-

View metadata, citation and similar papers at core.ac.uk brought to you byj: CORE

provided by Pantheon

Journal of Geographic Information System, 2013, 5, 13-23 0032‘ Scientific
doi:10.4236/jgis.2013.51002 Published Online February 2013 (http://www.scirp.org/journal/jgis) #%% Research

GIS as a Decision Support Tool in the Area of Influence of
the Nuclear Complex Angra dos Reis, Brazil

Corbiniano Silva®", Luiz Landau?®, Luiz Claudio Gomes Pimentel?,

Paulo Fernando Lavalle Heilbron Filho®
ICivil Engineering Program, Alberto Luiz Coimbra Institute of Post Graduate Studies and Research,
Federal University of Rio de Janeiro, Rio de Janeiro, Brazil
“Mechanical Engineering Program, Alberto Luiz Coimbra Institute of Post Graduate Studies and Research,
Federal University of Rio de Janeiro, Rio de Janeiro, Brazil
3National Commission for Nuclear Energy, Rio de Janeiro, Brazil
Email: *corbiniano@gmail.com

Received November 3, 2012; revised December 5, 2012; accepted January 7, 2013

ABSTRACT

The outlook concerning the occurrence of industrial accidents has led to the implementation of response systems based
on geoprocessing tools, which are widely adopted in emergency for such ventures, since they have helped and served as
a support for decision making, as well as for the preparation of guidelines aimed at managing emergencies. Nuclear
power plants, because they constitute types of industrial activities that present dangerous conditions and attention re-
garding security are characterized as hazardous, especially due to consequences that occurred from large accidents—
such as Chernobyl (1986) and Fukushima (2011)—highlighting the importance to its negative impacts, since the occur-
rence of accidents at nuclear power plants may affect surrounding areas, thus exposing a set of elements that are part of
the environmental dynamics that integrates the catchment area where this type of plant is situated. In this way, through
an integrated view of the region where the nuclear complex is located in Angra dos Reis City (Rio de Janeiro State) and,
also, by aggregating information that portray the geobiophysical reality of its surroundings, several elements were in-
corporated into a database developed in a virtual environment, in which was produced a geographic information system
(GIS) that presents a complex of variables that, once considered, can enhance various analysis in order to support emer-
gency situations and planning, as well as guidelines that help define actions from the occurrence of accidental events at
the nuclear plant.

Keywords: Industrial Accidents; Nuclear Power; GIS; Planning of Emergency; Response Systems

1. Introduction Nowadays, several resources with strong computa-
tional basis have been used as support and assistance in

gency response planning have become controversial is- decision making for emergency planning and, in recent
sues, due to the occurrence of large accidents with vari- ~ Years, systems of application of programs have emerged
able spatial distribution [1]. Because of accidents in the ~ that integrate a diverse database and information related
industry generally and particularly in the nuclear industry, ~ (© industrial accidents. [1] observed that some of these
the security issue began to attract attention, overall be-  Systems are made by different database and software ap-
cause of the fragility that such ventures demonstrate plications that allow access, store and evaluate informa-
when the causes and key consequences generated as a  tion for development of emergency plans.

In recent years, the areas of accident prevention and emer-

whole to the environment-society and its vicinity are ana- In turn, [2] considers that response systems have com-
lyzed in depth, including environmental and socioeco- ~ mon characteristics, among which:

nomic aspects, and therefore considered vulnerable to e operate generally as tools for accident management,
accidents. In this sense, the occurrence of accidents mo- training and planning;

tivated international organizations to develop guidelines, e possess great integration capacity, not only with data-
recommendations and legal requirements for planning bases and internal systems, but also with public sys-
emergency control in industries, which resulted in the tems of emergency management;

creation of a variety of emergency response systems. e have a flexible architecture for integration with net-

“Corresponding author. works and software, integrating with one or more si-
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mulators related to the type of disaster that is being
approached;

o usually integrates with a graphic system, such as Geo-
graphic Information Systems (GIS);

e capable of logging and tracing activities and resour-
ces, which is important not only during a real emer-
gency, but also as a training tool.

