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Abstract 

Mining activities generate several impacts. Besides the environmental damages, the exploration of radioactive 
minerals, such as uranium and thorium, is responsible for another kind of problems and concerns. Radioactive 
materials can remain dangerous for long time periods, what requires radioprotection measures in order to protect 
the health of the workers and the public in general. This work shows the results of a radiometric survey done in a 
uranium mine that is under a decommissioning process, in the southeast region of Brazil. The results show that 
there is potassium and radium in almost the whole region called Waste Rock Pile number 4, where tons of 
wastes are deposited. However, the radiation values are under the permissible limits for workers, although the 
place can not be considered as a free area, according to the Brazilian rules. 
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1. Introduction 

The first Brazilian industrial facility associated to the uranium mining activities is located in the municipality of 
Caldas, Minas Gerais State, and belongs to INB – Nuclear Industries of Brazil. The operation of this complex, 
named uranium mine Osamu Utsumi, has started in 1982. Nowadays the mining activities are ceased and the site 
is under the process of decommissioning. Its closure has to fulfill the legal demands of CNEN (National 
Commission of Nuclear Energy) and IBAMA (Brazilian Institute of the Environment and Renewable Natural 
Resources). The characterization of the environmental liabilities and the propositions of specific solutions for the 
contaminated areas due to the uranium mining activities, including acid drainage, are considered the most urgent 
studies to be carried out in Caldas (Nóbrega, 2007). 

Mining activities generate several impacts all over the world, and the establishment of a plan to recover the 
degraded areas involves several researches. In order to help the development of these studies in the region of 
Caldas, the CDTN – Development Center of Nuclear Technology, under the scope of the INCT works (National 
Institute of Science and Technology) proposed to do some researches to characterize the environmental liabilities 
that exist in the Caldas INB unit. The project was named “Characterization and monitoring of the quality of the 
water and environment, and recovery of the degraded areas due to the mineral industry, including the recovery of 
metals from waste and industrial effluents”. 

This project is coordinated by the Department of Metallurgical Engineering of UFMG – Federal University of 
Minas Gerais, being partners the UFV – Federal University of Viçosa, the ICB/UFMG – Biological Sciences 
Institute of UFMG, CEFET/MG – Federal Center of Technological Education (Minas Gerais State), IIEGA – 
International Institute of Ecology and Environmental Management, and the CDTN. 

1.1 Previous Studies 

The Plateau of Poços de Caldas was the subject of numerous studies resulting in a considerable amount of 
bibliographic information. The pioneer study on the geology of the Poços de Caldas Plateau was published by 
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the Geological Society of London (Derby, 1887), where the first reference to the volcanic plateau can be find. 
From the 1930’s decade, a series of works in the area began, in order to achieve a better understanding of the 
geology, the distribution of the mineral resources present in the Plateau, and also their economic potential. From 
the 50's, great emphasis was given to prospective studies of nuclear material in the area. These studies were 
heavily incremented after the creation of the CNEN in 1962, whose performance in the region aiming the 
prospection for radioactive minerals contributed to a better knowledge of the geology of the alkaline massif. As 
result of these studies, radioactive anomalies were found in the “Morro do Ferro” (Iron Hill) and in the “Mina do 
Cercado” (Fence Mine), among others. Since then, these two places have been extensively studied. The “Morro 
do Ferro” was the subject of a detailed study coordinated by IAEA - International Atomic Energy Agency, due to 
its peculiar characteristics. The “Mina do Cercado” was transformed into the first uranium mine operated in 
Brazil. The task was managed by the former NUCLEBRAS (currently INB). 

Since 1976, when the works began in order to characterize the place in details, to execute the mining project and 
to start the mining operations and the processing of uranium in the “Mina do Cercado”, several complementary 
studies have been carried out in the region. These studies were done to characterize the hydrodynamics of the 
existent aquifer, to evaluate the flow direction, to verify the status of some bio indicators and to assess the 
natural radionuclides in the environment, among many others (Amaral, 1979; Paschoa et al., 1979; Vasconcellos 
et al., 1987; Prado, 1994; Campos et al., 2010). 

