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ABSTRACT 
 

The National Energy Plan 2030, issued by the Energy Research Company of the Brazilian Ministry of Mines 
and Energy (EPE, 2007), formalized a reference scenario for the renaissance of the nuclear option in Brazil. 
This scenario includes the completion of Angra 3 Nuclear Power Plant up to 2014 and the construction of four 
additional nuclear power plants of 1000 MWe: a fourth unit by 2020, a fifth unit by 2025 and the sixth and 
seventh plants by 2030.  

Worldwide, the energy demand and the renaissance of nuclear energy as a primary source for electric power 
generation are leading the industry toward new constructions as well as uprates and operational life extensions. 
In this new scenario the decommissioning is pushed further into the future and Brazil is not an exception, 
considering that Angra 1 NPP is under a process of uprating and certainly will apply for and will receive license 
renewals allowing its operation for 20 or more years beyond its original project. 

Thus, why to focus on decommissioning in the present? What is the importance of decommissioning for the 
development of the Brazilian nuclear industry considering the existing reactors? Should the decommissioning be 
considered in the design of the new nuclear power plants? What would be the decommissioning plan for the 
Brazilian Nuclear Power Plants? 

The present paper is intended to contextualize the decommissioning in the present scenarios as well as to try 
to answer the above questions. 

 
 

1. INTRODUCTION 
 
Brazil has many options of primary sources for electrical energy generation. Each one of 
these sources represents a set of social, economic and environmental impacts. The increase in 
the consumption of electrical energy, around 176% from 2005 to 2030, means more than 
double, in 27 years, the capacity of generation installed in the XX century or to adopt actions 
that allow for significant increasing in the efficiency of generation, distribution and end use 
of the energy [1] 
 
In face of the relationship between the electrical energy and the economic development, all 
the primary sources represent positive contributions for the appropriate set of social, 
economic and environmental solutions. A suitable portfolio of primary sources should be 
built through co-coordinated, joint and integrated actions from all segments of the Brazilian 
society: government and regulatory agencies, productive sectors of the economy, universities 
and institutions of science and technology, and, in special, the Brazilian population. 
 
The nuclear option, until recently defended in its pure strategic dimension, it means, under a 
reasoning of future need, begins to have and offer an important contribution in the present. In 
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the international scene the renaissance of nuclear energy is produced by two related needs: 
clean energy sources that support the higher worldwide economic growth and, the mitigation 
of the environmental impacts of the greenhouse gases which emanates from the burning 
process of fossil fuels. In the Brazilian scene the nuclear energy is now being considered as 
an important contribution to obtain complementarity, competitiveness and thermoelectric 
regulation which are necessary to confer reliability to the Brazilian electricity generation 
system [2]. 
 
In the current scenario of nuclear renaissance, Angra 1 Nuclear Power Plant is under a 
process of uprating and certainly will apply for and will receive license renewal that allows 
the operation for 20 or more years beyond its original project. Worldwide, the increase in the 
energy demand and global warming are leading the nuclear industry toward new 
constructions and also toward uprates and license extensions. Many existing reactors that 
were slated for decommissioning only a few years ago are now planned to operate for another 
20 or more years [3].  
 
One consequence of this changing in the future perspectives of the nuclear sector is to push 
the decommissioning into the future, where many important aspects can be overlooked. 
 
 

2. THE DRIVERS OF THE NUCLEAR RENAISSANCE: WORLD AND BRAZIL 
 
The renaissance of the nuclear option for generating electric energy is stimulated by its 
economic competitiveness and its social and environmental benefits. Presently, nuclear 
energy is a key component to the rapid expansion of world electricity consumption. Drivers 
of the nuclear renaissance are (a) the growth of public acceptance as result of the historic 
demonstration of safety, (b) the economic competitiveness in the costs of generation, (c) the 
incorporation of innovations and technological advances with impacts on main barriers like 
the reducing of the capital investments and technological solutions for destination of the 
radioactive wastes [1]. 
 
The energy shortage in 2001 indicated clearly the vulnerability of the Brazilian electric 
system, which is 76% based on water, a renewable source of energy with an indisputable 
advantage, but which also includes a risk: depend on the natural cycles for its renewal and 
these cycles present successions of dry and rainy periods. Consequently, in order to confer 
reliability to the Brazilian electric system is vital to have a portfolio of different sources of 
primary energy. The nuclear source is certainly one of the options to compose this portfolio, 
since Angra 1 and 2 Nuclear Power Plants (NPP) played a key role to support the electricity 
demand and mitigate the impact of the energy shortage in 2001. Both  NPP´s operated 
continuously at full power along the shortage period. 
 
Besides the shortage risks, the demand for electricity to support the economic growth 
renewed the interest in energy-generation projects in Brazil. Policy options under 
consideration include expansion of natural gas exploitation, biomass, hydropower generation 
in the Amazon and nuclear power plants. The main available hydropower potentials are 
toward the northwest of the country including the Amazon region. 
 
