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ABSTRACT 
 

At Ore Treatment Unit (UTM, in Portuguese) situated in Poços de Caldas, MG, there is a deposit of about 40 tons 

radioactive waste produced decades ago from Santo Amaro deactivated plant (SAP) and then from NUCLEMON 

that processed monazite sands to extract rare earth elements. This waste contains uranium and thorium and it is 

stored in six hangars. This study aims to analyze the dose rates in the hangars from 2002 to 2012. Annually, two 

samples were obtained, for a total of 24 samples. The results showed the highest doses rates at UTM, ranging from 

0.5 to 409.8 µSv h
-1 

for the total set of samples. The averages extended from 0.96 µSv h
-1 

in hangar C-02 up to 

282.64 µSv h
-1 

in hangar C-05. Considering each hangar separately, the results were as follows: hangar C-01 

average 30.34 µSv h
-1

, ranging from 6.2 to 71.7 µSv h
-1

; hangar C-02 average 0.96 µSv h
-1

 (min-max 0.5 to 2.51 

µSv h
-1

); hangar C-05 average 282.64 µSv h
-1

 (min-max 3.7 to 409.8 µSv h
-1

);
 
 hangar C-06 average 188.92 µSv h

-1
 

(min-max 1.85 to 338.0 µSv h
-1

); hangar C-07, average 172.05 µSv h
-1 

(min-max 1.95 to 283.0 µSv h
-1

) and hangar 

C-09, average 122.59 µSv h
-1 

(min-max 1.11 to 277.0 µSv h
-1

). ANOVA test indicated that the dose rates averages 

in the six hangars are different (Fcalc of 70.90 higher Fcrit of 2.28), and the Tukey test allowed to group the hangars in 

the following sequence: C-05> C-06 = C-07> C-09> C-01 = C-02. 

 

 

1. INTRODUCTION 

1.1. Short Historical of Waste Storage at UTM 

 

The exploitation, at industrial scale, of Brazilian monazite sands started in mid-50’s under 

private control. Since the decade of 1960 both private companies that realized the exploitation – 

Mybra (based in Guarapari, ES) and Orquima S.A. (based in Santo Amaro, city of São Paulo, 

SP) – were expropriated and passed under the control of the “National Commission for Nuclear 

Energy” (Comissão Nacional de Energia Nuclear - CNEN), that operated until the end of 1974, 

when the state company NUCLEBRAS was created. Then, the monazite processing started to be 
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carried out by its affiliate “NUCLEBRAS Monazite and Associates” (NUCLEBRAS Monazita e 

Associados - NUCLEMON). 

 

Originally, the waste produced by NUCLEMON from the monazite processing, the so called 

“cake II” (waste rich in thorium) and mesothorium (waste rich in 
228

Ra), were send to CNEN, 

that managed its storage [1]. 

 

During the years 1975 to 1981, this waste was stored in a property that belonged to 

NUCLEBRAS, situated at Botuxim Street, municipality of Itu, SP. Since the year 1981, the 

storage of this waste started to be done at the then known as the “Industrial Mining Complex of 

Poços de Caldas” (Complexo Mínero-Industrial do Planalto de Poços de Caldas - CIPC), 

belonging to NUCLEBRAS – and now named “Ore Treatment Unit” (Unidade de Tratamento de 

Minérios - UTM) – under the control of the mixed capital state company Nuclear Industries from 

Brazil (Indústrias Nucleares do Brasil - INB) [1-3]. As time went by, the waste existing since the 

time of the monazite processing private companies and the waste produced afterwards by 

NUCLEMON, should all be stored in the waste deposit at CIPC (now called UTM), in the 

municipality of Caldas, MG, through a number of transfer and storing
1
 operations [1]. 

