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Abstract. The aim of the industrial activities success, front to a more and more informed and demanding society 
and to a more and more competitive market demands an environmental admistritation policy which doesn’t limit 
itself to assist the legislation but antecipate and prevent, in a responsible way, possible damages to the 
environment. One of the maim programs of the Institute of Energetic and Nuclear Research of the national 
Commission of Nuclear Energy located in Brazil, through the Center of Nuclear Fuel – CCN – is to manufacture 
MTR-type fuel elements using low-enrichement uranium (20 wt% 

235
U), to supply its IEA-R1 research reactor. 

Integrated in this program, this work aims at well developing and assuring a methodology to implant an 
environment, health and safety policy, foreseeing its management with the use of detailed data reports and through 
the adoption of new tools for improving the management, in order to fulfil the applicable legislation and 
accomplish all the environmental, operational and works aspects. The applied methodology for the effluents 
management comprises different aspects, including the especific environmental legislation of a country, main 
available effluents treatment techniques, process flow analyses from raw materials and intakes to products, 
generated effluents, residuals and emissions. Data collections were accomplished for points gathering and tests 
characterization, classification and compatibility of the generated effluents and their eventual environmental 
impacts.This study aims to implant the Sustainability Concept in order to guarantee access to financial resources, 
allowing cost reduction, maximizing long-term profits, preventing and reducing environmental accident risks and 
stimulating both the attraction and the keeping of a motivated manpower. 
Work on this project has already started and, even though many technical actions have not still ended, the results 
have being extremely valuable. These results can already give to CCN/IPEN-CNEN more efficiency concerning 
financial and environmental aspects. This work will surely contribute to the sustainability of our enterprise, 
assuring the growth of CCN in economically viable, socially fair and environmental responsible way. 
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1. Introduction 
 
Brazil has an extensive program in the use of nuclear energy for peaceful purposes. There are about 
three thousand facilities in operation, using radioactive material or sources for a number of applications 
in the fields of industry, health and research. The use of radioisotopes in medicine is certainly one of the 
most important social uses of nuclear energy.  The number of patients using radiopharmaceuticals in 
2006 was over 2.3 million, in more than 300 hospitals and clinics throughout the country, with an 
annual growth around 10% in the past 10 years. [1]. 
In this context, the IPEN (Energy and Nuclear Research Institute) has played a major role in the history 
of nuclear medicine in Brazil. The Institute meets around 98% of the Brazilian demand for radioactive 
material for the production of radiopharmaceuticals, used in the diagnosis and treatment of various 
diseases. [2]  
The main benefits to patients are the early diagnosis of cancer and heart and neurological diseases, and 
less invasive, more efficient treatment of tumors. The IPEN is responsible for the production of 21 
radioactive products and 15 types of lyophilized reagents to mark with (Tc-99m). [3] 
 
_________________________ 
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One of the radiopharmaceuticals produced by the Institute is iodine-131, used in the diagnosis and 
treatment of thyroid gland disorders. Another is samarium-153, used as pain relief in patients suffering 
from bone metastasis. All these radiopharmaceuticals are produced in reactor IEA-R1, the main research 
reactor, and the most powerful one in operation in Brazil.  
Reactor IEA-R1 was the first research reactor to be installed in the Southern Hemisphere, and one of the 
few in the world to gain ISO quality certificate (ISO 9000:2000). Due to its importance, it is recognized 
by the International Atomic Energy Agency, a United Nations organism. 
 