The frontier for expansion of hydropower generation toward the Amazon increase the 
vulnerability of the Brazilian electric system, in view of the topographic conditions of 
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Amazon being quite different from the Southeast region, where are located the big dams for 
hydroelectric generation and, of course, with main capacity of water reservation. In the 
Southeast region there is a difference of 700 to 800 meters from sea level to the plateaus. 
Great water reservoirs have been built using the valleys existent due this uneven.  In the 
Amazon on the contrary the topography is flat. Even increasing the flooded area there is no 
significant increasing in the water capacity reservation, that in conjunction with the natural 
environmental cycles (dry and rainy) can amplify the risk of eventual water shortages.  In 
order to prevent lack of electric energy supply in an enlarged hydropower system towards the 
Amazon, it is important to have thermoelectric support to confer diversification and 
reliability to the electric system [4]. This situation can be verified on Fig. 1, where it is 
represented the evolution of hydroelectricity in Brazil and the stagnation of the water storage 
capacity. 
 

  
 

Figure 1. Installed versus storage capacity [5] 
 

The Brazilian demographic distribution with 80% of the population living in urban areas is 
other key factor to be considered in the energy planning. Distributed sources of electric 
generation such as wind, solar and biomass cannot cope alone with the concentrated demand 
of the urban areas. Even with the increase of these sources the great concentrated blocks of 
hydroelectric and thermoelectric power will be still necessary. A portfolio of concentrated and 
distributed blocks of electric generation shall be setting up to respond to the great challenges 
of the increase of electricity demand. Brazil held in 2003 the 10th position in the rank of 
electricity generation but only the 90th position in terms of per capita consumption [6]. 
 
This challenge can be dimensioned from the figures of the National Energy Plan 2030, issued 
by the Energy Research Company of the Brazilian Ministry of Mines and Energy that 
projects the demand of electricity consumption on 1,139 billion kWh in 2030, an increase of 
176% in the period 2005-2030. In order to meet this demand it is projected an increase of 
128% of the installed hydropower capacity, 135% of increase in installed thermoelectric 
capacity, including the nuclear source, and approximately 1300% of increase in installed 
capacity from alternative sources. In this scenario the country cannot discard any source of 
energy, including nuclear, that will growth 235% of installed capacity, from 2,000 MW in 
2005 to 7,300 MW in 2030 [7]. 
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3. DECOMMISSIONING OF COMMERCIAL POWER REACTORS 

3.1. General Aspects 
 

The first nuclear plants were designed for useful life of about 30 years, despite some have 
proved capable of continuing well beyond this. Newer plants are designed for a 40 to 60 year 
useful life. At the end of the life of any power plant, it needs to be decommissioned, 
decontaminated and demolished so that the site is made available for other uses. For nuclear 
plants, the term decommissioning includes all clean-up of radioactivity and progressive 
dismantling of the plant. Today 90 commercial power reactors have been retired from 
operation. At the end of 2005, IAEA reported that eight power plants had been completely 
decommissioned and dismantled, with the sites released for unconditional use. Further 17 had 
been partly dismantled and safely enclosed, 31 were being dismantled prior to eventual site 
release and 30 were undergoing minimum dismantling prior to long-term enclosure [8]. 
 

Considering the three options defined by the International Atomic Energy Agency for 
decommissioning, i. e., Immediate Dismantling (Decon), Safe Enclosure (Safstor) and 
Entombment (Entomb), there is no a predominant approach and each one of them having its 
benefits and disadvantages. The policy of each country determines which approach should be 
adopted. In the case of immediate dismantling (or early site release), responsibility for the 
decommissioning is not transferred to future generations. The experience and skills of 
operating staff can also be utilized during the decommissioning program. Alternatively, Safe 
Enclosure (or Safstor) allows significant reduction in residual radioactivity, thus reducing 
radiation hazard during the eventual dismantling. The expected improvements in mechanical 
techniques should also lead to a reduction in the hazard and also costs [9]. 
 

In the case of nuclear reactors, about 99% of the radioactivity is associated with the fuel 
which is removed following permanent shutdown. The remaining radioactivity comes from 
the surface contamination of plant and from activation products such as steel components that 
have long been exposed to neutron irradiation. Their atoms are transmuted into different 
isotopes such as iron-55, cobalt-60, nickel-63 and carbon-14. The first two are highly 
radioactive, emitting gamma rays. However, their half life is such that after 50 years from 
closedown their radioactivity is much diminished and the risk to workers largely gone [8]. 
 

Typical operations involved on the decommissioning process are shown on Fig. 2, 3 and 4. 
 
 

 
 

Figure 2. Demolition of a Reactor Containment Building [10] 
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Figure 3. Removal of Contamination on Nuclear Plant Wall [10] 
 

 
 

Figure 4. A Steam Generator is Removed from a Reactor Building [10] 
 
Financing is another key aspect of decommissioning. Financing methods vary from country 
to country. The most common is the method of Prepayment, where money is deposited in a 
separate account to cover decommissioning costs even before the plant begins operation. In 
most countries the operator or owner is responsible for the decommissioning costs. The total 
cost of decommissioning is dependent on the sequence and timing of the various stages of the 
program. Even allowing for uncertainties in cost estimates and applicable discount rates, 
decommissioning contributes a small fraction of total electricity generation costs. According 
to a report from OECD the cost in 2001US dollar for western PWRs were US$ 200-500/kWe 
[11]. Many US utilities have revised their cost projections downwards in the light of 
experience, and estimates average in 1998US dollar of 325 million per reactor all-up [8]. 
 
