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ABSTRACT 

 
At CDTN R&D activities generate low-level radioactive wastes, among them the aqueous liquid ones, which 

need special attention due to their volumes. The usual treatment for these wastes is the volume reduction 

process using chemicals in order to change the radionuclides of the waste to an insoluble form. The resultant 

sludge is incorporated into cement in 200-liter drums using an in-line batch mixing system (CDTN Cementation 

Facility). The process parameters and solidified product quality are evaluated at the Cementation Laboratory 

(LABCIM), where tests are carried out to determine the viscosity, set time and density of the paste. In addition 

of the visual examination, compressive strength test and density are also established in the solidified product. In 

the cementation facility some pastes are also prepared for the immobilization of non-compactable waste, such as 

dump, scrap metal, wood, and other ones. This paper aims to present the study comparing the results of tests 

done in the pastes and products prepared in LABCIM and the ones obtained in CDTN’s cementation facility, in 

order to check the efficiency of the cementation system. 

 

 

1. INTRODUCTION 

In all human activities wastes are generated.  In the nuclear area it is not different, and they 

are classified as radioactive wastes if they contain or are contaminated with radionuclides at 

concentrations or activities greater than clearance levels as established by the regulatory 

body.  Therefore they should be suitable treated and managed in order to protect the human 

being and the environment from any risk they could cause. 

 

Solidification is one of the processes to treat and to convert these wastes to an inert form.  

Solidification techniques vary according to the activity and the type of waste.  The 

cementation is the most used process to solidify low- and intermediate-level radioactive 

waste for being simple and cheap and due to the cement compatibility with various types of 

wastes.  In addition the cemented product has ability to shield, good compressive strength and 

the impact, low leachability for many radionuclides and absence of water in the final product.  

The basic properties of the cementation systems are: simplicity of operation, security, ease of 
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maintenance, cost and systematization of the process, as well as it brings minimum radiation 

exposure to the worker during operation and maintenance. 

 

The choice of process depends of the waste nature.  Solid radioactive wastes can be simply 

placed in a packaging, and the empty spaces are filled with cement.  However the liquid 

wastes should be mixed with cement to obtain a homogeneous product.  The cementation 

plants can be classified in two categories: mixture inside the packaging or outside it.  In the 

first case all materials and the wastes are placed in the final packaging and then mixed.  In the 

second case the mixture is done in a container, and after the homogenization, the paste is 

transferred to the final packaging [1]. 

 

At Nuclear Technology Development Centre – CDTN – to define the parameters for the 

cementation in real scale some tests are done in laboratory.  This paper describes the study 

made to compare the results from the tests made with the mixtures prepared in the laboratory 

and in the cementation installation.  The goal of this study is evaluate the reproducibility of 

the laboratory scale in the real scale and establish a relationship between them, verifying the 

strong and weak aspects to improve the process efficiency. 

 

 

2. TREATEMENT OF THE CDTN’S RADIOACTIVE WASTES 

 

At CDTN various R&D activities are performed using radioactive materials in which solid 

and liquid radioactive wastes are generated.  Then it is necessary to treat them to be safely 

transported and stored.  The processes to treat solid wastes are: compaction, cutting and 

immobilization in cement paste. 

 

The liquid aqueous wastes represent the biggest volume to be managed.  The treatment 

begins with volume reduction using precipitation of chemical species as insoluble form, 

generating a supernatant and sludge with the contaminants.  The supernatant is filtrated and 

after being analyzed and controlled it is released to the wastewater drains.  The resulting 

sludge is incorporated in cement in the cementation installation – INSTCIM.  The cemented 

products are transported to the interim storage.  The tests to establish the cementation process 

parameters and to evaluate the waste cemented products are carried on the Cementation 

Laboratory – LABCIM [2]. 

 

2.1. Installation of Cementation – INSTCIM / CDTN 

 

The cementation facility – INSTCIM/CDTN – was totally designed at CDTN, using Brazilian 

equipments and materials (Figure 1).  In operation since 1989, it is used to solidify the sludge 

from the treatment of liquid radioactive wastes, and to immobilize non compressible solid 

wastes.  Over this time, the facility is in continuous upgrading to improve the cementation 

process and to have products that meet the acceptance criteria specified by Brazilian 

standards.  An extremely important improvement was the on-line coupling of the electronic 

weighing system that enables to do more precisely the mass balance, avoiding problems 

during and after the cementation and [3]. 
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Figure 1.  INSTCIM – CDTN’s installation of waste cementation  
 

 

 

2.2. Cementation Laboratory – LABCIM / CDTN 

 

The Cementation Laboratory - LABCIM/CDTM - is a modern laboratory, where there are 

equipments, instruments and a variety of materials, so that it is suitable to carry out many 

tests in the domain of cementation, producing results useful in nuclear and related areas 

(Figure 2).  At LABCIM research and development and routine activities are done.  The 

R&D activities aim to developed better cementation procedures, study of new equipments 

and materials suitable to improve the cementation of radioactive and hazardous wastes, so 

that the solidified waste product meets the requirements to be safely transported and stored.  

