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ABSTRACT 
 
The revival of the Brazilian nuclear program has anticipated a large demand for training in nuclear technology. 
The Nuclear Technology Development Center (CDTN), a research institute of the Brazilian Nuclear Energy 
Commission (CNEN), offers the Operator Training Course on Research Reactors (CTORP). This course has 
existed since 1974 and about 258 workers were certificated by CTORP. This article describes the activities of 
CTORP and presents a proposal for its activities expansion in order to provide the current demand in the nuclear 
technology. Experimental research projects programs would be created in the postgraduate course at CDTN. In 
addition to the normal reactor physics topics addressed by CTORP, new subjects such as thermal hydraulic and 
instrumentation should be added and discussed too. 
 
 

1. INTRODUCTION 
 
Rising concerns about global warming and energy security have spurred a revival of interest 
in nuclear energy, leading to a “nuclear power renaissance” in countries the world over. In 
Brazil, the nuclear renaissance can be seen in the construction of its third nuclear power plant 
and in the government's decision to design and build the Brazilian Multipurpose Reactor 
(RMB). The role of nuclear energy in Brazil is complementary to others sources. Nowadays 
two NPPs are in operation (Angra 1 and 2) with 2000 MWe. A third unity (Angra 3) is under 
construction. Even though with such relatively small nuclear park (approximately 3% of the 
electric power consumed), Brazil has one of the biggest world nuclear resources being the 
sixth resource of natural uranium in the world, with a fuel cycle industry capable to provide 
fuel elements. 
 
Brazil has four research reactors in operation: the MB-01, a 100 W critical facility; the 
IEA-R1, a 5 MW pool type reactor; the Argonauta, a 500 W Argonaut type reactor; and the 
IPR-R1, a 100 kW TRIGA Mark I type reactor. They were constructed mainly for using in 
nuclear research, education and radioisotope production.  
 
With the revival of the Brazilian nuclear program, it is anticipated a large demand for training 
in nuclear technology. The Nuclear Technology Development Center (CDTN), offers the 
Operator Training Course on Research Reactors (CTORP). This course has existed since 
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1974 and so far about 258 workers were certificated by CTORP. It is a three-week practical 
training course using the IPR-R1 TRIGA research reactor which emphasizes basic nuclear 
reactor neutronic principles. Subjects such as the neutron multiplication factor, criticality, 
delayed neutrons, reactivity, temperature coefficient, period, control rods calibration, and 
poisoning are discussed in such a manner that even someone not familiar with reactor physics 
and kinetics can easily follow it. Few mathematical equations are used and several tables and 
graphs illustrate the text. 
 
This article describes the activities of CTORP and presents a proposal for expansion of its 
activities in order to meet the current demand in the nuclear technology. Experimental 
research projects programs would be created in the postgraduate course at CDTN. In addition 
to the reactor physics and instrumentation topics addressed by CTORP, new subjects such as 
thermal hydraulic should be added and discussed in more detail. Among the new items that 
should be studied, may be cited: reactor thermal power calibration, fuel and water 
temperatures, heat transfer, fuel thermal conductivity, validation and verification of neutronic 
and thermal-fluid dynamics computer codes such as WIMS, ORIGEN Monte Carlo codes, 
RELAP and CFD; theoretical and experimental burn-up calculations and introduction to 
reactor control and safety system based on microprocessors. 
 

2. THE IPR-R1 REACTOR 
 
The IPR-R1 TRIGA reactor at Belo Horizonte is a typical TRIGA Mark I light-water and 
open pool type reactor. The fuel elements in the reactor core are cooled by water natural 
convection. The heat removal capability of this process is great enough for safety reasons 
until 250 kW maximum power level. However, a heat removal system is provided for 
removing heat from the reactor pool water. The basic parameter which allows TRIGA 
reactors to operate safely during either steady-state or transient conditions is the prompt 
negative temperature coefficient associated with the TRIGA fuel and core design. The IPR-
R1 was designed for training in reactor operation, nuclear researches and isotope production, 
but has been used mostly for characterization of samples by neutron activation analysis 
technique. Figure 1 shows the reactor core.  
 