After the closing of the “Mina do Cercado” in 1995, and the beginning of the studies to recover the degraded 
areas in this region, several researches have been conducted with the support of the INB. Part of these studies 
was done through Ph.D. thesis and M.Sc. dissertations, which evaluated several environmental components 
involved in the hydrogeological and hydrogeochemical characterization of the region. As example, the study of 
subsurface drainage of the environmental liabilities associated to the disposal of the mining waste from the 
“Mina do Cercado” evaluated the hydrodynamic properties of the local aquifer by drilling wells and specific 
tests (MDGEO, 2000). The recharge was evaluated and as a conclusion, the proposal for a groundwater flow 
model for the region outside the WPR4 - Waste Pile Rock number 4, was obtained and calibrated. Another 
important study, in the surroundings of Poços de Caldas municipality, aimed to evaluate the groundwater in their 
hydrogeological and hydrogeochemical aspects, with emphasis on the sources of hydrothermal waters from that 
city (CETEC, 1987). 

The radionuclide transport at Poços de Caldas Plateau was also an object of researches (Barcellos et al., 1990; 
Fernandes et al., 1995), and it was showed that the tailing pond and the waste pile rock draining acid were the 
main sources of contamination. More recently, numerical models for simulating water flow and relevant 
geochemical processes in the site (Franklin, 2007) and alternatives to mitigate the impacts caused by the WPR4 
(Nóbrega, 2007) were investigated in the area. Also, previous studies made a hydrogeochemical investigation of 
the Antas River, in order to verify the contamination in water courses downstream the mine, and the natural 
attenuation was considered responsible for mitigate the contamination from effluent releases in the area (Lamego 
et al., 2009). 

2. Objective 

The objective of this work is to show the results of a radiometric evaluation performed in the study area, 
measuring the gamma activity, the dose rate values and identifying the existent radionuclides, in order to verify 
the state of these parameters in the region, as part of the environmental researches that are being carried out. This 
is the first time that this kind of research is undertaken in the area, evaluating the radiation level in a sampling 
grid that covers all the WPR4, since the PRAD - Plan to Recover the Degraded Area, was elaborated for the site. 

The study area where the radiometric survey was done is the region where the WPR4 is located, that belongs to 
the INB Caldas. The volume of the WPR4 is 12.4 million cubic meters, which comprehend an area of 569 
thousand of square meters, situated in the ancient part of the Consulta stream (Cipriani, 2002). There are 8 Waste 
Pile Rocks in UTM Caldas facility, but the number 4 is the biggest one, and for this reason it was chosen to be 
studied. The obtained results were compared to the values of the natural radiation in the region. 

3. Study Area Characteristics 

The UTM Caldas - Ore Treatment Unit, is located in the southern region of Minas Gerais State (Figure 1), and it 
is approximately 180 km distant from the city of São Paulo, 350 km from Belo Horizonte and 360 km from the 
city of Rio de Janeiro (Araújo, 2005). 
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Figure 1. Location of the Caldas municipality and of the UTM 

 

Nowadays, under the scope of the project supported by INCT, several researches are being executed in the 
WPR4 in order to characterize it as best as possible. Some questions related to the mine pit are under study 
(Figure 2), as well other important environmental aspects in the site. The main goals are to verify the level of 
contamination in the waters and sediments in the surrounding regions of the site, and to develop a mathematical 
model that can describe the hydro balance in WPR4 area (Figure 3) as well. Other studies are evaluating several 
questions related to the acid mine drainage and the recovery of uranium (Gomes et al., 2011; Santos & Ladeira, 
2011; Ladeira & Gonçalves, 2008). It is expected that soon new hydrogeological studies will begin, since a new 
project that has technical support from the University of Queensland – Australia, was endorsed. This project will 
have a financial support from FAPEMIG – Research Support Foundation of Minas Gerais State. 

