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ABSTRACT

The Benefits and Potential Implementation Problems of GIS
in The Water Distribution Services of Municipalities

Case Study: The KIRKUK Water Directorate

Suha Aziz ALI

M.Sc., Department of MATHEMATIC AND COMPUTER SEIENCE

INFORMATION TECHNOLOGY
Supervisor: Assist .Prof. Dr. O. Tolga PUSATLI

JULY 2012, 89 pages

A potential implementation of geographic information systems (GIS) in Kirkuk
Water Directorate is evaluated at a preliminary level. Selected literature has been
surveyed and it is perceived that there are municipalities of smaller, bigger and same
sizes which have successfully setup GIS in their water distribution departments for
asset management, real time monitoring and hydraulic modeling in there services .
Such works report success stories in managing their network as well as pinpointing

malfunctioning segments due to problems such as leak, blowout or broken pumps.



This research targeted to reveal potential problems that Kirkuk Water Directorate can
face while transforming paper based records into digital environment for a
prospective GIS. While the literature survey has provided reports of successful
applications, any potential problem that Kirkuk Water Directorate can face could be
only inferred from them. Hence, to experience GIS software and data preparation, a
GIS course has been followed by the researcher. The researcher has also contacted
key informants who have actively worked in Ankara’s water distribution department
during the rehabilitation of its GIS. By this way, potential problems could be
identified.

Investigations have been done over sample files of map sheets shared by the Kirkuk
Water Directorate and it is seen that potential problems can be solved by a data

operator who has attended a basic GIS course.

Both the literature and investigation results show that preparing spatial and non-
spatial databases of assets is the start of a productive GIS. Before increasing data
quality, building a hydraulic model is almost impossible and setting up a real time
monitoring system is quite difficult.

It is also found that organizational changes such as in business rules could be
necessary as frequent field trips will be needed with the GIS staff to check assets in

use.

It is expected that this research will be beneficial for the municipality of Kirkuk to
manage resources in implementing GIS for it is anticipated to start financial

feasibility works under this topic.

Keywords: GIS, water distribution network, Kirkuk Water Directorate, potential

problems, asset management, real time monitoring, hydraulic model.
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CBS’nin Belediyelerin Su Dagitim Hizmetlerinde Yararlar1 ve Hayata
Gecirilmelerinde Karsilasilmasi Olas1 Sorunlar

Ornek Konu: Kerkiik Su Muduriyesi

Suha Aziz ALI
Matematik-Bilgisayar Bolumu
Bilgi Teknolojileri
Yrd. Dog. Dr. O. Tolga PUSATLI
TEMMUZ, 2012, 89 sayfa

Kerkilk Su Miidiiriyesi’'nde muhtemel bir cografi bilgi sistemlerinin (CBS)
kurulmasi, giris seviyesinde incelendi. Literatiirdeki secme kaynaklar incelendi ve
Kerkiik’ten daha kiiciik, daha biiylik ve Kerkiik’le ayn1 biiyiikliikte belediyelerin, su
dagitim bdliimlerinde basarili CBS  kurulumlart 6grenildi. Bu sistemler, su
sebekelerinin varliklarinin yonetiminde, ag1 gercek zamanl izlemede ve hidrolik
modellemelerde kullanilmaktadir. islenen calismalar, su dagitim agmin yonetimi
disinda, sizdirma, patlama ve bozuk pompa gibi sikintilardan kaynaklanan sorunlu

parcalarin tesbiti hakkinda basar1 raporlar1 vermistir.
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Bu arastirma, Kerkiik Su Miidiiriyesi’nin, CBS i¢in, kagit tabanli kayitlarin sayisal
ortama aktarilmasindaki olasi sorunlari ortaya c¢ikartmayr hedeflemistir. Literatiir
taramasi basarilt uygulamalar1 raporlasa da bunlardan Kerkiik Su Miidiiriyesi’nin
olas1 sorunlart ancak dolayli yoldan ortaya ¢ikartilmistir. Aragtirmaci, CBS yazilimi
ve veri hazirlanmasi deneyimi i¢in bir CBS kursuna katilmistir. Ayn1 zamanda,
Ankara’nin su dagitim bdliimiinde, CBS iyilestirilmesinde etkin gorev almis

deneyimli personelden bilgi alinmistir. Bu sayede, olasi sorunlar belirlenmistir.

Kerkiik Su Miidiiriyesi tarafindan paylasilan paftalar iizerinde yapilan incelemeler

gostermistir ki temel bir CBS kursu alan bir veri ¢alisani, olast sorunlar1 ¢ozebilir.

Literatiir ve incelemelerin sonuglar1 gosteriyor ki sebeke varliklarinin mekansal ve
mekansal olmayan Ozniteliklerinin veritabanlarinin olusturulmasi, iiretken bir CBS
icin olmasi1 gereken bir baslangigtir. Veri kalitesini yiikseltmeden, bir hidrolik model
yapilmasi neredeyse olanaksiz, ayni sekilde, ger¢ek zamanli izleme sistemlerini

kurmak da oldukga zordur.

Bir bagka bulgu da belirtmistir ki kurumsal, o6rnegin is kurallarinda gibi,
degisikliklerin yer almas1 olasidir ¢linkii, CBS ¢alisanlarinin yerinde gozlem i¢in sik

sik arazi caligmasi gerekecektir.
Bu calismanin, Kerkiik Belediyesi’'ne, CBS kurulmasi i¢in kaynak ydnetiminde
faydali olmast umulmaktadir ¢linkii bu konu altinda mali fizibilite calismalar

baslatilmasi beklenmektedir.

Anahtar sozcikler: CBS, su dagitim agi, Kerkiik Su Midiiriyesi, olasi sorunlar,

varlik isletmesi, ger¢ek zamanl takip, hidrolik model.
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CHAPTER 1

INTRODUCTION

1.1. Introduction

Geographic information systems (GIS) are employed in many disciplines, related to
city planning, including water resources engineering, environmental science, and

water distribution network planning section 1.2.1.

Such systems are helpful while engineering planning, design, management of water

resources are conducted in municipalities.

GIS analysis functions and linked mathematical models provide extensive
capabilities to examine alternative plans and designs; and GIS is a comprehensive
tool that provides a medium for integrating all phases of water resources engineering
planning and design; those phases may include not only planning from scratch but
also rehabilitating an already established network as in Kirkuk, Iraqg.

Transforming a paper based management system into a digital environment requires
systematic project management in the organizations including organizational, people
and technological dimensions [1]; hence, such a transformation may have problems
in those dimensions. This thesis addresses potential technical problems that a

municipality can face in GIS setup.

The following section gives a quick background on GIS and Kirkuk. The scope and
the purpose of the study are in sections 1.3 and 1.4, respectively. The research target
hence questions are given in section 1.5; and this chapter concludes with the thesis

structure outlined in section 1.6.



1.2. Background

By using GIS, the users can present information in the form of maps and feature
symbols. As we mention in section 2.1, GIS integrates databases containing attribute
data on the features. Just by looking at a map or by performing few analyses, a
trained user can obtain information about where geographic features are, what they
are, and how they are related to each other. A GIS can also provide tabular reports on
the map features e.g. create lists of all features connected in a water distribution
network and support simulations of water flows in the network, travel time and

dispersal of pollutants section 2.8.4.3.

