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A b s t r a c t . This article presents the use of GIS system 
for the construction of a hydraulic model in the network enter-
prise. The model has been built on the basis of data associated 
with the objects existing in the network and with their spatial 
relations. The data describing the network objects are usually 
transferred from existing technical documentation. The local 
stocktaking of networks is carried out in case of any doubts 
regarding data update status. The preparation of properly pro-
cessed data, as well as veriÞ cation of their correctness while 
entering them into a database is the most difÞ cult and labour 
consuming phase of network modelling. A properly conÞ gured 
network model should incorporate at least the following fea-
tures: the possibility to perform comprehensive analyses of the 
existing system functioning as well as analyses of the system 
modernization and extension variants in order to optimize tech-
nical solutions.

K e y  w o r d s : GIS, hydraulic model, bit map, vector map.

INTRODUCTION

Since the launch of the Þ rst GIS systems (Geographic 
Information Systems) in early 1960s in Canada up to the 
present time, the number of their users increased dra-
matically. Their popularization was possible mainly as 
a result of the development in the scope of information 
technology and public Internet access. The methods have 
been created together with technical progress in order 
to enable the access to bit maps by means of websites, 
data transfer in network and Þ nally the creation of and 
the access to vector maps.

GIS system is deÞ ned as an organized set consisting 
of hardware, software, spatially referred data and its us-
ers. The tasks of the system are as follows: acquisition, 
retrieval, processing, analysis and visualization of all 
geographical data.

The multilayer structure of graphical data is the basic 
feature of GIS technology. The data collected in GIS 
system can be illustrated in the form of editable thematic 

layers (Fig. 1). This solution makes it possible to assign 
a set of attributes to determined layer and to display only 
those selected by the user.

Fig. 1. Diagram illustrating an area subdivision by means of 
editable layers [19]

The specialized Geographic Information Systems 
(GIS) Þ nd a wide range of applications facilitating the 
decision making processes, reducing the period of time 
required to perform a task, performance of routine tasks 
associated with network inventory in network enterprises 
without necessity to spend several hours in the company 
archive of technical documentation [8, 12, 14]. The re-
search in the scope of time saving indicated the savings 
in individual Þ elds of the enterprise activity achieved as 
a result of the use of GIS systems, as illustrated in Table 1.
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A continuous improvement of the Geographic Infor-
mation Systems is associated with the use of advanced 
mathematical possibilities supported by specialized data-
bases. One of the most important tasks to be performed 
by network enterprises is to ensure the management of the 
whole network operation in a rational manner. However 
this task is not easy due to the size and extensiveness of 
the network as well as the spectrum of materials used for 
its construction and diversiÞ cation of working parameters 
of individual fragments of this network.

ACQUISITION AND PROCESSING 
OF DATA REQUIRED FOR MODELLING

The network enterprises perform many tasks, among 
others associated with the operation, overhauling and 
extension of the network as well as with its inventory. 
GIS systems are an excellent tool designed for execution 
of various analyses represented in the form demanded by 
the user and for the disclosure of potential problems before 
they progress to serious symptoms disturbing correct 
operation of the network. In course of the creation of GIS 
database, only the latest information describing the factual 
state of the network is entered. The local stocktaking of 
networks is carried out in case of any doubts. The age 
of the documentation collected in the enterprise archive 
is diversiÞ ed and its technical condition is sometimes 
unsatisfactory. It happens that the technical condition of 
the network illustrated in the technical documentation 
signiÞ cantly deviates from its factual condition. The net-
work inventory systems are provided in order to make it 
possible to quickly process and analyze the recorded data 
spatially associated with map as well as to make the deci-
sion in a manner adequate to existing situation [3, 9, 10].

The software available on the domestic and global 
market is sufÞ cient to support the operation processes, to 
enable the measuring data support and the integration with 
AM/FM (Automated Mapping/Facilities Management) 
and SCADA (Supervisory Control And Data Acquisition) 
systems. Therefore it is possible to use the digital or vector 
maps only with background bitmap for the visualization 
of the network layout as well as the integration of 3D 
data and descriptive network objects, network operation 
status and the works in progress [15, 18]. 

The majority of GIS systems is equipped with the 
functions enabling the execution of economic – spatial 
analyses in order to compare the costs of various vari-
ants of network extension and to evaluate the impact of 
intended construction of the network on hydraulic and reli-
ability characteristics of the whole system. The purpose 
of the creation and implementation of the system is [5, 9]:
 – to collect the data in single point in order to expedite 

decision making process;
 – to increase the efÞ ciency of business processes, ex-

ploitation works as well as to identify the locations 
of failures and their elimination;

 – to increase the efÞ ciency of engineering department 
and emergency service operation;

 – to improve the supervision over the time of works 
carried out in the Þ eld;

 – to furnish a complete and updated database for network 
operations parameters in order to create the modelling 
system based on that database.

The construction of a complete GIS system needed 
for mathematical model can be subdivided into several 
phases [1, 9]:

 – preparation and elaboration of updated documentation 
required for the creation of database;

 – digitalization of principal maps with S and U patch 
in the network presence location;

 – data entry, veriÞ cation and updating by the personnel 
employed in an enterprise, most frequently by employ-
ees of engineering departments (local stocktaking of 
networks is carried out in case of any doubts);

 – ordering, analysis and elaboration on the basis of en-
tered data and information from technical documenta-
tion, preparation of data for modelling by means of 
properly simpliÞ ed methods used to describe individual 
objects.

