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ABSTRACT

One relevant subject in the decision making process linked to the implantation of a low and intermediate level
waste (LILW) repository in Brazil is regarding to the project expected costs. It is important to estimate in a solid
way the total and partial costs expected, considering each one of the enterprise implantation phases. This work
shows an initial estimative of these costs, based on reports and papers that evaluate the implantation, operation,
closure and post closure costs of radioactive LILW waste repositories. In the development of this research only
the costs regarding to near surface repositories, or similar ones, were considered. The total cost was estimated as
approximately 115 million dollars, considering the whole project lifetime as 300 years. Considering the
repository start-up costs (site selection, licensing, project and construction), the total value is estimated as
48 million dollars (1600 dollars/m3). It is important to emphasize that some cares should be taken when costs
obtained from the acquired experience by another countries in the repositories development are analyzed. As
example, the costs for disposal 1 m3 of low and medium level radioactive waste vary significantly from one
country to another, even when repositories with similar projects are compared. Also the total costs of
construction and licensing are significantly higher when compared those ones from "conventional" facilities with
similar technological characteristics. Finally, although about a dozen low and medium level radioactive waste
repository are operating in Europe, new projects should be faced, as the international practice demonstrate, as
original developments.

1. INTRODUCTION

In many countries all over the world, the final destination of the radioactive waste remains an
unsolved problem, and the local authorities are still searching for a final solution. Beyond
technical and environmental questions, there are many other issues that can be faced as a
challenge in the decision making process. As example, the public acceptance of this theme is
not an easy task to solve. In many countries the local communities do not accept the
implantation of repository to storage the LILW - Low and Intermediate Level Waste.

Brazil plans to build a repository to storage the radioactive waste in the next years, so several
studies are necessary to evaluate this question. As example, there is a need to estimate all the
costs involved in the whole process, although this is not an easy task. One of the difficulties is
that this kind of enterprise has never been done in Brazil (not considering the Abadia de Goiás
facility that is result of a radiological accident), so the technicians involved in the project will
face new situations and problems along the whole process.
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The objective of this work is to discuss the question of the costs involved in the implantation
process of a LILW Repository in Brazil. References from similar works done in Croatia [1]
and England [2] were used as a database to help the modeling of the costs for Brazil.

2. METHODOLOGY

To obtain the costs, a survey was done based on references about implantation, operation,
closure and post closure costs related to radioactive waste repositories in operation, under
construction or projected by many countries. This research was based on international
experiences that were reported and that observed, in general, costs estimated for several types
of repositories. In this work, only near surface repositories or similar ones will be evaluated.

The study of these references showed that some cares should be taken when costs are
projected and analyzed based on the obtained experiences in other countries. Some of the
aspects that must be emphasized are [1]:

– the licensing and construction total costs of a Low and Intermediate Level Waste Activity
Repository are much higher than the same costs from “conventional” facilities that have
similar technologies;
– for the disposal of 1 m3 of LILW the costs change very much from one country to another,
even when similar facilities are compared, due to the differences of the site and needed
licenses;
– although in Europe a dozen repositories are already in operation, new projects should be
considered as an original development, according to international experiences.

The uncertainties associated to the costs estimate for the implantation of a repository were
discussed by Crawford and Wickham [2]. These authors established a risk scale associated to
the estimated costs for several kinds of repositories. This risk can be understood as the
uncertainty degree associated to the estimated values. For the sites were a strong experience
about development of repositories already exists, a low risk is expected, and for the places
where there is no experience and no technical knowledge for its implantation, the risk is
considered high. To quantify these risks is not an easy task, however low risks mean an
uncertainty in the calculations lower than 25%. Near surface repositories are considered as
low risk facilities.

