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ABSTRACT
 

The objective of this article is to present a realistic view of the main issues related to the management of 

radioactive waste in Brazil as well as a comprehensive picture of the regulatory waste management status 

in the country and internationally. Technical aspects that must be considered to ensure a safe construction 

of near surface disposal facilities for radioactive waste of low and medium levels of radiation are

addressed. Different types of deposits, the basic regulatory issues involving the licensing of these 

facilities, the development of a financial compensation model for the Brazilian Municipalities where 

deposits are to be placed, the importance of the participation of the scientific community and society in 

the process of radioactive waste site selection and disposal, guidance for the application of the basic 

requirements of safety and radiation protection, the general safety aspects involved and the current 

actions for the disposal of radioactive waste in Brazil are highlighted.

1. Introduction

Industrial, medical and research installations generate waste that must be properly managed. In 
the nuclear field, the waste containing radionuclides is named radioactive waste (RW). Unlike 
other types of hazardous waste, very short lived radioactive waste loses its radiation dangerous 
properties rapidly, due to radioactive decay to stable nuclides, which allows its immediate 
release as conventional waste. Other types of waste have the option (i) to return to the country 
of origin to be recycled, (ii) to be stored for appropriate decay and release or (iii) when the 
radioactive properties remain for a long period of time, to be placed in final disposal facilities.

1.1 Classification of radioactive waste
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According to the most recent publication of the International Atomic Energy Agency, IAEA, 
radioactive waste is classified in 3 categories [1], as shown in Table 1.This new classification 
has taken into account the disposal options, to reflect experience gained in developing, 
operating and assessing the safety of disposal facilities.

Table 1 . IAEA Classification of Radioactive Waste

Category Characteristics
Exempt Waste 

(EW)
Waste that meets the criteria for clearance, 
exemption or exclusion from radiation protection 
regulatory control.

Very Short 
Lived Waste 

(VSLW)

Waste that can be stored for decay over a limited 
period, up to a few years, and subsequently 
cleared from regulatory control. 

Very Low 
Level Waste 

(VLLW)

Waste that does not necessarily meet the criteria 
of EW, but that does not need a high level of 
containment and isolation and, therefore, is 
suitable for disposal in near surface landfill type 
facilities with limited regulatory control. Typical 
waste in this class includes soil and rubble with 
low levels of activity concentration. 
Concentrations of longer lived radionuclides in 
VLLW are generally very limited.

Low Level 
Waste (LLW)

Waste that is above clearance levels, but with 
limited amounts of long lived radionuclides. 
Such waste requires robust isolation and 
containment for periods of up to a few hundred 
years and is suitable for disposal in engineered 
near surface facilities. This class may include 
short lived radionuclides at higher levels of 
activity concentration, and also long lived 
radionuclides, but only at relatively low levels of 
activity concentration.

Intermediate 
Level Waste 

(ILW)

Waste that, because of its content, particularly of 
long lived radionuclides, requires a greater 
degree of containment and isolation than that 
provided by near surface disposal. However, 
ILW needs no provision, or only limited 
provision, for heat dissipation during its storage 
and disposal. ILW may contain long lived 
radionuclides, in particular, alpha emitting 
radionuclides that will not decay to a level of 
activity concentration acceptable for near surface 
disposal during the time for which institutional 
controls can be relied upon. Therefore, waste in 
this class requires disposal at greater depths, of 
the order of tens of meters to a few hundred 
meters.
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High Level 
Waste (HLW)

Waste with levels of activity concentration 
high enough to generate significant quantities 
of heat by the radioactive decay process or 
waste with large amounts of long lived 
radionuclides that need to be considered in the 
design of a disposal facility for such waste. 
Disposal in deep, stable geological formations 
usually several hundred metres or more below 
the surface is the generally recognized option 
for disposal of HLW.

2. Regulation on radioactive waste in Brazil

The revision of the Brazilian regulation on low level radioactive waste management has been 
put into force, in 2014, [2] and a new regulation on disposal of low level radioactive waste [3]
was also approved in 2014. Two more important regulations related to site selection for waste 
disposal and acceptance criteria for waste disposal are also in force in Brazil [4, 5].

