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Abstract. One of the permanent concerns in the international scenario is the study of the consequences
of nuclear and radiological accidents and other events that lead to the contamination of the environment
and the exposure of members of the public as a consequence of this contamination. Decision-making
in such situations need to be based in solid technical criteria but must also take into account the actual
prevailing circumstance in order to reach optimized measures to protect people and the environment. The
Multi-criteria Analysis Method is already being used for similar applications in some European countries
but it is necessary that the criteria are established taking in account economic, social and climatic aspects
that can affect the selection of protective measures applicable to specific regions, and the selection of the
different weights to be associated to the different criteria that are to be applied to different social-politic
environments. The present work describes the developments to support the decision making process for
the implementation of protective measures to protect the public in situations of radiological accidents in
Brazil, the steps already developed and the current status of the system under development, discusses the
difficulties found and stresses the needs for future developments.

1. INTRODUCTION
Decision making after an accident is a complex process as it includes a lot of uncertainty and are usually
subjected to strong pressure mainly due to public anxiety. Since the accident in Goiânia, in 1987 [1], the
Instituto de Radioproteção e Dosimetria (IRD) of the Brazilian National Nuclear energy commission
(CNEN) started to develop tools to support the decision making processes after accidents involving
nuclear or radiological exposure of the public. The experience with Goiania and other accidents with
environmental contamination and the consequent exposure of members of the public has shown that
criteria and methodologies needed to be set in advance as it was very difficult to introduce new concepts
and methodologies after the accident [1–3].
Accidents that lead to environmental contamination may strongly affect local and regional
population. Risks, size and type of contaminated areas, the number of persons potentially affected and
public opinion are difficult to be held in a consistent way under the strong social pressure after such
accidents. Decision making processes becomes very fragile, frequently leading to the implementation of
non-justified measures, regarding both costs and exposure of emergency workers, if solid guidance and
criteria are not developed prior to the accident. Besides that, optimization procedures are very difficult
to be performed after an accident as the required information may not be promptly available.
The multi-criteria analysis (MCA) approach has been cited as being a useful tool to be used to
support the decision making process after accidents [4]. With this tool, criteria may be established in
advance leading to a selection of options that are technically justifiable, turning the decision process
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more reliable and transparent. This may be a relevant aspect to improve public acceptance about
decisions and protective measures adopted.
The ultimate goal is to develop a multi-criteria tool to support the decision-making process after an
accident. Decision-making in such situations need to be based in solid technical criteria but must also
take into account the actual prevailing circumstance in order to reach optimized measures to protect
people and the environment. The Multi-criteria Analysis Method is already being used for similar
applications in some European countries [4, 5]. But it is necessary that the criteria are established taking
in account economic, social and climatic aspects that can affect the selection of protective measures
applicable to specific regions, and the selection of the different weights to be associated to the different
criteria that are to be applied to different social-politic environments.
2. METHODOLOGY
2.1 Early developments
The first step was the development of modeling tools to forecast doses to different groups of the
public after an event of environmental contamination [6, 7]. Uncertainty analysis pointed out the need
for support by radioecological studies, as most data available in open literature has been derived in
temperate climate countries and they could not be adequate for tropical climate areas [8].
The tropical radioecology project has been set up and incorporated the environmental modeling
project. The main target area was the 50 km radius area surrounding the Brazilian Nuclear Power Plants,
in Angra dos Reis. As data is being raised, they are immediately incorporate into the models. Currently
the following resources have been develop and are available in Brazil:
– Urban area model adapted with shielding factors adequate to Brazilian building materials and
typical Brazilian urban areas layout [9]; and
– Rural area model adapted with transfer factors determined for several radionuclides in most
relevant Brazilian soil types [10].
2.2 Current developments
The next step was the study of protective and remediation measures to be applied in the protection of
the public from exposure to ionizing radiation. The work includes several stages.
The first stage was the development of a database of countermeasures, including the main
characteristics to be used as part of the criterion for a decision, such as effectiveness in reducing
environmental concentration related to timing and seasonal aspects, wastes generation characteristics,
feasibility and costs of implementation of the measures [11].
The efficiency of most countermeasures are described in literature according to their effect on
reducing concentration of the surface or environmental media to which it has been applied. In order
to assess its efficiency in reducing dose to the public, some standard scenarios were developed and
simulations have been performed. For the urban areas, the basic urban environments already defined
in previous works have been used, considering full occupation (24 hours per day) of each house or
building [12]. For rural areas, relevant crops with their respective growing periods and transfer factors
for the usual soil in the target area, as defined in previous works, has been used [10]. Additionally, a
basic population diet was assumed based on the national food intake survey for the main towns closest
to the target area [13].
3. RESULTS AND DISCUSSION
3.1 Database
The database includes 78 measures to be applied to urban, rural and aquatic environments.
Countermeasures described in literature for forest areas could not be adapted for tropical rain forest
due to the huge differences in the ecosystems involved and the usual uses by population.
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Figure 1. Example of seasonal effect on doses for the standard diet after a 1 kBq/m2 deposition.

