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Abstract: The purpose of the WATERGUARD Project is the monitoring and protection of the quality of drinking water, as well 
as the overall qualitative characteristics of the aquifers in Ioannina Basin in Greece, in the Province of Taranto and in 
the municipality of Gallipoli in southern Italy, through the use of new processes, methodologies and technologies, 
which combine state-of-the-art integrated geographic information systems, decision support systems, telemetric 
technologies and knowledge management. This paper focuses on the development, the architecture and the 
functionalities of the WATERGUARD GIS Platform developed for the Water Association of Ioannina Basin, which is 
an integrated solution for the management of water supply networks and their infrastructures in a GIS environment. 
The software augments the functionalities of the existing SCADA system by offering a map centric, user friendly 
presentation of all the operational information in real time and place and by providing spatial analysis capabilities. 
The web-based architecture of the application makes it reachable for anyone from anywhere and, moreover, 
eliminates the need for additional licenses and installation for every user, thus allowing its utilisation by all the 
personnel with minimum costs. The software also includes an integrated Decision Support System (DSS) with 
ALERT capabilities, which consists of a set of rules applied in the database level to evaluate the water quality 
measurements from SCADA or other Operational Measuring Systems. The DSS rules can be easily configured to 
make possible the extension of the system in the future. 
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1. INTRODUCTION  

The WATERGUARD project is implemented by Water association of Ioannina Basin, as Lead 
Partner and Decentralized Administration of Epirus and West Macedonia, Directorate of Water 
Management from Greece and Province of Taranto and Municipality of Gallipoli from Italy.  

The purpose of the WATERGUARD Project is to monitor and ensure of the quality of drinking 
water and the qualitative characteristics of the aquifer in the Ioannina Basin in Greece, and in the 
other areas of the involved actors in Greece and Italy, using new processes, methodologies and 
technologies, which combine integrated geographic information systems (GIS), decision support 
systems (DSS), telemetric technologies and SCADA. 

Several discrete and correlated actions were performed for the achievement of the Project’s 
targets, including the determination and analysis of the present status regarding the water resources 
in the study areas, the suggestion of measures for the protection of the groundwater resources, Best 
Management Practises for the rational management of water supply networks, and the development 
of an integrated GIS operational monitoring software for the management of water supply networks. 

The present study focuses on the development, the architecture and the functionalities of the 
WATERGUARD GIS Platform and its pilot implementation in the Water Association of Ioannina 
Basin. Such systems are used in different water utility agencies all over the world to improve their 
operational efficiency (Allen et al., 2011, 2013). 
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2. PLATFORM ARCHITECTURE 

The software for operational monitoring of water supply is a complete GIS solution for 
management water supply, sewerage and any other related infrastructure. The software enhances the 
functions of SCADA systems that are installed in most Municipal Water and Sewerage Company, 
providing a friendly user interface that presents enterprise information (in real space and time) and 
other spatial analysis data. Thus, it provides an integrated environment for spatial sharing of 
information through an easy to use, web interface. The fact that the application is web based makes 
it accessible to everyone from anywhere. Moreover, it doesn’t require additional licensing and 
installation for each user, and thus can be utilized by the entire staff of the Water Company without 
any extra financial burden. 

The application leverages the modern features of an online geographic information system. 
Specifically, a spatial database is constructed using the technologies of ESRI ArcGIS Server and 
Microsoft SQL Server. The platform allows secure management of spatial information as well as 
the diffusion of internal and third party applications if required. Furthermore, it enables integrated 
spatial analysis using software of ESRI (ArcGIS) which include tools for processing networks or 
even for hydraulic modelling and solving. The web application is developed using the Microsoft 
Silverlight API. 

The overall platform is developed under an n-tier, modular architecture which separates the 
system in the following modules: Presentation layer, Application layer, Database layer. The system 
architecture is shown in Figure 1, while the user interface is presented in Figure 2. 

 

Figure 1. Platform architecture 
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Figure 2. Web GIS interface 

3. PLATFORM FUNTIONAL MODULES 

The platform includes several functional modules for the integrated management of any water 
supply network. These modules include: 

1. The core cartographic module. The WATERGUARD Platform is based in a state-of-the-art 
web-GIS system which provides cartographic functions to the end user through its web 
interface. Some indicative functions of the module are: different base maps, bookmarks, 
advanced search queries, annotation tools, distance/area measurements, address search. 

