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SUMMARY 

The TRIGA Mark I IPR-R1 Reactor operates in the Nuclear Technology Development 
Center/ Brazilian Committion for Nuclear Energy (CDTN/CNEN), originally Institute of 
Radioactive Researches, in Belo Horizonte, Minas Gerais, since November 6, 1960. 
Initially it operated for isotope production for different uses, being later used in wide 
scale for another purposes as analyses for activation with neutrons and training of 
nuclear power plants operators. Dozens of degree theses were also developed with the 
use of the reactor. Along the years, several improvements were introduced in the reactor 
and its auxiliary systems, with the purpose to provide better use of the facilities and 
with the objective to increase the safety in the operation. The reactor is ready right now 
to operate at 250 kW, and for sure the nuclear applications programmed will be 
improved. The Operation Manual and the Safety Analysis report were already modified, 
as well as the Emergency Plan and the relative procedures to the same. After the tests at 
the end of 2008, the reactor will already be operating in the new power. This work 
presents a description of the several accomplishments of the last years and comments 
about the possibility of new uses for the reactor in the several areas of nuclear 
applications and some of the experiments and tests results during the upgrading 
program. 
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I. INTRODUCTION  
 
The reactor TRIGA Mark I IPR-R1 operates at CDTN/CNEN (Nuclear Technology 
Development Centre/Brazilian Committion for Nuclear Energy), originally Radioactive 
Research Institute, in Belo Horizonte, Minas Gerais, from November 6, 1960. Initially it 
operated for radioisotopes production for different uses, and later used on a large scale 
for other purposes such as analyses by neutron activation and training of operators of 
nuclear power reactors. Many of master and doctoral theses were also developed using 
the reactor. Over the years, several improvements have been introduced into the reactor 
and its auxiliary systems in order to provide better use of its facilities and in order to 
optimize the use of it and also to improve security in the operation.  
 
The use of nuclear energy as a work or even as secondary use in the various fields of 
science and technology is quite wide and often easier, quicker, simpler and that many 
methods used in the competitive market.  
 
Through the use of radioisotopes, applications can be found in virtually all fields of 
science, such as use in agriculture, biology, medicine. geology, physics, veterinary, as 
well as in industry. 
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Figure 1. TRIGA reactor core of IPR-R1 
 
The nuclear reactors has contributed for the production of radioisotopes, science in 
general, multipurpose testing through the use of artificial radioisotopes, developed a 
considerable number of techniques, processes and theories, which enabled contribute a 
with a better quality of life of the world population.  
 
II. RESEARCH PERFORMED WITH THE TRIGA IPR-R1 REACTOR  
 
Since its establishment in November 1960, the TRIGA MARK I IPR-R1 Reactor, 
whose core is shown in Figure 1, has spent many targets both for production of 
radioisotopes or for analysis. Among these works, it can be emphasized:  
 
Neutron Activation Analysis. The objective to irradiate samples in the reactor (around 
95% of the total samples) is to apply the neutron activation technique. In most of these 
analyses, was made dosage of uranium ore using delayed neutron method and applying 
the conventional and k0 methods, it was also determined arsenic contamination in rivers; 
mercury in mineral sites, in human tissues and food and several elements were 
determined in wide variety of matrixes like soil, sediment, water, effluent, organic 
material, etc. [1,2,3].  
 
Several other studies were developed like studies of radiolysis in complex from Co and 
Cr, production of 45Ca and 51Cr, determination of Cu and Au in crystals of KCl, strength 
of Au and Pt in ultra basic rock, studies of reaction 108Cd (n, p) 108Ag, determination of 
various elements in various samples, analysis of uranium and thorium in minerals, 
determination of contaminants in paints used in components of nuclear reactors, 
determination of heavy metals in the hair of patients, leucopenia and in blood serum of 
employees of steel, studies of contaminants in water of mines and rivers, contamination 
of food and cigarettes, study of chemical components in homemade teas, among others 
[4.5].  
 
Industrial Applications. The radioisotopes produced to be used as radioactive tracers 
(56Mn, 59Fe, 60Co, 82Br, 198Au, 41Ar), were applied in studies such as: conditions for 
disposing of pipeline, measures to flow in hydraulic pumps and turbines, studies of wear 
caused by mineral dutes, control of wear in blast furnaces, determining the length of 
stay in clinker grinding ball of cement plants, steel works in casting control, inspection 
of cracking towers of the refining of oil, as shown in Figure 2.  
 



