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ABSTRACT 

 

The decommissioning of a nuclear reactor requires several actions involving legal basis, 

decommissioning strategies, planning, dismantling, packing, transport and storage of a large 

volume of radioactive materials, qualified personnel and financial resources. The paper 

discusses the several aspects of these actions for the decommissioning of Angra nuclear 

power plants, based on the international experiences. The main phases of the 

decommissioning process, the Brazilian regulation and cost estimations are also presented. 

Finally, two alternatives for the decommissioning of the plants, based on logistic aspects, are 

discussed.    
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1. INTRODUCTION 

 

Power plants are designed to operate for a defined lifetime about which it is technical or 

economical unviable to continue operation. Nuclear power plants have their lifetime around 

30 to 40 years and those that started operation in the sixties through eighties are in the 

process of decommissioning [1]. 

 

Between 1970 and 2000, several studies in the USA were developed with the purpose to 

establish the technology, to define costs and safety aspects of the decommissioning of a 

nuclear power plant [2, 3, 4]. Today, the decommissioning process can be considered as 

consolidated. Up to 2010, 117 nuclear power plants were already decommissioned. The final 

situations of the sites, however, differ from each other due to the characteristics and the 

chosen process [1].  

 

International recommendations establish that new power plants should, during the licensing 

process, present an estimate of the decommissioning costs. In Brazil, the National Nuclear 
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Energy Commission (CNEN), only recently, regulated the decommissioning process of the 

nuclear installations [5], based on the NRC Regulatory Guide 1202 [6]. 

 

The present work discusses the alternatives and costs associated with the decommissioning of 

the Angra Nuclear Power Plants. 

 

 

2. DECOMMISSIONING STRATEGIES 

 

Three possible strategies are considered for decommissioning a nuclear power plant. They 

are: (1) DECOM, or immediate dismantlement, with all equipment, structures and activated 

material removed as soon as possible after shut down of the plant; (2) SAFSTOR, with the 

plant being kept safely for a long period of time in order to allow for the decay of most of the 

radioactive material in the plant; and, finally, (3) ENTOMB, with systems, structures and 

radioactive material being encapsulated with resistant material such as concrete until the 

radiation decay to very low levels to allow the unrestricted use of the site. Considering the 

presence of radionuclides with half-life above 100 years, this last strategy, similar to the 

strategy adopted for the Chernobyl plant, is to be utilized only for extreme situations.  

 

The two most viable alternatives require, basically, four major tasks, which are: (a) 

Decommissioning planning, which starts approximately 3 years before the shutdown, 

involving experts in several areas such as dismantlement engineering, radioprotection, plant 

operation, guaranty of quality, maintenance, contractors, etc. (b) Post-shutdown modification 

and preparation, involving the removal of the last core and several components of the NSSS, 

such as the reactor pressure vessel. According to the Trojan decommissioning report [7], the 

removal of the reactor vessel and its internals reduce the remaining radioactivity in more than 

99%. Also, all primary and auxiliary systems are decontaminated and dried, and the plant is 

put in a safe situation till the beginning of the dismantlement. This task usually takes about a 

1 year. (c) Cooling period, with the plant staying in safe situation for a period that can vary 

from 6 years to several decades, alloying the radioactive material to decay to levels that will 

represent lower risk to workers that will dismantle the plant. Finally, (d) the decontamination 

and dismantlement of the plant, with all systems, equipment and contaminated materials 

being removed and shipped to a final storage installation. This task, that usually takes 2 years, 

will produce a large amount of radioactive material such as large components of the NSSS, 

pipe lines, valves, tanks, radiological shielding, racks of the fuel storage pool, contaminated 

concrete and so on. All these materials have to be carefully packed and shipped to be buried 

in appropriated sites.   

 

 

3. ALTERNATIVE STRATEGIES FOR DECOMMISSIONG OF ANGRA POWER 

PLANTS 

 

The site of the Angra Power Plants has, at the moment, 2 nuclear reactors and a third is under 

construction. Angra 1 has started its operation in 1985 and, considering a lifetime of 40 years 

(without extension of life), will be the first nuclear power plant to be decommissioned in 

2025, followed by Angra 2, in 2040 and Angra 3, in 2055, in case that its operation starts in 

2015.   

 



INAC 2013, Recife, PE, Brazil. 

 

Considering the presence of 3 nuclear power plants in the same site, it was considered that 

the best strategy was to dismantle the plants in sequence in order to use the same manpower, 

the eventual rented equipment, and the same dismantlement tools that will be required. Two 

alternatives are proposed. The first alternative consider that Angra 1 and Angra 2 have their 

dismantlement delayed (safstor) until Angra 3 ceases operation in 2055, with immediate 

dismantlement (decom).  This alternative is presented in Figure 1.  

 

 
 

Figure 1. Proposed alternative 1 for decommissioning of Angra. 

