of legal/ethical principles
 rule //set of ethical/legal principles used in evaluating options
How the world evolves W: Factors affecting state change over time e.g. new technology 
development, risk itself evolving over time, probabilities/consequences of risks evolving over time
What my actions do R-R: : Examining the consequences of actions against risk criteria (Risk-Risk 
Analysis) output –more risk criteria for evaluation
What the world is like now S' : State of option performance vis-à-vis risk-risk criteria
What should I do now D? Advise option performance assessment against Risk and R-R criteria

Using the above translations, the CIRDA algorithm including the functional abstraction mapping 
axioms are given in Table 4 below. 

Table 4: The CIRDA Algorithm-Functional mappings from societal risk perceptions to action

Percept P= f(Risk rj, society’s concern about rj)
State S= f'(g1(Risk criteria rci elements), option performance on rci)                                 
Rule R //set of ethical/legal principles used in evaluating options –source of nck

Action A: assessment of option performance against rci in light of legal/ethical principles
=f1(g2(rci, nck), risk management option) where nck are legal normative criteria elements
How the world evolves W: Factors affecting state change over time e.g. new technology 
development, rj itself evolving over time, probabilities/consequences of rj evolving over time
What my actions do R': Examining the consequences of actions against rci (Risk-Risk Analysis) 
output –source of risk criteria rcm' for evaluation
What the world is like now S' : State of option performance vis-à-vis rci, rcm', nck 

What should I do now D?  Advise option performance assessment against rc, rc', nck

Where f and g are abstract functional mappings leading the agent from the percept to action; S' is the 
updated state post Risk-Risk Analysis (RRA), and the agent stops after all radwaste management 
options have been assessed one by one based on the algorithm as above. The concept of RRA and how 
legal normative elements nck are abstracted has been briefly explained below.

function REFLEX-AGENT-WITH-
STATE(percept) returns action
static:   rules//set of condition-action rules

 state//description of the current world state
 action//most recent action, initially none

State    := UPDATE-STATE(state, action, percept)
Rule     := RULE-MATCH(state, rules)
Action := RULE-ACTION[rule]
State := UPDATE-STATE(state, action, percept)

return action
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4.2 A Note on Risk-Risk Analysis (RRA) and societal risk perceptions

RRA is a form of higher-order risk analysis, which is based on the premise that reducing risk in one area can 
often lead to increases in risk in other areas, or at other times (such risks are also called countervailing risks). 
Hence any action should be ideally taken keeping in view the net risks [14] [15]. The countervailing risk 
concerns expressed by the stakeholders are indeed the focus area of risk perception. This is illustrated 
in Section 5 as applied to the UK case.

4.4 A Note on condition-rule mapping: Abstraction representations for legal/ethical principles

The condition-rule mapping as characterised in the agent program is essentially an If-Then condition 
which matches the risk criteria extracted from the societal risk discourse to normative criteria elements
obtained from legal/ethical principles. This paper proposes a concept map (also known as concept net) 
approach to extract such normative criteria elements.

Figure 5: A Generic concept map

A concept is defined as a perceived regularity in events or objects, or records of 
events or objects, designated by a label. Concept maps are graphical tools for 
organizing and representing knowledge. They include concepts and relationships 
between concepts indicated by a connecting line linking two concepts. Fig. 5 shows 
an example of a generic concept map that describes the proposition Concept 1
…linking phrase…Concept 2.In this paper the IHMC CmapTools knowledge 
modeling kit software [16] was used to produce Concept Maps.

In the UK, a national understanding of the PP has been suggested by the 
Interdepartmental Liaison Group on Risk Assessment (ILGRA) [17].Fig.6 shows how ILGRA 
elucidation of the PP can be represented via a concept map.

Figure 6: Partial Representation of ILGRA PP using IHMC Concept Map Tool

Applications of the normative elements as extracted from this concept map follows in section 
5. Concept maps are not the only means of representing legal principles from a knowledge 
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modeling perspective. However other methods such as automatic gisting etc. have been found 
to be inadequate in extracting legal normative criteria [18].

5 Application of CIRDA to the UK Radwaste Policy Decision Making Case

The key objective of the CIRDA model is to achieve improvement of argument quality and 
consequently improve societal acceptance through the central route to persuasion. In particular the 
CIRDA algorithm focuses on transparently and explicitly linking criteria abstracted from societal risk 
discourse and legal/ethical principles to the policy DM.  In this section the CIRDA algorithm is 
applied to the U.K. Radwaste case (to a limited extent) and a comparison with the Value-Tree (VT)
based decision criteria abstraction method used by CoRWM is provided.

Note: The case analysis in this section is merely provided to illustrate the application and utility of 
CIRDA and not to criticize the efforts of the U.K. Government or CoRWM which remains as perhaps 
one of the most comprehensive Public Engagement activities conducted over the past few decades.