The use of radioisotopes in modern industry has great importance for development and 
improvement of processes, measures, automation and quality control. The use of them 
in industry, steel plates and paper, has allowed greater automation in some production 
lines.  
 
The main industries using radioisotopes produced at the reactor through tracer 
techniques are steel, iron, coal, petrochemicals, cement, glass, building materials, 
mineral processing, pulp and paper; non-ferrous metals and automotive industry.  
 
The tracers have been used used in the areas of development process, residence length, 
flow rate, speed, modeling, performance control and optimizing of mixers used in 
homogenization systems, preventive and corrective maintenance, broken detection and 
materials transporting, wear and corrosion control on turbines and equipments corrosion 
control. 
 

 
Figure 2. Improvement of Industrial Processes in Refineries 

 
Biology and Medicine. Besides the production of 131I for diagnostic purposes in the 
thyroid gland of individuals during the first years, were manufactured other 
radioisotopes for carrying out searches with Schistosoma Mansoni, incorporation of 
24Na in tumors of albino rabbits, therapeutic effects of 198Au infiltration in intra-articular 
and reason for disposal iron in triotomidas with 59Fe.  
 
Environmental Engineering. Were conducted several studies of sedimentology 
background (transport by drag) and suspension in various ports in Brazil using 
radioisotope-51Cr, 56Mn, 82Br, 198Au and 192Ir. Studies measured the ocean pollution by 
liquid effluents and solid waste and flow of rivers, canals and streams. 
 
Dosimetry of radiation. Dosimetry range in the reactor IPR-R1, monitoring of the 
power reactor with 16N, use of tourmaline as dosimeter of neutrons, and so on.  
 
Reactors Physics. Measures of flow and distribution of neutrons, measures of reactivity 
in the core, neutron spectrometer, with the threshold detectors, as measured from of 
neutrons cross sections for different materials.  
 
Biological Sciences. The nuclear techniques found in recent decades, a number of 
applications in search of human nutrition and also the elimination of pests and diseases 
through the use of marked compounds used in the control of certain insects and bacteria. 
[6] Through isotopic tracer stable as hydrogen, carbon, nitrogen and oxygen, we can 
study the energy consumption for metabolic adaptation in regions of low-protein, the 



diet therapy using local foods for treatment of chronic diseases such as diarrhea in 
children and even infections such as Hepatitis B.  
 
Hydrological Studies. The maintenance of water quality as well as the supply and 
replacement of sources is a problem well known, but is gaining even greater with the 
growth of population and the sources of pollution in the world.  
 
Before the use of radioisotopes and development of instrumentation for accurate 
measures of the radioactivity of radioactive nuclei and stable, it was very difficult and 
sometimes impossible to solve certain problems of hydrology, essential for planning 
agricultural, industrial and residential. Measures to flow into turbines and control of 
silting of lakes, ports and dams, have developed greatly with the use of radioisotopes 
produced at the IPR-R1 Reactor. Figure 3. 
 

 
Figure 3. Inspections in Steam Turbines 

 
 
Those artificial isotopes are used to solve problems such as water leaks in dams or 
define areas of protection of underground reservoirs. The radioisotopes produced play 
an important role in the study of underground water, source age, distribution, water 
quality, and recharge events, mechanisms and interconnection between groundwater 
basins, lakes and reservoirs dynamics, leaks in dams, study of underground transport, 
measures flow of rivers, transport of materials in suspension, the rate of sedimentation.  
 
It has determinate the contact between the waters and industrial water ace and 
permitting studies of groundwater basins transfer through failures and internal handling  
 
V. ENVIRONMENTAL APPLICATIONS  
 
Environmental pollution has become a global problem and often needs action 
immediately. In taking the action against pollution should be taken of the exact amount 
and places of occurrence of pollutants, the causes of pollution and extinguish such as 
pollution, without the creation of unwanted effects. Thus studies of this nature have 
been made in industrial plants and refineries for processing oil and thermal power plants 
using coal. 
  
As the radioisotopes can be found in very small quantities and its path can be followed 
or route, the study of pollutants, whether in the air, soil or water, with use of 
radioisotopes, has been widely used over the years.  
 