 
 

Figure 1.  The IPR-R1 TRIGA Reactor 
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3. THE OPERATOR TRAINING COURSE ON RESEARCH REACTORS (CTORP) 
 
One of the requirements for the commissioning of the Angra 1 Power Station, the first 
Nuclear Power Plant in Brazil, was the training program for future nuclear reactor operators 
[1]. In general, training programs in countries with experience in the nuclear area included 
training in research reactors operation or in reactor simulators [2], [3]. At that time, Brazil 
had three research reactors in operation. The IEA-R1 located in São Paulo, reached its first 
criticality in 1957, while the Argonauta, in Rio de Janeiro, reached it in 1965. The IPR-R1 at 
Nuclear Technology Development Center (CDTN) in  Belo Horizonte, state of Minas Gerais, 
reached its first criticality on November 11th, 1960.  
 
The possibility of using the IPR-R1 TRIGA reactor in the training of the Almirante Álvaro 
Alberto Nuclear Power Station (CNAAA) operators was one of the factors which stimulated 
the creation of CTORP. The content of this training program was first drawn by experts from 
the Nuclear Utilities Services Corporation, an American company, working on behalf of 
FURNAS, the power plant operator, together with Brazilian staff from the Radioactive 
Research Institute – IPR (now CDTN). During several days, the requirements for the training 
program were quoted with the experimental installations available at CDTN, and adaptations 
were provided, either to adjust the texts to the existing equipment or to make them match the 
practical character intended for the training. 
 
In the middle seventies the Operator Training Course on Research Reactors CTORP [4] was 
structured with the aim of filling part of the reactor operators training for Angra 1, which 
started its commercial operation in 1985. Since then, CTORP has been given 25 times and 
has certified around 258 professionals for the Brazilian nuclear power plants.  
 
Additional requirements of the program for the first applications were that the operators had 
some experience in the operation of thermal power stations and that they should get in 
advance the written description of the experiments to be made at the TRIGA research reactor 
existing at CDTN. 
 
The CTORP is structured as a three-week intensive course. It is inherently practical and the 
experiments are divided into three categories: Reactor Experiments, Laboratory Experiments 
and Radiological Protection Experiments. 
 
The material for this course is divided into two volumes. The experiments in each volume are 
divided into two categories: Reactor Experiments and Laboratory Experiments. The Reactor 
Experiments cover topics related to reactor kinetics and operation, while the Laboratory 
Experiments cover subjects as health physics (radiological protection) and reactor 
instrumentation. Volume 1 deals with the basic theoretical training and a facility description 
section. This material should prove very helpful to the trainees and should be read before the 
start of the course. By this way, this volume is sent in advance to the trainees. Each 
experiment described in Volume 2 is further divided into several sections. These sections are: 
purpose, discussion, procedure, questions, and references. In order to obtain maximum 
benefit from the program, it is important that the student read the experiment before 
performing it. Tables 1 and 2 present the summaries of the Volume 1 and 2, respectively.  
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Table 1.  Summary of CTORP - Part 1 
 