In 2001, a Brazilian Federal Law [6] established the main regulatory criteria in the country for 
site selection, construction, licensing, operation, supervision, costs, damages, liability and 
warranties relating to four types of radioactive waste deposits:
I- Initial deposits;
II- Intermediate deposits;
III- Final deposits, also known as repositories (no intention to retrieve the wastes); and
IV Temporary deposits.
Initial deposits are those constructed by the operators for the safe storage of their radioactive 
wastes in their own site. 
Intermediate deposits are those constructed with the purpose of waste storage before disposal 
and can also provide for waste treatment and conditioning. The intermediate deposits in Brazil 
were built in the Research Institutes of CNEN and receive waste generated from industrial, 
medical and research facilities.
Final deposits are those constructed for the final disposal of radioactive waste with no 
intention of retrieving.
Temporary deposits can only be constructed for the interim storage of radioactive wastes 
generated in the case of nuclear or radiological accidents.

3. Development of financial compensation model for disposal sites

CNEN approved, in 2003, a Technical Note [7] which established the methodology for 
financial compensation for Brazilian Municipalities where deposits are placed, based on the 
provisions of the mentioned radioactive waste Law (not less than 10% of CNEN’s 
expenditures associated with final disposal).
This model, revised in 2009, takes into account:
� the volume of waste and whether it has been treated or not;
� if the waste comes from mining activities;
� the time required for storage and  type of deposit (initial, intermediate, final or 

temporary);
� the specific concentration of radioactive materials in the waste;
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� the properties of the radionuclides, such as type of emission, half-life, etc.
� the demography and population density near the site of the deposit; and
� a maximum period of institutional control of 300 years, as recommended worldwide.

The Brazilian Law on Fees [8] established the value of R$ 5,000.00 ����������	
�������������
of final disposal of radioactive waste per cubic meter.

4. Final waste disposal facilities as an agent of environmental   protection

According to the IAEA, the waste disposal facilities belong to two categories: (A) Near 
Surface Repository and (B) Geologic Repository.
A near surface repository is constructed at a distance of a few meters from the surface (not 
greater than 30 meters) and can be either a simple trench or a more sophisticated construction 
with engineering barriers, usually made by concrete. This kind of final disposal deposit has
been used by many countries for the safe disposal of their low level waste (LLW) including 
Brazil (GOIÂNIA), England (DRIGG), France (LA MANCHE and CENTRE DE L’AUBE), 
Canada (IRUS), Japan (ROKKASHO), Spain (EL CABRIL), Sweden  (OSKARSHAMN) and 
USA (BARNWELL).
The establishment of an institutional period of control for near surface repositories is very 
important in order to diminish the risks of intrusion in the long term that could lead to higher 
doses for the intruder. The institutional period can be passive (without the presence of 
personnel in the site) or active (with personnel in the site for the purpose of monitoring and
physical protection, among other activities).
The geologic repository is located at a distance from the surface large enough to eliminate the 
risk of human intrusion or animal contact with the waste. This kind of disposal facility is 
recommended for high and intermediate level waste and can belong to one of the following
types: (i) cavities specially constructed by man; (ii) old abandoned salt mines; and (iii) natural 
cavities. Table 2 gives information on geological repositories in some countries.

Table 2. Geologic Repositories Planned or Existing in the World [9]

COUNTRY TYPE (YEAR)
Austria No Plans

Belgium Clay Formation (2025)
Brazil No plans

Bulgaria No plans
China (2040)

Canada Crystalline Rocks (2010)
Czech 

Republic
(2065)

France Many Options under 
Study

(2025)

Germany Salt Formation (2030)
Hungary (2047)

Italy Open
Japan (2035)

Netherlands (After 



International Joint Conference RADIO 2014 
Gramado, RS, Brazil, Augustl 26-29, 2014 
SOCIEDADE BRASILEIRA DE PROTEÇÃO RADIOLÓGICA - SBPR 
 

2100)
Romania (2049)
Slovakia (2037)
Slovenia (2066)

Spain (2035)
Sweden Crystalline Rocks (2017)

Switzerland Crystalline Rocks (2040)
UK Open

USA Volcanic Formation (2018)

