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ABSTRACT 

 
The multiple barriers of a repository should be able to provide adequate containment of radionuclides during all 

the previewed time for the operation and institutional control. One of these barriers is the backfill layer, located 

between the waste packages and other barriers. Furthermore, after shutting the disposal units with concrete, 

various materials are used to compose the final coverage of the deposition area. The backfill and the cover layer 

can be composed of clay or clay mixed with cement, with soil or with rocks. The last layer is a vegetation cover. 

The selection of the best clay should take into consideration some physical-chemical and mechanical properties. 

Bentonite is a clay with high absorption capacity, and large volume change in moistening and drying processes, 

being also effective in the contaminant retention. Additionally, it presents unique properties, such as high 

swelling potential. Some bentonite characterization works have been developed in the Laboratory of 

Cementation at CDTN/CNEN (LABCIM/CDTN). The sequence of experiments was: granulometric analysis, 

moisture, compaction test, hydraulic conductivity and cation exchange capacity. Some initial characterization 

results are presented and discussed. The paper summarizes these previous studies in order to have the basis for 

creating a protocol for characterization of a bentonite as a reference material. 

 

 

 

1. INTRODUCTION 

 

Nuclear energy is used in several ways such as electricity generation, radiopharmaceuticals, 

industrial irradiation and also in food irradiation in agriculture [1]. Like all human activities, 

the use of nuclear energy generates waste that must be appropriately managed. For this 

reason, regulations were established by the Brazilian National Nuclear Energy Commission - 

CNEN – which defines how to manage these wastes correctly. The CNEN-NN 8.1 regulation 

establishes the general criteria and basic requirements for safety and radiation protection 

related to the management of low - and intermediate - level and very short half-life 

radioactive wastes [2]. 

 

According to the Nuclear Safety Glossary, radioactive waste or simply waste, is any material 

resulting from human activities, containing quantities of radionuclide higher than the 
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exemption limits established by CNEN, whose reutilization is not appropriate or foreseen. 

Also, according to the glossary, final deposit or repository, is a licensed deposit for storage of 

radioactive wastes, without the intention of removal, in accordance to the criteria by 

competent authorities [3]. 

 

The Radioactive Waste Management includes activities from the generation of waste to its 

disposal in the repository, aiming at human safety and environmental protection from 

possible negative impacts [1]. 

 

Different options for disposal practices are used in different countries. The disposal system 

depends on the type of waste and the social and political conditions associated to the 

acceptance of the site. According to the IAEA [4] the best option for the disposal of low - and 

intermediate - level and very short half-life radioactive wastes, are installations near a 

relatively shallow surface – usually less than 20 meters. The repository site can be at simple 

trenches or at engineering structures. Brazilian radioactive waste inventory includes the waste 

coming from nuclear power plants, nuclear fuel cycle facilities and from radionuclide use in 

medicine, industries and research development activities [5]. All of these materials are 

characterized as low - and intermediate - level radioactive wastes. Therefore, according to the 

radioactive waste inventory, the surface repository concept is the one adopted in Brazil. 

 

The multiple barriers of a repository should be able to provide adequate containment of 

radionuclides during all the previewed time for the operation and institutional control. One of 

these barriers is the backfill layer, located between the waste packages and other barriers. The 

backfill has many functions, such as filling gaps or voids, to limit water infiltration, sorption 

or precipitation of radionuclides, to control gases and also to allow recovery of the waste [6]. 

Furthermore, after shutting the disposal units with concrete, various materials are used to 

compose the final coverage of the deposition area. The backfill and the cover layer can be 

composed of clay or clay mixed with cement, with soil or with rocks. The last layer is a 

vegetation cover. 

 

Bentonite is a clay with high absorption capacity and large volume change in moistening and 

drying processes, being also effective in the contaminant retention [1]. Additionally, it 

presents unique properties, such as high swelling potential, and is beneficial in many uses, 

including artificial barriers [7]. 

 

Due to the abundance of world reserves of bentonite in producing countries, there is no 

published estimate of its existence. The Brazilian reserves were estimated in 35.7 megatons 

and its distribution in the country is: Paraná 44.7%, São Paulo 24.2%, Paraíba 20.8%, Bahia 

8.4% and Rio Grande do Sul 2.0% [8]. 