GIS provides a means to collect and archive data on the environment. Measurements
in a location, distance, and flow by various devices are typically handled in digital
formats and quickly integrated into a spatial database. Data processing, synthesis,
and modeling activities can be performed based on these data sets by using the GIS,
and analysis results can be archived. Hence, GIS spatial and attribute databases can
be used to generate reports and maps, often interactively, to support decision making
on which design alternatives are more suitable. As a natural consequence, such
information can be shared in public forums on the web when the data relate to the
public concerns; by this way, citizens concerned with planning and design choices
can understand better the activities of the municipalities and they can participate in

decisions i.e. they can be more involved as a sense of governance.

1.2.1. GIS in water distribution networks

Planning and design in water resources engineering typically involve the use of maps
at various scales and the development of documents in map formats. A GIS can be
utilized to manage these data sets. It provides a comprehensive means for handling
the data that could be harder to accomplish, manually. Data sets of larger sizes
require computerized systems; in case spatial data is a component then a GIS may
manage geographic features having a location, associated attributes, and relationships
among them. Additionally, a typical GIS can provide a means of capturing, browsing
and archiving such data, and producing thematic maps in color-coded formats. This
data-review capability supports quality control, as errors or ambiguities can be easier

to identify. Additionally, through visualization, the user can gain a better
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understanding of patterns and trends in the data; such pattern recognition may be
hard or impossible if the data is only in tabular format without any integrated
physical drawing with coordinates i.e. non-spatial format. One can argue that a CAD
software may handle geographic features as drawings and a non-spatial database can
store attribute data; however, a combination of such software may be insufficient to
reveal patterns because a CAD software only keeps the geographic locations and
shapes; and a text database only keeps attribute data; the user needs a means in which
both capabilities present and are running together. This distinction is discussed in

sections 2.5 and 2.6.

A typical GIS is expected to provide analysis capability, as well. Its database can
feed a separate database and provide input to various modeling procedures to

generate derived products.

In this thesis, we are interested in studying GIS applications in water distribution
networks in the municipalities with the motivation of perceiving important and
increasing use of GIS in the management and operation of water distribution
networks to the fact that such systems deal with spatial data, as well as ease of
integration with data from other sources such as CAD (AutoCAD), hydraulic models
and SCADA.

As Kirkuk is within the scope of the study, following is to inform the audience about
the city and its municipality.

1.2.2. Kirkuk

The city of Kirkuk is located at north of Iraq in the Kirkuk State Figure 1.1.

Kirkuk city centre coordinates are 35.46 (35 degree, 27 minutes) North and
44.38 (44 degree, 33 minutes) East. The city extends 14km North-South and
11 km East-West directions. It is surrounded from the north and north-east and north-
western mountain of Mount Por.

The city is at 300m above the sea level and has a surface area of 103 km?. Apart from
the city center, the districts of Dubiz, Hawijah and Daquq are populated centers.

The estimated population of Kirkuk is 1,395,614 as of 2011 [2].
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Figure 1.1 Middle-East Region, Irag and Kirkuk



The Kirkuk Water Directorate (Su Muduriyesi) of Kirkuk Municipality is responsible
of the water distribution service in the city.

This department is assigned to prepare the annual plans for the implementation of
projects of water such as planned new central processing establishments, installation
of water pipes, valves and so on and to rehabilitate the network within the investment
and operational budgets.

There are 250,000 registered water consumers as clients, however, it is estimated that

around 10,000 additional water consumers exist without any registration.

The main source of water to the city of Kirkuk is the Dubiz dam Figure 1.4, built on
the Zap River. Water gathered at the dam is channeled Figure 1.3 to the Kirkuk water
treatment plant Figure 1.2b after which it is brought to the four main sedimentation
basin, underground reservoirs; an example to these reservoirs is shown on Figure 1.5.
Basically, the populated areas are fed with this water for drinking and household
usage.

Figurel.2 .a Kirkuk water treatment plant
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1.3. Scope

As a case study we have chosen the Kirkuk Water Directorate in a municipality
which aims to implement GIS at the time of writing this thesis; our motivation is
further explained in section 3.1. Similar in exemplar cities, the Kirkuk Water
Directorate goal is to switch its current paper based activities to a more digitized

medium.

The scope of the study includes potential problems that Kirkuk may face during the
implementation of GIS in water distribution network applications in asset
management, predicting risky pipe segments, valves, tanks and pumps vulnerable to
mal-functionalities and real time monitoring of the network; and how to overcome

such problems.
1.4. Purpose

The author aims to prove that successful GISs can be installed in the Kirkuk Water

Directorate, Kirkuk municipality.

This will hopefully facilitate and untangle water distribution activities such as
tracking the history of pipes, archiving paths, managing client data and obtaining
regular reports in the city. However, this implementation will face problems; hence
itemizing such problems have become a natural and a consecutive purpose of this
study. Apparently, highlighting those problems as a list and proving that all of them
can be solvable is a part of the purpose of this thesis.

1.5 Research questions

In the light of sections 1.3 and 1.4, following research questions are addressed in this

thesis.
(1) Can Kirkuk set up a successful GIS for its water distribution system?

(2) What problems will the municipalities face during the transformation from its

current paper based system to a digital environment?

(3) Is it possible to solve those problems, practically?



1.6 Thesis outline
The thesis is organized as follows:

This chapter introduces the thesis both in purpose and scope of the audience. The
reader is aimed to understand the research targets of the study after completing this

chapter.

Second chapter provides a body of knowledge of GIS, its application in the

municipalities mainly focusing on applications for water distribution.

Third chapter explains the research method by describing research procedures in

each phase of the study.

The fourth chapter presents itemized problems that can be encountered potentially

while passing to GIS environment and how to overcome them.

Fifth chapter gives the limitations, further research avenues and conclusion of this

study. This chapter is the last chapter of this thesis.



CHAPTER 2

LITRERATURE REVIEW

This chapter aims to present selected works on GIS applications already reported in

the literature.

For the reader can follow the content it is necessary to give definitions of GIS, CAD,
vector, raster, spatial and non-spatial data; hence, the following section provides

information on fundamental terms.
2.1. Basic definitions

A typical GIS usually requires following key components to work together: network,
hardware, software, data, people, and procedures.

A successful GIS is expected to integrate these components for an effective use of

geographic information, and develop [3].

A computer network is an infrastructure that interconnects two or more computers or
other devices for resource sharing and parallel computation. It refers to the terms,
local-area networks (LANSs), wide-area networks (WANSs), and the Internet [8].
These networks are fundamental components of GIS, with their ability to enhance the

accessibility and reusability of geo-referenced data and analysis tools [8].
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Hardware are devices that the user interacts with directly/indirectly in carrying out
the operations in GIS. A hardware component is a technical equipment needed to run
GIS; for example, to input data, scanner, digitizer board and GPS, and to have

output, printer and plotter are used.

Software provide tools for the input, manipulate and output as geographic data. The
software also provides functions to store, query and display data. There is a
remarkable market in the industry to provide GIS software; popular examples are
Maplnfo of Pitney Bowes and ARCGIS of ESRI.

To manage the attribute data the user can use separate database software such as MS
Access or Oracle, and match these non-spatial data sets in the tables with the
geographic features kept in GIS software by the help of geographical location

identifiers.

The GIS technology has limited value if no individuals manages the system and
creates plans to apply to the problems of reality. Hence, a variety of users ranging
from data operators to technical specialists, who design and develop the system are

among the performers.

The most important component of GIS is data as spatial data and text data i.e. non-
spatial data. GIS may integrate spatial data with other data resource using DBMS for
further organization and data management through, such as, normalization and query

optimization.