2. History of the Nuclear fuel produced by CCN 
 
IPEN has been working in the field of the Nuclear Fuel Cycle practically since its foundation, in 1956. 
The first laboratory studies were carried out in 1959. 
The development of dispersion-based fuel first began in the 1960’s, the golden age of nuclear fuel 
production technology, when it was used in pool-type research reactors. This type of fuel is produced 
from fuel plates containing dispersion nuclei of compounds of uranium in aluminum. The development 
program for the production of fuel elements began in the 1980’s. It was furthered by a policy of 
containment of the purchase of these fuels abroad and also by the need to keep reactor IEA-R1 in 
operation. 
For many years, the ipen/cnen-SP worked on the development of the production process of fuel 
elements used internationally in research reactors, with the aim of nationalizing its production for use in 
its reactor IEA-R1. 
Among the responsibilities of the CCN (Nuclear Fuel Center) are the production of nuclear fuel for the 
operation of research reactor IEA-R1 and the development of new nuclear fuel technologies. 
Due to the need to increase the operating power of the reactor, in order to increase the supply of 
radioisotopes, the technology was implemented to produce U Si3 2-based fuel, enabling an increase in the 
uranium density of the fuel from 2 (in the case of U O3 8) to 4.8 gU/cm3. 
The development of the technology to produce U Si3 2 powder, with the aim of nationalizing the entire 
production process, began in 1998 and included enriched UF6, its reconversion into UF4, its 
magnesiothermic reduction into metallic uranium, through the fusion of alloy U Si3 2, the production of 
fuel plates, and the assembly and qualification of the fuel element. In 1998 we obtained the technology 
to produce UF4 through the reduction route via stannous chloride. The process for obtaining metallic 
uranium was mastered in 2002 and enabled the development of the technology for obtaining the 
intermetallic compound U Si3 2, which is the raw material for the production of the fuel element, and 
which up until then had been imported from France. 
In 2004, CCN produced the first batch of U Si3 2 powder made with Brazilian technology, developing 
what is known as the “uranium silicide cycle”. 
In 2005, CCN consolidated the technology for producing high-density uranium silicide-based fuel, by 
producing the first fuel element made from entirely national raw material (UF6 enriched at 20% in U235) 
and technology. This fuel element has been used in the IPEN research reactor IEA-R1. 
Thus, Brazil entered the international market of high performance fuel for research reactors, becoming 
competitive in this restricted market, and having at its disposal all the associated materials and 
technologies, including enriched uranium. 
From 2002, the CCN also began to work on the development of the technology for the production of U-
Mo alloy-based fuel. Although not yet commercialized, this fuel will replace the currently used U Si3 2-
based fuel, the most advanced fuel commercially available at present, bringing certain advantages. Due 
to the increasing demand of the production of radioisotopes, reactor IEA-R1 had to enhance its power 
from 2MW to 5MW. The operating routine of the reactor was increased from 64 hours to 120 hours per 
week.  
Based on this forecast consumption of fuel elements, and on the urgent need to increase the current 
production capacity from 10 to 18 fuel elements, the minimum amount needed to supply only reactor 
IEA-R1, in 2001 IPEN began a project aimed at the adapting the infrastructure of that time, seeking to 
increase its production capacity. 
 