 

 

Figure 2. Mine pit – Caldas UTM 

 



www.ccsenet.org/eer Energy and Environment Research Vol. 2, No. 1; 2012 

16 
 

 

Figure 3. Boundaries of the Waste Rock Pile 4 

 

Also, the behavior of the underground waters in the WPR4 is under study, with the help of probes and 
piezometers installed in four underground wells. In 2010, with the help of rain gauges, it could be verified the 
annual precipitation in the WPR4, and rain was registered in 142 days along the year (Figures 4a and 4b). The 
monitoring of the atmospheric pressure and temperature is underway, besides infiltration tests and the evaluation 
of the moisture of the soil (Figures 5a and 5b). It is possible to see that the temperature reaches negative values 
in July 2011. 

 

 (a) 
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 (b) 

Figures 4. 2010 pluviometric data in the site under study 

 

 (a) 

 (b) 

Figure 5. a) Monitoring of the temperature in the study area and  
b) Monitoring of the atmospheric pressure (both from December 18, 2010 to July 31, 2011) 
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3.1 Wismut Experience 

It is worth emphasizing here that the technicians involved in the decommissioning process have the IAEA 
support. The project BRA 3013 has as a goal the knowledge exchanges between Brazilian and foreign 
technicians, aiming the implementation of a decommissioning and remediation plan for the mining and industrial 
complex located in Caldas. Among other benefits, this project created detailed a technical exchange with the 
experts from Germany that works in Wismut, including a technical visit to the place, which happened in October 
2010. 

WISMUT experience in remediation of uranium mining and milling legacies is considered the biggest mining 
rehabilitation project in the world. From 1945 to 1990, SDAG Wismut in East Germany was the major uranium 
supplier to the Soviet Union. Estimates indicate that approximately 216,000 tons of uranium were produced. 
However, during production time neither substantial technical or financial provisions were made for closure of 
mining and decommissioning process. Immediately following unification of Germany, the WISMUT mining 
operations were discontinued and a fund of approximately 6.2 billion of Euros was provided for the clean-up and 
remediation of the environmental liabilities in the uranium mining areas (IAEA, 2005). 

After a preliminary survey, the remediation focused on five mining sites (Ronneburg, Aue, Pöhla, Königstein & 
Gittersee) and two processing sites (Seelingstädt & Crossen). The main tasks to be done were the demolition of 
contaminated buildings and structures, the cleaning of the area and to solve several questions associated to the 
waste rock piles, industrial tailings ponds, underground and open pit mines and water treatment (Hagen & 
Jakubic, 2006), (Czegka et al., 2006). The scope of the closure program was vast and included 5 underground 
mines, 37 km2 of operational areas including 2 milling sites and 311 M m³ of 20,000 tons of uranium deposited 
in 48 waste rock piles, among other tasks (Hagen, 2007). 

4. Methodology 

To assess a radiometric evaluation of the study area, a sampling grid was defined for the region. Part of the 
original net used and installed by the LAPOC – Laboratory of the National Commission of Nuclear Energy in 
Poços de Caldas, for studies related to the detection of radon gas through passive detectors, was adopted 
(Macacini, 2008). The grid of the original study was defined in a range of 25 x 25 meters, however due to 
operational reasons in this activity, the working area was redefined as a 50 x 25 meters grid. Once that the net 
was defined, in each sampling point the geographical coordinates, the temperature, the gamma radiation rate 
(CPS - Counts Per Second), the dose rate (Sv per hour) and gases samples were obtained/collected. The 
procedure was made following the recommendations of a technical document of IAEA (IAEA, 2003), which 
cover all aspects of the uranium mining industry, from exploration to exploitation, decommissioning, and the 
application of techniques in other non-uranium resources areas. 