Finally, application component includes how data is to be retrieved, input into
system, stored, managed, transformed, analyzed, and finally presented as output.

CAD ( Computer aided design or drafting): it is using software and hardware to
design and create virtual models of products [6]. Basically, a CAD is employed by
engineers to design their models and prototypes. CAD was originally developed to
assist people with technical drawing and drafting, however, it has been expanded to
include geographical mapping and associated activities such as rendering 3D

topographic views and cross-section illustrations.
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Spatial data: any data that has a geographic location. This type of data describes
location of geographic features so that they can be mapped on the view. Spatial data
is stored and presented in the form of maps; basically, there are of two types as raster

and vector.

Raster data: Basically, raster data sets are cellular based data structures composed of
rows and columns for storing image unites called cells or pixels. The most common
examples are satellite images and scanned images. This type of data consists of a
matrix of pixels organized into rows and columns, a grid structure [4]. Each pixel is
assigned a value, usually an integer between 0-255, to represent cell-based data such
as aerial and satellite imagery. Because the usage include terrain analysis GIS may
be confused system that manipulate raster data. A GIS may use raster data however,

remote sensing software is specialized to handle and manipulate raster images.

Vector data bear a coordinate based data structure commonly used to represent
geographic features as points, lines, polylines and polygons which correspond to map

features such as landmarks, roads and parcels [4].

Non-spatial data: additional information about each spatial feature. They are usually

presented in tabular format. Such data can be of Boolean, text, date or numeric type.

Layer: In order to better organize geographical data in a region, data that describe
similar themes are stored separately. The descriptions for each would be stored in
different files, and these are referred as layers. A typical GIS stores information such
as road network, as thematic layers linked to each other by geography, for example, a
standard topographic map sheet shows contours, road networks, stream networks,

power lines, forested areas, buildings, and landmarks [9]

GIS databases can be described as series of map layers that are geographically
referenced and registered into a common map projection system. Most GIS organize
data by layers, each of which contains a theme of map information that is logically
related by its location.

Each of these separate thematic maps is referred to as a layer, coverage, or level and

each layer is precisely overlaid on the others so that every location is matched to its

12



corresponding locations on all the other maps. For this precision, all the geographic
features should be registered to represent their locations on the Earth.

Obviously, there are more than one map projection and coordinate systems. The data
operator/analyst may have different data layers, for example, road network, water
drainage system and topography of an area all in the correct coordinate registration
but in different map projection/coordinate systems. Once those features are imported,
a typical GIS is expected to bring all of them and overlay them as data layers; this

feature is called automatic coordinate conversion and on the fly map projection.

A GIS provides advanced process to manage information with a geographic
component primarily stored in vector form with associated attributes.

Another important aspect of a GIS as given in [5] is the capability of dealing with
spatial data. With the increasing expectation from the information system, integration
of images with vector data becomes a necessity for a full-featured GIS system. To
make map making easy, a GIS should include a variety of standard map components
that can be readily added to a layout. In addition to is the association of attributes
with elements and the ability to select elements and view their attributes and to use

attributes to select elements.

Information in a GIS describes entities that have a physical location referring to
spatial region, while queries involve identifying these entities based on their spatial
and temporal attributes and relationships between these entities where the authors

refer geographic features as entities [4].

Additionally, manipulating and analyzing data referenced to a specific geographic

location are among the key capabilities of a GIS.

GIS are defined in a numbers of ways, for example, in [10] GIS is defined as a
computer system to capture, storage, manipulate, analyze geographically referenced
information and displaying of maps, tables and charts. In the other words GIS is a
powerful system tool in mapping and analysis of spatial data, hence it can defined as
database management system technology integrated common database operation

such as query, statistical analysis and visualization.
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2.2. GIS tasks

Before you can use geographical data in a GIS, you should convert the data into

digital format. This conversion process is called digitizing.

Digitizing includes registration of aerial photograph or scanning a paper based
drawings such as cadastral drawing or elevation contours and creating vector data

from them on the screen or on the digitizing board.

A modern GIS can handle some scanning jobs automatically for large projects;
however, small businesses may require manual conversion in all the phases. In
modern times, most types of data can be obtained as digital format from its source; in
such cases, GIS can easily import them.

Similar to other information systems, data imported to GIS must be cleaned i.e. it
should be accurate, precise and coordinates should be registered. For this reason,
scanning a topographical map does not mean that your GIS is ready for a topographic
analysis. Basically, the scanned document will be used as a guiding picture so that
the data operator can generate vector data by using it. While generating vector data,
spatial relationships between connecting or adjacent vector features, points, polylines
and polygons, are constructed i.e. the topology [7]. Apparently, the map should be
registered before the generation of the vector data. This registration task is actually

pinpointing and marking real world coordinates to adjust the map Figure 2.1.

14



‘ [ Ed Choase Projection

—— Loegy.
| Tukish Comdnale Systems 6 3 Degiee k = 1-ED5) -

Calegay Menbers

GK Cenliel Mesdian 27 (ED50) ‘
G Central Masdian 30 ED!

G Cental Mesien 3 (E050)
G Centa Mesiian 33 D)
G, Cental Mancian 22 D)
6K Cenlra Meadien 25 ED5)

Click on image or map 1o add contral point. [ Ak |

(o ] (oo [ g0 ]

= @ Pick From Map

ok | [ cancel | [ uUnis. | [Projectiof.] [ Hep |

Figure 2.1.a Importing the image and choosing map projection system

s R
-

I Edit the ntormation for this cortid pont| Edit ControlPaint
L™ | Edi e omaton o tis coiol pont
Mop¥: [600D0  m et P2

v, [4sz4
= " l Mk [0 m
Image ¥ IT MznY: "W Edit Contral Point
Image 7. | 392 mageit [252 | | Edt theinfcimation fo this contol part
-m :Bama{ [ el Image ' |32 La=t [P

Map 48000 m
IILH Laed MY [M2000  m

e
Image<: (2532
Imags'r: [2672

=]
BE
(Lot ] [Coored ] (Cunts. ] [Pecon.] [y ]

Figure 2.1.b Indicating control points

15



Cizate New Table and:
] Open New Browser
10pen New Mapped
7] Add ta Current Mapper

Table Structure
@ Create New

Figure 2.1.c Adding the image as a new layer to the map and creating a new layer

for geographic data entry

IR N S |

Figure 2.1.d Overlay view

Figure 2.1 Image registration

16



2.3 Database Management

As we have already mentioned, the user may keep non-spatial dataset in a separate
database and connect it to GIS software. In small systems it can be sufficient to store
such data only in GIS software as well; however, the systems designers may prefer to
employ a DBMS to store, organize and manage data when there is large volume of

data, and large number of users.

A GIS must provide tools for finding specific features based on their location or
attributes. Queries, which are often created as logical statements or expressions such
as SQL, are used to select features on the map and their records in the database.

Typical questions are as the following examples. Measurements (distances, and
angles - trends, and spaces), location (where is the city X), and the condition (which
cities have population bigger than 100,000) and change (what change in population
has happened in the city X since 1980), and the distribution pattern (what the
relationship between population distribution and the areas where water exist), and the
most appropriate way (what the most appropriate route between the cities X and Y),
and scenarios (what happens if the number of residents of the city X migrate to
neighboring cities).

Geographic analyses usually involve more than one geographic datasets and require
working through a series of steps i.e. they do not appear in a single click. For this
reason, a GIS must be able to analyze the spatial relationships among multiple
datasets to answer above questions hence help to solve problems.