5. Waste management considerations in Brazil

The Brazilian Nuclear Programme comprehends the operation of several nuclear and 
radioactive installations, as follows: 
� two nuclear power plants in operation and one under construction (Angra 1 is a 657 MWe 
gross/626 MW net, 2-loop PWR and Angra 2, a 1345 MWe gross /1275MWe net, 4-loop 
PWR), all located in the Angra dos Reis City , Rio de Janeiro state. Angra 3, a 1312 MWe 
gross/1229 MW net, 4-loop PWR, has had the construction temporarily interrupted since 1991 
and in 2010 the construction has initiated again. The operator is the company Eletrobras 
Termonuclear S. A. (ELETRONUCLEAR); 
� two uranium mine and milling facilities run by the Nuclear Brazilian Industry (INB). The 
first one, located in the state of Minas Gerais, operated from 1982 until 1991 and all the 
economically recoverable uranium has been extracted. The second one, in the state of Bahia, is 
under operation since 2000, with reserves of about 100. 000 metric ton of U3O8, and a 
capacity of 400 metric ton/year of yellow cake (U3O8), which can be expanded to 800 t/year; 
� one fuel element complex located in Rio de Janeiro state, also operated by INB,. which 
includes an enrichment plant, a conversion plant of UF6 to UO2 and a fuel fabrication plant.
� four research reactors located in CNEN’s Research Centres. 
� pilot scale fuel cycle facilities, including  a plant for  the conversion of uranium to UF6 and 
another for uranium enrichment; 
� approximately 4,000 medical, industrial and research facilities;
� one industrial facility for processing monazite sands.

The low and intermediate level radioactive waste stored in Brazil come from two nuclear 
power reactors, one facility for processing monazite sands, several mining and milling 
facilities of conventional ores associated with uranium and thorium, the use of radioisotopes in 
medicine, industry, research, as well as from the decontamination work performed in Goiânia 
following the radiological accident that occurred in 1987.

The radioactive waste and nuclear materials generated over the last 40 years in Brazil are 
stored in various nuclear and radioactive facilities located in four states of the Federation, 
owned or supervised by CNEN. The waste generated by the Uranium Mine and Milling 
Facilities, although significant in volume, is kept at the respective sites, in dams specially built 
for this purpose.
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There are, presently, about 600 metric ton of 'mesothorium' with an estimated Ra-228 activity 
of 1.85 TBq (50 Ci) stored by INB in a trench and 0.2 TBq (6 Ci) stored in a shed (78 m3). 
Furthermore, by-product containing uranium and thorium from monazite processing, although 
not formally classified as waste, has been under storage for decades in many Installations in 
Brazil. More recently, this material was sold by INB to China and will be gradually transferred 
to that country.

Ever since the Brazilian Regulatory Body has suspended, in 1989, the authorisation given to 
several manufactures to use radioactive sources in lighting conductors, these devices are 
received and stored by CNEN. An estimated 75,000 lightning conductors, with an overall 
activity of the order of 3.7 TBq (100 Ci) of Am-241, were installed all over the country. 

Most of the soluble radioactive wastes produced as a result of the use of short lived 
radioisotopes in medical institutions and research laboratories can be discharged into sanitary 
sewerage systems, after a given decay period, with concentrations and total activities not 
exceeding the limits specified in the Brazilian specific regulation.
The low level radioactive waste generated by the nuclear reactors (Figure 4) is stored in the 
site itself, in sheds .

Spent fuel elements removed from the power reactors (Angra I and Angra II) are stored in 
pools located, respectively, in each reactor building, awaiting the decision of definition 
regarding reprocessing or final disposal.

Radioactive waste from medical, industrial and research facilities that cannot reach clearance 
levels are mainly stored in CNEN Research Institutes. 

The waste policy adopted in Brazil is similar to the one adopted by several countries around 
the world and is consistent with the recommendations of the International Atomic Energy 
Agency  for the final disposal of radioactive waste of low and very low levels of radiation in 
near surface repositories, with the necessary engineering barriers.
The complexity and costs involved in site selection, construction and safety assessment of a 
final disposal facility determine, globally, the policy to store low level radioactive waste in 
intermediate deposits to accumulate sufficient waste volume that justify this enterprise 
expenses. It is worth mentioning that political and psycho social aspects related to the subject 
of radioactive waste disposal (not in my backyard' syndrome) contribute enormously to the 
difficulties faced by the Brazilian Government in the accomplishment of the national waste 
disposal policy. 