5.1 Illustration of CIRDA Application on select Value Tree elements

Table 5 compares CIRDA Algorithmic approach and the CoRWM Value Tree (VT) approach for the 
specific functional abstraction mapping of radiation risks (Algorithm based on Table 4), while the 
notes below explain in detail the basis for the observations made in the Table 5. Similar observations 
hold for other risks appearing in the CoRWM VT. However, these are not repeated here due to space 
constraints.

Table 5: CIRDA Algorithm applied to radiation risks as compared to CoRWM VT approach

Percept P= f(Radiation Risk rj, society’s concern about Radiation Risk rj)                                       (1)
CIRDA vs. CoRWM VT: Same approach, No change
State S= f'(g1(Risk criteria rci elements), option performance on rci)                                                 
Where rci= {Dose received during the operational phase, Transport, Internal accidents, Fire, flood, 
extreme weather, aircraft crash}                                                                                                         (2)
CIRDA and CoRWM VT: Same approach, No change
Rule R //set of ethical/legal principles used in evaluating options (In this example only the PP is 
taken)
CIRDA: nck = {non-discriminatory, consistency, proportionality, openness, transparency, can 
measures to be revisited when further risk assessment information becomes available, examination 
of the benefits and costs, accountability to stakeholders and the political process, balance against 
other principles that shape the response to risk}                                                                             (3)
(These nck elements have been obtained from the PP concept maps as discussed in Section 4.4)
CoRWM VT: PP rolled into one single factor under the criterion “Implementability”, subcriterion 
“Legal and regulatory acceptability” See Note 1 
Action A: assessment of option performance against rci in light of legal/ethical principles
f1(g2(rci, nck), risk management option)                                                                                           (4)
CIRDA: Many to many relationship between  rci and nck typically built into a MCDM* approach
CoRWM VT: No distinction made between rci and nck. Both figure at the same level in the value tree
and are built into a MCDM approach. See Note 2
* MCDM: Multi-Criteria Decision Making
How the world evolves W :Factors affecting state change over time e.g. new technology 
development in radiation protection, rj itself evolving over time along with changing health profile 
of the population, probabilities/consequences of rj evolving over time
CIRDA: What-if with respect to changing state is inherently part of the decision. Hence robustness 
of the decision under various scenarios is a factor in the DM itself.
CoRWM VT: Sensitivity Analysis is separately performed after the options have been assessed. 
Risk evolution not factored in See Note 3
What my actions do R': Examining the consequences of actions against rci (Risk-Risk Analysis) 
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output –more risk criteria rc'm for evaluation
CIRDA: Second-order risks are built in the DM based on the approach of RRA. This helps reduce
objections to central route of persuasion. 
CoRWM VT: Second-order risks not explicitly considered in DM. In fact no distinction made 
between first and second order Risks. Advantages vs. Disadvantages for the options are considered 
but however these are not as per any systematic algorithm/heuristic. See Note 4
What the world is like now S' : State of radwaste management option performance vis-à-vis rci, rcm', 
nck

CIRDA: Option performance assessment is based on iterations performed basis RRA and the 
normative criteria elements.
CoRWM VT: Option assessment is static with no second order risks feeding back into the DM 
criteria on a traceable, systematic basis and normative criteria elements are part-merged with risk 
criteria elements. See Note 5
What should I do now D?  Advise option performance assessment 
CIRDA: Option assessment advice (taking into account rci, rc'm and nck)
CoRWM VT: Option assessment advice based on VT criteria elements

Note 1: In its final report [11] CoRWM mentioned “Most of the well-established environmental 
principles were discussed and were found not to discriminate between options. For example, the 
precautionary principle could be argued to support either long-term storage or geological disposal, 
depending on an individual’s views on the nature and scale of the uncertainties and risks associated 
with each option.” If the PP were found to be redundant (criteria), then why it was included under the 
legal criteria in the value tree remains a point of curiosity. Also, it would be valid to conclude that the 
PP does “not help discriminate between Options” if and only if all options were ranked/compared 
based on the explicit PP DM criteria elements in a MCDM framework and all options performed
equally. Though advanced MCDM approaches were followed in the UK case, the abstraction of the PP 
criteria elements was not explicitly performed and hence in the author’s view the conclusions 
regarding the application of PP in the policy DM are inconsistent with the methods used. In contrast, 
CIRDA allows abstraction of legal/ethical principles (including the PP) into distinct normative criteria 
elements as mentioned in Eqn (3) above which can be built into the policy DM process.

Note 2: No specific distinctions were made between the societal risk perception based criteria and 
legal/ethical principle based normative criteria elements in the CoRWM abstraction approach. Legal 
normative elements were aggregated into one single criteria of “Legal and regulatory acceptability”.
The validity of such an abstraction is open to debate. E.g., radiation protection is a subject of many 
legal principles such as BAT, BATNEEC, Optimisation, ALARA, and the PP etc. Assessment of an 
option performance on radiation risks will by default involve examining how the option performs vis-
à-vis the applicable normative elements as per these principles before it can be ranked on radiation risk 
performance. Hence treating legal elements as a separate criterion independent of (radiation) risks is a 
sub-optimal abstraction. In contrast, by design, CIRDA compels each stage of the DM process to go 
through the relevant legal (condition-rule) stage before the option assessments are finalised.