There are many types of geographic analyses, however, two common types are

proximity and overlay analyses.

Proximity analysis is about using the distance between features to answer questions
such as how far hospital A from nursing home B.

GIS technology often uses a process called buffering to determine proximity
relationships between features; for example which buildings and roads are within a
one kilometer proximity of the lake? A buffer of a kilometer is created on the
perimeter of the lake to find those features Figure 2.2.
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Overlay analysis (spatial join) is used to integrate different data layers. This may be
done to show different data layers on a single map view and/or to perform analyses
in which data from different map layers are required concurrently. Usually, analytical
operations require one or more data layers to be joined, physically. Overlay analysis
could be used to integrate various data on such as soil, slope, vegetation, land

ownership or tax assessment.

Example In Figure 2.3, shows that a successful overlay analysis can help to view
water pipes with land parcels on a single map which is a relatively harder task to

perform by looking those datasets, separately.

B e, exd Map =N o =

Figure 2.3.a Land parcel map
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With GIS analysis, enhanced visualization may and usually reduce complexity and

help to focus on the selected key features.

2.4 GIS Data

As the name implies, geographic data are data about geographic features, including
their location, shapes, and descriptions, as we have already defined spatial and non-

spatial data in section 2.1.

It is a requirement that the user should grasp the vital link between those two types of
data which makes the strength of such systems [5], [9], hence basic difference
between GIS_CAD and GIS_DBMS sections 2.5, 2.6. For example, water-wells may
be represented as points on map; these points with coordinates are the spatial data
component of those wells. Linked to each point, attributes such as the owner's name
and license number and depth of the well compose non-spatial data component. A
successful GIS should associate those different types of data so that when the user
chooses any of the wells, he should be able to see the attached attributes; similarly,
he may choose to highlight the wells with a certain depth of he chooses and create a

color coded map.

As instructed in [4] and [5], attributes do not have to be visible properties of the
geographical features; for example, they can be data of, construction year of
building, which is mapped for a cadastral purpose. Attribute data can be useful in
carrying out spatial analysis which requires combined usage of the spatial
information stored in the geometry of features with their attribute information. This
property allows the user to study features and how they relate to each other. As seen
in this example, attribute data sets keep track of information associated with
coordinated data elements, such as a polygon’s soil class, the road type of a line, or

the identity of a point.
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25 GIS and CAD

As a result of the nature of geographic data, representation and manipulation of such
data requires computer aided drawing. For this reason, GIS may easily be confused
with CAD software. However, with the support of what we have discussed in
sections 2.3 and 2.4, GIS is expected to link attribute data with the spatial data
components of geographic features. This property lacks in CAD programs as they
focus of high ability of drawing of objects. GIS usually provides limited means of
drawing map objects as well; however, digital outputs of popular CAD programs

such as AutoCAD are strongly expected to be imported into GIS software.

As informed in [8] CAD software to draw features in the real world where drawing is
the only information of the geographic objects which do not necessarily know about
each other i.e. CAD may lack topological information. Hence, topology can be
another difference between CAD and GIS.

2.6 GIS and DBMS

The abilities of GIS are different from other traditional information systems in that it
integrates database operations and statistical analysis with the unique visualization
on a map. A DBMS is a specialized system that handles not only the database
activities but also functional requirements such as GUI designs, constraint definitions
and physical design of the database as well as user restrictions. As a part of its
capabilities it handles text based attributes in, for example, relational data model
[40]. A DBMS is not expected to handle geographic relations among map objects.
Recently ORACLE, IBM and Microsoft have deployed DBMS solution with models
that can hold vector data, however, it is too early to say that such products have
comprehensive GIS tools. GIS can benefit a separate DBMS to retrieve non-spatial

data of the geographic features.

As we have already discussed in section 2.2, GIS can store topological properties
through objects which are connected to each other into logical groups to model real

world features e.g. a town along with the topography where it is situated.
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2.7 A Supervisory Control and Data Acquisition (SCADA)

SCADA system is a distributed computerized system employed to remotely control
and monitor the state of field-based assets such as pump stations, valves, treatment

plants and reservoir tanks.

As we focus on the water distribution network more in this thesis, following list is
limited to selected common objectives of SCADA systems used in water distribution
and control [42]:

» Monitor the system to control its performance.

» Provide automation from a central location hence reduce operational staff by
minimizing routine visits to remote sites.

* Record data of system hence and generate reports to regulatory agencies.

* Inform on the performance of the system consecutively to build asset
management procedures.

» Provide a control system that will enable operating objectives to be set and
achieved. Such system can easily provide alarm systems that pinpoint

malfuntionalities/ overloading's to be diagnosed from a central point.

The SCADA communication network is dispersed throughout the water
distribution system to monitor parameters such as tank levels and system pressure
which are graphically shown on the monitors. The related data is collected through
the sensors attached to the equipment such as water level in a tank, and the collected
data is sent to a centre by radio signals. In this way, operators can view tracked
processes. Real-time station flow, pump run times, pump starts/status such as
running, failed, off, forced on/off, power status and generator status among are the

tracked activities.
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2.8 GIS applications in municipalities

The growing popularity of GIS applications is largely a response to the usefulness of
the spatial and non-spatial data integration technology. For this reason, GIS has
become one of the choices for solving geospatial-related problems. Outlined below is

a description of selected GIS applications in municipalities.

2.8.1 Road traffic accidents (RTA)

GIS is useful technology while generating thematic maps and further analysis of
RTA data; it can alleviate the problem of RTA through the employment of spatial
and non-spatial data hence thematic mapping. An example is reported [11] from
Kenya where GIS is employed to mark "black spots" and “accident spots”. In this
way, appropriate geometrical highway design principles are suggested to reduce
RTA occurrences. Safety measures for highways hence contemporary engineering
design of new highways and improvement of existing ones are recommended with
the integration of the digital terrain model data along with the already registered road
network. Digital terrain models are created in CAD for they can be registered later in
GIS for further analyses section 2.5. The GIS software is used to create data layers
and spatial distributions at identified accident spots along with the types i.e. fatal,

serious and slight injuries and time of the accidents.

Usage of GIS in RTA is a popular activity including analyzing urban traffic accidents
[12], highlighting high risk geographical areas for road safety [15], suggesting
candidate locations for pedestrian crossing [14], [16].
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There are also local examples from turkey in which GIS has been employed to
analyze RTA such as black spot [17], hazardous location [32] determination and
Bursa traffic accident evaluation project [31] managing database in road maintenance

engineering [20].

A working GIS in municipalities can help data sharing among different agencies
such as ambulance services [18].

GIS vendors such as ESRI provide RTA specific solutions such as GIS-based traffic

and incident management systems[19].

The capabilities to integrate data feeds and share dashboard views make GIS ideal
for viewing a comprehensive picture of current traffic conditions. For example,
traffic managers can visually monitor bottlenecks and related information to quickly
respond to vehicle incidents. In addition, these views can be shared with the public
over the web, giving drivers the latest information on road closures and current travel

conditions.

2.8.2 Cadastre

Much of cadastral work is time consuming with repetitive similar routines for
different jobs while procedure documents are created to provide a geometrical
description of property formation. European countries are developing strategies to
improve their land management with the help of cadastral management applications.
Software vendor, such as ESRI, provides GIS technologies e.g. ArcCadastre [22] to
quickly access and produce maps and for leveraging database information, and
automating enterprise work processes. An exemplar case study from Sweden [41]
reports success of a GIS automated work flow which has been modeled and carried
out in GIS to improve accuracy and quality and to save labor, time, and money hence

improving efficiency in the cadastre procedures.
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In another example [22] a local government in Lithuania is reported to employ GIS
for cadastre management to compute land appraisal. This comprehensive project
includes multi-layer data including administrative boundaries, buildings' center
points, address points, real property value zones, topographic objects, land use,
standard map sheets, and aerial photos integrated with the text based data sets to
calculate, for example, tax, so that the system became dynamic with the changing

market valuation and tax legislation.

