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ABSTRACT

The RMB – Brazilian Multipurpose Reactor is a project that will contribute decisively in order to develop the

science and the technology of the country. However, the licensing process of this facility is not a simple task,

since it involves nuclear and environmental questions. The utilization of geoprocessing tools became in the

last years an important technique to aid the development of several studies, and will be necessary also in this

project. The objective of this work is to present the first hydrological and geological geoprocessing studies

done in order to support the future environmental licensing process of the facility. The results show that

further efforts should be done since there is a lack of many data needed for the next steps.

1 - INTRODUCTION

The RMB – Multipurpose Brazilian Reactor is a very important project that will accelerate

the growth of the country in several areas, including health, engineering, science and

technology, among others. It is valid to emphasize that its development also goes towards

some of the goals of the actual Federal Government, such as:

• National Plan of Energy, from the Ministry of Mines and Energy, which establishes the

consolidation of the nuclear option to generate electrical energy in Brazil considering

the construction of Angra 3 nuclear power plant and at least other four new nuclear

plants until 2030;

• Technical Note from the Ministry of Health, which discusses the challenges and

opportunities of the Brazilian Nuclear Program (medical issues), and emphasize the

global market crisis related to the production of radioisotopes and radiopharmaceuticals

due to the deactivation of some reactors in Canada and Europe. Also, it indicates a

strategical opportunity to increase the national productive capacity through the

installation of a reactor that will allow the production of radioisotopes that are currently

imported by the country;

• Line of action number 18 – nuclear program, from the PACTI 2007/2010 – Plan of

Actions of Science, Technology and Inovation, of the Ministry of Science and

Technology, which establishes some actions in order to obtain the know how of the

phases of the nuclear fuel cycle;

• the conclusion of the LABGENE reactor, property of the Brazil’s Navy, which

represents the necessary strengthening of the scientific and technological base and the

human resources training for the nuclear industry.
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Nowadays Brazil possesses four research nuclear reactors in operation, however only one

of them, the IEA-R1, located in IPEN-SP (Nuclear and Energy Research Institute), has the

capacity to produce radioisotopes and to irradiate materials, although limited. The IEA-R1

reactor has been operating for 50 years and it is expected that its operation will continue for

more ten years. After its shutdown, several activities that are being done will cease if there

is not a new reactor. At the same time, the National Nuclear Program, in its currently

version, foresees the growth of research and development activities in order to support the

generation of electricity from nuclear power plants, as well the increase of the nuclear

technology applications in health, industry, agriculture and environmental issues.

It is important to emphasize that the demand for electrical energy handles the need for

nuclear reactors and all the activities associated to nuclear fuel cycle. Also, the research,

development and human resources training need projects such as a research reactor. The

IEA-R1 reactor does not attend the growth of the demands proposed by the new nuclear

program, mainly in the aspects related to the production of radioisotopes for health, as also

irradiation and tests of materials.

Brazil, through the research institutes of CNEN – National Commission of Nuclear Energy,

has experience in design, construction, installation, licensing, commissioning and operation

of research reactors. The IPEN-SP, in a partnership project with the CTMSP

(Technological Center of the Navy – São Paulo State), has designed, licensed, built and

operates, for more than ten years, the research reactor named IPEN/MB-01. Also in the

IPEN-SP, a project was performed to increase the power of the reactor IEA-R1 from 2 MW

to 5 MW, and today the reactor operates in continuous periods, producing radioisotopes for

applications in health.

The LABGENE, an onshore prototype of a nuclear submarine was developed by the Navy

of Brazil in cooperation with IPEN-SP. Other projects of research reactors were designed in

Brazil, but did not have success, such as the materials testing reactor (RETEMA), a reactor

to produce radioisotopes (RPR) and a multipurpose reactor for CRCN-NE/CNEN (CNEN

institute situated in the municipality of Recife – PE).

The objective of this paper is to present the preliminary hydrological and geological studies

done in order to fulfill the initial requirements related to the environmental licensing

process of the RMB. The goal is to identify some of the existent problems, to characterize

the site according to the hydrographic basin and the geological area and to produce the first

maps for the project.

2 - SITE CHARACTERIZATION

• Hydrological aspects

The RMB will be built in an area that belongs to the hydrographical basin of the rivers

Médio Tietê and Sorocaba. The Sorocaba river is the most important tributary present in the

left bank of the Médio Tietê, draining an area of 5,269 km
2
. Its waters supply the rural and

urban population that live in this basin. Throughout his way, it provides water and other

resources, which are often over-exploited, polluted or disturbed, damaging the environment
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and consequently, their own supply of the natural products existent in the area. The

Sorocaba river rises in the west side of the Serra do Mar, in Ibiúna plateau, at about 900

meters of altitude. It is the largest river of the basin, formed by the rivers Sorocabaçu,

Sorocamirim and Uma, whose springs are in the municipalities of Ibiúna, Cotia, Vargem

Grande Paulista and São Roque. Its flows into the Tietê River in the municipality of

Laranjal Paulista. It is bordered by the following cities: Ibiúna, Votorantim, Sorocaba,

Iperó, Boituva Tatuí, Cerquilho, Jumirim and Laranjal Paulista.