The radioisotopes are much used in the measures and establishing the trajectory of these 
pollutants and nuclear methods can be employed successfully to remove gaseous 
pollutants, including hydrogen sulphide or the nitrogen oxide.  
 
As air pollution and water is more visible, the pollution of the soil begins to become a 
problem because the pollutants each day become more present in the food chain of 
humans and animals through the constant use of pesticides.  
 
Similarly, many of the fertilizers used in agriculture to decompose in the form of 
products of oxidation of nitrogen and may become a serious problem. The nuclear 
methods have been used to determine and provide solutions to combat such pollution. 
[7.8]  
 
VIII. NEW PROSPECTS FOR REATOR TRIGA IPR-R1  

 
With the increased power of the reactor TRIGA IPR-R1 to 250 kW, the flow in 
different places of irradiation should be increased by a factor of approximately 2.5, 
which will allow irradiation of half long life are made in a space of time minor. This 
will enable the production of certain radioisotopes used in industry and others used in 
hydrology and sedimentology can be produced in the same at a lower cost.  
 
For the first time in forty years of operation has been irradiated in a gas reactor. In 
collaboration with the University of Texas, has produced the Argon 40 to be used in 
studies of flow and leakage in cracking towers of oil. The irradiation, held for the first 
time in the country, has achieved full success, there is already consulting for new 
irradiation for use in other states. [9]  
 
At the time the Brazilian Government has intending to restart the Brazilian Nuclear 
Program has been scheduled 6 courses to prepare the future operator of the Nuclear 
Power Plant of Angra III. Other courses to graduation and post-graduation studies has 
been planned to be offered using the IPR-R1 reactor. 
 
Besides the training of operators of power plants Angra I and Angra II, the reactor in 
recent years is providing new jobs through the irradiation of radioisotopes that allowed 
use in new fields of technology in general.  
 
Sources of 60Co used in steel industry to control processes has been produced since the 
middle decades of 90were casting their project to manufacture modified by technicians 
from the reactor and has presented better performance than those that had been imported 
from European suppliers.  
 
Just in the second semester of 2008, has been contracted the production of sixteen 60Co 
sources to two different steel companies of the state.  
 
Using the k0 method has become more agile the irradiation of samples and standards 
allowing greater flexibility in obtaining results from different sector of radiochemical 
analyses. Within the new configuration of the reactor to operate at 250 kW, should be 
further elaborated the calibration curves, which will hold new analyses. Figure 4 shows 
the operation team working on the new reactor configuration, with the addition of four 
new fuels.  



 
 

 
 

Figure 4. Setting up the core of the reactor TRIGA IPR-R1 to operate a 250 kW 
 
Figure 5 shows another work already running, the conservation of cultural and 
archaeological sites, which require irradiation of different materials in the reactor to 
carry out studies of fungi and bacteria in works of historic patrimony. The work done 
jointly by CDTN and other agencies, in the final stages of planning, has prospects to 
continue the irradiation in 2009. 
 

 
 

Figure 5. Archaeological Studies in Caves of Mines and Hinterland of Bahia  
 

Projects of control of radioactive tailings with radioactive barium and arsenic also use 
the reactor in the irradiation of samples that will examine the contaminants and possible 
destination. 
 
The irradiation of samples in order to control the mineral elements in the production of 
medicines inorganic aims to study the same efficiency in the different treatments for 
which they are prescribed. [10]  
 
With the new power of 250 kW, was introduced in the core provided with a fuel thermal 
instrumentation which will allow the realization of experiments in the study area of the 
thermal behavior of the fuel and also to corrosion.  
 
It is in the final stage the licensing that will raise the reactor power to 250 kW. This 
increase will enable the reactor power increased use by reducing the time of irradiation 
and increasing demand for irradiation of long half life radioisotopes long half life.  
 