The routine works include some waste characterization and tests to establish the process 

parameters to be used in the INSTCIM in the waste solidification in order to obtain qualified 

cemented products to be transported and storage [4]. 

 

 

 

 
 

Figure 2.  LABCIM – Cementation Laboratory 
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2.3. Incorporation of Waste in Cement  

 

Due to the diversity of activities done at CDTN the types of wastes are also different, 

generating after the chemical treatment, sludge of varied composition.  Therefore, for a 

specific sludge should be established the parameters and the materials to solidify it in the 

cementation plant, and for this it is necessary research and previous expertise of the team. 

 

Waste sludge, cement and additives are mixed in according to the waste characteristics, 

previous experience, and bibliography.  Tests are carried out to determine the mixing time till 

the paste homogeneity, the viscosity, the density and setting time in the paste.  Specimens are 

molded, and after 28 days curing time their compressive strength is measured and they are 

visually analyzed.  The test results should comply with the requirements according to 

Brazilian standards so the formulation can be used in the INSTCIM [5]. 

 

During the cementation in the INSTCIM the process is monitored and samples are taken out 

and measures are made to at LABCIM to evaluate the process and the product properties. In 

the Fig. 3 it is illustrated some tests that are carried out at LABCIM. All the information 

about the waste cementation are registered in a special form and transferred to CDTN Waste 

Database [5]. 

 

 

 

 
 

Figure 3.  Pictures of some tests performed at LABCIM. 
 

 

 

3. METHODOLOGY TO ANALYZE THE RESULTS 

 

Both results, those obtained from the tests made with the paste prepared in INSTCIM and 

these with the paste prepared at LABCIM, were compared in order to evaluated if they are 

equivalent. “F-test” and "t-test" were used to verify the equalities between variances and 

between means, respectively [6, 7].  This study used the results of four cementation 

formulations, produced between 1989 and 1997.  

 

The results of the following properties are evaluated: water/cement ratio (a/c), viscosity 

(Visc), final setting time (TPf), paste density (DPt), product density (DPr), and compressive 

strength (RC). The “t-test” was performed to evaluate the first four properties supposing the 
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paired data.  For the last two properties, the “t-test” was used to compare the variances after 

performing the “F-test”.  The standard deviation (st.dev.) was also calculated. The results 

were analyzed using a probability level of 95%. 

 

 

4. RESULTS  

 

The results of the tests with the mixtures prepared at LABCIM (definition of process 

parameters) and in the INSTCIM (cementation in real scale) are presented in Tab. 1 and 2, 

respectively.  In table 3 the mean and the variance are shown for water/cement ratio (a/c), 

viscosity (Visc) and setting time (TPf).  The statistical analysis, F-test and t-test, is also 

presented in table 3, where “calc” means the F or t calculated, and “Tab” the values from F or 

t distribution tables.  

 

 

 

Table 1.  Results from mixtures prepared in LABCIM 
 

Formulation a/c Visc  /Pa.s DPt  /g.cm-³ TPf  /h and min 

1 0.62 298.2 1.76 15 and 30 

2 0.65 83.9 1.68 05 and 50 

3 0.86 N.D.
1
 1.38 04 and 58 

4 0.50 653.7 1.76 05 and 00 

1. N.D.  Not determined 

 

 

 

Table 2.  Results from mixtures prepared in INSTCIM 
 

Formulation a/c Visc  /Pa.s DPt  /g.cm-³ TPf  /h and min 

1 0.62 93.9 1.66 14 and 16 

2 0.65 82.2 1.68 05 and 51 

3 0.99 270.0 1.36 14 and 20 

4 0.49 84.4 1.76 03 and 20 

 

 

 

Table 3.  Results of statistical analysis for water/cement ratio, viscosity and 

setting time 

 

Parameters 
Mean Variance F-test  t-test 

LABCIM INSTCIM LABCIM INSTCIM calc Tab calc Tab 

a/c 0.66 0.69 0.02 0.05 2.029 

9.277 

0.898 

3.182 Visc 291.1 78.1 66966.6 334.4 200.281 1.692 

TPf 7 and 49 9 and 45 26 and 34 32 and 47 1.233 -0.622 
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From these results it can be observed that the mean values of the three parameters are equal 

with 5% significance level, and also the variances, except for the viscosity.  In this case the F-

test pointed out the inequality of the variances.  