The measurements were done using a portable gamma spectrometer IdentiFINDER model XYZ, which carries 
out qualitative and quantitative analysis of gamma radiation using a NaI (Tl) detector and an internal Geiger 
Mueller (GM) tube. On very high dose rates (above 500 μSv/h), the scintillation detector is switched off and the 
GM tube is responsible for the dose rate display. The initial calibration and, furthermore, the permanent and 
continuous stabilization running in the background in parallel to any performed measurement, are based on an 
internal Cs-137 stabilization source. It is valid to observe that in this work, the device had to be turned on outside 
the research area, due to the existent natural radiation, since the presence of strong sources may disturb the 
stabilization and calibration of the IdentiFINDER. A precise energy calibration though is essential for the 
identification of any nuclides found in the field. 

After the drilling of the soil in order to collect the gases as part of environmental studies (Abreu et al., 2011), the 
radiation measurement was done with the device touching the soil surface. The procedure was done in sequence, 
covering all the sampling points in the study area. The soil temperature was also checked (this parameter was 
used in the gases analyses). It is valid to emphasize that the device must be pointed to the source of radiation. If 
the acquisition time is too short or the radiation level is too low, the identification algorithm does not start. The 
instrument was programmed to detect only one or two radionuclides, in order to optimize its performance. The 
IdentiFINDER has a trust level in the measurement that goes from zero (what means unlikely) to ten – very 
likely. A very weak indication is displayed as “-”. This trust level represents the capacity of the device to identify 
correctly the spectrum of the radionuclides. 

ISO 18589-1 (ISO, 2005) provides guidance for measurements of radionuclides in the soil, including the studies 
made for decommissioning purposes. It defines general procedures of gamma spectrometry measurement, and 
requirements for measurements of radioactivity in the soil. ISO recommends that sampling must be 
representative of the area under investigation, what was followed since the measurements were done in the 
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whole WPR4 area using, as indicated, a portable radioactivity detector that can identify individual radionuclides. 
The limits of the IdentiFINDER go from 0.01 μSv/h up to 1 Sv/h, what answer to the ISO needed requirements. 
It is valid to emphasize here that the CDTN emitted a calibration certificate for the IdentiFINDER (CDTN, 
2009), where the error in all measurements was declared as 5% for the range of its operation in WPR4. For 
bigger values the uncertainties order reaches 8%. 

Figure 6 shows the sampling net in the region of study. The field works were performed in June and July of 
2010. 

 

 

Figure 6. Sampling net used in the study 

 
5. Results and Discussion 

Table 1 shows some results of the evaluations done in the study area. 

 

Table 1. Results of the measurements 

Point 
Code 

Dose 
Rate 
Sv/h 

CPS 
Radio 

nuclide 1 
Trust 
level

Radio 
nuclide 2

Trust 
level

Point 
Code

Dose 
Rate 
Sv/h 

CPS 
Radio 

nuclide 1 
Trust 
level

A1 1.35 1540 Ra 226 5 - - K15 1.27 1533 Ra 226 6 

A2 1.26 1494 Ra 226 5 - - KSW 1.48 1693 Ra 226 7 

A3 0.94 1162 Ra 226 5 - - M15 1.46 1717 Ra 226 6 

A4 0.86 1082 Ra 226 5 - - M1 1.00 1156 - - 

A5 1.08 1312 Ra 226 6 - - M2 1.00 1175 - - 

ASW 1.90 2040 Ra 226 6 K40 4 M3 1.76 1835 Ra 226 6 

B0 0.89 1213 Ra 226 5 - - M4 1.21 1431 Ra 226 4 

B1 1.52 1812 Ra 226 6 - - M6 0.95 1281 - - 
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Point 
Code 

