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ABSTRACT 
 
Uranium mining and milling activities started operations in Brazil during the 80´s. The first production Center 
was deployed in Poços de Caldas (CIPC) State of Minas Gerais. The mine was exhausted in 1997, after has 
produced only 1200 t of U3O8. The second uranium plant began the operations in Caetité (URA), Bahia State, 
since 1999 and keeps operations until now with an annual U3O8 production of up to 400 t. The company plans 
to double this mark in Caetité production center with the exploration of another uranium deposits and initiate 
underground operations of current open-pit mine. Simultaneously, they are seeking a license for a third plant in 
the State of Ceará that could produce the double of foreseen capacity in URA. This scenery drives to some 
issues related to the impact of uranium production on water resources of the respective watersheds. The CIPC 
plant is a closing mine site, which requires permanent treatment of the company due to the fact their sources of 
pollutants are subject to the occurrence of Acid Mine Drainage (AMD). The URA plant is located in a semi-arid 
region of Brazil. The extraction of uranium from the ore is achieved by means of a Heap-Leach process, which 
has low water demand supplied by a network of wells and from a dam, but can contribute to change the 
groundwater quality and in some cases the extinguishing of wells was observed. An overall assessment of these 
impacts in national level could produce some lessons that we must take advantage for the ongoing project of 
Santa Quitéria or even in future sites. 
 
 

1. INTRODUCTION 
 
The main watershed under influence of the uranium mining that supply water to the city of 
Poços de Caldas (151 thousand inhabitants) is formed by the Antas River and its tributaries 
that additionally receives effluent discharges from several other mining (e.g. bauxite, clay) 
and process industries as well as numerous small load factories. These water resources also 
supply energy to the city, which is a recognized hidromineral site (high background radiation 
area) in Minas Gerais State (Southeastern Brazil) turning the tourism one of the most 
important economical activities. Antas River is the strategic water resource for the Poços de 
Caldas city. Although the river water is mainly used for crop irrigation and for cattle 
watering, sometimes it has been used for water supply of the city. Thus, the quality of the 
main water bodies is a critical endpoint to the region. The Poços de Caldas Uranium plant 
(CIPC) is a closing mine site, which requires permanent treatment of the company due to the 
fact their sources of pollutants are subject to the occurrence of Acid Mine Drainage (AMD). 
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Several impact assessment studies on metal contamination of the nearby surface water by this 
mining site were accomplished. The operational processes of CIPC and the related waste 
generation were described as well as the adopted management strategies and costs were 
evaluated [1]. The main contaminants of concern in Antas River were manganese, fluorite 
and uranium, which concentration values exceeded the water quality criteria (WQC) value 
established by CONAMA [2]. The uranium mine was exhausted in 1997, after has produced 
only 1200 t of U3O8. The mine closure should be regarded as a huge environmental passive 
whose remediation will cost millions of dollars to Brazilian people due to several mistakes in 
mining planning and waste management leading to acid drainage generation.   
 
The uranium unit of Caetité is located in the Semi-arid Northeast region at Bahia State. The 
semi-arid region is characterized by a lack of superficial waters due to the low pluviometric 
precipitation and high evaporation rates. Owing to adverse climatic conditions with recurrent 
droughts, intense pressure is being put on the use of groundwater resources. Groundwater 
occurrence depends on a series of geological and climatological characteristics that are very 
variable in the region. The dominance of crystalline rocks is connected to a fracture aquifer 
type of low productivity, where wells show, generally, yield rates lower than 3 m3.h-1. In 
aquifers where vegetation cover is scarce and the discharge is mainly controlled by 
evaporation process, soil salinization and low recharge rates often produce hyper saline 
waters not suitable for human consumption. For all types of aquifers in zones of internal 
drainage where the only discharge process is by evaporation, it is crucial to evaluate the 
diffuse discharge that produces soil salinization. However, there is still insufficient 
knowledge of the basic aquifers characteristics leading to an over exploitation of the water 
resources. The multiple uses of water and the potential conflicts between local communities 
and the uranium facility are very relevant issues that must be taken into account. The 
determination of the area of recharge is of course a major requirement for the evaluation of 
pollution risk associate to different land uses. Besides, leakage from ponds or release of 
drainage waters from open-pit mine or waste-rock piles at the uranium mining facility could 
cause migration of radionuclides and contamination of groundwater [3].   
 