6. Participation of the scientific community

Aiming to improve the ability of CNEN in the area of safety assessment of repositories for 
low-and intermediate radioactive level waste, a technical cooperation project submitted by 
CNEN to the IAEA was approved in 1995, to develop, with the participation of the Federal 
University of Rio de Janeiro (UFRJ-COPPE), a code for safety assessment of repositories, in 
consonance with existing international standards and incorporating a fully transparent process 
of work with the scientific community. The resulting MIGRAD code provides a graphical user 
interface.
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CNEN also participated in a project conducted by IAEA on the practical application of safety 
assessment methodologies [12]. One of the main components of the project’s programme was 
the development of “safety cases”. Three kinds of near-surface repositories were analyzed 
applying the methodologies developed and about 200 experts from 40 countries were involved 
in this project.

7. Communications, involvement of society and transparency 
Communications is part of a process known as “Confidence Building”, which includes all the 
activities that are carried out as part of safety evaluation and communication of safety analysis 
results for a given facility, following a systematic safety assessment process.
Confidence building focuses on three key questions:
– How to gain a level of confidence in their own assessment results? 
– How to provide a level of confidence to the regulator that allows a decision to be made to 
carry on with a disposal facility?  
– How will the public and other stakeholders be provided with a level of confidence that the 
impacts from a facility are within acceptable limits?

In 2004, the IAEA published the result of a co-ordinated research project on “Improvement of 
Safety Assessment Methodologies for Near Surface Disposal Facilities” [12]. Information on 
the topic of communications was gathered among participants by means of a questionnaire. 
Table 3 summarises the main audiences identified, the percentage of respondents 
communicating with each audience and the perceived importance of each audience from the 
point of view of the respondents. 

Table 3 - Safety Assessments and Perceived Importance

Audience Respondent
(%)

Perceived 
Importance

Regulatory Bodies 88 High
Academic and 

Scientific 
Organisations

100 Medium

The Public 94 Medium
The Media 94 Medium

Government 
Bodies

100 Low

Non-Governmental 
Organisations

88 Low

In communicating with the different audiences, several methods and tools have been used by 
radioactive waste management organizations [13]. The perceived relative importance of these 
methods and tools were evaluated. Methods and tools mentioned include pamphlets, brochures 
and leaflets, video tapes, visitor centres and facility tours, presentation at schools, compact 
discs, web pages, technical papers, progress report for governments, paid advertisements and 
press. Other tools include workshops, topical days, seminars, official statements, personal 
contacts, lectures, conferences and training courses. 
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The efficiency of the various communication methods and tools is ranked on a scale from 1 to 
5 (with 5 being the most effective) in Table 4, although it should be noted this is a very 
subjective process. Most organisations have received feedback on the communication methods 
and tools that they have used. 

A number of comments suggested a high degree of belief that, with non-governmental 
organisations, the use of efficient communication methods and tools can contribute to 
improved relationships.

Regarding the decision making process related to sitting and construction of radioactive waste 
management facilities, the following audiences and stakeholders have been identified and 
consulted: local inhabitants, political authorities, non-governmental organisations, academic 
audiences and experts, regulatory bodies. In some cases there are national laws or policies 
which consider this consultation a requirement within the process of obtaining permission to 
develop a disposal facility.
The survey also revealed that when communicating with the different audiences there are 
several frequently asked questions such as 
- How dangerous is radioactive waste?  
- What sites have been studied? 
- What is the future of the repository? 
- Is the repository safe? 
- What are the plans for future management of radioactive waste in the country? 
- Where does the waste come from? 
- What will happen in the longer term? 
- How can you put the public in jeopardy by transporting the waste on public roads or through 
communities and towns?
- What else are you hiding from us?

