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ABSTRACT 

The increasing advance of technologies of geographic information systems (GIS), computer 

processing techniques, and the growing volume of spatial data available and demand for 

automated systems to aid decision making are motivating enterprises and research institutions 

to make use of GIS technologies and Intelligent Computing. In this context, the Laboratory of 

Poços de Caldas (LAPOC) has a large collection of data that are generated from 

environmental monitoring of a nuclear installation. These data can be organized through a 

georeferenced database in order to improve the quality of information, in addition to 

generating new interpretations from data and existing products. Therefore, this study aims to 

generate a database that is capable of gathering existing data into a Geographic Information 

System (GIS) platform using ArcGIS 9.3.1 software which has a model of relational database 

that stores geographic data in Geodatabase format. The steps of this process start with the 

organization of spatial and descriptive data, moving through logic and conceptual modeling 

and finally, implementation of the database into the GIS environment. The data modeling 

through the Geodatabase was adequate since its structure enabled the data work to be done in 

an efficient manner in addition to allowing centralized management of such data. This 

demonstrates the great potential of the tool and improvement of the quality and availability of 

information. 
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1. INTRODUCTION 

 

The increasing advancement of Geographic Information System (GIS) technologies and 

computer processing techniques has been motivating companies and research institutions to 

make use of these technologies. GISs play a key role in supporting decision making, 

becoming one of the business fields with greatest projection and development today. These 

are implemented through the use of DBMS (Database Management Systems), being 

responsible for storing information concerning objects and phenomena that occur in a given 

place and at a given moment, and the proper choice of the way it organizes, stores and 

explores the information is of utmost importance. 

Data modeling is one of the most important steps in the GIS project once the key factor 

for the success of this project lies in the proper choice of a model that best fits or describes 

the reality it intends to reflect, since this reality is complex for it to allow its complete and 

perfect representation (Queiroz et al., 2006) 

The most popular spatial data format in ArcGIS is the Shapefile (.shp). The Shapefile 

format is very simple and due to this simplicity it allows various users and projects to 

import/export data without problems. From the moment the user does not want to just display 

the data on a computer screen, but to store geographical data with safety, centrality, access 

control, and even to publish this data, it becomes necessary to move to a more appropriate 

structure at this level of qualification. 

The American company ESRI, realizing the need of users, has created a relational 

database, referred to as Geodatabase. ESRI's proposal is to allow users that use a database, to 

create an internal structure on this base so within that internal structure they may store their 

spatial data. 

Queiroz & Ferreira (2006) conceptualize Geodatabase as a relational database with 

extended features to store, access and manipulate geographic information and spatial data of 

any type.  

Although there are several database models, the relational model is the most 

appropriate to represent reality and therefore it was the one adopted in this study. 

Data in the Geodatabase is organized in a hierarchy of objects. These data objects are 

stored in table, feature class and feature dataset. A table stores non spatial data. A feature 

class is a collection of features with the same type of geometry and same attributes. A feature 

dataset is a collection of features classes that share the same spatial reference (Esri, 2008). 

The Geodatabase is capable of storing all the information in a single file, which 

translates it easier access, query and data storage. Another relevant aspect is the ability to 

manipulate simple geometric shapes (points, lines and polygons) or yet, to use more 

sophisticated features such as rules of behavior, topology, relationship, annotations, images, 

3D objects, among others, for representation of real-world phenomena (Ramos, 2013). 

ArcGis presents three types of Geodatabases: File Geodatabase, Personal Geodatabase 

and ArcSDE Geodatabase. In this study the ArcSDE Personal Geodatabase was chosen for 

being a robust solution to large volume of data and access, accepting simultaneous 

connections, typically multiusers, as well as providing access security resources. The 

ArcSDE Personal Geodatabase version works on a database management system (DBMS) 

such as Oracle or SQL Server, providing them with geographic data work resources (Ramos, 

2013). 