In order to estimate the partial costs for the implantation of a LILW Repository, and
considering the environmental and nuclear licensing legal stages, the available data and
information contained in the previously mentioned references were evaluated taking in
account the stages of the project that is being studied, as shown below:

• Pre Operational Phase

Stages:
• planning (preliminary inventory, initial conceptual design, tentative schedule and project

costs preliminary estimate);
• technical licensing (site selection, environmental and nuclear licensing);
• social licensing (communication and stakeholders involvement);
• project (inventory specification, project, costs and timeline details);
• construction (storage, disposal and supporting facilities, among others).
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• Operational Phase

Stages:
• operation of the Brazilian LILW repository implantation;
• additional costs (remediation/recovery, environmental incentives and compensations,

among others).

• Post Operational Phase

Stages:
• decommissioning and closure;
• post closure (monitoring and institutional control)

3. RESULTS AND DISCUSSIONS

The estimated cost for the start-up of a Croatian repository was US$ 40.3 million
(R$ 92,7 million), not included in this value the costs of the site selection process, for a
storage capacity of 18000 m3. Therefore, operation, closure and post closure costs are not
included in this evaluation [1].

Crawford and Wickham [2] estimated the total costs for a LILW near surface repository as
US$ 168.8 millions (R$ 388 millions), considering an amount of 82500 m3 of waste and a
hundred years institutional control. For a 300 years institutional control this value was
estimated as US$ 198.8 millions (R$ 457 millions). In this task the authors included the
following costs: planning, licensing, project and construction (pre operational phase),
operation (operational phase), decommissioning, closure and post closure (post operational
phase). Also, some additional costs like social, environmental, remediation, incentives and
contingencies were estimated. However, the site selection process costs were not calculated.

The estimated cost for the Croatian repository and for that one mentioned by the Eletrobrás
Termonuclear S.A. - ELETRONUCLEAR (ETN) in 2008, during a meeting named “Nuclear
Energy Business Plan and Investments Capture” have the same order, considering the
differences in the storage capacity and the similarity of the phases presented in both works.
ELETRONUCLEAR estimated an investment of US$ 108.7 million (R$ 250 million) for the
implantation of a repository in Brazil, considering 30000 m3 of waste and three
activities/stages: site selection, licensing and construction [3].

The first point to be observed here is that the expected costs for the implementation of a
radioactive LILW repository in Brazil are superior to hundreds of millions dollars. The
international experiences that were studied indicate that the real costs change according to the
project phases that were considered in the cost and waste amount estimate. A second point is
that the value estimated by ELETRONUCLEAR for the pre operational phases until the
construction, seems to be a good reference for the expected costs for a Brazilian repository,
considering the existent differences between the developed countries and the other ones, when
the costs of the materials and the payment/salary of the workers are compared.

• Pre operational costs

Crawford and Wickham [2] estimated the Planning and Licensing (technical and social) costs
for the Drigg LLW facility as US$ 13.5 million (R$ 31 million). For Croatia, the licensing
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costs activities, needed to obtain the site license to the repository were estimated as
US$ 6.7 million (R$ 15,4 million).

The Project stage costs (inventory, costs and timeline details and projects elaboration) are
relevant, mainly the inventory details and the elaboration of the buildings project: layout of
the facilities, geotechnical studies, architectural, hydraulic, electrical and structural projects,
establishment of control measures, quality and environmental monitoring programs,
preliminary safety analysis, superficial drainage, design of metal and reinforced concrete
structures, among others.

The project stage costs associated to the Drigg repository [2] were included in the topic
“Project and Construction” and are estimated as US$ 51.3 million (R$ 118 million). However,
this reference indicates that the Project costs represent 20 to 30% of the construction costs for
near surface repositories. So, this project cost is estimated as US$ 10.3 million
(R$ 23,7 million), considering an intermediate value for the calculations. In relation to the
Croatia repository [1], the project costs are not discriminated and there is no mention about
these values.

As mentioned before, the Licensing, Project and Construction costs are estimated as
US$ 40.3 million (R$ 92,7 million) until the start-up of the Croatian repository [1]. Using the
same ratio project/construction showed in Drigg study [2], a cost of US$ 6.7 million
(R$ 15,4 million) is estimated for the project of the Croatian repository. It is valid to note here
that the license costs for the operation and the construction are included in this estimate,
although their values are not so high and can be disregarded.