3.  Implementation of Ipen Fuel Plant 

Numerous research reactors worldwide use MTR-type fuel elements, as does reactor IEA-R1. 
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This fuel uses fuel plates containing nuclei of uranium-aluminum alloys produced through the rolling of 
a set composed of a nucleus, mold, and coating. Since its inauguration, and for almost three decades, 
throughout a period of uncertainties over the nuclear materials market, reactor IEA-R1 depended 
entirely on the importation of the fuel elements necessary for its operation, supplied at that time by 
American GENERAL ATOMICS (93 % in 235U) and NUKEM.  
After the imposition of restrictions on the sale of highly enriched uranium (above 90% in U235 ) [4], it 
became necessary to increase the amount of uranium of each fuel element, so that the reactivity and 
useful life of the nuclei of the reactors would not decrease. 
The degree of enrichment was thus reduced to 20% in U235. This situation led to the development of 
new fuels using different types of nuclei which enabled the incorporation of large amounts of uranium 
in each fuel plate [4,5,6]. This new generation of fuel nuclei uses dispersions of intermetallic uranium 
oxides in aluminum. (20 % in 235U). Reactor IEA-R1- is an open pool type research reactor which began 
functioning in 1957, operating at 2MW power until 1997. [7,8]  
Between 1995 and 1998, the reactor underwent substantial renovations, which enabled its power to be 
increased to 5 MW, and enabled it to function 120 hours per week, continuously. This context 
determined the need to implement a new production unit at the CCN, designed to use both the U3O8 and 
U3Si2 powders in the production of the above-mentioned fuel elements, giving flexibility to the 
production of U3O8-based and U3Si2-based fuels. [9] 
Uranium silicides in aluminum dispersion-based fuel plates are capable of incorporation far larger 
amounts of uranium than those obtained through the use of U3O8. The use of U3Si2 enables the 
incorporation of uranium concentrations of around 5gU/cm3, compared with the maximum 
concentration of 3.2gU/cm3 in relation to the use of U3O8, as a consequence of the technological 
limitations in the production of the fuel containing a 45% volume of the dispersed fissile phase [10]. 
Following the reduction of UF4 into U0, the latter receives metallic silicon and, through fusion in an arch 
or induction furnace, intermetallic U3Si2 is obtained. 
High densities of uranium in the dispersion can only be achieved through the use of fissile compounds 
with high uranium content. Considering the technological limitations for the use of the 45% volume 
rolling technique for the fissile material dispersed, it can be seen that uranium silicides and U6Fe are 
promising compounds. Intermetallics of uranium in aluminum dispersion-based fuel plates can 
incorporate far higher amounts of uranium than those obtained through the use of U3O8. 
The use of U3Si2, U3Si, and U6Fe enables the incorporation of concentrations of uranium of around 5, 7, 
and 8 gU/cm3, respectively, compared with the maximum concentration of 3.2 gU/cm3 obtained through 
the use of U3O8, considering the above-mentioned technological limitations of 45% volume of the fissile 
phase dispersed. [11] 
To increase the production capacity of fuel elements and meet the demand for the production of 
radioisotopes, IPEN began a new project, which is currently underway, to set up a new Integrated 
Production Unit, with features of a Nuclear Installation, replacing the current infrastructure, which is 
experimental in nature. The new Integrated Production Unit will have nominal capacity to produce 30 
fuel elements per year. This amount will fully meet the demand for fuel elements in the short term, 
avoiding the need for importation. The production capacity of the unit may reach up to 80 fuel elements 
per year. Work will be done on a shift basis in order to meet the demand of both national reactors 
(reactor IEA-R1 and a second research reactor yet to be built) and the demand from the international 
market. The first phase of this project is already concluded, and part of the production process will take 
place in the new installation. 
This project is expected to be concluded in 2008, when the entire production will be carried out in an 
integrated line built in an industrial installation, operating according to international quality and safety 
standards, including environmental standards. To assess and minimize the environmental impact of the 
production process of the MTR-type Fuel Elements produced by the Production Unit of CCN, a 
methodology will be implemented to manage the liquid, solid and gaseous effluents generated during 
the production of the fuel elements for reactor IEA-R1. 
 
3.1 Management of the Effluents Generated in the Production Unit of CCN 
 
This Unit is set in an area of 1,702 m2 and was built in CCN, which, in turn, has a constant concern for 
environmental quality issues and therefore seeks to improve the management of its processes in 
accordance with the environmental policy established by the organization. 
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The unit is responsible for generating various radioactive and chemical effluents originating from 
processes carried out (chemical and mechanical-metallurgical). [9] 
The role of the CCN is to research and produce Fuel Elements for the research reactor, and to develop 
processes and products in the nuclear fuel fields and co-related areas. It seeks quality excellence and 
technological advancement, while not neglecting its concerned with environmental quality. Therefore, it 
seeks to improve the management of its processes, in accordance with the environmental policy 
established by the organization.  
This study seeks to develop and ensure an innovative methodology for the implementation of 
environmental, health and safety policies, making provision for the management of the effluents 
generated by the production unit of CCN. Through this methodology, we will be able to study the 
feasibility of compatibility between the conventional and radioactive effluents, before their release into 
the environment. [12] 
The result will be a report of the amount of waste generated, whether solid, liquid or gaseous, per 
quantity of fuel processed and per generator unit. 
The following issues will be taken into consideration when carrying out this study: 
 

