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ABSTRACT 

 
CNEN is presently in the planning phase of the implementation of a repository for low and intermediate level 

wastes. One of the present activities of this project is to define a concept for the disposal of radioactive wastes 

to be received. The conceptual design of the repository takes into account the quantities and characteristics of 

the waste, the disposal arrangement, the waste acceptance criteria, the site characteristics, the period of the 

facility operation and institutional control, the engineering barriers to be used, as well as the facility´s 

operational aspects. The facility will be a near-surface repository, an internationally accepted concept and 

adopted for example in France (L'Aube repository) and Spain (El Cabril). An acceptable site for such a 

repository must have characteristics that minimize the risk of human exposure to the radiation and 

environmental contamination. For this, the chosen site must meet specific technical and socioeconomic 

requirements, such as favorable physiographic, meteorological, geotechnical and tectonic characteristics, low 

demographic density, absence of agricultural activities and mineral deposits and proximity to the paved road 

grid. In this work the technical and socioeconomic requirements necessary and sufficient for site selection are 

presented. Also discussed is the method for the establishment of the main features that the different facility´s 

buildings must have. Since a specific site has not yet been selected, a simulated area with straight and parallel 

sides, no gradient, served by access road and having a surface sufficient to hold the disposal structures and 

support facilities, as well as the legal exclusion zones. The buildings were designed and positioned in order to 

meet the needs in terms of flow of waste, personnel, supplies and materials necessary to perform the activities 

within the enterprise. The methodology for compilation of information related to buildings is presented. This 

information will be input data for the subsequent detailed design phase. 

 

 

1. INTRODUCTION 

 

The Brazilian nuclear agency CNEN, legally responsible for the implementation of the 

radioactive waste repository in the country, is currently selecting a site and designing a 

concept for the surface repository for the very low, low and intermediate level short lived 

wastes generated in Brazil. The tasks to be fulfilled at this phase are the determination of the 

minimum site characteristics, definition of the reference waste inventory, operational and 

institutional control periods, waste acceptance criteria, selection of engineer barrier types, and 

description of the operational aspects of the facility. 

 

The establishment of a waste repository is a pressing demand of the Brazilian nuclear sector. 

With two nuclear power units in operation, a third planned to enter operation in a few years, a 

nuclear fuel fabrication plant operative and in expansion, four active research reactors and a 

fifth one planned to start operation in 2018 and with a widespread use of nuclear techniques 

in medicine, agriculture and industry, a definite solution for the amount of radioactive wastes 

generated in the country is an overdue necessity.  
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The planned facility will receive the wastes classified as short-lived low and intermediate 

level wastes, as well wastes with very low specific activities, generated basically during the 

decommissioning of radioactive and nuclear facilities and site remediation activities. 

This paper presents the basic information concerning the repository conceptual design, 

needed for the evaluation of the potential areas and as an input for the basic design. This 

information will also support the nuclear an environmental licensing of the repository. 

Specifically presented are the flowcharts of waste, personnel and materials, the general 

requirements and the main buildings of the facility. 

 

 

2. MINIMUM SITE CHARACTERISTICS 

 

An adequate site for the establishment of a surface repository shall have characteristics that 

allow the minimization of the risk of human exposure to radiation and environment 

contamination. The selected site shall meet, among others, suitable physiographic, 

meteorological, geotechnical, hydrogeological and tectonic requirements [1]. Besides the 

previous technical requirements, the site shall have socio-economical characteristics 

compatible with the enterprise, as low population density, no agricultural activities, absence 

of mineral deposits of interest, and proximity to the paved road mesh [2]. These requirements 

are divided into two categories: exclusion requirements – of legal nature and compulsory – 

and adequacy requirements – of voluntary adoption. 

 

The main site characteristics to be scrutinized at the present site selection stage of the project 

are the following: 

 Absence of natural resources, especially mineral ores; 

 Absence of farming and grazing activities; 

 Distant from large industrial installations, as refineries, chemical industries, gas and oil 

pipelines; 

 Distant from airports and airplane routes; 

 Distant from roads or railways with frequent movement of dangerous goods; 

 Distant from permanent settlements; 

 Low population density and not included in new development plans; 

 Outside Indian reservations; 

 Outside Environmental Protection Units; 

 Distant from flooding areas; 

 Moderate declivity; 

 Not subjected to extreme climate phenomena, as tropical storms or extra-tropical 

cyclones; 

 Maximum water table level below waste level; 

 Simple geological formation; 

 Good soil stability. 