Table 4. Communication Methods and Tools and their Relative Efficiency (ranked on a scale 
from 1 to 5, the most effective being 5)

Method
s and 
Tools

Regula
tor

Academic 
and

Scientific
Organisatio

n

The 
Publi

c

The 
Me
dia

G
O*

NGO
**

Pamphl
et,  

Brochur
e, 

Leaflet

2 2 4 3 2 3

Video 
Tapes 2 3 3 3 2 3

Visitor 
Centre,
Facility 

tour,

2 3 4 4 3 4

Presenta 1 3 3 1 1 1
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tion at 
School

CD 3 3 3 2 2 2
Web 
Pages

2 2 3 3 2 2

Technic
al Paper 4 4 1 2 3 3

Progress 
Report

for 
Govern
ment

4 3 1 3 4 2

Paid 
Advertis

ing
2 2 3 3 1 3

Press 
Confere

nces
2 2 3 4 2 2

(*)Governmental organization (**) Non governmental organization

General questions may also be raised by stakeholders regarding the strategy and status of 
radioactive waste management activities, environmental impact of radioactive waste (along 
with impacts on plants and animals), public protection, licensing conditions and plans for deep 
geological disposal of radioactive waste. 
From the work in the area of communications, several issues were highlighted and questions 
were identified, as follows:
- Safety cases appear to be the main method of communicating results to the regulatory 
authorities, which is often the audience of prime concern. 
- The experts are quite good in providing information, but not so good at making it easy to 
understand. 
- There was a time when people had more faith in science and technology than they have now. 
- A person who lives near the repository usually asks simple questions. They also know that 
there is no facility free of risk. 
- In some countries, operators should develop two reports, a very technical one for the 
competent authorities and a second one in an accessible language for external audience’s
presentations/debates. 
- Scientists see risk as the product of the probability of occurrence of an event and the 
consequences of this event. People see risk as consequence only.  
All the above issues lead to the following questions:
1 - What is "Safety" from the public point of view?
2 - How to communicate Safety using plain language and supporting tool?
3 - What should be done to enhance communications with the public and stakeholders?
4- How should we change ourselves to more flexible and trustworthy organizations? 

Society participation is crucial for the success of the Brazilian nuclear programme and, 
consequently, to build the national repository since, their involvement is a sign of 
transparency. 
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8 Basis for achieving radioactive waste safety 

8.1 Regulation
The regulation aims to establish comprehensive safety standards and requirements related to 
(i) selection and choice of sites for radioactive waste disposal; (ii) criteria for acceptance of 
waste for final disposal; and (iii) radiation protection criteria for evaluating the acceptability of 
the disposal facility. CNEN is responsible for the development of regulation on waste disposal 
facilities, including. site selection criteria for near surface and geological disposal. Table 5
presents a summary of the radioactive waste regulation in force, under development or 
revision in Brazil and the related IAEA existing regulations.

8. 2 Safety Assessment
The information presented should be reviewed by the regulator to verify the implications on 
radiation protection of workers, public and environment, both for short and long term. The 
harmful effects for future generations can be minimized by (i)selecting the disposal options of 
waste that do not consider the long-term institutional control as an important and necessary 
aspect of security; (ii) implementing the disposal options at the appropriate time, taking into 
account technical factors, social and economic, and (ii) ensuring that the foreseeable future 
risk to human health and the environment is not higher than the one currently accepted.
The protection of the environment can be achieved through (i) keeping the prediction of 
future impacts within acceptable limits, as considered acceptable at present and (ii) ensuring 
that the future use of natural resources will not be prevented by radioactive or non-radioactive 
contaminants.

Table 5. Status of Brazilian regulations on radioactive waste

BRAZILIAN 
REGULATIONS

YEA
R

IAEA 
RELATED  

REGULATIO
NS

STATUS

NE - 1.10  SAFETY 
ASPECTS OF DAM 

SYSTEMS FOR 
RADIOACTIVE WASTES 

DISPOSAL

1980 DOES NOT 
HAVE OK

NE - 5.01 TRANSPORT 
OF RADIOACTIVE 

MATERIAL

1988 [15] UNDER
REVISION

NE - 5.02  TRANSPORT 
REQUIREMENTS FOR 

RECEIVING, STORAGE 
AND HANDLING OF 

FUEL ELEMENTS FROM 
NUCLEAR POWER 

PLANTS

2003

DOES NOT 
HAVE A

SPECIIFC 
REGULATIO

N –ITEMS 
FROM

[15]

OK

NE - 6.05 WASTE 
MANAGEMENT FOR

RADIOACTIVE 

1985 [16] , [17], 
[18], [19]

UNDER 
REVISION
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INSTALLATIONS