Dose 
Rate 
Sv/h 

CPS 
Radio 

nuclide 1 
Trust 
level

Radio 
nuclide 2

Trust 
level

Point 
Code

Dose 
Rate 
Sv/h 

CPS 
Radio 

nuclide 1 
Trust 
level

B2 1.38 1725 Ra 226 5 - - M7 1.05 1237 Ra 226 4 

B3 0.89 1103 Ra 226 5 K40 4 M8 2.26 2462 Ra 226 8 

B4 0.89 1195 Ra 226 4 - - M9 0.91 1183 Ra 226 4 

B5 0.78 1096 Ra 226 5 - - M10 0.89 1142 - - 

C4 1.32 1581 Ra 226 5 - - M12 0.80 1079 - - 

C5 0.88 1141 Ra 226 5 - - M13 0.90 1160 - - 

C6 1.04 1305 Ra 226 4 - - M14 0.93 1200 - - 

C7 1.60 1810 Ra 226 6 -  O1 1.00 1170 Ra 226 4 

CSW 1.70 1845 Ra 226 5 K40 4 O2 0.62 834 - - 

D2 1.14 1390 Ra 226 4 - - O3 1.15 1390 - - 

D3 0.96 1270 Ra 226 4 - - O4 1.80 1970 Ra 226 6 

D4 1.48 1680 Ra 226 7 - - O5 1.56 1703 Ra 226 6 

D5 0.70 930 Ra 226 4 - - O6 1.24 1433 Ra 226 4 

E2 0.55 756 - - - - O7 1.42 1620 Ra 226 4 

E3 0.83 1030 - - - - O8 1.27 1477 - - 

E4 1.71 1865 Ra 226 5 - - O9 1.32 1504 Ra 226 5 

E5 0.91 1153 - - - - O10 0.43 718 - - 

E6 0.90 1114 Ra 226 1 - - O11 1.21 1440 - - 

E7 1.75 1943 Ra 226 7 - - O12 0.97 1203 - - 

E8 1.43 1661 Ra 226 4 - - Q2 2.12 2280 Ra 226 6 

ESW 1.95 2179 Ra 226 7 - - Q3 2.72 2990 Ra 226 7 

F3 1.37 1520 Ra 226 6 - - Q4 1.48 1670 Ra 226 5 

F4 1.61 1800 Ra 226 7 - - Q5 1.53 1727 Ra 226 5 

F5 0.86 1160 Ra 226 6 - - Q6 1.10 1266 Ra 226 4 

G3 0.53 762 - - - - Q8 1.13 1320 Ra 226 5 

G4 0.83 1032 - - - - Q9 1.30 1544 Ra 226 5 

G5 0.91 1121 Ra 226 4 - - Q10 2.21 2458 Ra 226 7 

G6 0.75 1000 Ra 226 5 - - Q11 1.28 1560 Ra 226 5 

G7 0.91 1105 - - - - Q12 1.23 1458 - - 

G8 0.97 1188 - - - - Q14 1.02 1220 Ra 226 5 

G9 1.12 1300 - - - - Q15 0.78 995 - - 

G10 1.18 1373 Ra 226 6 - - Q16 0.79 1014 - - 

GSW 1.33 1462 Ra 226 4 K40 1 Q17 1.00 1260 - - 

X14 1.36 1618 Ra 226 4 K 40 1 Q18 1.26 1447 Ra 226 6 

X18 1.41 1652 Ra 226 6 K 40 1 Q19 1.21 1430 Ra 226 6 

ISW 1.30 1417 Ra 226 4 K 40 1 S3 2.03 2278 Ra 226 4 

H4 0.87 1205 Ra 226 5 - - S4 2.25 2376 Ra 226 7 

I3 0.67 852 Ra 226 5 - - S5 1.54 1777 Ra 226 7 

I4 0.88 1086 - - - - S6 1.05 1263 Ra 226 6 

I5 0.82 1013 Ra 226 5 - - S9 1.89 2085 Ra 226 5 

I6 0.88 1081 Ra 226 4 - - S10 1.51 1695 Ra 226 6 

I7 0.74 981 Ra 226 4 - - S11 1.33 1545 Ra 226 5 
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Point 
Code 