 

To ensure the efficiency and success of the disposal system, it is necessary to determine the 

performance of individual repository components that consists of waste treatment quality and 

its packaging, its engineering barriers and the environment around it. Therefore, it is essential 

to know the available clays that can be used as backfill and as the repository coverage and 

characterize them for these purposes. 

 

The RBMN project has the objective to implement the Brazilian repository for low - and 

intermediate - level radioactive wastes. The site where it will be implemented is not yet 

decided. Probably, a regional clay will be used in the repository, but due to the impossibility 
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of studying the large variety of clays scattered all over the Brazilian territory, it was decided 

to use bentonite as a reference material to establish a clay characterization protocol. With this 

reference, the local clays can be characterized in a way to optimize time, cost and quality to 

select it. 

 

At the Nuclear Technology Development Center, a study of clays associated with radioactive 

waste management activities began in the 1980s [9]. The bentonite characterization was 

conducted and it was found that its performance was good compared to other clays available 

in Brazil. These characterization works have been developed in the CDTN/CNEN Laboratory 

(LABCIM/CDTN). The sequence of experiments was: granulometric analysis, moisture, 

compactation test, hydraulic conductivity and cation exchange capacity [10]. These studies 

were reviewed and the characterization data were organized in order to analyze them to go 

forward and prepare a protocol for the experiments. This paper summarizes these previous 

studies.  

 

 

2. MATERIALS AND METHODS 

 

Initially, a database was prepared with the major Brazilian bentonite suppliers in the market 

during the years of 2005 and 2006 (Table 1). These suppliers were contacted and they sent 

samples of their products. 

 

Table 1:  Some brazilian bentonite suppliers 

 

Supplier Products 
Reference Number                                         

(Ref) 

Bentonit União Nordeste 

Ind. E Com. Ltda 

Argel Bentonite CN40 1 

Brasgel Bentonite FF 2 

Brasgel Bentonite NT25 3 

Argel Bentonite CN10 4 

Dolomil Industrial Ltda 
 Dolomil Calcic Bentonite 5 

Dolomil Sodic Bentonite 6 

Refratários do Brasil 
White Bentonite M.200 7 

Sodic Bentonite M.200 8 

UBM – MPL Sodic Bentonite UBM 9 

 

 

At LABCIM, for each bentonite sample, experiments were carried out to determine its 

granulometry, moisture, hydraulic conductivity, and cation exchange capacity [11]. 

2.1. Granulometric Test 

 

According to Evandro [12], this test followed the CDTN-RT-338 procedure [13]. A set of 

sieves from 1.68 mm (12 Mesh) to 0.038 mm (400 Mesh) were used. The sample was 

weighted and poured on the top sieve which had the largest screen openings and it was 

shaken for 20 minutes (Fig. 1). 
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Figure 1:  Set of sieves preparation for the determination of the granulometry. 

 

All the values obtained during the weighting of the sieves with or without clays after shaking 

were registered in a form in order to calculate the granulometric distribution. 

 

2.2. Moisture of Clay 
 

To determine clay moisture, the method used was the one described in the procedure CDTN-

RT-417 [14]. A sample of clay was left to dry in a specific temperature until its weight 

became constant, which means that no moisture remained in the sample. The difference 

between the weight of the original sample and the dry one is considered to be the mass of the 

water. This test takes from 16 up to 24 hours long. 

 

2.3. Hydraulic Conductivity Test 

 

To estimate the hydraulic conductivity, it was necessary to determine the optimum clay 

moisture. A sample of clay was compacted in the Standard Proctor Test cylinder until 

reaching optimum moisture according to the NBR 7182 [15]. The optimum moisture is a 

value that corresponds to the point of maximum dry density on the compaction curve [16]. 

 

Through the permeability test, it was possible to estimate the hydraulic conductivity [17]. The 

permeability test allowed knowing the water flow through the soil in a given time. The 

permeability depended on a few factors such as the liquid percolating, the compaction energy 

applied to the sample preparation, the applied pressure difference, the temperature, the 

material, the size of the sample, among others. 

 

Darcy's law assumes that the permeability coefficient (k) is the apparent average speed of the 

water flow through the total area (solids + voids) of the soil cross section under a hydraulic 

gradient. When the permeability coefficient is very low, the variable load permeameter is 

employed, as shown in Fig. 2. These permeameters are mainly used for determining the clay 

soil samples permeability coefficient [17]. 
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Figure 2:  Variable load permeameter. 
 

