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ABSTRACT 

 
The review of accidents involving Nuclear Power Plants or facilities that use or process radioactive sources 
have raised issues related to the decision-making processes and to the procedures used to reestablish the normal 
living conditions in the affected areas. Due to the large complexity of the decision processes after accidents, a 
multi-criteria approach has been recommended to support the choice among the several procedures that may 
improve the environmental conditions. As part of the process of developing a multi-criteria decision support 
tool, a questionnaire was created to be fulfilled by experts to derive the relevance of the technical criteria to be 
considered in the model. At this stage, only the technical criteria related to radiation protection of the public will 
be focused; legal aspects, costs and public opinion, although relevant in the decision-making process, are 
beyond the scope of this work. The questionnaire contains 12 questions, each containing 5 degrees of 
importance. The answers are statically analyzed to generate a multiplicative factor to be included in the multi-
criteria model. To facilitate the process of distributing the questionnaire to the selected experts and then for a 
better processing and ordering of the information gathered, a program based on the Hypertext Preprocessor 
language (PHP) was created; this methodology has been chosen because of its compatibility and security in 
existing operating systems. The relevance rank showed the long-term dose reduction and the generation of 
wastes as the most relevant aspects to be considered in selecting remediation strategies for a contaminated area. 
 
 

1. INTRODUCTION 

 
One of the current concerns in the international arena is the study of the consequences of 
accidents and other events that lead to environmental contamination and exposure of 
members of the public as a result of this contamination. The various accidents and operations 
teams responsible for the radiological protection of the public highlighted the need for a 
previous planning for the assessment of public exposure and to implement protective 
measures [1, 2, 3].  
 
In Brazil, since the accident in Goiânia, in 1987 [4], tools to support decision-making 
processes as a result of accidents involving nuclear or radiological exposure to the public are 
being developed, within a project of environmental modeling. The project began with the 
development of the code CORAL, based on the German model ECOSYS, with the objective 
of evaluating the consequences of a possible accidental contamination of rural areas in the 
short, medium and long terms [5]. Then, the PARATI model was developed, based on 
information gathered after the accidents at Chernobyl and Goiânia, for assessing public 
exposure due to a contamination in urban areas [6]. This model includes the ability to 
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simulate the implementation of protective measures and evaluate their effectiveness in 
reducing doses to the public. It was later developed in IRD/CNEN the code SIEM - 
Integrated Emergency System [7] which includes the models ECOSYS and PARATI, as well 
as generic models developed by the International Atomic Energy Agency [8]. The SIEM also 
incorporated standardized data concerning the physical behavior of radionuclides and dose 
conversion factors. Then, adjustments were made to the models to incorporate parameters 
collected within the Tropical Radioecology Project, in order to make its use more realistic to 
Brazil, in particular, for the region around the Central Nuclear Almirante Álvaro Alberto, in 
Angra dos Reis [9, 10, 11]. The latest development was a catalog of protective measures 
including its main features to be considered in a decision-making process, from the point of 
view of radioprotection, considering technical aspects, work force, material and equipment 
requirements, and aspects related to the generation of wastes [12]. 
 
The aim of this study was to develop a model to support decision making using multi-criteria 
method, based on previous studies of remediation measures for the protection of the public 
after radiological or nuclear accidents in Brazil. This work is placed in the context of the 
project that the IRD / CNEN has developed, including techniques and methodologies for the 
evaluation of public exposure in situations of radiological and / or nuclear accidents. 
 
 

2. METHODOLOGY 

 
Procedures for multi-criteria analysis have been used to support decision-making processes in 
several areas [13], where the decision system is complex, and involves conflicting and 
incommensurable alternatives. The analysis includes two types of factors, based on pre-
defined technical and radiological criteria to be considered in the choice process. The first 
factor defines the relative relevance of each criterion while the second factor describes the 
remediation processes within the selected criteria. These second factor, describing the 
countermeasures, have been described elsewhere [14]. 
 
This work is directed to develop the assessment of the first factor and includes two stages: the 
development of the assessment tool and the development of the software to collect and 
analyze the data. The assessment tool is a questionnaire prepared according to the fuzzy logic 
methodology, which has been cited to be adequate to deal with subjective factors, provided 
that the alternatives can be related to different levels that follow an increasing or decreasing 
order [15]. The questionnaire was prepared to be answered by experts on radiation accidents 
with experience in recovery of contaminated areas. It included questions aiming to create a 
relevance rank order for the selected criteria. Only technical and radiological criteria have 
been included in the questionnaire as other aspects, such as legal, costs and public opinion, 
are outside the scope of this project at this moment. 
 
For the compilation of the information a webpage under the general-purpose scripting 
language Hypertext Preprocessor [16] for conversion, storage and management of data from 
each questionnaire into a database was created. The database used was Postgresql [17], an 
open source object-relational database system, and it stores values that are obtained from the 
questionnaire. The data stored by the model will be analyzed in 3 steps: consistency 
assessment, data aggregation and criteria average values. The method consists in the sum of 
the questionnaires where each criterion is summed with the response of the same criterion 
from other experts’ questionnaires. An average, based on the number of experts is calculated 
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for each criterion. The subjective criteria from the questionnaire, then, are integrated with the 
technical criteria.  
 