The spatial and numeric data are stored in the DBMS and the ArcSDE allows viewing 

and working with data from ArcGis applications. When we use a DBMS such as Oracle or 

SQL Server, it is possible to connect directly to the data from the ArcCatalog or ArcMap 

applications. When we work with other DBMS, ArcSDE manages the connection. 
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This work aims to model a database for the Environmental Radiological Monitoring 

Program (PMRA) on a geographic information system (GIS) platform using the software 

ArcGis 9.3.1 which presents a relational database model, in the Geodatabase format. 

This way one hopes to contribute to the optimization of the supervisory work of 

professionals in the Laboratory of Poços de Caldas (LAPOC), thus contributing to a new 

approach and work methodology. 

 

2. AREA OF STUDY 

 

The Laboratory of Poços de Caldas (LAPOC) is a unit at coordination level of the 

National Nuclear Energy Commission (CNEN) and it is located in Poços de Caldas, Minas 

Gerais. LAPOC has sought improvements in technical procedures with the use of 

geographical information, structured in database, seeking with this, greater effectiveness in 

their supervisory actions. It possesses a large volume of data that is generated through the 

program of Environmental Radiological Monitoring (PMRA) of the Ore Treatment Unit of 

Caldas, Minas Gerais. These data are distributed in digital media (excel spreadsheets) as well 

as analog media (technical reports). Therefore, these data can be organized through a 

georeferenced database, aiming at the improvement of information quality, as well as the 

generation of new interpretations from the existing data and products. 

The INB UTM/Caldas presents CNEN/DRS annually with PMRA's report containing 

the summary of all environmental data collected in the respective year, extensive 

interpretation of those data significance and the statistical evaluation of the results, including 

comparisons to the established operational controls and to the results presented in previous 

reports. 

The PMRA report aims to meet the requirements of the norm CNEN-NN-3.01, "Basic 

Guidelines for Radiological Protection" of September 2011, Regulatory Position 3.01/008 

"Environmental Radiological Monitoring Program", Rev. 01, of 2011 and the Regulatory 

Position 3.01/009 "Model for Report Development of Environmental Radiological 

Monitoring Program", Rev. 01, of 2011. 

 

3. METHODOLOGY 

 

The creation of the geographic database in GIS environment occurred through ArcGis 

9.3.1 for Desktop software, developed by ESRI. This is currently the market's most widely 

used GIS in various applications. 

 Since it is a mid-sized database, the version used in this study was the Personal 

ArcSDE Geodatabase running on SQL Server Express, a free version of SQL Server 

produced by Microsoft. 

The applications used in ArcGIS environment were: ArcMap (editing and data 

visualization), ArcCatalog (data modeling), and ArcToolbox (operations and application of 

algorithms), which are all under ArcEditor license. 

The data of the Environmental Radiological Monitoring Program of UTM/Caldas were 

used to feed the database. The data are composed of forty-nine monitoring points within and 

outside the site and the main parameters analyzed are: stable elements (Mn, Al, F, Na, K, Cl, 

Ba, Ca, SO4), radionuclides (U-natural, 232Th, 226Ra, 228Ra, 210Pb) and the parameters 

pH, mass of particulates, oils and greases, BOD, rainfall rate, evaporation rate and effluent 

flow. These data were made available in excel spreadsheets, being necessary to edit them in 

the appropriate format and structure for the Geodatabase. 
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The construction of the database started with the creation of the Geodatabase named as 

PMRA (VERSION: dbo.DEFAULT); then the tables, feature classes and feature datasets 

were created, which compose the internal structure of the database and their respective 

attributes. Then, it is pertinent to create Domains and table attribute Subtypes, which are rules 

created within the base which will allow the user himself to correct errors while creating and 

editing data. If the user enters some information that is not a previously set standard, the 

software warns the user that he is falling back upon errors, allowing him to correct them. 

The next step consisted in defining the relationship classes of the entities through 

primary and secondary keys of their tables. These relationships are critical in the Geodatabase 

because they prevent information to be disconnected inside the base, keeping the integrity 

and eliminating redundancy and inconsistency. 