 

 

1.2. The waste deposit at UTM  

 

The waste deposit of the Ore Treatment Unit (UTM former CIPC) is composed of 04 storing 

hangars, denominated “C-05”, “C-06”, “C-07”, “C-09”, and 04 underground storing silos (or 

“pools”), build in concrete. The first waste storing hangar to be constructed around 1981, C-05, 

is the largest one with a storing area of 4080 m
2
. Then in 1992, two new hangars

2
, C-06 e C-07 

were constructed one after the other, on one side of hangar C-05; together their storing area is of 

de 1.400 m
2
. In 1993 the fourth and last waste deposit was built on the other side of C-05; it is 

named C-09, and has a storing area of 420 m
2
 [1-2]. The basic disposal of the hangars is shown 

in Figure 1. 

 

 
 

Figure 1. Basic disposal of the hangars of the waste deposit of UTM-Caldas. 

(Figure without scale) 

                                                           
1
 In the beginning, coordinated and executed exclusively by CNEN, without the participation of CIPC employees, then executed 

by CIPC staff, under CNEN coordination. 
2
 Possessing, as does hangar C05, floors paved in concrete and drainage directed to the tailings pond. 
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Besides the hangars, there are two supplementary monitored areas named C-01 and C-02. C-01 

refers to the area between the hangars, and C-02 is an area used as a control point of access and 

as a dressing room. 

 

 

1.3. Approximate Inventory of Waste Deposit 

 

 Hangar C-05 – Stores approximately 19,600 metallic drums (capacity 200 liters each), 

each of one contains more or less 350 kg waste, corresponding to an estimated amount of 

some 6,600 t waste [1]. The drums are distributed on wooden pallets (4 drums per pallet), 

and piled up to four levels. 

 

 Hangars C-06 and C-07 - Store approximately 19,175 plastic drums each of which with 

de 100 liters capacity. Each one contains more or less 160 kg waste, corresponding to a 

total amount of 3,000 t waste. This total includes some 4,350 plastic drums containing 

“cake II” combined with “mesothorium” [1]. The storing conception in these hangars is 

different from the former. Waste is maintained in plastic drum, placed on 2.0 x 2.0 m 

pallets, and piled up to four levels. The first three levels have at the four extremities of 

each “pallet” sustaining shackles in concrete. Thus, each pallet of the first three levels 

contains 4 shackles and 12 plastic drums, and the fourth level 16 plastic drums. 

 

 Hangar C-09 - Stores 159 tons of thorium “oxicarbonate”, maintained in 148 concrete 

containers [1]. 

 

 

2. Methodology 
 

Aiming to attend the "Occupational Radiological Monitoring Program" (PPRO) [1,2,3], every six 

months, assessments of the external exchange exposure (mrem h
-1

) were carried out in various 

areas of the waste storage of the UTM - both in external areas (including nearby the underground 

silos), as in areas within the 04 hangars containing the radioactive waste. 

 

The exposure rates were estimated using a calibrated portable detector of the "Geiger-Müller" 

type. Measurements were made at 15 to 30 points in each hangar (depending on its size), and 

also in a grid of points covering the entire external area of the hangar. 

 

Minimum and maximum values were recorded for each location (the 4 storage hangars, the 

external area and the dressing room), and the highest values were always assumed as the 

reference value for the rate of external exposure of each sampled site in PPRO. The exposure 

rate values were converted into external dose rate using the conversion factor: 1 rem = 0.01 Sv. 

 

A descriptive statistical analysis was performed taking into account the average values of eleven 

years sampling, standard deviation, kurtosis, asymmetry, the maximum and minimum values, the 

range of the data and the number of samples analyzed. 
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An ANalysis Of VAriance (ANOVA) was performed to determine the existence of statistical 

differences between the averages of exposure in the hangars, and the Tukey’s test was performed 

as a complementary test for averages grouping. 

 

 

3. RESULTS 

 

The results of the descriptive statistics of the external exposure monitoring (mSv h
-1

) are shown 

in Table 1. The annual average values (mSv y
-1

) were also reported in this table seeking 

comparison with the legal limit of 20 mSv y
-1

 [5]. Only the hangar C-02 did not exceed the 

annual dose limit. All the other hangars were between 3 times the legal limit (C-01) and 28 times 

this limit (C-05). 