As early as 15 year ago, the designers commenced 
the creation of electronic engineering drawings by means 
of computer software e.g. AutoCad or similar type. The 
preparation of the technical documentation in hardcopy 
format and in electronic version is mandatory in major 
part of enterprises. The laws of Poland contain the tech-
nical (geodetic) manuals determining how to create the 
maps and information recorded therein. The principles 
in this scope have been established in order to eliminate 
the problems associated with maps preparation at an 

Tab. 1. Work time required for the conducting of activity in individual areas in Yokosuka City Waterworks Bureau enter-
prise [13]

The scope of enterprises 

activity

Annual number of hours before 

GIS introduction

Annual number of hours after 

GIS introduction
Time saving [hours] [(%)]

Water recipients service as a 
result of complaints

2200 600 1600 (73%)

Designing of networks 2500 700 1800 (72%)

Works associated with water 
supply shortage

2500 700 1800 (72%)

Granting of permits for the use 
of water supply systems

1800 550 1250 (69%)
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Fig. 2. The layout of network in the connection of oriented graph of the network (3D data) with descriptive data in Mb_GIS 
Edytor program using a bit map [16]

Fig. 3. The layout of network in the connection of oriented graph of the network (3D data) with descriptive data in Mb_GIS 
Edytor program using a vector map [2]
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individual discretion or with the use of symbols con-
forming with regional habits. However, despite the use 
of GIS system in various disciplines, there are still no 
uniform standards and guidelines describing an uniÞ ed 
approach to the creation of electronic versions of techni-
cal documentation [6, 17]. Most commonly encountered 
problems associated with the creation of electronic ver-
sions of technical documentation are: 
 – creation of the whole drawing in one layer only (usu-

ally “0”) and diversiÞ cation of individual elements by 
means of various thickness of line;

 – lack of colour concept for drawings presented in geo-
detic manuals for the creation of principal maps;

 – individual drawings are drawn in various scales, in-
stead of 1:1;

 – use of various styles and sizes of fonts; 
 – use of diversiÞ ed nomenclature and symbols;
 – drawing of networks in a manner not always conform-

ing with media ß ow direction. 

NETWORK MODEL BASED ON GIS SYSTEM

A system enabling the use of digital maps in con-
nection with database by several users simultaneously is 
essential for a network enterprise. The use of vector maps 
and the display of network geometry shall be possible 
in an automatic mode, with possibility of the selection 
of a background bitmap (Fig. 2), a vector map (Fig. 3) 
or an orthophotomap [4] by the user in accordance with 
actual needs.

The network objects database contains detailed in-
formation about descriptive data, for individual network 
objects and their spatial relations. The Geographic Infor-
mation System created in an appropriate manner makes 
it possible to collect the information about the networks 
at the same place and its proper presentation. Thanks to 
the introduction of insigniÞ cant corrections and simpli-
Þ cations in the description of some network objects, GIS 
system can be used as data source for the execution of 
computer simulations of the network operation.

The computer analyses in case of sewage network 
can be carried out [7, 11]:
 – to determine the correctness of network structure de-

scribed in the system,
 – to simulate the runoffs, 
 – to determine the throughput of severs,
 – to determine the level of severs Þ lling.

The scope of analyses in case of water supply net-
works is similar to the scope of analyses in case of sew-
age networks (with consideration of changed medium 
transported by the network): 
 – to determine the correctness of network structure de-

scribed in the system;
 – to determine the sections of the network with insuf-
Þ cient values of ß ow rate;

 – to determine the areas to be modernized in order to 
eliminate water stagnation;

 – to determine the areas to be provided with closures 
in order to achieve an insigniÞ cant change of ß ow 
direction.

CONCLUSIONS

The creation of an oriented graph using the network 
objects parameters described with appropriate accuracy is 
the most labour consuming and the most difÞ cult phase 
of the mapping of a real network system. Any errone-
ously entered data from GIS database make any accurate 
representation of the network operation impossible and 
contribute to the falsiÞ cation of parameters.

The simulations of the network operation by means 
of properly created mathematical models are carried out 
to support the problems solution and to facilitate the 
efÞ cient functioning of network enterprises. The basic 
condition to be met by the mathematical models used 
for this purpose is to represent really existing network 
features validated through the previous veriÞ cation of 
GIS system data and their confrontation with reality. 

Considering the measuring system and monitoring 
(existing in an enterprise) in the computer analyses of 
network operation, the tasks of individual units in this 
enterprise can be performed in a more efÞ cient manner 
in the following scope:
 – modernization and extension of networks – assessment 

of the impact of intended structures and their diameters 
(in design phase) on operation of the whole network;

 – network operation – checking for possibility of ad-
ditional loading of the network without necessity of 
its extension; the assessment of failure consequences 
associated with a sever out of service, the assessment of 
network utilization degree – on the basis of a network 
(e.g. sewage network);

 – recording – control of the correctness of network data 
entries.
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