Dose 
Rate 
Sv/h 

CPS 
Radio 

nuclide 1 
Trust 
level

Radio 
nuclide 2

Trust 
level

Point 
Code

Dose 
Rate 
Sv/h 

CPS 
Radio 

nuclide 1 
Trust 
level

I8 0.69 915 Ra 226 1 - - S12 1.38 1540 Ra 226 1 

I9 0.76 1031 - - - - S13 1.14 1362 Ra 226 1 

I10 1.54 1778 Ra 226 5 - - S14 0.94 1210 Ra 226 5 

I11 1.03 1254 Ra 226 4 Pu240 0 S15 0.74 1017 - - 

I12 1.30 1526 Ra 226 5 - - S16 0.78 1020 Ra 226 1 

I13 1.07 1291 Ra 226 5 - - S17 1.16 1420 Ra 226 6 

I14 1.05 1282 Ra 226 6 - - S18 1.05 1301 - - 

J0 0.80 1103 Ra 226 5 - - S19 1.41 1590 Ra 226 6 

J1 0.84 1066 Ra 226 5 - - S20 1.04 1258 Ra 226 5 

J2 0.99 1312 Ra 226 5 - - S21 1.49 1638 Ra 226 8 

J3 1.22 1566 Ra 226 6 - - S22 1.18 1307 Ra 226 5 

J4 0.65 920 Ra 226 4 - - U2 0.76 971 Ra 226 4 

K3 0.82 972 Ra 226 6 - - U3 0.72 928 - - 

K4 1.38 1617 Ra 226 7 - - U4 1.52 1704 Ra 226 6 

K5 1.00 1243 Ra 226 1 - - U5 2.32 2533 Ra 226 7 

K6 0.94 1150 Ra 226 1 - - U13 1.62 1859 Ra 226 5 

K7 0.92 1128 Ra 226 4 - - U14 1.76 1962 Ra 226 7 

K8 1.01 1224 Ra 226 5 - - U15 1.62 1860 - - 

K9 0.83 1080 Ra 226 5 - - U16 1.36 1633 Ra 226 5 

K10 0.91 1114 Ra 226 5 - - U17 1.50 1675 Ra 226 6 

K11 0.88 1101 - - - - U18 2.08 2325 Ra 226 7 

K12 1.08 1300 - - - - U19 0.77 950 - - 

K13 1.00 1203 - - - - U20 0.75 975 - - 

K14 0.87 1102 Ra 226 4 - - U21 0.81 1022 - - 

M5 1.30 1441 Ra 226 7 K40 1 X15 1.18 1408 Ra 226 5 

M11 0.87 1135 Ra 226 5 Pu240 0 X16 1.28 1538 Ra 226 6 

MCA 1.30 1517 Ra 226 6 K40 1 X17 1.24 1560 - - 

Q7 1.28 1472 Ra 226 5 K 40 1 Y0 1.54 1823 Ra 226 5 

Q130 1.00 1188 Ra 226 5 Pu240 1 Y1 0.76 987 Ra 226 4 

S2 1.73 1920 Ra 226 5 K 40 1 Y2 0.63 912 Ra 226 4 

S7 1.20 1400 Ra 226 5 K 40 1 Y3 1.01 1212 Ra 226 5 

S8 1.09 1275 Ra 226 6 K 40 1 Y4 1.55 1912 Ra 226 5 

H1 0.71 964 Ra 226 5 - - Z1 0.95 1201 Ra 226 5 

H2 1.20 1504 Ra 226 5 - - Z2 0.66 912 Ra 226 5 

H3 0.88 1221 Ra 226 0 - -      

 

It is possible to see that 226Ra was found in 77.5% of the points where the values were measured, and in some 
points the trust level of the device reaches 8. Potassium 40 and 240Pu were found in less than 1% of the points, 
however the trust level indicates that is not likely the presence of these two nuclides. 