With the inspection of the core recently done, you can admit that the reactor could be 
used for any purpose other than those planned during the next decade. 
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TRIGA MARK I  IPR-R1 REACTOR

DEDICATED IN NOVEMBER/06/1960

ORIGINALLY 100 kW -
 

UPGRATED 250 
kW (under licencing)

FUEL:  ENRICHED URANIUM

MODERATOR:  ZIRCONIUM HYDRIDE

REFLECTOR:  GRAPHITE

COOLING SYSTEM:  DEMINERALIZED
WATER



TRIGA MARK I  IPR‐R1 REACTOR USES

Production of radioisotopes for different 
educational and scientific institutions uses;

Scientific experiments;

Training of nuclear engineers for research and 
power plant reactor operation;

Experiments with materials and minerals;

Neutron activation analysis



TRIGA MARK I  IPR‐R1 REACTOR USES

Laboratory for Neutron Laboratory for Neutron 
Activation AnalysisActivation Analysis

Brazilian universities, governmental 
institutions, research centersIAEA

SCK.CEN, Belgium
Meeting the clients' analytical 
needs from all over the country

CDTN/CNEN 
(Pós-Graduation, 
Radiobiology, 
Environment, 
Chemistry, 
Materials, 
Chemical 
Process, etc.)

Institute Jozef 
Stefan, Slovenia

CCHEN, Chile



TRIGA MARK I  IPR‐R1 REACTOR USES

At the beginning → major application field of 
geochemistry and mineral exploration

All the uranium determinations related to Brazilian 
mineral prospection were performed by the Laboratory

Now:  Ag, Al, Au, As, Ba, Br, Ca, Cd, Ce, Cl, Co, Cr, 
Cs, Cu, Dy, Eu, Fe, Ga, Hf, Hg, Ho, K, La, Mg, Mn, 
Mo, Na, Nd, Rb, Sb, Sc, Se, Sm, Sr, Ta, Tb, Th, Ti, 
U, V, W, Yb, Zn and Zr

Over the years → medicine, geology, environment, 
health and nutrition, chemistry, biology, etc

large range of concentration in several matrixes 



TRIGA MARK I  IPR‐R1 REACTOR USES

Matrixes analysed  Matrixes analysed  

Industrial effluent
ore

sediment water

food

plant



TRIGA MARK I  IPR‐R1 REACTOR USES    

air filter

Matrixes   Matrixes   
analysedanalysed

ceramic and clay from Amazon 
region



TRIGA MARK I  IPR‐R1 REACTOR USES

Human tissues Animal products

nail

hair “garimpo” materials



TRIGA MARK I  IPR‐R1 REACTOR USES

CTORP



SAMPLES IRRADIATED AT IPR-R1 

YEAR ENERGY

RELEASED (kW)

Neutron Activation

Analysis 

Experiments, 

Tests, Other 

Applications 

1960 -

 

1964 152,989 217 1,577 

1965 –

 

1969 85,601 14,184 3,405 

1970 -

 

1974 247,480 50,026 3,562 

1975 –

 

1979 505,162 137,943 2,631 

1980 -

 

1984 384,036 167,477 1,024 

1985 –

 

1989 131,295 36,430 650 

1990 -

 

1994 69,666 10,399 214 

1995 –

 

1999 154,639 13,063 468 

2000 –

 

2004 167,029 17,006 455 

2005 –

 

2008  * 89,944 8,636 213

TOTAL 1,987,841 455,381 14,199 

UNTIL OCTOBER 2007

REACTOR DATA



IMPROVEMENTS AT THE IPR-R1 REACTOR

The Pneumatic System

The Water-Water Cooling System

The Reactor Aluminum Tank

The Control Rod Drive Mechanisms 
Replacement

The Neutrongraphy Facility

The New Reactor Control ConsoleData Acquisition and Signal  Processing System





THE FUTURE???

1.OPERATES TO 250 KW 

2. 
 

PRODUCE ISOTOPES TO USE AT STEEL 
 COMPANIES, HEALTH RESEARCHES AND 

 ENVIRONMENTAL STUDIES

3.
 
STILL TRAINING THE  POWER  PLANTS 

 OPERATORS AND TECHNICIANS

4.
 
PREPARING

 
COLLEGE

 
STUDENTS TO COME 

 WORK AT THE BRAZILIAN NUCLEAR REVIVAL:  NEW 
 POWER PLANT, BRAZILIAN MULTIPURPOSE 

 RESEARCH REACTOR, THE NEW URANIUM ORE 
 PROSPECTION AND THE FUEL ELEMENT FACTORY





THE NEW IPR-R1 REACTOR CONTROL CONSOLE





THANKS
 

TO
 

THE
 

IPR‐R1
 

OPERATIONAL
 

STAFF
FOR THE 48 YEARS OF PROFICUE 

 REALIZATIONS



THANK YOU SO MUCH
Fausto Maretti Júnior

fmj@cdtn.br