The nuclear sector, because it constitutes an activity
that offers even greater risks due to radioactive material
that might be released from the occurrence of an acci-
dental event, constitutes an industrial venture which were
target to rigid rules, applied especially after the Cherno-
byl accident, with the mandatory implementation of emer-
gency planning and response systems, especially incur-
porating geoprocessing technologies, particularly by the
scope of the serious consequences and risks that such ac-
cidents can provide to the geographic space situated in
the vicinity of these ventures.

Considering these characteristics for this type of en-
terprise, it is important that that the response systems in-
tegrate tools of support that incorporate a diversity of da-
ta, in which may represent in its totality the environment
in which nuclear ventures are installed.

Studies such as [3-10] corroborate with the idea that in
industrial areas there is a need to provide a set of data
and elements that, beyond representing the existing dy-
namic space, also contributes to generate a geographic
database, since the available information and general
knowledge about the environment surrounding the Indus-
trial venture are basic requirements that help subsidize and
define answers to procedures and emergency situations.

Evaluating the geographic space in Angra dos Reis
Nuclear Complex (Rio de Janeiro State), the objectives
of this study are: elaboration of a GIS as a tool of of
support aiming at planning and emergency situations in
the area of influence of nuclear plants, incorporating in-
formation of geographic nature, geological, meteorolo-
gical and other geobiological physiographic characteris-
tics that compose the environment of study; furthermore,
through an integrated special analysis from GIS, identify
aspects and vulnerable areas in order to assist in the pro-
cess of emergency and its planning.

2. Study Area Configuration

This study was evolved in Angra dos Reis City situated
in the southern region of Rio de Janeiro State in Brazil
(Figure 1), where the “Central Nuclear Almirante Alvaro
Alberto” (CNAAA) is located, formed by the group of
nuclear plants “Angra 1, Angra 2 and Angra 3” (under
construction). The region as a whole has a population
around 174,000 inhabitants and a complex geobiological
physiographic configuration, where geographical, geolo-
gical, meteorological and socioeconomic aspects are high-

Copyright © 2013 SciRes.

lighted, which integrates local environmental dynamics
and give the area specific singularities.

2.1. Geobiological Physiographic Complexity of
the Study Area

Considering the various spatial elements that comprise
the local landscape, this region constitutes an intricate
environment in relation to its spatial dynamics that, by
the complexity of its aspects and by projecting emer-
gency situations from an accidental event in the set of
nuclear plants, composes in its coverage area a critical
framework in relation to the impacts that may occur.

The combination of many factors, such as rainfall and
the occurrence of landslides, for example, together with
the distribution of population in many areas considered at
risk, contributes to characterize critical points that, when
integrated into an existent geobiological physiographic
set, constitute important aspects that need to be analyzed
in the case of emergency situations, as well as in plan-
ning emergency response from an accident in the nuclear
complex, especially in the evacuation process, as well as
in relation to the impact that such an event may result in
the environmental dynamics in its area of influence.

3. Research Methods
3.1. Data Collection

Initially, in order to contribute to the analysis of impacts
in case of an accidental release of radionuclides from the
CNAAA, socioenvironmental data were identified and
acquired in order to characterize the geobiological phy-
siographic reality of the study area.

A second step consisted in assimilating these data in a
GIS platform, through ArcGIS 9.3.1 system, where much
of the information were georeferenced and transformed
to the format “.shp”. Much of the information of interest
are available at government agencies and are shared on-
line, where they were systematically acquired and suited.

Finally, in order to make an integrated analysis of po-
tential impacts in the study area, the main aspects con-
sidered essential for incorporation were listed: distribu-
tion of population, location of water bodies and catch-
ment points for supplying the population, the main es-
cape routes, fishing locations, location of conservation
areas, location of residential areas, location of points of
tourist interest, among others. Seasonal and daily weather
conditions in the region, as well as information on the
main landslide areas were unfailingly contemplated.