A statistical analysis was performed considering all the measurements presented in Table 1, with the help of the 
MINITAB 16 software. The results show that only four points are considered as outliers: M8, Q3, Q10 and U5 
(Figure 7), and all of them are located at the northwestern part of the WPR4. The gamma radiation and the dose 
rate distribution curves have the same aspect, as expected (Figure 8).  
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Figure 7. Boxplots of CPS and dose rate 
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Figure 8. Histogram (normal distribution) for CPS and dose rate 
 

Figures 9 and 10 show the obtained results for gamma activity and dose rates. It is possible to observe the 
existence of a central zone going from NE to SW where the gamma activity rate (and also the dose rate) is 
relatively smaller, probably due to the presence, in a significant amount, of a allochthonous clay-like material 
that was deposited in the surface of the waste pile in order to act as a barrier to prevent the infiltration of 
rainwater. 

Table 2 shows some results of the statistical analysis for the counts per second and for the dose rate. 

 

Table 2. Statistical analysis (normal distribution) 

Parameter Dose rate (Sv/h) Counts per second 

Mean 1.17 1398.8 

SD - Standard Deviation 0.40 386.1 

Minimum value 0.43 718.0 

1 st quartile 0.88 1117.5 

Median 1.08 1301.0 

3rd quartil 1.38 1619.0 

Maximum value 2.72 2990.0 

95% interval confidence for mean 1.11 – 1.23 1340.2 – 1457.4 

95% interval confidence for median 1.00 – 1.20 1246.2 – 1419.1 

95% interval confidence for SD 0.35 – 0.44 348.9 – 432.3  
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Figure 9. Spatial distribution of the gamma activity rates (CPS) 

 

 

Figure 10. Spatial distribution of the dose rates values 
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According to CNEN rules (CNEN, 2005), the limit dose established for workers is 20 mSv/year which 
corresponds to a dose rate of approximately 2.28 Sv/h. In this study 169 points were analyzed, and only in two 
of them the dose rate measured had a higher value than the limit: Q3 (2.72 Sv/h) and U5 (2.32 Sv/h). 

A pre operational environmental survey performed in 1978/1980 in the region of Poços de Caldas plateau 
measured the natural radiation, and the average value found was 0,22 Sv/h (Amaral et al., 1984). Considering 
this value as the natural background of the plateau, and subtracting it from the measured values, only the point 
Q3 remains above the limit dose established for workers. Thus, according to this work, the study site, although 
practically all free for workers, is not a free area for the public, since the limit established for the public in free 
areas, according to the national rules, is 1 mSv/year (0,14 Sv/h). It is worth emphasizing that the values 
considered were measured at ground level and at the entrance of the holes. This configuration provides 
information on dose in extremities (feet in this case) and not dose of whole body, although the values used to 
refer to measures of whole body. So, the obtained values are conservative in favor of the safety of the individual. 
In addition, the shielding effect due to the layer of soil on the radioactive material was removed, highlighting the 
effect of the presence of radionuclide in the deeper layers of soil. 

UNSCEAR (2000) considers a classification of radioactive areas according to the average effective dose of the 
natural radiation: 

 less than 5 mSv/year = normal values; 

 between 5 and 20 mSv/year = medium values; 

 between 20 and 50 mSv/year = high values; 

 higher than 50 mSv/year = very high values. 

Thus, according to this classification, it is possible to see that the values (Table 1), except for Q3 and U5, are 
considered medium or normal. Nevertheless, in the “Mina do Ferro” area, the values found in previous 
researches are very high (Table 3), and the radiation levels are above the safety limits. However, this is a rural 
area with almost none inhabitants. 