The Itupararanga Reservoir is the source of 63% of the public supply in the Sorocaba basin,

but conservation measures are necessary in the region. Agriculture, mining and housing

development in the basin of the reservoir threaten the water quality in the place. After the

reservoir, the river goes down for 200 meters, crossing the rural and urban areas of

Sorocaba and Votorantim, as also the industrial park of these cities. The industrial area of

the city of Iperó is also in the way of the Sorocaba river, forming the largest wetlands in its

right side where the sand hills are deposited. After a rural area of 180 km it meets the Tietê

River in the municipality of Laranjal Paulista [1].

The importance of the Sorocaba River and its tributaries in the economy of the region is

critical, because its waters are used for numerous purposes such as irrigation, public supply,

cooling for boilers and also, unfortunately, to dilute industrial and household effluents. The

Law No. 7663 of 1991 established rules to guide the State Policy on Water Resources and

the Integrated Management of Water Resources. In compliance with the law, in 1995, a

Committee of the Basin was installed (CBH-SMT).

The Ipanema river basin, which crosses the area of the CEA (Aramar Experimental Center)

is small and drains an area of 234 km
2
. After crossing the CEA area, the Ipanema river goes

toward the Sorocaba river. Upstream CEA there is a dam known as Dr. Hedberg, located in

an area that belongs to IBAMA – Brazilian Institute of Environment and Renewable

Natural Resources. The Ipanema river crosses the municipalities of Ipanema, Votorantim,

Sorocaba, Araçoiaba da Serra and Iperó.

From the analysis of data provided by municipalities, a diagnosis was made in order to

identify the major hydrological problems of the region, that are [2]:

• lack of data and/or studies about the region;

• the available data are not systematic;

• inadequate treatment of the sewage systems;

• high rates of loss in the water supply systems;

• lack of conservation measures for the hydro resources;

• eutrophication of water sources;

• water use conflicts in supply watersheds;

• inadequate deposition of the household and hospital solid waste;

• occurrence of erosive processes;

• impairment of water bodies;

• floods and presence of junk in the rivers;

• significant fish mortality rate.
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2.1 - Underground waters

The aquifer systems identified in the region are the Cristalino, Tubarão, Botucatu, Basalto,

Marília and the aquitard Passa Dois. In each one of these systems, the storage and the

circulation of water occurs in a specific way, however it is possible to classify them,

according to their lithological characteristics, into three distinct groups: fissure and mixed

porosity, granular and fractured.

The Passa Dois aquitard, due to its lithology, assumes the behavior of a regional aquiclude,

however it can present locally some aquifer zones, represented mainly by calcareous areas

and some fissured rocks. Table 1 presents some characteristics of the systems mentioned.

Table 1 - Local Hydrogeology [3]

Aquifers Main Lithology Hydrogeological Characteristics Productivity

Cristalino Granites, schist, gneisses,

migmatites, metasediments,

phyllites and quartizite

Regional extension, fractured,

eventual character: free to semi

confined, heterogeneous,

discontinuous

Low to

medium

Tubarão Fine to coarse sandstones,

sandy mudstone, ritmites and

slitstone

Regional extension, granular

(fissure area), free to semi

confined, heterogeneous  (local,

discontinuous)

Medium

Botucatu Fine to medium sandstones

and sandy mudstone

Regional extension, granular, free

and confined, continuous and

homogeneous

High

Serra Geral Basalt Regional extension, fractured,

eventual character: free,

heterogeneous, discontinuous

Medium

Passa Dois

(aquitard)

Mudstone, sandy siltites,

ritmites, claystone and

limestone

Limited extension, fissures,

eventual character: free,

heterogeneous, discontinuous

Low

Bauru Poorly sorted sandstones, very

thin to conglomeratic.

Slitstone and thin calcareous

layers

Regional extension, granular, free

to semi confined, continuous and

heterogeneous

Medium

2.2 - Meteorological and rainfall data

The area of the Sorocaba River basin and its surroundings is relatively well served by

meteorological stations, however none of them is located specifically in the Ipanema river.