The acquired data were provided by government agen-
cies and institutions that produce database and carto-
graphic and geographical information, which highlights:
Instituto Brasileiro de Geografia e Estatistica (IBGE)—
Brazilian Institute of Geography and Statistics, Compan-
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Figure 1. Situation map of the study area.

hia de Pesquisas e Recursos Minerais (CPRM)—Com-
pany Research and Mineral Resources, Department of
Civil Defense of Angra dos Reis, ELETROBRAS ELE-
TRONUCLEAR (Company owns CNAAA), Instituto
Brasileiro de Meio Ambiente (IBAMA)—-Brazilian Insti-
tute of Environment—and Instituto Chico Mendes de
Conservacdo da Biodiversidade (ICMBIO)—Chico Men-
des Institute for Biodiversity Conservation.

4. A GIS System to the Study Area

The geographic information composite system is consid-
ered specific to the study area, as well as to nuclear and
industrial ventures in Brazil, especially because of the
importance of the nuclear complex and its possible out
comes in case of occurrence of an accidental event, con-
stituting an instrument that enhances the integrated spa-
tial analysis and serving as a support for decision making,
in addition to supporting emergency situations, as well as
environmental and urban planning and management.
Considering such perspective, the development of this
system incorporates data representing environmental
dynamics of the area of influence of the nuclear power
plants of Angra dos Reis, and in this sense, covered the

Copyright © 2013 SciRes.

main geobiological physiographic aspects evaluated as
important as information to be analyzed both in planning
and in emergency situations. In this way, Figure 2 shows
the basic idea and main components considered in the
GIS structure developed.

4.1. Geomorphology

The region has a geomorphological setting that through
geological time, characterized the formation of peninsu-
las and bays, mountains and rocky shores. The Atlantic
Rainforest is its dominant landscape, especially in view
of the formation of the relief, formed by high sloping
hills that dominate the landscape. CNAAA s situated in
the bottom of a bay, surrounded by high mountains and
hills with steep slopes.

Thus, the regional geomorphological setting is charac-
terized by a extremely rugged relief, strongly undulating,
with cliffs, steep slopes and Sharp declivity. This factor
contributes to slope instability in many parts of the re-
gion, in which associated with a heavy rainfall through-
out the year, characterizes the existence of landsli de
problems across the coverage area, mainly due to the
pluviometric regime that exceeds 2000 mm yearly
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Figure 2. Data structure contemplated in GIS for the study area.

accentuated, especially during the summer (between the
months of November to March), as observed [11,12].

4.2. Meteorological Data

The region of Angra dos Reis has a meteorology complex,
mainly due to its geomorphological setting that contribu-
tes to the climatological diversity of the entire area.

The main aspects that characterize the local weather
are key to the application of specific models, particularly
with respect to the dispersion of pollutants, from which it
is important to have knowledge of: atmospheric stability,
direction and intensity of prevailing winds.

[12] points out that there are strong indications that sea
breezes interact with the mountain ranges, causing local
circulation, and that the proximity to the ocean, the to-
pography and the strong insolation make the wind regime
very unstable and weak.

For the analysis of the meteorological characterization
of the region was prepared winds rose, indicating the
variation of intensity and wind direction within a daily
and seasonal cycle, besides showing the periods of calm
and the behavior of the region with respect to atmos-
pheric stability classes for different seasons of the year

Copyright © 2013 SciRes.

and times of day.

Precipitation data were obtained from the work of [11]
that, by using a series of pluviometric measures of 25
years (1980-2004), Table 1, made a diagnosis of the av-
erage climatological precipitation in the region. There-
fore, by the evidence of this work, the months of greater pre-
cipitation are January, February, March and December.

[11] also analyzed precipitation behavior during the
months of heavier rainfall over many years. In december,
the highest accumulated rainfall occurred in 2002, 1982,
2000, 1981 and 2001; in January, 1985, 1992, 1981,
2003 and 2000; in February 1996, 1986, 1994, 1991 and
1995; and in March, 1996, 1986, 1994, 1991 and 1995.
Considering the quantity of rainy days, 1982 is the year
that presented the highest number (190 days), 1999 is the
year of fewer days of rain (127 days). The highest accu-
mulated rainfall was in 2002, with 2625.45 mm, and the
lowest was registered in 1999, with 1168.90 mm. Ana-
lyzing the annual averages, it was observed a large in-
terannual variability in precipitation, where the greater
five-year average rainfall were in 2002, 1985, 1996, 1988
and 1986, that registered values around 200 mm, while
the lowest average rainfall (1999, 1990, 1983, 2001,

JGIS
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Table 1. Precipitation data—period of 1980-2004—in the
surroundings of CNAAA. Adapted from [11].