 

Table 3. Measurements of the natural radiation in the uranium mine surrounding cities (SES/MG, 2009) 

Municipality Area/zone
Arithmetical 
average dosis 
(mSv/year) 

Number 
of points

Minimum 
value 

(mSv/year)

Maximum 
value 

(mSv/year) 

Average dosis 
weighted by 
population 

(mSv/year) 

Andradas Municipality 0.59 93,645 0.19 8.60 0.54 

Urban area 0.54 21,413 0.19 1.33 0.54 

Rural area 0.61 72,125 0.19 8.60 0.53 

Caldas Municipality 0.70 113,349 0.13 14.43 0.66 

Urban area 0.75 8363 0.30 4.13 0.71 

Rural area 0.69 105,692 0.13 14.43 0.59 

Ibitiúra de 
Minas 

Municipality 0.55 14,119 0.23 1.96 0.62 

Urban area 0.70 2810 0.34 1.65 0.69 

Rural area 0.52 11,493 0.23 1.96 0.51 

Poços de 
Caldas 

Municipality 1.03 109,854 0.15 95.05 0.98 

Urban area 0.98 62,363 030 3.74 0.98 

Rural area 1.09 49,160 0.15 95.05 0.85 

Santa Rita de 
Caldas 

Municipality 0.48 78,290 0.09 1.70 0.57 

Urban area 0.64 5781 0.26 1.26 0.64 

Rural area 0.47 73,041 0.09 1.70 0.47 
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It is valid to observe here that from 2004 to 2009, a survey was done in five municipalities that are close to the 
region of study: Poços de Caldas, Andradas, Caldas, Ibitiúra de Minas and Santa Rita de Caldas. The objective 
of this research was to measure the natural radiation that exists in the area, aiming to verify if the levels 
represented a danger to the population, since this situation can be found in some countries, as Sudan, where a 
dose of 38.4 mSv/year was measured and in India, where previous studies found 31.4 mSv/year (Hendry, 2009). 
The survey was performed in an area of 230.187 km2, and the measurements were done in 409.257 points. 
However, the values found showed that the cities under study do not present high values, as expected for a 
region where the environmental radioactive level is high, and the same conclusion was obtained in other studies 
(Sachett, 2002). 

According to another studies done in Brazil, the natural radiation that exists in the surrounding cities of the 
uranium mine is not much higher than those ones from other parts of the country. Table 4 shows some results of 
these measurements (SES-MG, 2009). 

 

Table 4. Measurements of natural radiation in some brazilian municipalities (SES/MG, 2009) 

Studied area 
Number of 

points 
(mSv/year)

São Paulo capital- 43 health districts in the municipality 118 0.75 

Rio de Janeiro capital - (preserved lands, part of Recreio dos Bandeirantes 
neighborhood) 

4268 0.65 

Águas da Prata – São Paulo State (15 urban areas) 848 0.65 

Guarapari – Espirito Santo State (24 urban areas) 9815 0.73 

Andradas - Minas Gerais State (10 urban areas) 3546 0.61 

Caldas - Minas Gerais State (urban area) 345 0.80 

Poços de Caldas - Minas Gerais State (15 urban areas) 7189 0.89 

Poços de Caldas - Minas Gerais State (urban area) 7189 0.91 

 

6. Conclusions 

The decommissioning of UTM/INB Caldas is a task that challenges all the professionals involved in the project 
since this is the first time that this kind of task is done in Brazil. To quantify and evaluate to damages created by 
the mining activity is not a simple problem, but efforts are being done to assess the contamination in the waters 
and sediments in the surrounding regions of the INB site. 

This work showed the preliminary net that was chosen to analyze the WPR-4 area, and it was possible to verify 
that there is Ra-226 in the whole area. Also, K-40 was found in several points were the measurements were done. 
In some places Pu-240 was found, but according to the trust level, this result should be not considered as reliable. 
The radiation levels found show that the study site can not be considered as a free area. 

The environmental liabilities existent in the study area should be carefully evaluated and quantified, since the 
nuclear area is always seen as a sector that does not show transparency in its actions and procedures. The local 
community should be informed of all the tasks that are being executed. Public acceptance and participation is a 
vital key for the success of all the questions related to the nuclear sector. 
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