In US, where the decommissioning process is well defined, the owner is required to submit a 
Licensing Termination Plan within two years of the expected license termination. The plan 
addresses each of the following: site characterization, identification of remaining site 
dismantlement activities, plans for site remediation, detailed plans for final radiation surveys 
for release of the site, method for demonstrating compliance with the radiological criteria for 
license termination, updated site-specific estimates of remaining decommissioning costs, and 
a supplement to the environmental report that describes any new information or significant 
environmental changes associated with the owner's proposed termination activities. Most 
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plans envision releasing the site to the public for unrestricted use, meaning any residual 
radiation would be below US Nuclear Regulatory Commission (NRC) limits of 25 millirem 
annual exposure and there would be no further regulatory controls by the NRC. Any plan 
proposing release of a site for restricted use must describe the site's end use, documentation 
on public consultation, institutional controls, and financial assurance needed to comply with 
the requirements for license termination as restricted release [10].  
 

3.2. The Role of the Decommissioning Process on the Development of the Brazilian 

Nuclear Program 

 
Considering the Brazilian scenario where Angra 1 will apply for a life extension and certainly 
it will be granted, why to focus on decommissioning in the present if its decommissioning 
process will only start between 2024 to 2060?  
 
The reasoning to address the decommissioning in the present is justified by the risk of not 
having enough information to make a detailed plan regarding the site characterization. It is 
important to have in mind that the present staff will be retired by time of decommissioning 
and the big challenge of the decommissioning project will be to have the information of the 
site characterization 20 to 50 years ahead in a friendly, updated and easily recoverable form. 
This information should cover aspects such as: items reusable and recyclable, contaminated 
area (m2), type of contamination and level of contamination, as illustrated in Fig. 5 and 6. 
 
Decommissioning activities carried out in a laboratory plant of Studsdvik [12] demonstrated 
that more than 40% of the decommissioning costs are related with measurements and 
analyses of contaminated areas and items. These costs can be increased or mitigated 
depending on the collection and management of the information in the present.  
 
 

 
 

Figure 5. Items Recyclable and Reusable 

Item recyclable 

Item reusable 
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Figure 6. Radiological Characterization  
 
Other aspect that impacts in the decommissioning process is the permanent removal of the 
spent fuel. As the process of decommissioning starts only after the permanent removal of the 
spent nuclear fuel, the availability of a final repository is a point to be considered during the 
first phase of planning. The Brazilian Nuclear Energy Commission has a project of a national 
repository addressing this subject. The parameters of this project will feed the strategic plan 
for decommissioning of the Brazilian NPP. In United States of America, several nuclear 
power plants completed decommissioning in the 1990s without a viable option for disposing 
of their spent nuclear fuel, because the federal government did not construct a geologic 
repository as planned. Accordingly, the US Nuclear Regulatory Commission – NRC 
implemented regulations allowing licensees to sell off part of their land that meets regulatory 
requirements while maintaining a small parcel under license for storing the spent fuel. These 
stand-alone facilities, called “independent spent fuel storage installations” (ISFSIs), remain 
under license and NRC regulation, and the licensees are responsible for security and for 
maintaining insurance and funding for eventual decommissioning [10]. 
 
As more facilities complete decommissioning in US, the NRC is implementing “lessons 
learned” in order to improve the program and focus on the prevention of future legacy sites. 
Applications for new reactors must now describe how design and operations will minimize 
contamination during the plant’s operating life and facilitate eventual decommissioning. The 
agency is developing new regulations that will require plant operators to be more vigilant in 
preventing contamination during operations, and cleaning up and monitoring any 
contamination that does occur [10].  
 
 

Contaminated área: m2 

Type of contamination 

Level of contamination 
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4. CONCLUSIONS  
 
Considering the international experience accumulated on decommissioning it is 
recommended to incorporate in the goals of the Brazilian utilities some aspects, in order to 
mitigate the costs and labor involved in this process: 
 

1) Most parts of a nuclear power plant do not become radioactive, or are contaminated at 
very low levels. Most metal can be recycled. 

2) Proven techniques and equipment are available to dismantle nuclear facilities safely 
and these have now been well demonstrated in several parts of the world. 

3) Decommissioning costs for nuclear power plants, including disposal of associated 
wastes, are reducing and contribute only a small fraction of the total cost of electricity 
generation, but initiatives in designing operations should be taken in order to 
minimize contamination during the plant’s operating 

4) The information of site characterization should be available in digital form, with a 
friendly interface and in a platform that permits constant updating and able to be 
replicated for all plants. 
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