 

It is expected that local studies will be conducted in a few pre-selected sites to confirm their 

adequacy to host a waste repository – due to time and resources constraints normally a 

maximum of three sites are studied in detail. 
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3. WASTE INVENTORY 

 

The main waste-generating activity in Brazil is the operation and maintenance of its nuclear 

power plants [3]; in the future, their and the nuclear research reactors’ decommissioning and 

dismantling will contribute to large volumes of mainly low and very low level wastes. Wastes 

are also produced at the INB nuclear fuel fabrication plant in Resende, RJ, at the nuclear 

research institutes and universities’ nuclear research groups and due to the diverse 

radioisotopes’ applications in medicine, industry and environmental studies. 

 

It is expected that other nuclear facilities to enter operation in the future – the third Angra 

NPP unit, four new 1,000 MWe NPPs, a research and isotope-producing 20 MW reactor, and 

the UO2 conversion line at the INB Resende facility – will add significantly to the amount of 

wastes generated in the country. 

 

3.1 Waste Types and Volumes 

 

The total volume to be disposed of at the future repository is detailed in Table 1, considering 

a scenario of maximum volume generation based on historical series of the facilities or data 

from foreign similar facilities. 

 

 

Table 1: Volume estimation for storage at the planned repository [m
3
] 

 

ORIGIN Low level waste Very low level waste TOTAL 

NPP operation 27.873 - 27.873 

Other nuclear facilities operation 1.517 - 1.517 

Decommissioning and dismantling 6.392 21.150 27.542 

TOTAL 35.782 21.150 56.932 

 

 

3.2 Waste Acceptance Criteria 

 

Acceptance criteria for the wastes to be disposed of at the repository are established to 

guarantee that the transport, handling, storage and disposal operations are carried out safely. 

These criteria, derived from the national and international regulations, and from the safety 

and performance analyses of the facility, are established by the facility operator and must be 

approved by the regulator. They should be robust and enduring to minimize the need of 

modifications that could result in additional requirements to the facility. 

 

The generic waste acceptance criteria – WAC – can be established during the conceptual 

design phase. The preliminary site specific WAC are site-dependent and can be quantitatively 

determined only after site studies are conducted, whereas the final revised repository WAC 

are established by the issuance of the repository operating license. 

 

The international recommendations and other countries’ practice demonstrate that the generic 

criteria listed in Table 2 are those most frequently considered. 
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Table 2: Generic WAC for surface waste repository [4] 

 

Waste property Criterion 

Radiological properties Activity concentration 

Total activity 

Surface dose rate 

Chemical properties Explosive materials 

Flammable materials 

Combustible materials 

Hazardous materials 

Fermenting and biologically 

decaying materials 

Corrosive materials 

Other toxic materials 

Chelate and complex agents 

Structural properties Free liquid 

Gas generation 

Dust content 

Voids 

Stability 

Compressive strength 

Homogeneity 

Leaching rate 

 

As for the site specific WAC, an example of those adopted at the Hungarian Bataapati 

repository is as follows [4]. 

 

 Criteria for the waste form: 

 Structural stability 

 Voids volume could not exceed 10 % 

 Compressive strength shall be in the range of 10 n/mm2 

 Leaching rate limit is 0.5 x 10-6 g/cm2/s 

 Free liquid criterion is 1% (volume) 

 Limit for the corrosive materials is 1% (mass) 

 Limit of chelating and complexing agents is 0.5% (mass) 

 The amount of gas generating materials should be kept as low as possible 
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 Criteria for waste package: 

 Size of the package shall be chosen for the purpose of easy handling, storage and 

transport 

 No parts causing hurt or uneasy handling 

 Contact dose rate: <10 mSv/h 

 Surface contamination limits 

 Beta, gamma: 4 Bq/cm2 

 Gamma: 0.4 Bq/cm2 

 Packages shall be provided with identification numbers 

 

 

4. OPERATIONAL ASPECTS 

 

4.1 Period of Facility Operation and Institutional Control 

 

It is estimated that the repository will operate for approximately 60 years [5]. If the scheduled 

opening of the facility is confirmed for 2018, its closure will occur in the early 2080s, which 

is the deadline considered for estimation of the waste volume to be disposed of. This 

operation time may be extended if the safety analysis studies demonstrate that the facility 

performance level is maintained after the original period. A 300-year institutional control 

period will follow the operation phase. After that period, the repository disposal areas can be 

release for use, which, according to the safety analysis, will be either unrestricted – green 

field – or subjected to some sort of restriction – brown field. 