2. The operation module. The specific module includes the operational data and the interaction 
with SCADA or other telemetric systems for the data presentation in the map in real time. 
The data are presented in the map and in a table format with direct connection between the 
two layers and with the capability of search queries based on specific measured values. 

3. The incidents/works module. In this module, the end user can manage the various incidents 
and works that occurred in the water supply network. All the data are presented in the map 
layer and can be modified directly in the platform. Moreover, the network manager, through 
the module can manage the work efforts and send/receive notifications for the work 
progress. 

4. The consumers’ module. Through that module, the platform can communicate with the 
consumption database and augment the management/presentation capabilities of the system. 
The consumption data can be presented in the map and in a table format, while the module 
offers advanced search functions, with spatial or descriptive criteria. 

4. DECISION SUPPORT SYSTEM 

Another key component of the WATERGUARD Platform is its Decision Support System (DSS). 
The DSS is a set of rules that are applied in the database level in order to evaluate the operational 
measurements from SCADA or other Operational Measuring Systems. The DSS rules can be easily 
configured, allowing the extension of the system in the future. The DSS runs automatically each 
time the database is updated with new operational data. Each rule is validated with the latest data. In 
case of incompliance, an alert is generated for the specific measurement. The alert is related with a 
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specific feature like water tank, wells or water quality monitoring station so that it can be presented 
in a map. 

The overall system architecture of the DSS is presented in the Figure 3. 

 

Figure 3. DSS architecture 

The figure presents the three basic tiers that take part in the system. The first one is the 
Infrastructure which consists of the water infrastructures like water tanks, drills, pumps and water 
quality monitoring stations. These infrastructures are equipped with sensors that monitor different 
parameters of the water networks like water supply, water pressure, water level or water quality. 
The collected data can be stored locally in data loggers but are also transmitted to a central 
monitoring station where there are stored in a database. Different technologies can be used to ensure 
monitoring or / and control of the equipment’s, like PLC / SCADA or data loggers.  

The DSS is executed at the server side. There are two components responsible for the DSS 
execution. 

n Data Transformation and Mapping 
n DSS Alert Mechanism 
 
The Data Transformation and Mapping is responsible to communicate with the other systems 

databases to update the internal GIS database. Data are validated (first level quality control), 
transformed and matched to the data structure of the GIS database. Actually, each monitored 
parameter is related to a feature class in the GIS database and specifically with a feature. 

Communication with the SCADA server is based on Open Access Protocols like OLE for 
Process Control (OPC). The necessary parameters, like OPC server name, IP address, Port number 
etc. are provided in a configurable XML file that describes the OPC connectivity. Using this file, it 
is possible to access data from more than one OPC servers.  

Communication with the SCADA databases is based on direct access to the database using the 
Open Database Connectivity (ODBC) API. For security reasons the application access only read 
only views of the original data. 

The most important part of the DSS is the DSS Alert Mechanism. This subsystem is responsible 
for the generation of the Alerts. The system is running each time that the GIS database is updated 
from the execution of the Data Transformation and Mapping subsystem. Based on a set of rules 
(which are stored in an XML file) the data are evaluated at a feature level and one or more Alarms 
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are generated for each feature. The Alarm log stores the location (feature), the time and the 
description of the Alert. 

In the Client side (presentation layer) the results of the DSS are presented. The basic User 
Interface is the Web Application which was developed in the framework of this project to monitor 
the Water Network Infrastructures. ALERTS are presented as points on the map as well as in a list 
(Figure 4). 

 

Figure 4. Alerts presentation 

4. CONCLUSION – RESULTS 

In the framework of the WATERGUARD Project a web-GIS Platform was developed for the 
Water Association of Ioannina Basin offering an integrated solution for the management of water 
supply networks and their infrastructures in a GIS environment. The software augments the 
functionalities of the existing SCADA system by offering a map centric, user friendly presentation 
of all the operational information in real time and place and by providing spatial analysis 
capabilities.  

The Platform offers some distinct advantages for any water supply network, e.g.: 
n Reducing the operational cost of the agencies 
n Improving the response time in cases of emergencies 
n Improving the offering services to the public 
n Interconnecting all the information systems and databases (SCADA, consumption data, 

incidents logs, network maintenance data) 
n Developing state of the art geographic information system infrastructures 
In the future, the system could be extended to provide additional functionalities like maintenance 

(monitor and schedule), and operational performance monitoring according to IWA methodology 
(Alegre et al., 2016). 
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