With the Geodatabase structured, the next step consisted in importing tabular data and 

geographical features. The import of the numerical data that will compose the tables was held 

in the ArcMap environment, through the Append tool, while the import of vector data (points, 

lines and polygons) stored in feature dataset and the matrix data, stored in Raster Catalog, 

was executed in the ArcCatalog environment. At this point, vector and matrix data must be in 

the same spatial reference system, otherwise the import process will generate an error. 

It is important to stress that one should not edit or modify the Geodatabase without the 

use of ArcGis, for it can result in errors and/or geographic database corruption, leading to 

permanent partial or total loss of the data in the Geodatabase. 

The Personal ArcSDE Geodatabase version allows the user of the database to work in a 

dual environment, that is, an integration between the GIS and the DBMS. The user may view 

the database in ArcGis, as well as make queries and selections using the SQL Server Express 

itself. 

Therefore, search tests were carried out in SQL Server Express with the aim to evaluate 

the performance of the DBMS as well as the execution response time of several SQL 

commands. 

In the corporate environment, there is a number of critical factors that can influence the 

performance of a database, such as: the infrastructure of the network traffic between server 

and client machines, the large number of clients accessing the same database at the same time 

and the hardware that makes up this environment. Thus, the performance of a DBMS does 

not depend only on itself to ensure a good performance. 

The SQL Server Express commands provide a seemingly simple language for 

manipulating data from a DBMS; however, they require a certain knowledge of programming 

language from the user in order to perform logical search operations and to create the desired 

set of results.  

For example, Figure 1 presents a logical search operation in SQL Server Express using 

the Select command. It can be noted that the results obtained by SQL were the pH values 

measured in the water at the monitoring point 014 in the year of 2008. 
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Figura 1: Comandos SQL utilizados nos testes. 

 

4. RESULTS AND DISCUSSION 

 

The results obtained indicate that the data modeling through the Geodatabase have 

proved to be efficient and the objective of this study was reached.  

The Geodatabase proved to be advantageous in some aspects, such as: the base stores 

both spatial and numerical component; it allows the user to work in a dual environment, 

namely, integration between the GIS and the DBMS. The user may view tabular and spatial 

data in ArcGis, but can also do searches and queries using commands on the SQL Server 

Express; and finally, it facilitates manipulation and transfer of data among GIS users through 

file compression, reducing its dimensionality. 

Nowadays, due to the large volume of data generated in the corporate universe, it 

becomes essential to choose a good database management system as a way to ensure the 

treatment, safety and especially the speed of information search, which can determine the 

success or failure of an organization. 

Therefore, modelling the database of the Environmental Radiological Monitoring 

Program of UTM/Caldas not only reached the goal here proposed but also promoted greater 
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understanding and interpretation of the results of these monitorations in terms of estimates 

and controls of public exposure to radiation. 

The Geodatabase provided not only credibility in the handling of large volumes of data 

but also in the storage of spatial components of objects, allowing the base administrator to 

perform the treatment of such data, generating new interpretations. Another favorable point is 

the dynamics of the base, allowing updates as new data are collected. 

Therefore, this work allows the professionals of CNEN/LAPOC to perform temporal 

and spatial analysis of data, including extensive interpretation of their significance, statistical 

evaluation and even comparative analysis of data from previous years. 

 

5. CONCLUSIONS 

 
Overall the achieved result was satisfactory, since the database construction of the 

Environmental Radiological Monitoring Program of UTM/Caldas allowed resizing of the data 

collected over the years, making them available in a unified environment. 

In the face of the large body of existing data from the environmental monitoring, the 

implementation of a GIS was critical to enable information management and centralized 

management of data in a single file. 

It should be noted that data modeling through the Geodatabase manipulated by a 

complex DBMS such as SQL Server Express requires certain knowledge in programming 

language in order to obtain the best results, whether in the data analysis or in the management 

of information. 

From this study we have a database that allows us to make temporal and spatial analysis 

of each monitoring point of the Ore Treatment Plant at Caldas/MG over the years. 

Thus, we can conclude that information that is organized and systematized in a well-

structured and managed geographical database may contribute to the improvement of 

information quality as it may support decision-making processes. 
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