 

4.2 Operational processes at the facility 

 

Operations involving radioactive wastes, personnel, materials and supplies will occur inside 

the repository; therefore, the related operational processes describing these flows have to be 

defined. At the present conceptual design phase, a simplified flow description is sufficient 

and a detailed description will be made during the engineering design phase. 

 

4.2.1 Activities Related to Wastes 

 

Radioactive wastes are generated in the country by a diversity of nuclear energy and 

radioisotopes producers and users. The nuclear facilities operators – Angra NPP, the INB 

nuclear fuel fabrication plant and the Navy research center at Iperó – and the CNEN’s 

research institutes collect, treat, condition and store their wastes in in-site facilities. The 

produced packages must either meet the repository WAC or, at the moment of their transfer 

to the repository, be properly reconditioned. This further treatment is the producer’s 

responsibility and can be carried out either at the producer’s premises or at the repository 

treatment facilities under commercial basis. In either case, each package must have its 

identification data – origin, type and quantity of waste, isotopic contents, treatment carried 

out and materials used, including the solidification matrix. 

 

When the waste packages are received at the repository, the transport vehicle is monitored 

and the accompanying documentation is verified. Also a swap test is carried out on the 

vehicle and on the packages. The vehicle will be directed to a dedicated parking lot near the 

gate until the packages are formally accepted for further processing inside the facility. 
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The small producers – e.g. hospitals, industries, food and medical products irradiators – do 

not have in-site waste treatment facilities. They are expected only to properly collect and 

segregate their wastes, storing for decay the short-lived bearing wastes. The wastes with 

longer half-live are transferred to CNEN’s institutes for an adequate treatment that will 

generate packages that will comply with the repository’s WAC. 

 

The radioactive wastes produced by the activities of the repository – e.g. contaminated hot 

cell or radiochemical laboratory consumables, filters, contaminated swab from wipe tests – 

will be temporarily stored at a designated area and sent to the CNEN’s institutes for 

treatment, returning for disposition in packages meeting the acceptance criteria. 

 

The low and intermediate level wastes will be disposed of in concrete modular vaults. An 

individual vault has the following external dimensions [m]: 65 length x 21 width x 8 height. 

Two vaults will be sufficient for the waste inventory to be produced in the country until 2020. 

Figure 1 shows two possible arrangements for the vaults. The selection of one arrangement is 

site dependent and can be made only after a final site has been chosen. 

 

 

 

Arrangement #1    Arrangement #2 

 

Figure 1: Possible arrangements for the disposal vaults 

 

 

4.2.2 Activities Related to Personnel 

 

The personnel who will work or visit the repository are classified in the following groups: 

 

 Employees and outsourced manpower; 

 Materials and services suppliers (e.g. maintenance, calibration, waste package vehicle 

drivers); 

 General visitors (e.g. students, citizens from local communities); 

 Visitors with technical-operational interests (e.g. researchers, auditors) 

 

The main gate is the regular entrance for all personnel, who at any moment should wear their 

identification badge while in the facility’s premises. 
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There will be only one access to the controlled radiation areas and the personnel who work of 

visit these areas shall follow the specific safety and security procedures. 

 

Except for the employees, outsourced manpower and previously registered suppliers, all other 

visitors will be allowed access to the facility’s premises with an escort. General visitors, 

alone or in groups, will be welcomed at the visitor center where they can hear a presentation, 

watch a video or get information on the repository by other media. Visitors with specific 

interests, depending on their goal and clearance by the radiation safety officer, can make a 

closer visit to the controlled radiation areas. 

 

4.2.3 Activities Related to Materials 

 

All materials and supplies will be received at the storehouse and, after checking and 

clearance by the end user, sent to the respective area storehouse. The raw materials for the 

preparation of the containers and disposal modules filling (cement, sand and gravel) will be 

stored at a specific store building (Building MP, Figure 2). The synthetic and natural 

materials to be used as a cover for the modules – geo-textiles, clay, gravel or grass – will be 

bought simultaneously to the covering operation and, if needed, a prefabricated portable 

warehouse can be erected for protection against whether conditions. 

 

4.3 Environmental and Radiological Control and Security 

 

The activities of the Environmental and Radiological Control Plan - PMRA, including the 

number and location of the collect points, will be defined in a specific document. It is already 

defined however that the samples to be collected during the execution of this Plan will be 

stored and analyzed at the laboratories of the PMRA building (Figure 2). 

 

The security plan will likewise be established in a specific document, where the fences 

location, guarding gates and towers, electronic and visual monitoring points, among other 

items, will be defined. 