• Study (quantitative and qualitative) of the radioactive waste related to the amount of 
fuel processed; 

• Assessment of the compatibility of different types of waste; 
• Assessment of the best techniques to be implemented, seeking to apply the “Zero 

Emission” concept in the production of fuels; 
 

According to the worldwide legislation, controls is increasingly more restrictive in relation to the release 
of effluents into the environment, whether into rivers or the atmosphere. 
In relation to the treatment of effluents, we will need to adopt strategies which take into account the 
Environmental Policies on Environmental Control which apply in the  country. 
[13,14,15,16,17,18,19,20,21,22] 
For the management of this plant of the Unit, some measures will have to be adopted so that the 
methodology can be established: 
 

- every process operation will be considered, from the generation of contaminants to their 
elimination. 

- The amount of contaminated substances will be determined. 
 

In sum, the processes involved in the production of the fuel element are sketched in figure 1 below: 
 
Figure 1: MTR-type Nuclear Fuels Production Unit 
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The Uranium Recovery, Treatment of Effluents and the acquisition of UF4, UO2, and U3O8 stages are 
part of the Chemical Process. 
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The Acquisition of Metallic Uranium and alloy U3Si2 stages are part of the Metallurgical Process. 
CCN generates liquid, solid and gaseous effluents. The effluents generated by CCN during the 
production process are listed below: 
 

a) effluents generated in the Ionic Exchange System; 
b) effluents generated in the Solvent Extraction System; 
c) effluents generated in the TBP wash for removal of decomposition products; 
d) effluents generated in the digestion of briquette aluminum and fuel plates; 
e) effluents generated at the output of the decantation tanks of the contaminated sinks 

and gas exhausts; 
f) Effluents generated in the baths of the surface treatment system of the fuel plates; 
g) Effluents generated in the development and fixing baths of radiographic plates; 
h) Effluents generated in the eye wash stations and emergency showers; 
i) Effluents generated in the exhaustion gases washing column and washing tower; 
j) Ethanol used in the drying of AUC and final wash of the fuel elements; 
k) Residual solids from the dissolution of calcined residues containing uranium. 

 
The solid waste originating during the process will be quantified and immobilized. [23,24].  
Gloves, masks, safety shoes, aprons and aluminum powder belong to this category. 
The gaseous effluents generated will be collected by a scrubber and stored in a tank for treatment and 
disposal. This category basically includes water vapor, acid vapors and base used in the superficial 
treatment of the fuel plates, and some particles which might be drawn during the production of powders 
and briquettes. 
Once the effluents have been identified, and the necessary treatment determined, to meet the legal 
requirements, we will choose the best combination of techniques available to meet these requirements, 
with which we will reach the best results, keeping the cost-benefit ratio in mind. [25] 
For the process of treating these effluents, we basically intend to carry out primary contention of the 
effluents in a main tank, with a subsequent pre-treatment of these effluents in an auxiliary tank, where a 
precipitation and floatation method will be used, preparing the effluent to feed a centrifugal separator 
that will concentrate the solid waste. The liquid phase, free of solid particles, will be stored in an 
auxiliary tank which will feed a reverse osmosis system.  The concentrated phase will be sent to an 
evaporation system. The two phases obtained will be stored in another two auxiliary tanks. The pure 
phase, retained in the permeate tank, the chemical purity of which will be monitored and, once it is 
determined that its quality meets the applicable specifications in the country, it will be stored for reuse. 
The concentrated phase, retained in the concentration tank, will be sent to an evaporation system to 
reduce its volume until it turns into sludge, which will be immobilized along with the other radioactive 
solids generated at the CCN. 
 