For Brazil, the licensing costs estimate considers that these costs have no relation with the
amount of the radioactive waste that will be storage, but these costs are highly influenced by
the salary of the experts that will work in the project. For Croatia, the monthly manpower cost
was estimated as US$ 6.5 thousand (for each worker), but for the Drigg this value was not
available. So, the licensing costs for Brazil are estimated as US$ 10 million, considering the
social and technical licensing, planning and site selection. Previous works estimates indicated
a technical licensing cost close to US$ 6.3 million, what agrees with the estimates done here.

The project planning costs, what means the acquisition costs and the database needed for the
decision making process are not relevant and can be internalized in CNEN and other
government institutes costs.

• Operational costs

The estimated costs for the construction and operation of the Drigg [2] repository are
US$ 121 million (R$ 278,3 million). The construction costs are US$ 41 million and the
operation costs are US$ 80 million. It is important to emphasize that for these stages
(operation and construction), the waste volume is a relevant factor in the costs estimate. The
low and intermediate level waste amount considered for Brazil is 30000 m3 (not considering
very low level waste) while the Drigg has capacity for 82500 m3 (the relation between them is
36%).

However, it is expected that the construction and operation costs for a Brazilian repository
comprise 60% of the estimated costs for the Drigg, considering a reduction factor and the
fixed costs inherent to the repository construction and operation works, which are not
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dependent of the waste amount that will be storage. For the construction stages (pre
operational phase) and operation (operational phase) of the Brazilian repository, a total cost of
US$ 73 million (R$ 168 million) is expected.

The estimate of the costs of the two stages (construction and operation) for the Brazilian
repository project indicates a costs estimate of US$ 25 million (R$ 58 million) for the
construction (pre operational phase) and US$ 48 million (R$ 110 million) for the operation
(operational phase).

The costs estimated for the construction stage (US$ 25 million) were underestimated,
considering the reference [1], where is mentioned that international practices allow estimating
the service costs associated to obtain the construction and operation licenses, and the
construction costs for a radioactive waste repository. These costs were estimated as
US$ 1,450/m3, what means an estimate for the construction of the Brazilian repository of
US$ 43 million, considering a storage capacity of 30000 m3. This estimate should be reduced
since there is a significant difference between the manpower costs in developed and not
developed countries.

So, considering an intermediate value for the numbers discussed above, the construction costs
for the Brazilian repository should be close to US$ 30 million. Then, the estimated costs for
the operation were about US$ 40 million. The estimated costs for the project stage,
US$ 8 million, were obtained considering the ratio of about 25% between the project and
construction costs mentioned in reference [2].

• Post operational costs

For the post operational phase (decommissioning, closure, monitoring and institutional
control) of the Drigg repository, the estimated costs would be around US$ 54 million
(R$ 124,2 million), considering as US$ 100 thousand per year the monitoring and institutional
control costs, assuming 100 years of control. In these calculations a reduction factor must be
considered, mainly for the decommissioning and closure values, since there is a significant
difference between the two enterprises.

The decommissioning and closure costs were estimated as US$ 13.5 million for the Drigg
repository [2]. For Brazil, these costs are estimated as US$ 6.8 million, which represents 50%
of that value. For the monitoring and institutional control, the costs were estimated as
US$ 70 thousand per year, considering a reduction factor due to the existent differences
between developed and not developed countries, performing a total value of US$ 21 million
(R$ 48,3 million) for 300 years of institutional control.