NE - 6.06 CRITERIAS 
FOR SITE SELECTION 
FOR NEAR SURFACE 

DISPOSAL SITES

1990
[20], [21] OK

NE-6.09- ACEPTANCE 
CRITERIAS FOR THE 

DISPOSAL OF 
RADIOACTIVE WASTE

2002 UNDER 
REVISION

NE-4.01 SAFETY AND 
RADIOLOGICAL 

REQUIREMENTS FOR 
MINING AND MILLING

INDUSTRIAL 
FACILITIES (NORM)

[22] UNDER 
REVISION

DECOMISSIONING  OF 
WASTE STORAGE 

FACILITIES
[23], [24], 
[25] [26]

SHOULD 
BE 

DEVELOP
ED

CONTAMINATED 
SITES [27]

SHOULD 
BE 

DEVELOP
ED

CLEARENCE LEVELS 
FOR EFLUENTS

[28]

TO BE 
INCLUDED 

IN 
REVISED 

REGULATI
ON

COMODITIES [29]

SHOULD 
BE 

DEVELOP
ED

PRE-DISPOSAL OF
LOW, INTERMEDIATE 

AND HIGH LEVEL 
WASTE

[30], [31],
[32]

SOME 
ITEMS  IN  

NE-6.09
AND

OTHERS
TO BE 

DEVELOP
ED

NEAR SURFACE 
DISPOSAL FACILITIES [33]  

UNDER 
DEVELOP

MENT
RADIOACTIVE WASTE 

DISPOSAL IN [34] SHOULD 
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BOREHOLES; SITING 
OF GEOLOGICAL 

DISPOSAL FACILITIES

[21] BE 
DEVELOP

ED

The protection of the health of the population must be based on the definition of an 
acceptable risk must be determined taking into consideration factors such as possible 
exposures arising from future nuclear activities in the vicinity; uncertainties in the estimation 
process of future risk; the degree of institutional control proposed; and the chemical toxicity 
associated with the wastes deposited.

The risk objective should not, however, be less than "de minimis", i.e. a risk associated with 
such small dose of radiation that is not of concern. The term "de minimis" derives from the 
legal term "de minimis non curat lex," which, in turn, means that the law is not concerned with 
trivialities. The values 50 �Sv/a and 1 person.Sv/a have been proposed internationally for "the 
minimis doses" [36].

8.3 Surveillance
The surveillance should complement the analysis and evaluation of safety throughout the 
licensing process and involves (i) verification of compliance of the activities of site selection, 
design, construction, operation and closure requirements and (ii) establishment of additional 
safety and security requirements that may be necessary as well as corrective actions and 
sanctions.

9. The basis for an adequate safety assessment  

Un adequate safety assessment must take into consideration the following aspects:
- Identification of Critical Group or Reference Person;
- Quantification of the Probability of Exposure Scenario;
- Period of to be considered in the analysis;
-Doses estimates, based on ICRP risk factors) [35];
-Optimization process, in particular when deciding between the need to establish safety 
requirements that result in additional costs and  the acceptance of a certain degree of 
institutional control.