2. SITE DESCRIPTION OF URANIUM PLANTS AND RELATED BASINS 
  
2.1. Former Site in Poços de Caldas Plateau 
 
The Poços de Caldas industrial mining center (CIPC) is located in the Minas Gerais state, in 
the southern region of Brazil (latitude 21o 45´ S and longitude 46o 35´ W), 180km northwest 
from São Paulo city and 360km southwest from Rio de Janeiro the two major cities in the 
country. It occupies an area of about 15 km2. The mine covers an area of 2 km2. The 
mineralized zone was located at about 200m below surface. The ore grade in respect to 
uranium varied between 675 to 1705 ppm. The uranium deposit is defined as being of low 
grade associated with a primary mineralization of Zr-rare earth elements (REE)-U-Th-Mo 
and a secondary mineralization caused by hydrothermal processes. Uranium occurs in the 
form of pitchblende, although brannerite (UTiO6) was also identified in marginal proportions 
The Poços de Caldas Project was intended to produce 500 t U3O8/year and 275 t/year of 
calcium molybdate as a by-product. The occurrence of pyrite in the rock (from 5637 to 18961 
ppm) has an important bearing in the generation of acid drainage. The operations gave rise to 
two main sources of contaminants to the environment; the waste rock piles (WRP) and the 
tailing dam. After 15 years (1982–1997) the uranium mining and milling operations have 
ceased. However, the chemical plant in charge of the liquid effluent treatment is still active. 
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The two major water courses which receive the releases of the mining and milling operation 
are the Antas River that flows in the direction of Poços de Caldas city and the Soberbo River 
which flows in the direction of the city of Caldas. The geographic coordinates of the Antas 
river basin are between 21o 47’S and 21o 57’S and 46o 31’W and 46o 47’W, with a total area 
of 533 km2. The average altitude is 1250m. The weather is tropical with annual average 
precipitation of 1700mm and the average temperature is 19 oC and humidity of 78%. The 
average flux is 1.86 m3/s, varying between 0.0025 m3/s and 7.65 m3/s. A regional water 
deficit is foreseen and so Antas River is considered the strategic stock of water for the region. 
The owner of the uranium mining site performed a survey of chemistry characteristics of the 
superficial water of the plateau in 47 sampling points for more than 10 years. Contaminations 
of Al, U, and Mn were observed. 
 
2.2. Actual Site in Caetité Semi-arid Hills 
 
The Caetité plant of Uranium Production (URA) is located in the central-southwestern region 
of Bahia state (latitude 13o56’S and longitude 42o15’W). The annual average precipitation 
rate is around 860mm. The region is characterized as a semi-arid one. The geological 
uranium content of the ore is 3000 ppm and the average thickness of the ore body is about 
7m. The uranium mineral is associated with albites (NaAlSi8O8). Thirty-five anomalies were 
identified in an area of about 1200km2 [3]. Albitite (70%) is the predominant mineral, 
followed by pyroxene (10–20%), garnet (2–5%) and magnetite (1–3%). Pyrite is not present 
in the host rock.  
 
The area in study is drained by the Vaca stream, tributary of the high course of Fundo stream, 
including in the right margin the sub-basins of Gameleira, Cachoeira and Engenho streams 
and in the left the Varginha stream. The streams are ephemeral, dry in the winter and 
torrential in the rainy station. The drainage pattern is in way general dendritic and with 
variable density. The pattern of flow of groundwater, as well as the composition of those 
waters and the aquifers distribution in the local geological system is conditioned as by the 
geological features (existent lithologies, stratigraphy and structural features), as for the local 
geomorphology. Under these conditions is expected that the water level varies according to 
the seasons, or be during the dry periods it is expected that the water table suffers an 
accentuated decrease, unlike the period of the rains when this position rises. 
 