Months Precipitation (mm) Days of Rain
January 264.29 18
February 229.46 15
March 253.88 16
April 169.82 12
May 114.42 11
June 72.90 8
July 68.75 9
August 69.46 9
September 157.50 14
October 178.92 17
November 204.90 17
December 225.70 18
Average 167.50 164

1987) present values of approximately 100 mm. That is,
the region under study is characterized by high density
rainfall. [12] also emphasized that in the region occurs,
on average, 158 days of rain per year, with monthly ave-
rages above 70 mm.

4.3. Landslides

Due to the steep slopes, as well as the assets of geody-
namic processes and heavy rains, many parts of this re-
gion are particularly susceptible to landslides (Figure 3).
[13] considers that “Angra dos Reis” has a set of envi-
ronmental variables that present high fragility related to
the dynamic slope processes, whether natural or induced
by the pressures of the use and occupation of land. These
processes involves practically all types of mass move-
ment, occurring earth creep, earth topple, planar earth
slide and single (slump) or multiple rotational slide
(more rare), mud flow and debris flow along drainage
lines, rock fall, rock slide and debris avalanche, that re-
sult in a great lost of human lives and damage. The his-
tory of recurring events for each annual period of rain,
mainly from november to march (Figure 4) certifies the
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Figure 3. Susceptibility to landslides in the study area. Source: [13].

Copyright © 2013 SciRes.

JGIS



18 C.SILVA ET AL

naturally high susceptibility of the region in face of the
dynamic slope processes.

4.4, Nature Conservation Units

The region consists of several protected areas (Figure 4)
that spread throughout its coastal zone, featuring an en-
vironmental framework with important ecosystems that
serve to maintain biodiversity, conservation and presser-
vation of the remaining forest and wildlife that inhabit or
attend this geographical space. The conservation areas in
general, besides being protected by federal, state and
local laws, are of great ecological importance, whether or
not covered by native vegetation and whose function is to
preserve the water resources, the landscape, the geologi-
cal stability, the biodiversity, the flux of fauna and flora,
soil protection and ensure the well being of human po-
pulations, such as: spring areas, salt marshes and vegeta-
tion located along rivers.

[14] considers that there is a wide variety of types of
protected land for environmental reasons, which include,
in addition to national parks, biological reserves, national
forests, game parks, ecological reserves, areas of eco-
logical interest, ecological stations, environmental pro-
tection areas, areas of tourist interest, protected forests of
the union, among many others.

The region, according to [14], because of its high di-
versity and high number of endemic and/or endangered
species, is included in one of the Brazilian centers of
plant diversity recognized by WWF—World Wildlife
Fund for Nature and IUCN—The World Conservation
Union [15].

4.5. Vegetation

The CNAAA is situated in a region dominated by tropi-
cal forest (also known as the Atlantic Forest), whose
name is “Mata Atlantica”, biome that covers diverse back-
grounds. The state of conservation of the forests varies
widely with the mountainous stretches being better pre-
served and the portions located at sea level being decha-
racterized and replaced by various systems of occupation
over time. Angra dos Reis, according to [16], (69,664 ha),
is the second largest area of remaining native vegetation
(69,664 ha), covering 87.98% of its length.

The whole area of influence of the project is included
in the spatial distribution of the Atlantic Forest, called
Dense Ombrophylous Forest. As well, prevails the sub-
montane forest and montane forest. Associated ecosys-
tems, such as mangroves, salt marshes and rocky shores
are found [17] (Figure 4). The remaining forests that still
exist, according to [14], are generally in areas where the
terrain hampers access and or exploitation in Units of
fauna, [19] identified four ichthyographic sites that con-
servation, whether private or federal. The same situation

Copyright © 2013 SciRes.

is observed also in their associated ecosystems. There-
fore, the region of “Costa Verde” signifies one of the
largest representative nuclei of the Atlantic Forest that
persist throughout the state of Rio de Janeiro. Whereas
this region remains ecosystems with lower occurrence, at
different levels of preservation, beyond the forest itself,
such as mangroves and salt marshes.