The countermeasures have been classified according to their main characteristics. For urban
areas, the countermeasures were classified as cleaning and decontamination procedures, covering the
contamination, removing the contaminated surface and restriction on uses of areas.
For agricultural areas, the classification was related to change of agricultural practices, changes of
uses of the contaminated area, dilution of contamination, removal of contamination and processing of
products. Each countermeasure has been described by the following fields:
(a) Generic aspects: description of the countermeasure, type of surface to be treated, radionuclides to
which the measure has been developed, summary description of the procedure, and information on
the scale of application.
(b) Radiological aspects: exposure pathways, the efficiency on removing contamination with regards
to the period of time elapsed since contamination, doses to workers and technical restrictions to its
application.
(c) Infrastructure aspects: equipments, materials, specialized workforce and safety requirements;
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Figure 2. Percent contribution to integrated effective dose from different food items for Cs-137.

(d) Waste: qualitative and quantitative estimates of wastes generated by the application of the
countermeasure; and,
(e) Sources of information, including the worldwide actual experience with the actual or experimental
application of the countermeasure.
3.2 Classification criteria
The results of the simulations allowed the establishment of a set of criteria to be used in support of
decision processes, regarding radiological protection aspects.
The first criteria relates to the efficiency in reducing the first year dose. The standard time of
application for comparison with the criteria is one week after the deposition event. The first year is
the period where the highest doses are observed.
The second criteria relates to the efficiency in reducing long-term doses (50 years integrated dose for
adults and 70 years integrated doses for children). Again, the standard time of application for comparison
with the criteria is one week after the deposition event.
The third and forth criteria considers the effect of delay on the application of the measure in the
reduction of the efficiency in reducing the first year and the reduction on the efficiency in reducing the
50- or 70-years integrated dose, for adults and children, respectively.
While applying the criteria to urban areas, to each individual radionuclide, is quite straightforward,
the same is not true for rural areas. In urban areas, the percent reduction on doses for several
countermeasures have not shown large variation among the different scenarios simulated. For rural
areas, however, it could be observed that local conditions at the time of the accident are very relevant
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to drive the relevance of each specific countermeasure as seasonal aspects have a strong influence
on doses to be received by the public, as can be seen in Figure 1. Also, specific habits, particularly
the degree of self-sustaining feeding habits of population groups will have relevant influence on their
doses and on the need of substitute food supply, as can be seen in Figure 2, where it can be seen the
difference on the relevance to dose of different food items according to the season when the accident
occurs.
3.3 Future developments
Next steps shall include the raising of data to complement non-radiological aspects, such as population
habits and the availability of materials and equipments at the target area, Also criteria related to the
generation of wastes according to their type, amount and radionuclide content shall be developed.
Radioecological studies shall also continue to improve knowledge on the behavior of radionuclides
in tropical environments, with a focus on those radionuclides that may be relevant to doses to the public
in the event of a nuclear accident.
4. CONCLUSIONS
After the Goiania accident, a long term project aiming on developing tools for environmental
assessments after an accidental contamination has been developed at IRD/CNEN. Activities developed
included the development of software, experimental works to create a database on environmental
transfer parameters and information adequate to tropical climate countries, computer simulations of
environmental scenarios to derive parameter values and effectiveness of protective measures for typical
tropical scenarios. Currently, a database on protective measures is being created aiming to feed a multicriteria decision making model, also under development. In this stage radiological criteria are being
defined and future works shall deal with non-radiological criteria such as those needed to describe the
need on infrastructure and the wastes generated from the remediation measures.
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