The extraction of uranium from the ore is achieved by means of a Heap-Leach process [4]. 
The ore crushing and the addition of a sulfuric acid solution, in the proportion of 15kg 
H2SO4/t- ore, piles containing between 25,000 and 35,000 t of ore are formed. Each pile is 
submitted to a three washing step cycle. The leached ore is encapsulated within the waste 
rock form mining operations to form a single unit. 
 
The resulting solutions are collected in ponds where they are mixed in such a way that a final 
solution 2 gL-1 of uranium, as U3O8, is achieved. Uranium is extracted from this feed 
solution by means of an organic solvent that consists of 7% of tertiary amine, 3% tridecanol 
and 90% kerosene. Uranium is stripped with a NaCl solution from which it is subsequently 
precipitated by the addition of ammonium hydroxide solution The liquid effluent generated in 
the milling plant consists of an acid solution with high concentrations of other elements that 
have been dissolved along with uranium, as for example Al, Fe, Ca, Mg and Si. This effluent 
is treated with CaO to a pH of 8.0. The slurry is pumped to high density poly-ethylene 
(HDPE) lined ponds provided with drains that allow for the sedimentation of the solids in 
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suspension. The supernatant is re-circulated to the process. Since the beginning of the 
operations, the original process was established as a closed circuit one with no liquid effluent 
being released into the environment under normal operation. However, intervening facts, 
which will be explained in the next section, drove the operator to seek for the possibility of 
releasing wastes in some scenarios with high rainfall in short-term events. For these aim, it 
were established derived limits for each radionuclide concentration in the wastes, which 
fulfill the dose restriction requirements for members of the public as demanded by the 
national regulatory authority. 
 
 

3. IMPACT ASSESSMENT OF URANIUM MINING ON WATER RESOURCES 
 
 
3.1. Identification of Contaminant Pathways and Potential Impacts 
 
Comparison among the sites turns evident that impacts depend primarily on the composition 
of the term source and the watershed main characteristics. The presence of sulfur minerals 
(e.g. pyrite) is decisive for metals release from mining sources to the environment, which 
exceeds in great amount the radionuclide transport. On the other hand, the solubility of 
radionuclides and formation of stable aqueous complexes has also to be verified.  
 
The hydrologic regime is also decisive to determine the dominant pathway of contaminant 
transport. The two sites show quite opposite hydrology due to large differences in the climate, 
which turn the impact assessment in the humid site (altitude tropical climate) primarily 
concerned with the contamination of superficial water bodies, while the dry site (semi-arid 
climate) is deeply focused on groundwater flow.  
 
3.1.1. Tropical site 
 
The uranium mining activities generated tree sources of AMD: a mine pit and two waste rock 
dumps. In order to decrease the containing of metals, fluorite and radionuclides in the acidic 
water, the drainage from waste rocks are pumped to a unit of chemical treatment in which by 
addition of Ca(OH)2 the acidic drainage is neutralized to pH 10-11. After the solid settlement 
in tailing dams the liquid overflow is released into the Antas River. Besides, the region is 
characterized by the occurrence bauxite associated with fluorite, pyrite and manganese 
oxides. 
 
 Effluent discharge was monitored during one hydrologic year (2008) and radionuclide 
average data is presented in Table 1. All activity concentrations are low and seasonal 
variations are negligible except for natural uranium that showed increase during low water 
season and decrease with increase of river water levels, reflecting a dilution process. The 
impacts on groundwater were assessed [1] and it were concluded that a very long period of 
time (thousands of years) will be necessary for the radionuclides to reach the aquifer in minor 
peaks On the other hand, there are metals whose concentrations are important that could be 
related to AMD process, like F, Al, and Mn that could arrive the aquifer around 800 years. 
However, groundwater contamination shall be restricted to the mining area once the 
underground flow is highly constrained. Thus, the environmental impact assessment should 
be concerned with metal content speciation and fate along Antas River.  
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Table 1. Activity concentrations of U-nat (238+234), 226Ra and 210Pb monitored in 
effluent discharge of CIPC 

 
Discharge Sample U-nat (Bq L-1) 226Ra (Bq L-1) 210Pb (Bq L-1) 
March 0.0936 0.024 0.03 
June 0.0648 0.028 0.07 
September 0.1488 0.032 0.05 
December 0.0216 0.024 0.05 