 

The statistical analysis for paste density (DPt), product density (DPr) and compressive strength 

(RC) are given in Tables 4, 5 and 6, respectively.  

 

Analyzing the results presented in Table 4, it is verified that for the paste density – DPt – the 

variances are equal only for the formulation 4, unlike the mean values that are equal except 

for the formulation 1 

 

 

 

Table 4.  Results of statistical analysis for the paste density – DPt 

 

Formulation 
1 2 3 4 

LABCIM INSTCIM LABCIM INSTCIM LABCIM INSTCIM LABCIM INSTCIM 

Mean 1.75 1.66 1.69 1.69 1.40 1.36 1.77 1.76 

st.dev. 0 0.01 0.0 0.02 0.04 0.01 0.01 0.01 

Variance 0 0.01269 0.00005 0.00064 0.00218 0.00018 0.00016 0.00023 

F 
cal - 12.749 12.168 1.467 

Tab 5.117 5.117 3.482 3.863 

t 
cal 21.177 0.470 1.811 0.983 

Tab 2.262 2.365 2.571 2.179 

 

 

 

From the results of the cemented product density – DPr – that are shown in Table 5, it is 

verified the inequality of the mean values, except for the formulation 4, where these values 

are equal.  However for this formulation, difference exists between the variances, while they 

are equal for the other formulations. 

 

 

 

Table 5.  Results of statistical analysis for the cemented product density – DPr 

 

Formulation 
1 2 3 4 

LABCIM INSTCIM LABCIM INSTCIM LABCIM INSTCIM LABCIM INSTCIM 

Mean 1.92 1.70 1.78 1.71 1.37 1.41 1.83 1.82 

st.dev. 0.01 0.01 0.02 0.03 0.02 0.01 0.01 0.03 

Variance 0.00005 0.00014 0.00063 0.00070 0.00027 0.00008 0.00002 0.00070 

F 
cal 2.857 1.117 3.333 27.810 

Tab 5.591 4.347 6.163 4.757 

t 
cal 23.738 4.588 -5.423 0.799 

Tab 2.306 2.306 2.228 2.365 
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The statistical analysis of compressive strength of cemented products indicates that the mean 

values are different for all formulations, but the variances are equal, except for formulation 1, 

as it is summarized in Table 6. 

 

 

 

Table 6.  Results of statistical analysis for the compressive strength – RC – of 

cemented products 

 

Formulation 
1 2 3 4 

LABCIM INSTCIM LABCIM INSTCIM LABCIM INSTCIM LABCIM INSTCIM 

Mean 18.8 8.7 25.5 13.0 6.2 4.5 34.4 20.5 

st.dev. 0.4 1.6 6.1 4.3 0.3 0.3 3.5 2.8 

Variance 0.12500 2.61333 37.56917 18.77268 0.12000 0.10132 12.50000 7.89710 

F 
cal 20.907 2.001 1.184 1.583 

Tab 18.513 6.591 6.944 10.128 

t 
cal 10.367 3.595 6.965 5.334 

Tab 4.303 2.365 2.447 2.776 

 

 

 

5. CONCLUSION 

 

The properties of the pastes prepared in the INSTCIM had almost the same values of the 

mixtures prepared at LABCIM, i.e. the a/c, the TPf and the DPt. Unlike, the viscosity values 

are not equal for both scales, and those of the pastes of the Installation are lower than those 

which were prepared in Laboratory, what can be explained by the mix design of the 

INSTCIM, which was constructed to have a very good efficiency. 

 

On the other hand the properties of the cemented products, DPr and RC, from the mixtures in 

both scales are different. The products from the pastes prepared at LABCIM presented higher 

compressive strength. The reasons for these differences are not yet clear. Some assumptions 

can be made. The first one is that the sludge treated in INSTCIM was not exactly the same 

(sampling problems) that was studied in LABCIM, and it could explain differences in the 

reactions between cement and sludge components generating different products. Another 

explanation would be that the sludge/cement relations in the Installation were not the same 

tested in Laboratory. And finally it can be assumed that the number of samples was not 

enough for statistical analysis. 

 

In summary, in order to have a better reproduction in INSTCIM of the mixture prepared in 

LABCIM, it is suggested that all defined parameters should be followed in all steps, with a 

procedure well established and supervised, including the sludge sampling. In addition the 

number of the specimens that are used for the evaluation tests should be sufficient to be 

possible a good statistical analysis. 

 

The authors intended to extend this study to all formulations with complete results in both 

scales, trying to create a correlation between them. 
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