 

 

Table 1 – Descriptive statistics of external monitoring data (µSv h
-1

) in the hangars 

containing the radioactive waste at UTM. 

 
 

Hangar C-01 C-02 C-05 C-06 C-07 C-09 

Average (µSv h
-1

) 30.35 0.96 282.64 188.92 172.05 122.59 

Annual average * (mSv y
-1

) 60.7 1.92 565.28 377.84 344.1 245.18 

Standard deviation  (µSv h
-1

) 16.61 0.40 85.18 78.37 59.37 56.40 

Kurtosis 0.52 10.03 3.92 0.94 1.92 2.58 

Assymetry 0.86 2.76 -1.31 -0.43 -0.89 0.86 

Interval (µSv h
-1

) 65.50 2.00 406.10 336.15 281.35 275.83 

Minimum (µSv h
-1

) 6.20 0.50 3.70 1.85 1.95 1.17 

Maximum (µSv h
-1

) 71.7 2.505 409.8 338 283.3 277 

Number of analysis 24 24 24 24 24 24 
* considering exposition of 2,000 hours per year. 

 

 

The ANOVA was carried out on the monitoring data. This analysis indicated that Fcal > Fcrí with 

an associated P-value lower than 0.01 (Table 2). Thus, there is a statistical difference between 

the averages of dose rates in the hangars.  

 

 

Table 2 – ANOVA between the hangars 

 

Source of variation SS
 

DF
 

MS
 

Fcal P value
 

Fcri 

between groups 1322,987 5 264,597.3 

77.90 1.86E-38 2.28 inside groups 468,730.4 138 3,396.6 

Total  1791,717 143   
SS: Sum of Square; DF: Degrees of Freedom; MS: Average of Square and P: statistically significant result 
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Them a Tukey’s test was performed aiming to group the hangars following their exposure rates 

averages. Thus, the highest average was observed in hangar C-05. C-06 and C-07 showed 

identical averages, lower than in C-05. Still lower was the value of hangar C-09. Finally the last 

group composed of C-01 and C-02, with the lowest averages. This information is summarized in 

Table 3. 

 

 

Table 3 –Tukey’s test for averages grouping 

 

Grouping information using Tukey Method 

hangar N average (µSv h
-1

) grouping* 

C-05  24 283 A    

C-06 24 189  B   

C-07 24 172  B   

C-09 24 123   C  

C-01 24 30    D 

C-02 24 1    D 
* average that do not share a letter are significantly different 

 

 

CONCLUSIONS 

 

The hangars showed high rates of exposure, with the exception of C-02 which is used as a 

dressing room and control point of access. In the other hangars dose rates were observed ranging 

from 3 to 28 times the limit (12 times in C-09, 17 in C-07, and 18 in C-06). Thus, only the 

hangar C-02 was considered a free area. The remaining hangars were considered controlled 

areas. 

 

The Tukey test allowed grouping the hangars by their average dose rates. In this statistical 

evaluation hangar C-05 had the highest average, followed by a group formed by hangars 06 and 

C-07. These two hangars showed statistically identical averages that were superior to that of 

hangar C-09 which, in turn, had an average higher than the group formed by hangars C-01 and 

C-02. Thus: 

 

C-05> C-06 = C-07> C-09> C-01 = C-02. 

 

The monitoring of dose rate in the hangars that store radioactive wastes showed that in the 

absence of any other assessment (e.g. air samplers and contamination) the areas of waste storage 

should be considered controlled areas. The high dose rates point to a strict control of the 

residence time. Thus considering only the dose rate, without considering the internal 

contamination, the residence time liberated for one year in hangar C-05, is only 28.47 hours, that 

is approximately two thirds of a work week. 
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