The hydraulic conductivity can be estimated by Equation 1, using the data obtained on the 

test. 

 

 
(1) 

 

2.4. Cation Exchange Capacity Determination 

 

The cation exchange capacity is determined by methylene (Fig. 3) blue adsorption method 

based on the C837-09 Norm [18] in which the methylene blue cation (C16H18N3S
+
), in 

aqueous or ethanol solution and in contact with materials negatively charged, has its 

molecules rapidly adsorbed by a mechanism of irreversible ion exchange. Due to the cation 

size, the adsorption rates decrease as the exchange positions are filled [19]. 
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Figure 3:  Methylene blue cation structure. 

 

The test followed the procedural technical routine CTC-CDTN [19], which consists of 

dispersing the clay sample in water and adjusting its pH between 2.5 and 3.8. Then, a 

methylene blue aliquot is added to the moist clay and with the aid of a glass rod, a drop of 

this mud is put on the extremity of a filter paper. The drop appearance should be noted until it 

reaches the end point indicated by a clear halo around the blue drop, as shown in Fig. 4. The 

addition of the indicator must be performed with increments of 1 mL, until the end point is 

reached. 
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Figure 4:  Methylene blue adsorption of the clay. 

 

The cation exchange capacity (CEC) in mol/kg, is calculated using Equation 2, where CAM is 

the concentration of methylene blue in mol/L, VAM is the spent volume of the methylene blue 

in liters (L) and ma is the mass of the dry sample in kilograms (kg). 

 

 
(2) 

 

The adsorption experiment with methylene blue to measure the CEC is relatively simple, 

inexpensive and fast if compared to other tests. 

 

3. RESULTS 

 

The bentonites tests are numbered 1 through 9 according to Table 1. The test results 

previously carried out are showed on Table 2. 

 

Table 2:  Some results from the tested bentonites 

 

Ref. 
Granulometry               

(µm) 
Color 

Moisture                       

(% m/m) 

Optimun              

moisture 

(%) 

H.C.
a
                         

(± 1%) x 10
-8

 

C.E.C.
b
                      

(meq/100g) 

1 n.d
c
 Light Beige n.d

c
 35,9 3,4 n.d

c
 

2 100% < 212 / 55% < 38 Light Brown 12 32,9 2,9 80 

3 n.d
c
 n.d

c
 n.d

c
 33,2 3,1 n.d

c
 

4 n.d
c
 n.d

c
 n.d

c
 35,2 3,3 n.d

c
 

5 95% < 297 / 5% < 38 Light Beige 11,5 n.d
c n.d

c 69 

6 91% < 212 / 4% < 38 Dark Gray 14,6 n.d
c n.d

c 93 

7 95% < 212 / 11% < 38 Light Gray 13,9 n.d
c n.d

c n.d
c
 

8 98% < 212 / 8% < 38 Beige 14,3 n.d
c n.d

c n.d
c
 

9 99% < 212 / 9% < 38 Beige n.d
c
 n.d

c n.d
c 78 

a.  hydraulic conductivity (H.C.) 

b.  cation exchange capacity (C.E.C.) 

c.  non determined (n.d.) 

 

 

The tests presented were previously performed at LABCIM. All bentonites presented 

particles smaller than 212 Mesh (Taylor serie). The moisture content of the bentonites, was 

from 11.5 to 14.6%. The compacted bentonite optimum moisture was determined from 

reference 1 to 4, and it was in the range of 32.9 and 35.9%. The hydraulic conductivity was 

very small for these bentonites, from 2.9 to 3.4 x 10
-8

. 

All the methylene blue adsorved. 

Light blue color (methylene blue 

excess that was not adsorved. It is 

an indication that the Clay is 

saturated of the indicator). 
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4. CONCLUSIONS 

 

Some previous tests were performed to determine bentonite properties and to characterize 

natural materials to be used in a near-surface repository. These tests presented good results, 

showing the quality of the bentonite to be used as backfill and coverage material for the 

repository. One of the bentonites will be selected for further studies and for the elaboration of 

a characterization protocol using it as reference material. 
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