 

4.4 Activities at the Environmental Conservation Area 

 

An Environmental Conservation Area will be established around the repository premises. The 

activities to be carried out in this unit include studies for the selection of vegetal species to be 

used as covering for the waste disposal areas and gardens and the selection and preservation 

of the local vegetal species under risk of extinction. This area will be open to the visitors and 

the general public. 

 

5. REPOSITORY BUILDINGS 

 

The main buildings of the repository will support the above-described activities related to 

waste, materials and personnel, as well as support activities, like environment protection, 

safety and security. The relevant data of these buildings are depicted in Table 3. The 

buildings arrangement inside an ideal flat rectangular site is shown, only for illustrative 

purposes, in Figure 2. 

 
 



mouraor
Caixa de texto
MG

mouraor
Caixa de texto
VC

mouraor
Caixa de texto
WP

mouraor
Caixa de texto
MP

mouraor
Caixa de texto
CB

mouraor
Caixa de texto
SB

mouraor
Caixa de texto
EC

mouraor
Caixa de texto
LL

mouraor
Caixa de texto
VL

mouraor
Caixa de texto
P

mouraor
Caixa de texto
CP

mouraor
Caixa de texto
RC

mouraor
Caixa de texto
EC

adrianapagano
Typewritten Text
Área livre, apoio e infraestruturaÁrea controlada / ProcessamentoÁrea controlada / Deposição de rejeitos

adrianapagano
Typewritten Text

adrianapagano
Typewritten Text

adrianapagano
Typewritten Text

adrianapagano
Typewritten Text

adrianapagano
Typewritten Text

adrianapagano
Typewritten Text

adrianapagano
Typewritten Text

adrianapagano
Typewritten Text
Figure 2: Layout of the repository



 

Legend: 

MG – Main gate 

CP – Control point 

P – Parking for vehicles with radioactive cargo 

VC – Visitor’s center 

WP – Waste processing building 

RC – Mechanical and radiochemical tests building 

MP – Mortar plant 

CB – Central building 

SB – Services building 

EC – Environmental and radiological control building 

LL – Area for disposal modular vaults for low level wastes 

VL – Trench for very low level wastes 

EC – Environmental Conservation Area 

 

Table 1: Repository buildings 

 

Building Activity developed 

Dimensions (m) 
Area 

(m
2
)  Length Width 

Ceiling 

height
(*) Floors 

Visitor’s center  Information to public 40 8 N 1 320 

Main gate Access control 6 6 N 1 36 

Central building General administration 32 30 N 2 1.920 

Services building Support services 32 12 N 1 384 

Environmental 

building 

Environmental and 

Radiological Control Plan 
30 12 N 1 360 

Waste processing building – WP 32 15 H N/A 480 

WP - Area 1 
Access control / Operation 

& Control Room 
5 5 N 2 50 

WP - Area 2 Waste vehicle reception 5 17 H 1 85 

WP - Area 3 
Control and verification 

(radioisotope inventory) 
5 5 N 1 25 

WP - Area 4 
Container loading with 

packages 
14 17 H 1 238 

WP - Area 5 
Temporary storage / 

Segregation 
15 3 H 1 45 

Mechanical and radiochemical tests building – RC 15 8 N 1 120 

RC - Area 1 Waste package sampling 10 3 H 1 30 

RC - Area 2 Radiochemical analyses 15 3 H 1 45 

RC - Area 3 Temporary waste storage 5 5 N 1 25 

Mortar plant 

Mortar and cement paste 

preparation, concrete 

components storage 

(cement, sand and cement 

additives) 

35 15 H 1 525 

Disposal Module Set IA      

IA – Arrangement #1 Low level waste disposal 79 99 H N/A 7.820 

IA - Arrangement # 2 Low level waste disposal 55 203 H N/A 11.200 

Disposal trench 
Very low level waste 

disposal 
70 25 N/A N/A 1.750 

(*)
 N – Normal (<4m); H – High (>4m) 
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6. CONCLUSIONS  

 

The Brazilian nuclear commission CNEN is presently establishing a surface repository for the 

very low, low and intermediate level wastes produced in the country. At the present stage, two 

candidate sites are being studied and the conceptual design is under final development. 

 

The facility has an initial design capacity of 60,000 m
3
 of conditioned wastes. However, as 

the disposal modules are independent stand-alone structures, this capacity can be expanded in 

the future according to the need. 

 

It is planned that the facility will enter operation in 2018. However, issues like public 

acceptance, including negotiations of incentives for the local communities, and licensing 

processes, may postpone the start of operation of the repository. 
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