4.6. Terrestrial and Aquatic Fauna

According to [14], the terrestrial fauna of the region is
formed basically by herpetofauna (amphibians and rep-
tiles), avifauna (birds) and mammals (mammals in gen-
eral, highlighting: bats and rodents). Over the aquatic
fauna, [18] pointed out that, as a result of seasonal varia-
tions in marine environmental conditions in southern
Brazil, spatial and temporal oscillations occur in the dis-
tribution and abundance of living marine resources in the
region. In this regard, according to [14], it predominates
in the region mammals (turtles: sea turtles and; cetaceans:
whales, dolphins and porpoises). Regarding the ichthyo-
fauna, [19] identified four ichthyographic sites that that
represent the main biotopes of “Ilha Grande” Bay: units
of “Sabaci—Porcos—Abrado” (the bottom of the bay
ecosystems) and; “Drago—Grego” (open environments,
typically ocean) and; “Coronel” (area of bedrock) and
“Acaia” (mouth of the bay, with sandy bottom and in-
termediate characteristics between the internal and ex-
ternal sectors). There were at the time 25 groups of eco-
nomically exploited fish in the bay, among which stand
out stingrays, goete, flounder, hake and croaker, which in
1993 amounted to 86.9% of total catches.

[14] registers zooplanktons, ichthyoplanktons, zoo-
benthos, terrestrial and aquatic macroinvertebrates (De-
capoda: 9 spp; Ephemeroptera: 5 spp.; Odonata: 36 spp.;
Hemiptera: 19 spp.; Homoptera: 11 spp.; Coleoptera: 45
spp.; Hymenoptera: 5 spp.; Mecoptera: 1 sp.; Trichoptera:
26 spp.; Lepidoptera: 15 spp. e Diptera: 70 spp.), besides
the encrusting fauna (groups of animals and plants grown
on artificial substrates immersed in sea water) occurring
across the region. Its importance in local ecosystems is
directly linked to the food chain that supplies the natural
cycle of existing species. Figure 4 spatializes some of the
aquatic and terrestrial species in the region.

4.7. Water Resources

The Hydrographic Region of “Ilha Grande” Bay (HRIGB),
supplied by small watersheds, has 1800 km? and is lo-
cated in the southern state of Rio de Janeiro, encompass-
ing the cities of Angra dos Reis and Parati. In “Planalto
da Bocaina”, in the north, spring the two major river ba-
sins in the region: Mambucaba (740 km?) and Bracui
(185 km?), in the municipalities of Cunha, S3o José do
Barreiro and Bananal. “llha Grande” Bay, in the south,
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receives the rivers that drain its entire length.

[20] evaluated that the main use of water in the region
is for urban water supply, made by numerous catchments
in small watersheds. The supply serves about 180,000
inhabitants, but during holidays and long weekends this
demand increases because the population swells with the
influx of tourists. The total water demand of HRIGB
continental range is 66,000 m*day, considering the maxi-
mum demand related to the peak from tourist inflow. The
demand per capita is 470 L/inhabitant day, included
therein the consumption of the main economic activities.
The greater use corresponds to the resident population
with 35,000 m*/day, representing 53% of the total, fol-
lowed by the floating population, with 24,000 m®/day
and 36% of total demand. The four largest economic en-
terprises located in region—shipyard BRASFELS, ter-
minal TEBIG of Petrobras, nuclear power plants Angra |
and Il and the harbor of Angra dos Reis, consume 7600
m?*/day, which represents 11% of the total.

Analyzing the hydrogeological favorability of the re-
gion, the EIA (Environmental Impact Assessment) of
Angra |1l highlighted that the area is characterized by
steep slopes, where the system composed by covers and
crystalline rocks discharges its waters in the river valleys
and drainage sites, being of extreme importance to their
background regimen. [20] also emphasizes that the water
supply in the city of “Angra dos Reis” is made up of 56
catchment systems, mostly situated in the upper course
and/or near the headwaters of small rivers, in which were
constructed small dams and “reservoirs”, whose captured
water is treated and distributed.