 

In this case, the radioactive material of Angra 1 would decay for 34 years, Angra 2, for 21 

years, and Angra 3 would decay for 8 years. The site would be released for unrestricted use in 

2065. Of course, we are considering that the plants would not have their life extended. In case 

of 20 years of extension of life, the date in the figure would be postponed in 20 years, without 

change of strategy. 

 

The second alternative considers that the dismantlement of the plants would be in sequence, 

for the reasons already mentioned, all three plants would be in safstor, but the entire process 

of Angra 1 would be completed in 60 years, which is the longest period accepted by NRC for 

the decommissioning process. This case is showed in Figure 2. The site would be released for 

general purpose after 2089, without life extension.  

 

Although two alternatives have been proposed, many other options are possible. In any case, 

the final decision depends of detailed cost analysis. It should be remembered that different 

timetables will imply in different radiation doses to workers, which represents different costs 

for the manpower in the demolition process and different strategies for packing and 

transportation of the contaminated material.    

 



INAC 2013, Recife, PE, Brazil. 

 

 
 

Figure 2. Proposed alternative 2 for decommissioning of Angra.  

 

 

4. MINIMUM DECOMMISSIONING COSTS 

 

At the moment, none of the Brazilian reactors were decommissioned. So, no experience 

exists about the process and the associated costs. Taking the USA as reference, the MFA – 

Minimum Financial Assurance -, in millions of dollars of jan/1986, for decommissioning of 

PWR reactors, according to the Regulatory Guide 1202 [6], is given by: 

 

MFA = (75 + 0.0088P)            (1) 

 

where P represents the reactor thermal power, in MWt. 

 

This expression is utilized considering that, if the thermal power is lower than 1200 MWt, the 

value of P should be equal to 1200, and, if the thermal power is higher than 3400 MWt, then 

P should be equal to 3400. For the monetary correction of the MFA value, for a given year x, 

the following expression should be used: 

 

ESC(ano x) = (0.65Lx + 0.13Ex + 0.22Bx)   (2) 

 

where Lx, Ex and Bx represent inflation factors associated to Labor, Energy and Low level 

waste disposal. The first two factors are given by the US Department of Labor, Bureau of 

Labor Statistics, Tables 24 and 6, respectively, related to a geographical region of the USA. 

 

Also, to calculate the energy cost, it is recommended the expression: 

 

Ex=0.58Px + 0.42Fx             (3) 
 

with Px representing the variation of the electrical energy cost, while Fx is the variation of the 

cost of oil.  
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Regarding the factor Bx, its value will depend of the waste disposal site and of the 

participation of any partner that administrate the place. Values of Bx are available in ref. [8].   

 

Based on these corrections, the MFA, for a given year x, can be calculated by: 

 

MFA(ano x) = MFA  ESC(ano x)            (4) 
 

It should be noticed that the expression (2) has been proposed during the analysis of the 

decommissioning of a reference PWR [2]. In the analysis, dated of January of 1986, 65% of 

the decommissioning costs consisted of labor costs, 13% were related to energy costs and 

22% were assigned to the Low level waste disposal (LLW).  

 

Considering the situation where the LLW disposal presented the lowest cost evolution, the 

MFA is presented in Figure 3, in January 2012 dollars.  

 

 
Figure 3. Decommissioning cost of a PWR. 

 

As an illustration, it is shown the decommissioning costs of the Angra 1, 2 and 3 nuclear 

plants, in case they were located in the USA. The MFA for Angra 1 would be around 338 

millions of dollars and 384 millions of dollars for Angra 2 and 3. These are, of course, just 

rough estimates of the minimum decommissioning cost. It is well known that the 

decommissioning costs are strongly dependent of the country, the plant site, local 

engineering, availability of special tools, trained personnel and the available installations for 

waste disposal.  

 

Figure 4 shows the evolution of inflation correction factors for labor, energy and waste 

disposal. It is worth to notice that the correction factors followed approximately the American 

inflation given by the Consumer Price Index until the year 2000. After 2000, the waste 

disposal costs started to rise well above the inflation and its participation in the 

decommissioning costs increased from 22%, in 1986, to above 50%, in 2012, as can be 

observed in Figure 5.  
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Figure 4. Evolution of the correction factors.  

 

 
Figure 5. Evolution of the fractions in the decommissioning total cost.  

 

As observed, the waste disposal costs are critical for producing a reliable estimate of the 

decommissioning costs of nuclear reactor. In the Brazilian case, no site has been defined for 

waste storage till now. By law, the waste storage site and installations, in Brazil, are 

responsibility of the CNEN, which is also the regulatory agency that demands the preliminary 

decommissioning plan.  
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5. CONCLUSIONS  

 

The present work presented an analysis of two alternatives for the decommissioning 

strategies, based on a dismantling sequence in order to use the same labor force, equipment 

and special tools. Without life extension of the plants, in one case, the site would be fitted for 

unrestricted use in 2065 and, in the other alternative, in 2089. 

 

The minimum decommissioning costs of the plants were estimated based on the experience 

of the USA and it was observed that those costs are strongly dependent of the availability of a 

final storage site. 
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