An analysis of the partial costs reported by the references [1] and [2], in order to estimate the
expected costs to implement a LILW repository in Brazil is presented at Table 1. The study
considers a repository that can storage 30,000 m3 of LILW, and displays the results for each
phase of the project.
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Table 1 – Preliminary estimate of costs for the implantation of a radioactive LILW repository in Brazil. Values in US$ x 106

(a) US$ 100,000/year (b) not available (c) not evaluated (d) 1 US$ = 2,3 R$ (April/2009) (e) site selection costs excluded

(f) considering the following costs: construction and operation licenses, construction of the facility, infra structure implantation and project

(g) available + evaluated values (h) considering site selection and technical and social licensing costs

Factors used: 1 Euro = 1.3 US$ and 1₤ = 1.35 US$

Phases Stages Drigg [2] ETN Croatia Repository [1] Brazilian Repository

Site selection (b) (b)

Planning
6.7 (e)

Site 13.5 10.0 (h)

Construction 108.7 40.3 48License

Operation 64.8 33.6 (f) 6.7

Project 10.3 8.0

Pre operational

Construction 41.0 26.9 30.0

Operational Operation 80.0 (c) (c) 40

Decommissioning and
Closure

13.5 (c) (c) 6.8
27.8

Post operational
Monitoring and

institutional control
(300 years) (a)

40.5 (c) (c) 21.0

US$ 198.8 108.7 40.3 115.8
Total (g)

R$ (d) 457,2 250,0 92,7 266,3
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4. FINAL COMMENTS AND CONCLUSIONS

As presented at Table 1, the total cost estimated for the low and intermediate level activity
waste repository in Brazil is US$ 115.8 million (R$ 300 million) - US$ 48 million of this
value is for the pre operational phase, US$ 40 million for the operational phase, and US$ 27.8
million for the post operational phase.

Table 2 shows the normalized costs values as a function of the total capacity, in cubic meters,
of radioactive waste for the studied cases. For Brazil, the estimated costs are US$ 1600/m3 for
the pre operational phase, US$ 1333/m3 for the operational phase, and US$ 926/m3 for the
operational phase, being US$ 3854 the total cost.

Table 2: Preliminary estimate of the normalized costs for the LILW repository in Brazil
and other projects. Unit – US$/m3.

Low and Intermediate Level Activity Waste Repositories

Phase Drigg
(82500 m3)

ETN
(30000 m3)

CROATIA
(18000 m3)

BRAZIL
(30000 m3)

Pre operational 785 3623 2239 1600
Operational 970 not available not available 1333

Post operational 655 not available not available 926
Total 2410 3623 2239 3854

The partial costs estimated by each development phase of the Low and Intermediate Level
Waste Activity Repository in Brazil have the same order of those ones practiced or projected
in other countries. Considering the normalized costs by waste volume, until the repository
operation start-up, for the evaluated repositories, it is possible to see that the cost for Brazil
(US$ 1600/m3) is higher than the Drigg repository (US$ 785/m3), but lower than the Croatian
one (US$ 2239 m3).

Only in the estimate done for the Brazilian case, the site selection costs were considered.
These costs were estimated as R$ 2 million (US$ 67/m3), not included the costs associated to
the public acceptance process (social license).

Table 3 shows a relation of costs repositories that were estimated for similar projects,
considering the normalized costs of the repository start-up. The values are in US$/m3.

The estimated costs evaluated here only consider LILW. The disposal of very low level waste
in the same selected site will generate a reduction in the normalized costs, in cubic meters of
radioactive waste, considering that their storage characteristics are less complex. It is valid to
emphasize here that, as previously mentioned, the costs to storage the radioactive waste
change very much from one country to another, even when similar projects are analyzed.
Also, new projects should be planned as original developments.



INAC 2009, Rio de Janeiro, RJ, Brazil.

Table 3: Normalized costs of the near surface LILW repositories start-up.
Adapted from [1].

Near surface repositories Start-up estimated cost
Site not specified (Belgium) 3330
Site not specified (Croatia) 2239
Stabatiske (Lithuania) 1950
El Cabril (Spain) 1682
Site not specified (Brazil) 1600
Udvari (Hungary) 1486
Drigg (England) 785
L’Aube (France) 502
Dukovany (Czech Republic) 477
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