 
 
 
3.1.2. Semi-arid site 
 
Results from four monitoring wells were investigated, with the activity concentrations being 
showed in Table 2. Two of them are located just before and after the pit, respectively the 
wells PC18 and PC01. The other two are located far from the mine. The first one (LR211) is 
in a higher and flat area upward the pit (background area) and the second (PC20) is 
downward the mine in an alluvium channel of the Cachoeira Creek. 226Ra and 210Pb 
concentrations in groundwater near the pit are compatible to those observed in the reference 
(LR211) and downward (PC20) areas. This finding implies that there is no significant 
contribution from the drainages accumulated on the mine pit that can be assigned as 
influencing groundwaters. On the other hand, the elevated uranium concentrations in waters 
from PC01 in contrast with the low concentrations in the well just upward the pit (PC18), 
could suggest that the aquifer may receive the contributions of drainage waters accumulated 
in the mine pit. Thus, this study will focus mainly on the uranium and the contribution of the 
drainage accumulated in the mine pit into groundwater. 
 
It can be seen, from the results of radionuclides in water accumulated in the pit, presented in 
the Table 2 that uranium preferentially dissolves in relation to thorium, radium and lead. 
These high contents may be explained by the formation of carbonate complexes, associated 
with relatively high pH values [4]. These complexes largely replace the U (VI) - hydroxyl 
complexes above pH 6-7. The carbonate complexes are extremely important because they 
greatly increase solubility of uranium minerals, facilitate U (VI) oxidation, and also limit the 
extent of uranium adsorption in oxidized waters, thus increasing its mobility [5]. On its turn, 
carbonate species, like HCO3

-, may result from the weathering during plagioclase evolution 
[6], which tends to form “new” dissolved inorganic carbon (DIC) in equilibrium with 
atmospheric CO2. This could explain the recent ages of the carbonate as determined by 14C 
DIC dating, which showed a nuclear explosion fingerprint [6] since the mid-20th century. 
 
 
 
 
 

Table 2. Mean(a) radionuclide concentrations (Bq L-1) and pH values in pit waters. 
 
Station U-nat  226Ra  210Pb 232Th 228Ra pH 
01 (n=16) 148 ± 30 0.44 ± 0.02 0.08 ± 0.03 0.08 ± 0.02 0.22 ± 0.05 8.1 ± 0.5 
03 (n=12) 206 ± 42 1.39 ± 0.07 0.25 ± 0.05 0.07 ± 0.02 0.34 ± 0.18 8.0 ± 0.4 
(a)Dissolved concentrations in samples collected by the waste monitoring program along 2005 
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3.2. Uranium Behavior and Groundwater Quality Impacts in Semi-arid 
 
In order to investigate the potential role of carbonate complexation of uranium and discuss 
the probable process in charge of the elevated uranium concentrations in groundwater 
physical–chemistry characterization of the waters from PC01, PC18, PC20 and LR211 
(reference point) were taken. URA facility and well locations are showed in fig 1, while the 
results are presented in Table 3. The most outstanding differences between the composition of 
the studied waters have to do with the concentrations of bicarbonate, which are higher in 
PC01, PC18 and PC20 – all with neutral pH —and chloride, with higher concentrations in LR 
211 that has acid waters. 
 
 
 

 
 
Figure 1: Location of URA facility and the monitoring wells considered for this study. 
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Table 3. Chemical composition and pH of groundwaters from four monitoring wells 
 

mg L-1 PC01 PC18 PC20 LR211 
Na 226.4 112.1 146.6 184.8 
K 8.3 10.6 8.4 3.5 

Mg 9.9 10.5 4.6 11.4 
Ca 73.9 94.4 60.5 32.5 
Ba 0.3 0.1 0.1 5.4 
Mn 0.7 0.1 0.2 0.4 
Fe 1.2 10,5 1.1 1.1 
Al 0.2 0.2 0.2 0.3 