4.8. Socioeconomic Activities

The main economical activities developed in the region
are based specially upon the industrial sector, tourism,
fisheries, commerce and services. According to informa-
tion from the Brazilian Trade Balance by Municipality,
of the Ministry of Development, Industry and Commerce
—MDIC, Angra dos Reis is among the municipalities
that recorded the highest volume of exports in the first
quarter of 2012, a total of (US$2958 billion), accompa-
nied by Sdo Paulo-SP (US$1997 billion), Rio de Janei-
ro-RJ (US$1901 billion), Parauapebas-PA (US$1781 bil-
lion) and Paranagud, PR (US$1242 billion). According to
these data, Angra dos Reis also had the largest monthly
trade surplus accumulated so far in 2012, with US$2606
billion, followed by Parauapebas, PA (US$1678 billion),
Anchieta, ES (US$ 8337 million), Nova Lima, MG
(US$8323 million) and Santos, SP (US$8253 million).

Nowadays, the local economy presents important in-
vestments in the naval sector, energy sector and tourism,
attracting migration from the metropolitan area and other
cities of Rio de Janeiro State.

Copyright © 2013 SciRes.

In accordance with [21], other activities have their im-
portance and compose the economic picture of the city.
Among them stands out the sector of commerce, services,
agriculture and other industrial activities, which are pre-
sented in Table 2.

4.9. Population and Characteristics

The city of Angra dos Reis, according to the Census of
2010 [22], had a population of 169,270 inhabitants—Ta-
ble 3, that corresponded to 69.7% of total residents in the
region of Costa Verde Bay, in the State of Rio de Ja-
neiro.

A count made by IBGE in 2011 pointed a number of
inhabitants around 174,000 residents, setting a growth
rate in the order of 3% per year.

The data in Table 3 shows that the population is pre-
dominantly urban, with a ratio of female to male equiva-
lent to 99.66 men per 100 women. In terms of age, the
majority of the population is aged between 30 and 49
years, followed by the age of 50 years or more. The po-
pulation density evaluated for the period was 205.4 inhab
itants per km?,

5. Results

From the point of view of the research results, they were
achieved from the combination of information consi-
dered and incorporated as plans information in the pro-

Table 2. Number of establishment by size and sector of pro-
duction for the year of 2010.

) Sector
Size
Industry Commerce Service Agricultural Total
Micro 426 2136 2223 74 4859
Small 21 134 196 5 356
umMedia 8 7 18 0 33
Big 4 7 21 0 32
Total 459 2284 2458 79 5280

Table 3. Population dynamics of Angra dos Reis.

Age Group Total Sex Total

0 - 4 years 11,785 Men 84,490
5-9years 13,676 Women 84,780
10 - 14 years 15,874

15 - 19 years 14,406 Type Total

20 - 29 years 30,622 Urban 163,080
30 - 49 years 52,242 Rural 6190

50+ years 30,906 Total 169,270
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gram ArcGIS 9.3.1, which allowed the preparation of a
georeferenced database that covers all attributes that cha-
racterize geobiophysiographic aspects in the study area
shown in Table 4.

Furthermore, a set of maps were produced, in which
they present the intersections between the various ele-
ments that comprise the geoenvironmental system of the
area of influence in the CNAAA and the municipality of
Angra dos Reis. This set of maps, however, were inte-
grated into a single map—represented in Figure 4—as a
way to demonstrate the complexity of the area as a whole.
Additionally, we included the emergency planning zones
(EPZ), which characterize the areas possibly affected and
to be evacuated via an accidental event in the plants.

The following Table 4 presents the structure of the
data and information included in the GIS, which will
serve as elements to make complex spatial analysis in or-
der to determine and develop specific scenarios, as well
as geoenvironmental guidelines to assist in planning and
in emergency situations.