10 Brazilian status regarding final disposal of radioactive waste

The final disposal of radioactive waste is an activity that should be regulated to ensure the safe 
containment of such material, for the necessary time, thus achieving three primary objectives:
� The minimization of any harmful effect on future generations;
� The protection of human health and
� The protection of the environment.
Thus, it is of fundamental importance that the safety requirements necessary to construct 
repositories are established by the governments of countries where there are applications of 
nuclear technology.
The Brazilian Nuclear Commission (CNEN) has the legal attribution to receive all radioactive 
waste generated in the country, to built and operate intermediate and final disposal facilities as 
well as to evaluate the safety and conduct inspections in these facilities.
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It should also be pointed out that in Brazil there is a governmental organization in the Ministry 
of Environment that is responsible for the environmental licensing of radioactive waste 
repositories, and requires that the operator of a final disposal facility elaborates an 
Environmental Impact Report (RIMA) to be discussed in public audiences with CNEN as well 
as all stakeholders involved.
Care should also be taken with regard to the allocation and coordination of responsibilities 
within the federal, state and municipal governments that may have interfaces with the area of 
disposal of radioactive waste, in order to avoid duplication of functions and powers.
Other aspects that should be taken into consideration, in addition to the above, include:
� Planning and use of land and natural resources;
� Packaging and transportation of waste, and;
� Legal, institutional and civil liability.
It is worth mentioning that is internationally recognized that the disposal of radioactive waste
can be influenced by non-technical decisions which, however, should interact with the 
regulatory process, without being prejudicial to safety.
Some of the aspects that deserve attention, from the point of view of the management of 
radioactive waste existing in Brazil today, are:
� The immobilization system of waste generated in the Angra I nuclear power plant must be 
evaluated by CNEN to verify if the criteria for waste acceptance in final disposal facilities 
have been met. The first safety barrier existing in near surface deposits is exactly the final 
product quality which must have high mechanical strength, low rate of leaching of
radionuclides, good self-absorption range, etc;
� Among thirty-one countries with nuclear reactors, only five are using bitumen for their waste 
immobilization (Tsuruga and Mihama, Japan, Sweden-Barseback, Forsmak-1, 2 and 3, Spain, 
Switzerland-Goesgen and Brazil Angra-II which corresponds to 16% of the countries The 
waste immobilization system planned for Angra II nuclear power plant uses bitumen, practice 
not adopted by the majority of countries with nuclear reactors. From 433 reactors in operation 
worldwide, only 17 (4%) use bitumen for the immobilization of radioactive waste of low and 
medium levels of radiation. Special attention must be given by CNEN to this system because 
immobilization with bitumen requires rigorous chemical control in view of chemical reactions 
that present risk of fire and explosion;  
� From the transport regulation point of view, the drums containing immobilized waste (either 
concrete or bitumen) must pass the tests for Type A packages provided in Standard CNEN-
NE-5:01 (transport of radioactive material). The feasibility of employing external concrete 
packaging (VBAs) to involve drums containing immobilized waste generated in Angra I 
during transport need to be evaluated, since a programme of quality assurance for the 
manufacturing of these VBAs must be approved by CNEN;
� Since CNEN has, from 2001, the legal attribution of licensing radioactive waste deposits, an 
adequate structure for its waste management area must be ensured, with both financial and 
human resources;
� CNEN must give high priority to the construction of a final disposal facility for low and 
intermediate level waste stored in initial deposits of nuclear power plants and fuel cycle 
facilities, as well as in intermediate deposits of its Institutes and Centres. The though of 
constructing two repositories, one for the low level waste generated by the nuclear power 
plants and another for all other waste under storage would result in a significant increase in 
cost, in view of the need for selection and characterization of two sites, operation of two 
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deposits, licensing of two deposits, etc. Furthermore, the costs associated with the acceptance 
of the deposit by the community would also be doubled;
� Site selection process for radioactive waste repositories must avoid fractured zones, due to 
the complexity of modelling for safety analysis, primarily because of preferential pathways 
available to migration of radionuclides to the environment. Furthermore, there are minimum 
safety requirements established internationally that must be met, such as  (i) the site must be 
characterized and modelled mathematically, (ii) the site cannot be located in an area where 
tectonic processes occur that could cause disruptions on the ground, (iii) the site must be far 
from facilities or activities (e.g. nuclear plants) likely to adversely affect or distort 
significantly the environmental monitoring programme; (iv) the geological terrain, saturated or 
not, should be able to prevent or retard the migration of radionuclides from the repository to 
groundwater. Such water should not flow readily to waterways, aquifers potentially usable by 
the public or areas of highly permeable fractured rocks;
� Special attention should be given to the establishment of safety requirements for initial 
storage of radioactive waste from mining and processing of conventional ores containing 
radionuclides from the uranium and thorium series, since these storage facilities may be 
converted into final deposits.
� The Agenda 21 Programme, that resulted from the well known Earth Summit (Rio-92), 
which brought together 102 heads of states, established in its chapter 22 that "Governments 
should refrain from promoting or allow the storage or disposing of radioactive wastes near the 
marine environment, regardless of their level of radioactivity”. It should also be emphasized 
that Brazilian president signed, on 26 January 1997, a decree creating the Agenda 21 
Sustainable Development Commission. Therefore, the idea of constructing a final disposal 
facility in the Angra dos Reis region is not acceptable from the safety point of view.
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