CTORP - PART 1: INTRODUCTION TO EXPERIMENTS 

Chapter I:  Revision of Fundamental Topics 

I.1 Nuclear Radiations – Radioactive Decay - Activity 

I.2 Interaction of Radiation with Matter 

I.3 Radiaction Detection 

Chapter II:  Introduction to Reactor Experiments 

II.1 Introduction to IPR TRIGA Reactor Mark1 

II.2 Instruments Response – Instruments Reliability 

II.3 Subcritical Approach – 1/M curves 

II.4 Inhour Equations – Period and DPM 

II.5 Critical Mass Determination 

II.6 Control Rods Worth 

II.7 Temperature and Void Coefficients 

II.8 Flux Mapping 

II.9 Full Power Operation – Recovery Startup 

II.10 Blind Startup – Automatic Control – Control Rods Permutation 

II.11 Xenon and Samarium Poisoning 

Chapter III: Introduction to Laboratory Experiments 

III.1 Reactor Instrumentation: Startup Channel 

III.2 Reactor Instrumentation: LogN and Power Channels 

III.3 Geiger Müller Tubes – Radioactive Decay 

III.4 Radiation Shielding 

III.5 Neutron Activation Analysis 

III.6 Ion Exchangers 

Chapter IV: Radiation Protection 

IV.1 Introduction 

IV.2 Biological Effects of Radiations 

IV.3 Radiation Protection Standard Rules 

IV.4 Radiation Protection Instruments 

Chapter V: Introduction to Radiation Protection Experiments 

V.1 Characteristics and Operation of Radiation Protection Instruments 

V.2 Radiometric Survey 

V.3 Decontamination 

V.4 Distance Effect for Point and Liner Sources 
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Table 2.  Summary of CTORP - Part 2 
 

CTORP - PART 2: EXPERIMENTAL PRODEDURES 

Chapter I:  Startup, Operation and Shutdown Procedures for IPR-R1 Reator 

Chapter II:  Reactor Experiments 

II.1 Introduction to IPR TRIGA Reactor Mark1 

II.2 Instruments Response – Instruments Reliability 

II.3 Subcritical Approach – 1/M Curves 

II.4 Inhour Equation – Period and DPM 

II.5 Critical Mass Determination 

II.6 Control Rods Worth 

II.7 Temperature and Void Coefficients 

II.8 Flux Mapping 

II.9 Full Power Operation – Recovery Startup 

II.10 Blind Startup – Automatic Control – Control Rods Permutation 

II.11 Xenon and Samarium Poisoning 

Chapter III:  Laboratory Experiments 

III.1 Startup Channel 

III.2 Reactor Instrumentation: LogN and Power Channels 

III.3 Geiger Müller Tubes – Radioactive Decay 

III.4 Radiation Shielding 

III.5 Neutron Activation Analysis 

III.6 Ion Exchangers 

Chapter IV: Radiation Protection Experiments 

IV.1 Characteristics and Operation of Radiation Protection Instruments 

IV.2 Radiometric Survey 

IV.3 Decontamination 

IV.4 Distance Effect for Point and Linear Sources 

 
 
 
The application methodology of the course consists of: 
 

I. The trainees are divided into two groups. The first one conducts the reactor 
experiments in the morning, and the laboratory and radioprotection experiments in the 
afternoon, while the other group performs the training in inverse order; 

II. Each practical class is preceded by a presentation, which takes approximately thirty 
minutes, in order to give a basic theoretical background about it with particular 
emphasis on the Purpose and Discussion. With a through understanding of these 
sections, the student will be in a better position to link the dynamics of the experiment 
and to obtain the data necessary to write it up; 
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III. Finished the oral presentation, students follow the instructors in implementing the 
proposed experiment; 

IV. After the practice, the students together write up a report which should contain the 
experimental data, graphs and analysis of the results; 

V. Finally, questions about the experiment must be answered individually by the 
students. 

 
After the first and the second weeks, the trainees do written tests to measure their progress in 
learning the fundamental principles. At the end of the third week of the course a written and 
oral exams will be administrated to each student to evaluate the student’s knowledge at the 
end of the program. The practical test is necessarily applied by two experts who did not teach 
in the course. This procedure aims to avoid any prejudgment that could occur due to the 
student-teacher interaction during the course. 
 
The final evaluation of the trainees is based in the average grade of individual questionnaires, 
partial tests and final exams.  Approval is given to the students that obtain grade higher than 
70%. 
 
The CTORP is applied indiscriminately to professionals with high school and also with 
higher levels (Fig. 2). For this reason, this course avoids the application of differential and 
integral calculus, using only elementary mathematics. A few equations are used and several 
tables and graphs illustrate the text. This approach does not diminish the level of the course. 
The physical concepts which could be masked by a more elaborate mathematical treatment 
are better understood and assimilated by the trainees. 
 