3.1.1 Work Methodology for the Management 
 
To carry out the proposed work, we will use the available infrastructure at CCN plus the infrastructure 
of the chemical Laboratories of the Centro de Química e Meio Ambiente (Chemistry and Environment 
Center) and the Environmental Radiological Protection Laboratories where the analyses are being 
negotiated. The following issues were taken into consideration when developing the methodology: 
 

a) Investigation  of the applicable environmental laws of the country; 
b) Bibliographic review of the main techniques that exit for the treatment of conventional   

and radioactive effluents and waste; 
c) Analysis of the flow of the processes produced, assessing the inputs (raw materials)  

and outputs (products, waste, liquids and emissions); 
d) Identification, qualification and quantification of the effluent, to determine  

compatibility; 
e) Definition of the effluent measurement system; 
f) Identification of the conventional and radioactive waste and effluents generated during  

the production process of fuel elements; 
g) Investigation of the strategic points which generate effluents; 

5 



h) Investigation of the pace of production pace of the unit (shift times, cleaning  
operations, maintenance) 

i) Investigation of the volume of effluents generated; 
j) Investigation of the impact these effluents cause to the environment; 
k) Analysis of the efficiency of the treatment combined with the various existing  

techniques which enable the best results to be obtained in the treatment 
of conventional and radioactive effluents. 

l) Investigation of the costs of both alternatives; 
m) Investigation of the possibility of reusing the effluents treated in the process; 

 
The Unit is responsable for  different eflluents radioactives and  chemicals generateds and its 
 treatment is presented in figure 2: 
The efluents generated identificated during the production process of fuel elements are: 
 

• Efluent generated by uranium tetrafluoryte( UF4)  precipitation; 
• Effluent generated by ammonium  uranil diuranate (DUA) precipitation; 
• Uranium in  calcium fluoride slag from UF4 reduction; 
• bonnet and basin´s residue and residual suspension from metallography; 
• calcinations and dissolution from uranium solids residue ; 
• effluent generated  from ion exchange system; 
• effluent generated from solvent extraction system; 
• effluent generated from TBP washing; 
• effluent generated from aluminium compact and fuel plates digestion; 
• effluent generated from  contaminated basin´s out, bonnet and decatantion  tank´s out; 
• effluents generated from bath´s superficial treatment system from fluel plates; 
• Effluent generated from   eye-washer and emergency shower; 
• Effluent generated from washer column from exhaustion gas and from washer tower; 
• Ethyl alcohol using in TCAU drying and final washing from fuel combustible; 
• Residue solids from dissolution of uranium calcinated residual ; 
• Effluent generated from RX- laboratory; 
• Inorganics effluents 

 
 

4. Conclusions 
 

The characteristics from average composition  of DUA  solution is represented in table 1, this solution 
after filtrated return to process. 

 

Table 1: Average Composition from DUA filtrate 
 

Íon Average Concentration 
U+6 8 mg.L-1

NH4 8,82 g.L-1

F- 69 µg.mL-1

pH 9,2 
 

 

The effluent generated from process of uranium precipitation with fluoryde  acid  and stannic chloride II 
have the caractheristics in table 2 and its treatment is in development. 
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Table 2: Average Composition from UF4  filtrate 
 
 

Íon Average Concentration 
U+6 662 µg.mL-1

Sn 20 g.L-1

F- 47 µg.mL-1

Cl- 12 µg.mL-1

pH 2,43 
 
 
The characteristics from average composition  of first filtration  TCAU solution is represented in table 
3, this solution after filtrated return to process. 
 
Table 3: Average Composition from first TCAU  filtrate 

 

Íon Average Concentration 
U+6 300 mg.L-1

NH4 110 mg. L-1

F- 100 g.L-1

CO3
-- + HCO3

- 80g .L-1

density 1.080 gcm-3

pH 9,0 
 

In the moment ,we are studying the better method to treat the silver from rx-laboratory solution, to 
liberate it at domestic effluents. 
We are studying too, how to treat the fluoride solutions with ph 2,43.  
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Figure 2: Effluents Treatment 
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