SiO2 49.6 31.3 47.1 80.7 
PO4 0.0 0.0 0.0 0.0 
SO4 23.2 7.7 14.5 2.3 
NO3 6.7 19.7 7.2 1.9 

F 2.3 1.4 2.6 0.2 
Cl 151.6 275.5 196.0 425.0 

HCO3 207.7 180.3 185.9 9.9 
pH 6.6 7.2 7.1 4.8 

 
 
 
The predominance of HCO3

- and Na+ ions is usual for fissured aquifers in geological settings 
formed by metamorphic fractured rocks with granite or gneissic composition, i.e. the 
significant sodium concentrations relies on the fact that the metal is a component of albite 
(NaAlSi3O8) which is present in the rocks of the study region. Groundwater salinization is 
mainly related to sources of sodium and chloride concentrated in the vadose zone. In this 
context, the groundwater coming from wells placed in shallower fractures should have higher 
salinity than others coming from deeper ones. On the other hand, the HCO3

- ions may result 
from the weathering of the plagioclases as explained above. 
 
Uranium speciation in samples of wells PC01, PC20 and LR211 was undertaken. The 
geochemical equilibrium modeling system MINEQL+ v. 4.6 [7] was used. The species 
distribution in PC01, considering the average value of pH, is showed in fig 2-A. It was only 
formed uranium aqueous complexes with carbonate, with dominance of moderately oxidized 
species. The results allow us to propose that the complexation with carbonates may be 
playing a very important role in the distribution of uranium in waters. The distribution of 
species from the reference well (LR211) is showed in fig 2-B. The dominance of free uranyl 
species (U-VI) points out for an open system characterized by exchange of gases in 
equilibrium with the atmosphere. Other important aqueous species are the uranium 
complexes with fluorides. Fluorides could be lately formed by sodium metasomatism (e.g. 
albite formation) and be disseminated in the weathering mantle. The well PC20 showed an 
intermediary distribution of uranium species (fig. 2-C) in relation with the first ones. The 
dominance turns again to carbonate complexes, with prevalence of redox equilibrate species. 
It was also observed, in minor amount, fluorides and hydroxides species.  
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Figure 2. Uranium speciation results from three wells (A) - PC01, (B) LR211 and (C) PC20 

 
 
 

It seems then elevated levels of uranium in groundwaters are mainly a consequence of the 
complexation of the metal by carbonates (or other anions) and not by any sort of the 
contamination of these waters by the drainage accumulated in the open pit that would not be 
favored. 
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3.3. Organic Metallic Species and Metal Fate in Tropical Basin 
 
This work performed four sampling campaigns during a hydrological year in 9 stations along 
the river. The aliquots of the samples were analyzed by different laboratories and the results 
were compared. Only the results in good agreement (r2 > 95 %) were reported in this work. 
Table 4 shows the results of metallic cations, anions and Dissolved Organic Carbon (DOC) 
besides physical-chemistry parameters. Minor seasonal variations were observed between the 
sampling campaigns. 
The metal speciation was also predicted using the MINEQL+ geochemical speciation code. 
The input parameters were based on measured physicochemical data (Table 4). Metal 
complexation with dissolved organic carbon (DOC, humic substance) was performed using 
the approach % HA=0.01 DOC [8]. In order to assess the chemical speciation the values of 
the minimum detectable concentration were divided by two. The main metallic cations are 
Mn, Al, U, Ca and the most important anions are sulfates (SO4) and humic substances 
(RCOO). The oxidation of sulfides causes the severe limitation of the oxidized forms of 
manganese and iron, through reduction to Mn+2 and Fe+2.  Free Manganese is almost entirely 
transformed to oxides that precipitate in form of Pyrolusite (Manganese Dioxide). These 
oxides have high superficial charge, which may increase the adsorption of other metals in 
solids, decreasing their solubility and, thus, enhancing the natural attenuation of metal 
contamination of Antas River waters. On the other hand, the presence of dissolved organic 
carbon in higher concentrations in stations 005 and 007 that could also favor the adsorption 
of metals, with the formation of organic metallic compounds, occurs only in negligible 
amounts, except for Aluminium. In this case, despite of the fact Al showed minor spatial 
variations, the presence of DOC was decisive in relation with formation of aluminium 
complexes [9]. DOC concentrations of the order of 4x10-4 M or 17µM of RCOO are enough 
to put 99,8 % of total aluminium in organic metallic form. Uranyl formed stable aqueous 
complexes with phosphates, in spite of the fact they are in very low concentrations, being the 
UO2(HPO4)2