2.8.3 Waste planning and management

Choosing suitable disposal waste sites bearing environmental and public safety
remains as a hot topic with continuous contribution to the literature such as by [25] at
which the authors argue that GIS can provide a base to integrate field parameters
with population and related data, in selection of suitable disposal sites. Determining
waste disposal sites and their management are still challenging matters of the
municipalities. As spatial data is required along with the money and human
resources, GIS has been recognized as one of the approaches to automate the process
of waste planning and management hence such systems can be used as a decision

support tool for planning waste management.

A case study [23] informs about waste collection via GIS routing optimization in

Nikea, Greece.

Basically, the application has minimized collection time of the bins, distance
travelled and man-effort, hence financial and environmental costs. The applicators
were able to integrate various spatial analysis methods, such as geostatistics,
analytical hierarchy process, fuzzy logic modeling based on a GIS-based modeling

approach.
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Additional examples include [24] where a model is designed for a city for the
purpose of planning waste management. The benefits of such a model are but not
limited to reduce the waste management workload. As the analysts can overlay
residential areas, roads and waste bins, the management can conduct proximity and
optimal route analyses to supervise waste collector vehicles [22]. With the analyses
of attributes such as recyclable waste bins, restriction of the roads, e.g. one way
restriction, the management can consider to solve problems such as proper allocation
and relocation of waste bins, check for unsuitability and proximity convenience due
to waste bin to the users, proposal of recyclable waste bins for the required areas.
Such activities can be achieved by applying the functions such as overlaying,
applying buffer for proximity analysis or by applying SQL queries. Demographic
maps can be overlaid to generate reports of statistics on waste generating areas;
furthermore, more focused studies of waste can be performed e.g. domestic,

industrial and commercial waste generating areas in the cities.
2.8.4 GIS application in water distribution networks

The role of GIS as a means for understanding and dealing with water and related
resources management has been acknowledged as reported in the literature more than
30 years. With its technology of collecting and organizing the water related data and
providing means to expose their spatial relationships it helps us to perform analysis
to model and compile information and it provides a means for visualizing resource
characteristics in decision support on resource management from small, such as in
Niue [39] to highly urbanized areas in Seoul [27]. Among the uses of GIS in water
management, leakage spotting and control, pressure and velocity of water and
infrastructure mapping contribute to the municipalities. However, there are a lot of
data sets to be completed and compiled before any hydraulic model and simulations
section 2.8.4.3 can be done such as establishing spatial and non-spatial databases;
such examples commonly report that establishing overlay between network spatial

information and background cartography must be done as basic activities.
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2.8.4.1 Asset management

A case study [39] from a small and remote area reports that creating a detailed digital
plan of assets and storing them in database has been a good start for a simple outline
of a pipe network. Utility assets data include pipe material, tank dimensions, pump
power requirements, equipment costs, maintenance schedules, pressure and flow

information, and water-quality.

One of the major problems is reported in collecting pipe data. Collection of spatial
data can be done with GPS, digital cameras and scanners. As the pipes have been
buried without reliable records, pipe-detection surveys have to be carried out. Later,
these data are put into GIS using MapInfo software along with valves, boreholes,
tanks, pumps, water meters and fire hydrants so that dwelling spots can be overlaid

as separate GIS layers in digital environment.

Another example of design and asset management in water network [37] is on
intermittent water distribution systems i.e. water networks that operate at intervals.
Such networks are within our concerns as Kirkuk water distribution network is an
intermittent water distribution system that supply water just in the evenings
section1.2.2. Due to this broken pumping, severe supply pressure problems and

inequities in the distribution of water occur.

As reported in [37], GIS can be used as an integrated tool in processing of spatial
data and effective tool to help the engineers in the design and asset management of
intermittent water distribution systems. However, network assets should be collected
and organized for such an application as we have already mentioned. Later, the
analysts can draw intelligent maps to answer everyday queries, such as display only
pipes of greater than 100mm diameter or view those greater than 400mm diameter in

blue, and those greater than 200mm diameter in red.
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As seen in this example, GIS contains database structure that can be used to have
selective views. However, this is considered as only the tip of the iceberg as
statistical analysis, modeling and design on demand, integration with hydraulic
model to obtain, for example, potential blowouts, low pressure zones, maintenance
schedules, choice of the optimal layout of the new pipes with geographical locations
in parallel to the city growth estimation of future demands are possible. By this way,
engineers can improve logical decision making processes with the planned land uses
of the local and central governments. In such implementations, further problems such
as finding the shortest distance that can link the new users' locations and the existing
network, hence drawing the shortest route in a network topology naturally appear.

The data type and source variety can naturally exist in municipalities. In such an
environment, creating data sets of water mains can be from diverse digital

information as in the example of a case study reported in [38].

The author informs that the data sets should be organized not only based on their
origins but also for later usages. Such data sets may emerge from infrastructure,
customer, spatial, network elements work plots or small inventory databases. The
implementation becomes more sophisticated with the real time connections to the
AM/FM systems.

2.8.4.2 Managing network through system integration

Managing pipeline network includes locating objects rapidly, querying information
about physical and historical properties of the pipes, valves, pumps, reservoir tanks
and running simulations to forecast material needed in accordance to the city
planning. The municipalities should have the related data along with distribution of
water pipe segments, distribution of valves so that the operators can take proactive
measures against possible failures and prepare plans for the maintenance and further

development of the network.
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Before we resume visiting our literature review on the water network, we shall give
brief information on EPANET, which is a computerized hydraulic model, commonly

used with GIS in municipalities.

2.8.4.3 EPANET

EPANET is a computerized simulation model to predict dynamic hydraulic and
water quality behavior within pressurized drinking water distribution system. It is an
open source software of which the code is public from the Environmental Protection
Agency of USA (EPA)’s website, http://www.epa.gov/nrmrl/wswrd/dw/epanet.html.
EPANET runs under Windows O/S, and it is mainly used to obtain an integrated
environment for editing network input data, run hydraulic and water quality
simulations, and to have the results in a variety of formats which can be used as input
to GIS.

According to its manual [43], operators can register pipes, nodes, pumps, valves and
storage tanks to build models. The software can simulate flow of water in each pipe,
the pressure at each node, the height of water in each tank, and the concentration of
chemical materials. Additionally, water age and source tracing can be simulated.
Results can be seen as outputs of color-coded maps, data tables, time series graphs,
and contour plots. By this way, alternative management strategies for improving
water quality and emergency procedures in case of a blowout, chemical injection can

be simulated. Such simulations can include:
e Changing water sources within multiple source systems
e Altering schedules of pumping and tank filling/emptying
e Treatment activities, such as re-chlorination at storage tanks

e Targeted pipe cleaning and replacement
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The hydraulic and water quality modeling features include:

e Computing head-loss due to friction, bends and fittings and calculating wall
reaction rate coefficients to be correlated to pipe roughness

e Modeling constant or variable speed pumps hence energy and cost
calculations

e Modeling various types of valves including shutoff, check, pressure
regulating, and flow control valves

e Registering tanks of various shapes

e Modeling pressure-dependent flows for sprinkler heads

¢ Running for both simple tank level and timer controls

e Modeling movement of reactive and nonreactive material through the network
over time e.g. a disinfection by-product or chlorine residual, and the age of
water throughout the network

e Keeping track of the percent of flow from a given node reaching all other
nodes

e Modeling reactions both in the bulk flow and at the pipe wall

e Simulating growth or decay reactions to proceed up to a limiting concentration

¢ Simulating concentration or mass inputs at any location in the network

2.8.4.4 Management of water loss

In the management of the water loss and leakage problems in the distribution
networks, works such as [26] report successful methods for real-time leakage
detection with the use of GIS along with SCADA systems section 2.7. Basically, the
network is monitored at different points for real time and also flow rates and pressure
at those points are recorded periodically. These data sets are input to GIS so that
spatial distribution of the problems could be seen and, for example, value of pressure

in the distribution system can be mapped thematically.