6. Discussion

The set of information in the study were considered es-
sential in order to assess the environmental framework of

the whole area and link them to possible consequences
from an accidental event through the dispersion of ra-
dionuclides. In this sense, we discus below a brief analy-
sis on the importance of such data in emergency situa-
tions and in its planning.

Meteorological data constituted an important informa-
tion towards the development of prospective scenarios,
because of its daily and seasonal information; it can be
integrated with data from landslides and concentration,
which features from the GIS base, a powerful tool for
analyzing escape routes and emergency situations.

The relevance of rainfall data are fundamental in order
to analyze the occurrence of integrated natural phenom-
ena (precipitation and landslide) along with an accidental
event from the nuclear complex as well as to tourist flow
in the region, road traffic, and other elements of equal com-
plexity.

The evaluation of scenarios related to vegetation, con-
servation units and other elements that integrate the na-
tural environment becomes important because of its en-
vironmental relevance, especially regarding the integra-
tion that it has with the local and regional climate, as
well as the association of their existence on the fauna and
flora, which confers a concern regarding emissions of
radionuclides. In this sense, this integration represents a
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Table 4. Relation of data and information that compose the georeferenced database of the study area.
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chain which is linked, and therefore dependent on each
other, and which certainly has an effect in humans.

With regard to water resources, examining such issues
and relating them to a possible accident scenario in the
region, we must consider several aspects of the interac-
tion, which can characterize a critical framework, both
on water bodies as on the population. If we take into ac-
count that the region as a whole has high rates of rainfall
and that these naturally seep into rivers, where the water
catchment for supplying the population is made, a con-
tamination of the entire system by radionuclides emission
could lead to catastrophic consequences for the popula-
tion-water resources set and, so forth, requires urgent
need of monitoring the emissions of radioactive material
and water quality, especially in the existing emergency
planning zones.

Considering the spatial distribution of economic ac-
tivities in the territory, tourism is the activity that most
mobilizes people throughout the coverage area of the
municipality, since the natural attributes—beaches, is-
lands, diving practices, among other derivatives—attract
a population contingent to visit these places. It is worth
remembering that this activity is responsible for an in-
crease in population as well as an increment in service
demands in different seasons, especially in summer. This
fact becomes essential and should also be considered in
the event of an accident and in the evacuation process be-
cause, taking into consideration that virtually all escape
routes are concentrated along the highway, the flow of a
population that does not know the city and its geography
is a factor that can complicate the planning of emergency,
lacking other alternatives for the evacuation besides those
which already exist.

In relation to population distribution, areas situated
near the nuclear power plant constitute a considerable
density in number of inhabitants, which is a major factor
in the evacuation process and should be considered in
emergency situations and planning, since the withdrawal
of these people, could hamper emergency situations, es-
pecially due to panic among residents. Moreover, as the
only access is the highway, the amount of people that
will concentrate near the highway can become a complex
aspect that needs to be examined in all their points of
view.

7. Conclusions

This study showed that the region as a whole has great
complexity in its spatial distribution. This factor should
be considered in emergency situations and planning, es-
pecially in view of the nuclear complex of Angra dos
Reis and the possible impacts that may result from an
accidental event, through the emission of radionuclides.
Thus, the development of a GIS that incorporates repre-
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sentative elements and creates a geographic database on
the geobiological physiographic dynamics of the whole
area of influence of the project constitutes an important
tool that, in addition to potentiating complex spatial ana-
lyzes, should contribute to the decision-making process.

Moreover, the efforts to contemplate a database over
the study area in a GIS platform that serves as an analysis
for an issue so complex as the installation of a nuclear
power plant in an environment full of complexities in
geographical, geological, climatological environmental
and socioeconomic terms, may serve as a basis for also
being implemented and applied in areas that keep the
same similarities, especially considering the expansion of
nuclear power stations in Brazil.

Other aspects, such as the calculation of the source
term (used in the simulation of radionuclide dispersion
based on meteorological), land use, agricultural areas,
water catchment area, highway traffic and population
distribution by geographic regions-districts) are likely to
have a significant impact due to the emission of radionu-
clides and are equally important of being associated to
the base GIS presented here. Their results and other in-
terpretive analysis will be discussed in a later article.
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