-2 the dominant species. Exception can be found for stations 014 and 005, whose 
neutral water shows the additional presence of carbonate and silicate compounds. These 
stations are close to the plant and thus showed the influence of the reagents used in the waste 
treatment for AMD neutralization. CaSO4 aqueous species represented around 12% of total 
Ca dissolved complexes and barite was absent. This species are very stable and seems no to 
be causing simultaneous co-precipitation of barium, like was observed in WRP drainage at 
CIPC [1] possibly due to neutral pH of water and very low barium concentrations.  
 
These prelimary investigations of Antas River allow us to conclude that natural attenuation is 
responsible for mitigate in large proportion water contamination from effluent releases of 
industries and farmland occurring in the catchment. Potential impacts can occur if the organic 
load is supposed to be increasing during the next years, which could actively compete for 
metallic complexation in case of accidentally derived discharges. Ongoing toxicity analysis 
could bring some light to assess the risks of biota contamination. 
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Table 4. Mean values of analysis of Dissolved Cations, Anions and Organic Carbon 
(DOC) and some physical-chemistry parameters along the 9 stations of Antas River. 

 
Solute or 

Parameter 
PT 159 PT084 PT014 PT005 PT003 PT004 PT002 PT006 PT007 

Mg (mg/L) 7.9E-02 4.7E-01 6.4E-01 5.3E-01 4.1E-01 4.2E-01 3.5E-01 1.2E+0 4.1E-01 

Al (mg/L) 6.6E-02  3.9E-02 6.1E-02 6.9E-02 4.2E-02 3.6E-02 4.6E-02 4.9E-02 1.8E-01 
Ca (mg/L) 5.6E-01  1.5E+0 4.5E+1 3.2E+1 2.0E+1 1.8E+1 7.7E+0 4.2E+0 6.7E+0 
Mn (mg/L) 2.8E-01  2.3E-01 1.3E+0 1.1E+0 7.2E-01 6.7E-01 3.5E-01 2.5E-01 3.0E-01 
SO4 (mg/L) 2.5E+00  1.1E+0 9.4E+1 7.0E+1 4.3E+1 3.8E+1 1.5E+1 6.8E+0 1.3E+1 
F (mg/L) 2.0E-01  9.1E-02 1.5E+0 1.0E+0 7.4E-01 7.3E-01 3.2E-01 5.8E-01 2.8E-01 
PO4 (mg/L) 6.0E-02  5.4E-02 5.4E-02 5.9E-02 6.5E-02 5.5E-02 7.5E-02 4.7E-01 6.7E-02 
Fe (mg/L) 9.4E-02  2.2E-01 2.6E-02 9.2E-02  9.5E-02 5.8E-02 1.0E-01 1.4E-01 1.5E-01 
Ba (mg/L) 4.1E-02  1.6E-02 3.6E-02 3.4E-02 3.2E-02 4.8E-02 2.7E-02 1.1E-01 3.0E-02 
U (mg/L) 1.9E-03  1.4E-03 4.3E-03 1.8E-03 1.1E-03 1.0E-03 1.1E-03 5.8E-04 1.2E-03 
Si (mg/L) 4.3E+00  1.9E+0 2.0E+0 2.4E+0 3.0E+0 3.2E+0 2.5E+0 2.3E+0 2.1E+0 
Na (mg/L) 3.2E-01  1.1E+0 9.9E-01 9.3E-01 9.1E-01 1.0E+0 1.6E+0 1.7E+0 4.6E+0 
K (mg/L) 2.5E+00  2.3E+0 3.0E+0 2.9E+0 2.6E+0 2.4E+0 2.3E+0 2.3E+0 2.3E+0 
DOC (mg/L) 5.5E+00  1.2E+1 4.6E+0 2.2E+1 4.2E+0 8.0E+0 2.4E+0 3.9E+0 1.3E+1 
pH (mg/L) 6.1E+00  6.6E+0 6.3E+0 6.4E+0 6.5E+0 6.6E+0 6.6E+0 6.7E+0 6.8E+0 
Temp (oC) 2.3E+01  2.3E+1 2.2E+1 2.0E+1 2.0E+1 2.3E+1 2.2E+1 2.0E+1 2.1E+1 
D.O. (mg/L) 8.1E+00  6.2E+0 9.0E+0 8.2E+0 8.0E+0 8.3E+0 5.8E+0 5.8E+0 6.6E+0 
Cond (uS/cm) 1.1E+01  1.7E+1 2.5E+2 2.0E+2 1.3E+2 1.1E+2 5.9E+1 4.5E+1 6.0E+1 
CO3 (mg/L) 5.0E-01 5.0E-01 5.0E-01 5.0E-01 5.0E-01 5.0E-01 5.0E-01 5.0E-01 5.0E-01 
 