Each technical criterion has an individual relationship with a specific subjective criterion and 
its weight. The weight of each technical criteria for each procedure is defined in the program 
and can be null if no value is attributed, the weight gives an importance to the selected 
criterion to better evaluate an specific situation. The average of each subjective criterion is 
multiplied by the technical criteria related to that subjective criterion and summed, according 
to: 
 

                                      ( ) ( )jiFjFN
i KjK ,*1 ∑∑=                                                      (1) 

 
Where:  
Nk = The number that characterizes the procedure for remediation k 
F1 (j) = Weight factor generated by the questionnaire for subjective criterion j 
Fk (i,j) = Weighting factors for the technical criteria i related to the subjective criterion j for k 
remediation procedure. 
 
The same calculation is made to all the other procedures k. The list of relationship between 
the subjective criteria and technical criteria is shown in Table 1. 
 
 

Table 1:  Relationship between criteria 

 

Subjective criterion Technical criteria in relationship 

Waste waste type   
the need for processing and packaging of waste   
waste amount  
waste concentration 

Short term 
contamination reduction 

Reduction on the short term contamination 
surface contribution to total dose 

Occupational dose number of workers needed 
work force exposure 

Specific equipment The need and availability of specific equipment  
Consumption material The need and  availability of materials 
Short term dose 
reduction 

Reduction on short term dose 
first year dose relevance to lifetime dose 
loss of efficiency on short term dose reduction due to the delay 
in applying the procedure 

Long term dose 
reduction 

 long term dose reduction  
loss of efficiency on lifetime dose reduction due to the delay in 
applying the procedure 

Skilled Labor force Need and availability of skilled work force 
Leadership training The need for leadership training 
Labor force training The need for leadership training workforce availability 

technical difficulty of the procedures 
Application range application time  

collective dose reduction for the public 
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Safety equipment The need and availability of equipment for individual protection 
difficulty of use of the individual protection equipment  

  
 

3. RESULTS 

 
 
The questionnaire has been created and a webpage was developed for the experts to use to 
answer it. The webpage starts with a session to sign up or log in (Fig. 1); the sign up consists 
in a page where the responders shall fulfill some basic information and briefly describe their 
experience with the subject (Fig. 2). After the submission of the registration, the 
questionnaire page can be immediately assessed (Fig. 3). The log in is used by experts to 
review or change their questionnaires responses and for those who have an administration 
account to see, analyze and manage the results provided by the experts (Fig. 4). Only 
authorized people will be able to sign up as experts or administrators. Passwords shall be 
distributed by e-mail. 
 
 

 
 

Figure 1:  Start session 

 

 

 
 

Figure 2:  Registration page 
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Figure 3:  Questionnaire 

 

 

 
 

Figure 4:  Administrator page 

 

 

The questionnaire includes 12 questions where the experts mark their options on the 
relevance of the aspect being focused on each question. These questions refer to the 
subjective criteria described on Table 1.  
 
For each criteria a quantity on a scale of “1” to “5” shall be appointed, in accordance with the 
importance level given to that criterion by the expert, being "5" for the higher degree of 
relevance and "1" for the lowest; as shown in Table 2. 

 
 

Table 2:  Values used to describe criteria 

 

            Criterion 1 

Not Important => Degree “1” 
Somewhat Important => Degree “2” 

Important => Degree “3” 
Very Important => Degree “4” 

Essential => Degree “5” 
 
 



INAC 2013, Recife, PE, Brazil. 

 

The questionnaire also includes a field in case the expert wants to make some comments, up 
to 200 words for each question. Each fulfilled questionnaire is saved and identified according 
to the specialist who filled it. The questionnaires are stored in the database. The passwords 
are distributed for the experts by e-mail and the results are being analyzed as they are being 
incorporated to the database. After the test, the average or weighted average value is 
calculated and a rank order is created. All procedures are automatically updated when new 
questionnaires are fulfilled and included in the database. 
 
Each criterion average is converted to a crisp value to each criterion, related to the observed 
relevance. These values allows visualizing the importance of each criterion on the decision-
making process for the remediation phase and they shall then be included in the decision 
model being developed as a multiplicative factor (F1 on Eq. 1) for the technical and 
radiological factors associated to each specific remediation procedure. 
 
The results obtained by the questionnaire generated a relevance rank where the subjective 
criteria are disposed as shown in table 3. 
 

Table 3:  Criteria list after the questionnaire 

 

Criteria Relevance Rank 

Short term contamination reduction 2,2 

Application range 2,8 

Short term dose reduction 3 

Skilled labor force 3,2 

Specific equipment 3,2 

Decontamination labor force training 3,4 

Occupational dose 3,4 

Safety equipment 3,6 

Leadership training 3,6 

Consumption material 3,6 

Waste 4 

Long term dose reduction 4,4 

 
 
 

4. CONCLUSIONS  

 
The country must have a study on the viability of implementing measures to protect members 
of the public, due to its effectiveness in reducing doses, adapted to national realities, both in 
relation to exposure scenarios and factors associated with climatic and social aspects, with a 
full assessment of costs, benefits, difficulties, limitations, generated waste and occupational 
doses resulting from the implementation of those measures, among others, in order to guide 
decision-making processes in the event of nuclear or radiological accidents. 
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This work is part of a project on emergency preparedness aiming to support decision making 
processes for the recovery phase of accidents and other events leading to environmental 
contamination and exposure of members of the public. The procedure includes two aspects, 
one related to technical aspects of the remediation procedures and the other related to the 
experience of experts on accident management. A questionnaire was developed and 
distributed to selected experts to derive a priority rank on technical aspects related to the 
recovery phase of an accident. The answers are being analyzed and shall compose a group of 
multiplicative criteria that takes into account the experience of experts and the decision 
making process. Technical criteria are being developed elsewhere and will be included in the 
calculation to define adequate procedures for each situation and select procedures within an 
optimization procedure. 
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