The station closer to ARAMAR site is called Corumbá, in the Sorocaba River, which has

data since 1978. The area of the Ipanema river basin is totally devoid of flow data, unless

for the station of ARAMAR. Thus, the only possible evaluation of the flow of the basin is

through the use of mathematical models to transform the rainfall data in river flows.
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According to some data from the Department of Water and Electrical Energy of São Paulo -

DAEE), there are four rainfall stations in the city of Iperó. The E4-017 has data from 1937

to 1942, the E4-019 from 1957 to 1997, the E4-019A from 1937 to 1942, the E4-054 from

1942 to 1954 and the E4-101 and from 1966 to 1997. Further investigations should be done

to obtain more recent data.

2.3 - Geological data

The geology of the study area consists of rocks of several ages, from the Precambrian to the

Cenozoic. The geological basin includes the following statigraphic units: Cristalino

Basement, Tubarão Group (Itararé and Tatuí formations), Passa Dois Group (Irati and

Corumbataí), São Bento Group (Serra Geral, Botucatu and Pirambóia formations), Bauru

Group (Marília formation) and Cenozoic sediments.

3 – GEOPROCESSING TECNIQUES

Digital georeferenced cartographic data is a dynamic tool for environmental management.

The technology that enables this tool to be employed is named geoprocessing, and uses

software and Geographic Information Systems (GIS), whereby information from a variety

of sources can be integrated, including alphanumeric attributes and well defined locations

on the Earth’s surface.

GIS allows for complex analyses, integrating data from different sources, creating

georeferenced databases and automating the production of cartographic documents. It

enables printed information to be converted to digital data, spatializing and organizing data

on different scales to compose a continuous base. Constant revisions and updates must be

done, enabling the evaluation and treatment of environmental issues by speedily and

efficiently integrating digital information in spatial and alphanumeric formats.

The method consists of three phases. The first one consists of entering spatial and

alphanumerical data (data scanning and registration, vectorization and edition of files for

inserting toponyms, colors and lines). The second one involves research, recovery and

manipulation or cross-checking of data for analysis and creation of derived data. The third

one consists of presenting the data. In a large country such as Brazil, geoprocessing is a tool

of enormous potential, allowing for the production and delivery of pertinent information for

decision making about urban, rural and environmental problems [4].

As example of an application of this tool, it was used to locate dengue cases and vector

presence, as also to identify social-environmental factors that characterize these sites [5]. In

another study the land use in the northern region of the Environmental Protection Area of

Descoberto River was evaluated. A land use map of the area was produced. The result

showed that most of the area has been used under its agricultural potential, characterizing

sustainability in the use of the natural resources, particularly of the soils [6].

A spatial analysis of the distribution of the population 60 years and older in the city of

Botucatu, studying the socio-demographic profile and the presence of diabetes mellitus and

arterial hypertension, was done with the help of geoprocessing tools. Data were analyzed
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from 468 elderly individuals from a population survey conducted in 2001-2002. The results

suggest the use of geoprocessing techniques for digital mapping of areas covered by

primary health care units, aimed at better monitoring of the distribution of elderly

individuals with chronic diseases and their care by health professionals [7].

Another interesting example of its application was a cross-sectional study utilizing spatial

analysis techniques conducted to study water quality problems and risk of waterborne

enteric diseases in a lower-middle-class urban district of Cuiabá. Field surveys indicate

high rates of supply water contamination in domiciles and in public and private schools.

GIS methods were successfully applied to create spatial datasets for logistic regression

model building and to construct risk maps using regression coefficients [8].

4 - RESULTS

With the aid of the geoprocessing techniques it was possible to generate the first maps that

will be used in the RMB project. Fig. 1 shows a map of the hydrographical basin of

Sorocaba and Médio Tietê, where Iperó municipality is highlighted (hatched). Fig. 2 shows

a hydrographic map of the city of Iperó only, where the RMB will be constructed. Fig. 3

was generated after consulting the CPRM database (Research Company of Mineral

Resources), and presents a geological map of the municipality of Iperó.

Figure 1 – Municipalities present in Sorocaba and Médio Tietê basin.
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Figura 2 – Iperó municipality – hydrography

Figure 3 – Geological map of Iperó municipality
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4 - CONCLUSIONS

Many challenges will be faced in order to obtain the RMB environmental license including

the absence of needed data. Also, when there are available data in general these are not

systematic. However the utilization of geoprocessing techniques makes the work much

easier than it was in the past. This tool helps a lot in the development of this kind of study,

among many others, and will be very useful during the next phases.

The hydrological and geological preliminary studies associated to the RMB project showed

that mathematical models to evaluate and treat some data will be needed, since much

information is not available. Several tasks needed to be done and the interaction among all

the nuclear institutes involved in this activity (CDTN, IRD, IEN, IPEN, CTMSP and

LAPOC) is vital for the success of the project.
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