Common problems encountered in the municipal water networks include blowouts,
uncontrolled pressure, leakage, off the record consumption and uncontrolled

maintenance activities. For these reasons, many local governments are trying to
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establish digitized and real time models to monitor their water infrastructure.
Following examples are reported to the literature as selected works. Additionally,
case studies visited in this section show that GIS is useful in the pipeline network
management which introduce integration of GIS of water supply pipeline network
and hydraulic model which can help to simulate the whole system and analyze the

condition of pipeline network.

A study on detecting and/or predicting water main burst in Seoul [27] informs that
analyses of old pipes have been done along with installation year, type of the
material, length and diameter of the pipes. The study finds that the major reason of
such blowout was due to the inefficiency in design and management of the network.
The municipality decided to develop a GIS-based management system to monitor old
pipes and design alternative network so that the operators can keep the track of pipe

type/material or installation year to estimate replacement time.

In another example [30], the author reports how a pipe blowout model can help the
operators to control pressure and highlight potential pipe segments bearing risk of

blowout.

For such a model, huge amount of pipe blowout data of the past several years and
hydraulic model have been used in conjunction; additionally, pipe length, material
and pipe diameter of every segment of water pipe, water direction of conjoint valves
are input. By this way, the condition of pressure dynamic has been integrated with
the historical data in GIS environment. As a result, the system controls the pressure
to ease water pipe loads to prevent the dangerous pipe segment to blowout.
Additionally, the analysts can forecast the pipe blowout accidents to increase security
of water pipes. After the input of these data sets, the operators create thematic maps
to classify pipeline network into safety grades as low dangerous grade, dangerous

grade, high dangerous grade and extreme dangerous grade.

This example shows how a hydraulic model can be integrated into GIS to simulate

the whole system and analyze the condition of pipeline network.

After the system setup, operators can perform spatial position analyses, mathematical
models, optimal path analyses, and correlating relation of topology and pipeline
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network accidents. By this way, dangerous pipe segment in the network can be
pinpointed and extra attention can be given for pressure.

2.8.4.5 Modeling and monitoring

Running simple queries such as choosing a segment of water pipe on the digital map,
and let the system to calculate the data of user, such as water consumption and

pressure and view them thematically on the screen are possible.

As seen on this previous example, employing GIS along with hydraulic models are
among the applications in the water infrastructure management of local governments.

A popular example in hydraulic modeling is EPANET section 2.8.4.3.

Being public and open source, EPANET is an extensively used software in hydraulic
modeling; for example, a water supply pipe network model in Fangcun District of
Guangzhou is developed based on GIS technology and EPANET pipe network model
[28]. In this work, the authors report that the water distribution network is simplified
by the help of ArcGIS of ESRI. Basically, small pipes have been omitted in the
calculations in order to establish the network calculation diagram that can reflect
actual hydraulic state while assuring calculation speed of network hydraulic model.
To achieve this simplification, physical properties of the pipes including length, pipe

diameter and roughness coefficients are introduced to the system similar to [27].

Statistics in water consumption data and water supply data are performed by the
help the data supplied by SCADA from the monitoring nodes [28]. With this
platform, it became easier to overlay client data kept as spreadsheet as geographic

location and link these spatial data sets to postal code information.

Software such as Water Utilities [35] can be synchronized with SCADA to monitor
transactions throughout the system and perform analysis and control procedures.
Such integrations are used in real-time leakage detection through the pressure and

flow rate analyses. These data sets can be sent to other systems for further hydraulic
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analyses and determination of the size and location of the leakage in the network
such as in [26].

Another use of such systems is the determination of water consumption through

statistical analyses of the water supply data e.g. [28].

System integrations e.g. GIS+SCADA+EPANET provide the analysts to draw
emergency scenarios as well. For instance, an attack, targeting critical infrastructure
of water distribution that aims to inject poisonous material to the network can create
panic and cause public wide harm. In case such an event occurs, the management
should know the spreading pattern as well as the speed of the water in the network
and determine the risk areas of the pollution. An exemplar work [36] presents an
integration of EPANET and ArcView to create Pipeline Net system in the Salt Lake
City, UT. The Pipeline Net model permits the user to model the flow and
concentration of biological or chemical agents within municipal water system. With
the help of the model, the analysts can simulate the propagation of the pollution and
estimate the population at risk due of contaminants. The system graphically maps,

calculates and locates the population at risk.
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Basically, the hydraulic model, EPANET, routes the pollution through the system
under extended period simulation, results of the simulation are viewed within
ArcView. Additionally, US Census Population database provides population data as
another layer to provide a combined view. By this way, area of interest, feature and
population at risk can be selected and displayed. Consequently, the integrated model
provides a powerful tool for routine planning and emergency response while giving
emergency managers real time information for estimating the risks to public water

supplies and population at risk.

2.8.4.6 Maintenance

Similar to many products, water network assets are getting worn-out due to material
deterioration. For this reason, it is essential to find pipe segments, valves and pumps
bearing high risk of mal-functionality or breaking down before any damage occurs.
Usually, the maintenance activities carried out if, for example, there is a blowout or a

pump running queerly.

Taking precautions and generating proactive solutions along with cost analysis is an
essential part of the management in the water distribution. In [33], the authors
investigate replacement versus maintenance of water supply assets through a case

study based on asset performance.

As we have discussed in section 2.8.4.1, preparing an accurate inventory of the
network should be one of the starting items of the management. For this, creating a
geodatabase to determine costs of asset replacement is necessary as to know the
locations of the assets is vital to an effective management. Otherwise, much man
power and money can easily be wasted because, for example, location, exact route

and depth of the pipes are unknown.
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After building the geodatabase, the study [33] informs that an analysis of the pipeline

network shows more than half of the network is over-aged.

Keeping a healthy inventory is beneficial not only to pinpoint risky segments of the
network but also to isolate repairing part e.g. closing valves to redirect water flow to
optimize water pressure and keeping service down time to its minimum as possible

by quickly determining minimum number of valves to shut off to isolate break.

GIS software vendors such as ESRI, are developing GIS solutions [35] as utilities for
water distribution; with such software products, the operators are able to store both
attributes and images of pipes, valves, meters, manholes, and so forth, as objects with
location coordinates and a single database of assets to eliminate redundant data
collection and maintenance activities. These products help the management to

schedule maintenance work as well.
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2.9 Conclusion

As reported in the literature, there is a variety of benefits of GIS in the water
distribution network management of the urbanized areas; the examples include small

size municipalities and larger local managements.