Note 3: Risk evolution was not specifically factored into CoRWM option assessments except in 
pockets. E.g., While Partitioning and Transmutation (P&T) was discarded as a full-fledged waste 
management option, suggestion from a peer review by the Environment Agency [19] that “Partitioning 
and Transmutation (P & T) is not a solution in itself, but needs to be linked to some other long-term 
waste management strategy” was not implemented through any scenario building methods. In CIRDA, 
the policy Decision-Maker is compelled to look at the evolving risk and state scenario (in the radwaste 
case it could have naturally included research advances expected in future regarding P&T) and assess 
option performances accordingly.

Note 4: Consider radiation risks (R) and also consider the Stakeholder perception: “Acceptable Risks 
may become more stringent over time” expressed in a CoRWM stakeholder meet [20]
CIRDA evaluation of R and the stakeholder perception would proceed as follows:
R: risk of option performing in line with current levels of acceptable radiation risk
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R' (derived from the stakeholder perception): risk of option not performing under more stringent 
conditions of acceptability (of R), resulting in the option being assessed for performance both under 
the criterion of “acceptable radiation risk” rcj and “more stringent conditions of radiation risk 
acceptability rc'm. In contrast, while CoRWM examined the options against R, it dismissed R' as a 
“comment on issue”, considered it unsuitable as a “suggestion for criteria” and consequently did not 
include it in the value tree. CoRWM in its final report also mentioned that “There are differences of 
opinion, however, as to whether uncertainties have been adequately addressed in the current system of 
protection. In addition, it is not possible to know what levels of exposure to radiation future 
generations will regard as acceptable”. In the absence of a definitive scientific answer, at least a 
scenario analysis could have been performed for the criteria pertaining to R'. This example illustrates 
the inadequacies of the VT method in addressing the stakeholder risk-risk perceptions such as R'.

Note 5: As part of the VT methodology, for criteria extraction/confirmation, CoRWM typically asked 
of its participants “Which criteria are important to you in deciding for a long-term waste management 
option”. In contrast CIRDA algorithm (e.g., as shown in Note 4 above) picks up the verbatim 
statement of the stakeholder, applies the heuristic of RRA, zeroes in on the risk perception of the 
stakeholder and from there the risk criteria elements are extracted on an iterative basis. This 
dovetailing of the abstraction process with the thoughts of the stakeholder is the essential first step 
towards gaining the acceptance of the stakeholders using the central route to persuasion based on
socio-psychological research as stated earlier in this paper.

6. Results and Discussion: 

 The CIRDA model of Risk criteria abstraction provides a systematic approach to extracting 
risk-criteria elements from the underlying societal risk discourses and legal normative 
elements from the applicable legal/ethical principles based on established AI algorithms.

 As illustrated through an application on the UK radwaste case (Section 5.1), The CIRDA 
model can, to a large extent, overcome some of the key limitations of existing approaches
including replicability issues, analyst bias etc. This is due to the underlying algorithmic 
approach used. Also due to clear linkages established between rci, rc'm elements and 
continuous “How the world evolves” algorithm steps, the criteria lifecycle becomes viable to 
monitor in policy DM.

 By modelling the legal/normative principles as a condition-rule in the AiA, the CIRDA 
approach overcomes the existing lacunae of part-merging/part-overlapping the risk perception 
criteria with legal normative criteria elements.

 The RRA, an independently established heuristic in risk literature synergizes completely with 
the reflex agent with internal state model of CIRDA where, by default, the AiA checks the 
consequences of the action it takes. This would help bring down the objection of Stakeholders 
effectively and strengthen the central route to persuasion. Such formal Risk-risk consideration 
is lacking in current public participation criteria abstraction approaches.

7 Conclusion

Radwaste Management Decisions are complex. They involve addressing societal perceptions 
embedded in the risk discourse originating from a wide spectrum of stakeholders in the policy 
Decision Making. Such risk perceptions need to be addressed transparently and objectively in light of 
a wide array of legal-ethical principles in order to improve and sustain the societal acceptance of such 
decisions. This demands robust discourse abstraction methods that can be applied to obtain 
adequate/good quality risk criteria from the societal risk discourse and sufficient/appropriate 
normative criteria from the legal-ethical principles to evaluate available policy options. This focus on 
criteria for decision making strengthens central routes to persuasion of society and enables better 
societal acceptance of policy decisions. The CIRDA model proposed in this paper is a complex 
intelligence algorithm modelled on the well established (Abstract) Intelligent Agent with Internal State 
formulation using the heuristic of Risk-Risk Analysis. As applied to the U.K. radwaste management 
case the model demonstrated how to overcome some of the lacunae found in existing discourse 
abstraction methods.
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