 
 
 

4. CONCLUSIONS 
 
Immediate evidence from the impact assessment studies on water resources appear to be 
related with the need of mining plane integrates hydroclimate properties in safety analysis. 
This finding could seem to be obvious matter, but we must keep in mind this mean not just 
take into account the local hydrograph and pluviometer data or even better to determine the 
water balance of the mining. This information is absolutely necessary but not enough to 
assure the appropriate mining developing as well as minimize contamination of water and 
avoid creating huge environmental passives. It is fundamental to use such approach since the 
beginning to project all steps with prompt identification of main contamination pathways and 
advised by the best possible site knowledge, including a waste management system and an 
early plan of mine decommissioning.  
 
This work stresses the need for integrated approach between environmental impact 
assessment and radiation safety, in which radiological and non-radiological aspects are to be 
addressed simultaneously. If regulators do these evaluations in a separated form, the 
interactions between the relevant process in the mobilization and transport of radionuclides 
from the source to the receptors may be lost. 
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Comparison among the sites turns evident that impacts depend primarily on the composition 
of the term source and the watershed main characteristics. The presence of sulfur minerals 
(e.g. pyrite) was decisive to release of metals from mining sources to the environment, which 
exceeds in great amount the radionuclide transport in CIPC. On the other hand, the solubility 
of radionuclides and formation of stable aqueous complexes has also to be verified, once they 
play a significant role in groundwater evolution, as showed in URA. The behavior of 
pollutants, radioactive or not, in water and the formation of aqueous complexes are issues that 
have to be assessed through speciation codes both in equilibrium and kinetic conditions.  
These studies allow us to conclude that the major geochemical control of metal speciation is 
provided by the oxidation of pyrite content in Antas river waters, while the radionuclide 
content in URA groundwaters is controlled by complexation with dissolved inorganic carbon.  
 
The hydrologic regime is also decisive to determine the dominant pathway of contaminant 
transport. The two sites show quite opposite hydrology due to large differences in the climate, 
which turn the impact assessment in the humid site (altitude tropical climate) primarily 
concerned with the contamination of superficial water bodies, while the dry site (semi-arid 
climate) is deeply focused on groundwater flow. The transport modeling with numerical 
codes will allow the quantification of contaminant fluxes and more realistic evaluation about 
the established derived limits for pollutants in the discharge of effluents to the environment. 
 
These findings allow us to propose a different directive of research about uranium production 
impacts on water resources, which is applicable to investigations in any site. Once all plants 
could be viewed in a watershed scale, it is possible to think their management in the basin 
context. What is the difference?  There are outstanding processes that are not considered 
when working with a single or some few sources in the same place in contrast to take into 
account the support capacity of the whole basin to attenuate contaminant discharges or 
migration. This approach would lead to less conservative evaluations, which could reduce the 
level of waste treatment or the limit constraints without produce any further impact. On the 
other hand, to turn it possible would be necessary to develop several studies about the 
behavior of pollutants and quantify the natural attenuation in each system, performing 
experimental assay in laboratory or in situ conditions and modeling the reactive transport.  
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