The case studies we have visited in this chapter show that GIS is employed not only
in data entry and compilation but also in monitoring, pinpointing malfuntionalities
and allocating resources in the different aspects of the water distribution networks. A
basic example is reported at [33] where installing a GIS provides a suitable base for
geodatabase techniques for studying water distribution networks so that it can
support long term growing and maintenance plans of the city.

In another example [30], GIS is utilized in pipeline network standardization so that
the case study provides a template for the municipalities to use GIS in the
management of water distribution network. In a further example [27], the researchers
report that GIS has been proved to be successful in the water pipe management
thanks to models based on GIS data that have been used to simulate possible failures
in the water network due to physical properties of the pipes and topography of the

city.

Case studies show that such system they are using has also been beneficial for it has
provided a tool in selecting alternative routes for the pipes to be added to the

network.

In many similar works, the researchers inform successful applications on detecting

leakage in water networks.

We have covered selected literature that report utilizing GIS with other systems such
as SCADA and/or EPANET to collect and manipulate real time data as well as to

perform simulations in hydraulic models.
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On those examples, we have seen that GIS based database bearing pipe properties
and AutoCAD drawings can feed EPANET as an integrated system to run hydraulic
simulations e.g. [28], also integration of GIS with a toolkit, computer aided
rehabilitation of water networks e.g. [34] to visualize and handle hydraulic service
reliability of the network.

As the literature reports such stories of successes, the expectation to integrate GIS
with an already installed system increases hence software vendors continue to
provide larger solution packages with multiple modules; for instance ESRI [35]
offers modules to manage sewer collection and storm water drainage networks as

well as integration with SCADA.

As a conclusion, implementation of GIS promises considerable benefits to the
municipalities especially in the management of water distribution. While there is a
chronic money problem in local governments, successful GIS implementations can
stop redundancies of work, provide real time monitoring, proactive solutions for
potential malfunctionalities hence help the management to save money for further
projects. The applicability of such systems increases with the scalability of the

systems as we have given related examples in this chapter.

In conclusion, this chapter has served not only to build body of knowledge but also
to address research question(1), section 1.5. We have seen that there is an extensive
literature on GIS applications in various sizes of municipalities both in rehabilitation

and development purposes.
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Chapter 3

Research methodology

This work has a basis of research techniques with philosophical assumptions. The
audience may find this chapter to inform on how the researcher drew a method to
pinpoint the research questions and identified the steps to support her thesis to seek a

rational answer.
3.1 Motivation

The researcher is employed by The Kirkuk Water Directorate (Su Muduriyesi) of
Kirkuk, Irag. The organization has newly opened a section that will handle GIS
transformation in the water network. The researcher is appointed to this new section

and is to handle/manage following jobs, regularly.

e Transformation of maps from paper to digital environment
e Creating database to keep assets both in use and in stocks
e Increasing quality of the data by removing variety of entries and avoiding

further mistakes

As mentioned in section 1.2.2 Kirkuk municipality considers installing GIS,
seriously.

Basically, this background has made the research topic to emerge and initiated our
exploratory research section 3.2.1. Being a member of the municipality, the
researcher questions the pros and cons in implementing such a system and if decided
to implement, what will be potential problems that the municipality may face section
1.3.
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3.2 Research methods
Basically, the researcher has covered the following steps.

Phase 1: Surveying the literature on GIS applications in the municipalities,

focusing on water distribution network
Phase 2: Visiting Ankara’s water distribution department of ASKI
Phase 3: Collecting guiding information from key informants
Phase 4: Reporting

A written consent has not been necessary as neither audio nor written recording took
place. For more detailed further works, we refer to sections 5.2 and 5.3 for

limitations and how to overcome them.

3.2.1 Literature survey

The literature on GIS applications in municipalities is remarkably large and rich both
as theoretical and practical reports. Hence, we have chosen a set of selected works
(Chapter 2) which is just a fraction of the whole knowledge. These works generally
inform that there is a common inclination in local governments to transform their

works to digital platforms where possible.

However, we could only infer the difficulties they have faced as the literature reports
only successful stories most generally. For this reason, reviewing the related
literature can only build a body of knowledge to support that municipalities with

similar size of Kirkuk can build GIS which addresses to just one part of our studies.

Nevertheless, this phase of the study has formatted our suppositions and increased
our body of knowledge on the GIS applications in the municipalities. With such

characteristics, this phase of the research matches with the exploratory research [44].

Another outcome of this phase is to draw the boundaries of the thesis scope and set

the consecutive research questions.
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To generate a list of difficulties/problems in GIS implementation, we found support
from the industry sections 3.2.1 and 3.2.2.

3.2.2 ASKi Water distribution department of Ankara

The Kirkuk water Directorate in Kirkuk municipality has already installed some
infrastructure and provides services. Unfortunately, the records are not complete and
not well maintained. Although Ankara’s population is quiet big when compared to
Kirkuk, the water distribution department had the same problems with today’s

Kirkuk about 20 years ago.

At present, ASKI has several successful GIS projects both in asset management and

monitoring.

We have visited ASKI several times and observed briefly data and SCADA centers.
We also found opportunities to speak to data analysts and operators who have been

working there more than 15 years.
3.2.3 System developers

A local IT company, Basarsoft, has been operating in Ankara more than 15 years.
Being a GIS company, they have been developing, installing and rehabilitating GIS

in many municipalities as well as in Ankara.

Towards the end of reviewing the literature (phase 1), the researcher has registered to
a GIS course offered by Basarsoft, through which technical basics in generating,
manipulating spatial and non-spatial data are thought. During the course, the
researcher found opportunities to speak to the system developers of ASKi's current
GIS. Compiled with the course material, many examples from ASKi projects are
shared hence their experience in problems while setting up GIS in water distribution
departments is discussed.

This technique is basically defined as a part of participant observation [45].
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3.3 Validation

As it is not easy to forecast what difficulties that Kirkuk will face, we have
approached the problem by visiting related literature and consulting system

developers who set up working GIS in similar municipalities.

As we have mentioned in section 3.2.1, we could only infer the problems since

success is more reported in the literature.

A draft list of potential problems and how to overcome them derived from the
literature survey has been validated by those professional a working GIS and system

developers.
3.4 Reporting

During the conduct of this study a variety of materials have been covered (Chapter
2). The sources reported in the References section provide materials in paraphrasing
and/or direct quoting by the researcher. However, there are also many parts in which
the researcher’s own thoughts are expressed, naturally. Because it is not possible to
cover all the literature there may be unintentional similarities out of our knowledge.
Apparently, such similarities may be evaluated as plagiarism regardless the intension
of the researcher. Such illegal use of copyrighted material is seriously emphasized in

academic writing guides [46].

To avoid any possible plagiarism, the thesis is passed through Urkund software
before the final print. By this way, a further check has been done before the

reviewers.

The findings, their borders hence the limitations and further research avenues are
reported in this dissertation along with the conclusion; any extra material is not
attached. Apparently, we suppose/hope to report further studies emerged from this
thesis e.g. as conference proceeding or journal paper; however, this thesis is the

whole report of this study by the researcher so far.
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CHAPTER 4

POTENTIAL PROBLEMS AND
POSSIBLE SOLUTIONS

This Chapter is dedicated to report problems during the transformation of data from

paper based and old information systems to GIS. Basically, those problems are
already faced in ASKI at Ankara and they show strong correlation with the problems
that Kirkuk Water Directorate is now struggling as discussed in section 3.2.1. Ankara
water distribution system of ASKi has Mapinfo based GIS systems to track current

infrastructure activities, on-going projects, SCADA, 3D engineering applications,
and automated map production applications. The system has been developed by

ASKI technical staff with Basarsoft’s technical support, consultancy and trainings.