 
 

 
 

Figure 2.  Number of trainees in CTORP until the 22th class 
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During the practical classes, special attention is given to each trainee to participate effectively 
in the experiment, and everyone in the class is expected to participate in the discussions. 
Another important point in the philosophy of this course is the student-instructor relationship, 
students as equals, regardless their company position or academic background. Further, 
although the students will perform many operations on the reactor control console, the reactor 
senior supervisor is responsible for all. 
 
4.  PROPOSAL FOR A PROGRAM IN REACTOR TECHNOLOGY USING THE 

IPR-R1 TRIGA 
 
Nuclear Technology Development Centre (CDTN) was the first nuclear research institute in 
Brazil. In the sixties there was the pioneer project conducted by a research group called 
Thorium Group. The aim of the project was to develop a thorium fueled reactor. This project 
realized several progresses in conceptual design (fuel technology, reactor physics, thermal 
hydraulics, reactor vessel and materials). In the early seventies, with the Brazilian 
government’s decision to build a Westinghouse PWR (Angra1) in a turn key bases, the 
Thorium Group discontinued its activities [5]. Until the late nineties the CDTN provided 
reactor technical support to the Brazilian nuclear power plants. 
 
During the last years attending to several research areas in CDTN, the Postgraduate Course in 
Science and Technology of Radiation, Minerals and Materials has been created. The 
conclusion of Angra 3 and the RMB design and construction look for a large demand for 
training in nuclear technology. 
 
Then, the aim of this paper is to propose the expansion of training activities in the IPR-R1 
TRIGA reactor with the creation of research programs in the reactor technology area in the 
CDTN postgraduate course. To start the work towards this aim, it is in progress the update of 
the reactor instrumentation that will be used to monitor its operational parameters. The new 
system will be microprocessor based, and will be used large LCD displays that are typical of 
state-of-the-art control rooms. Figure 3 shows two user-friend interface of the system in two 
computer video screens. In the foreground can be seen the integral curve of a control rod.  
 
 
 

 
 

Figure 3.  Digital system for simulation of IPR-R1 TRIGA neutronic parameters 
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In addition to the neutronic, instrumentation and radiation protection topics addressed by 
CTORP, new items as thermal hydraulic should be added and discussed in more detail, in the 
proposed postgraduate program at CDTN. Among the new items that should be studied, may 
be cited: 
 

• Validation and verification of reactor physics and kinetics computer codes, such as: 
MCNP, ORIGEN and TRIGLAV-W. 

• Validation and verification of thermal-fluid dynamics computer codes, such as RELAP 
and CFX. 

• Development of codes, including coupling of neutronic and thermal-hydraulic codes. 
• Calculation of various research reactor physics parameters and models. 
• Burn-up calculations and experiments.  
• Core optimization. 
• Safety requirements, strategic planning and IAEA standards for research reactors. 
• Reactor thermal power calibrations and heat transfer. 
• Fuel and water temperatures, and heat transfer. 
• Reactor instrumentation, digital control and safety system based on the microprocessors.  

 
 

5. CONCLUSIONS 
 
The CTORP so far has been applied 25 times, and about 258 trainees received Research 
Reactor Operator certificates. The efficiency and success of the course has been confirmed 
over the years by the good performance of the workers in the later stages of the training 
program. The experience of the CTORP certifies that it is possible to provide an effective 
training on research reactors using only elementary mathematics. 
 
The IPR-R1 TRIGA research reactor at Nuclear Technology Development Center (CDTN) 
has been used particularly for the needs of the Brazilian nuclear power plants operators 
training. This paper proposed the expansion of training activities at the IPR-R1 reactor to the 
postgraduate course of CDTN. In addition to the normal neutronic and instrumentation topics 
addressed by CTORP course, new fields as thermal hydraulic should be added and discussed 
in more detail. 
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