The examples shown on the figures of this chapter are from Kirkuk Water
Directorate. They are prepared mainly by the contractors as drawn in AutoCAD
based on the map sheets on paper.
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4.1 Introduction

As we have detailed our research methodology in Chapter 3, we have discussed
current problems of Kirkuk, with key informants in ASKi and Basarsoft. Section 4.2
explains why the current data cannot be put directly to a GIS. Selected problems are
reported in 4.3 and the chapter concludes with section 4.4.

We make it clear that the term "manhole” is not used only in sewerage in Kirkuk.
The municipality of Kirkuk uses "manhole" term for any hole in the ground which a
maintenance person can get in and operate such as shutting off a valve.

4.2 Major problems with the data

As we have surveyed the literature (Chapter 2), the data accuracy and precision is
vital in the information systems. The quality is not limited to the text based attributes
but also to the spatial data due to drawings in computer environment.

To perform an automated file transformation, map projections and coordinate
systems as well as file types should be specified; however, while transforming
present drawings to GIS, we have seen that the quality of spatial data is not good

enough for an unsupervised export of the files to a GIS in Kirkuk.

In water distribution network, the spatial data was stored as different AutoCAD files
and/or stored on different paper sheets. Conversion of such files requires additional

resources both in human and time as an automated translation cannot be trusted.

Following section provides potential problems that Kirkuk can face.
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4.3 Technical problems

Information systems have basically three legs, organization, people and technology
as discussed in sectionl.1; in this section we have focused on the technical problems
that can be avoided by a series of systematic working projects following simple

training courses.
Following selected problems are frequent in Kirkuk municipality.

4.3.1 Missing or misleading coordinates

The digitization jobs of the old map sheet are handled by the contractors. As the
coordinates are either missing or nonstandard the same problem continues in the
computerized environment. Figure 4.1 presents such an example that AutoCAD
drawings are imported to Mapinfo; however, the drawings are not correctly

coordinated.

B2 M6_Layerl Map [E=B =R (5

This map does't
have coordinates

Figure 4.1 Digitized map sheets without coordinates

Such problems can be fixed if the drawn features are scaled. Land features can be
given coordinates by field works and simple program codes or scripts can be written

to systematically correct coordinates.
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E? m4_Layerl Map

Figure 4.2 Confusing features

However, if there is an ambiguity in the scales then shifts that cannot be corrected
through programs can occur Figure 4.2.

4.3.2 Confusing pipe intersections and end points
Water lines were not broken at the intersection. Thus, when the line is selected all
attached pipes are selected as a single polyline

|

water lines were not broken
at the intersection
(the line were one segment)

Figure 4.3.a Unbroken waterlines
To solve such problems, water lines must be broken in separate pipes and junctions
must be put between them. However, this action should be done after a ground unit
checks the intersection points because identifying a junction point is important for

network analysis and pressure control for a hydraulic models.
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water lines must broken
in two pipes and put
Jjunctionpoint

Such ambiguities with the intersections occur with missing manholes as well (Figure
4.4).

Figure 4.3.b Junction point

S

missing manholes at
connections

47



manholes must be added

to the connections

Figure 4.4 Missing manhole

Related to pipe connections, some pipes have no proper ending
Figure 4.5.a

]
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Figure 4.5.a Pipe without any proper ending
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Figure 4.5.b A manhole is added

Such problems should be solved by checking the original map sheets. If accurate
information is absent on the original drawing then a field trip should be done.
Without checking the pipe at its place it is not right to make any modifications on the
drawings because a pipe could be connected to another pipe or it could have a

manhole at the end or even completely removed. In the example presented at Figure
4.5b, a manhole has been found at the place.
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4.3.3 Misplaced attributes

Attribute texts are spread in different layers. The data written in text entered to lines
as attribute such as diameter and type of the water pipe; e.g. house connection pipe
diameter is in wrong layer.

Figure 4.6.a shows such a problem in which the pipes are tagged by the parcel names

instead of their own names.

B2 M6 _Layerl Map

Text layer attribute
in Line layer

Figure 4.6.a Misleading tags

This problem is due to bad design of the CAD drawing. The attributes are not
registered under their own entity types. Gathering attributes under the related entities
can solve this problem. Before taking print outs the layouts should be checked so that

misleading tagging does not occur.
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Figure 4.6.b Corrected

4.3.4 Pipes with zero lengths

There are pipes with nearly zero or zero lengths. Such problems occur when the
operator fails to snap two polylines as a single water pipe or there are actually two
pipes connected by a junction node. Nevertheless, such small lines have no meaning
moreover they can and will produce problems in the basic calculations and hydraulic

models as discussed in section 2.8.4.5.

pipe length is nearly

zero 0,08 m \
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Junction is added

Figure 4.7 Pipe segment with nearly zero length

The operator should be certain whether there is a junction or not; this can be checked
from the original map sheet; if not, a field check is necessary. In this example, a

junction point is put.

4.3.5 Varieties in attribute at the sheet edges

When the adjacent map sheets are attached to each other, the operator can see that
there are shifts in the pipes. This problem can be due to wrong registration of the
map sheets and/or due to wrong drawing of the pipes. In Figures 4.8 and 4.9. the
problem is due to wrong drawing of the pipes because of coordinate approximation.

Additionally, there may be varietites not only spatially by also in the attributes as

seen on the same figures; e.g. different names and/or diameters of the same pipe in
adjacent map sheets.
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Figure 4.8 Shifted pipes at the edges of map sheets

PVC-pipe-2in

sheet_1_edge

sheet 2 edge \

PVC-pipe-4in

pipes with varieties both in name and
diameter at the edges of map sheets

Figure 4.9 Shifted pipes with varieties both in name and diameter at the edges of

map sheets




4.3.6 Faulty values

This problem is hard to solve unless it is obvious. Values such as pipe diameter or

pipe names can be entered due to several reasons including operator mistakes. In

Figure 4.10, same name appears on different pipes .

A
same pipe name on '
d|ﬁerent features ¥

N
"7 wrong pipe name is g
g corrected '3
;: ]
e _————_________ — —
_,——'—'_'_'_'_'_'_'_'_'_‘_'_

Figure 4.10 Wrong pipe names

The municipality does not have any database, either paper based or digital; hence, it
is not possible to know all the values by matching. For this reason, only obvious

mistakes can be caught.
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Another example is presented on Figure 4.11 where two names are given to a single
pipe.

different pipe names
on the same pipeline

- — g
PVC-260 pVe-200

Figure 4.11 Single pipe with two names
Although is it not easy to capture such faulty entries, automated queries may reveal

some of them; for instance, the elevation of a manhole cannot be largely different
than the endings of connected pipes Figure 4.12.

Jll/

manhole elevation must be check depended on DTM
(manhole elevation must equal to pipeline elevation )

[ala
[=la]
a0l

Manhole

Figure 4.12 Unmatched elevation of manhole

In this case, the operator can check the elevation by overlaying digital elevation
model; if it is not possible then a ground survey should be done.
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4.3.7 Missing features

On the digital drawings, there are some texts which are assumed to be written

diameter or type of pipes; however, but there is no such a pipe on the drawing.

T —
\7 L—::—_:ll—_'J;——:: — '
| —
3! I_ - _|_ |II II
| I,___—_— _——_—_—_I_' :__
| _— | [
- — there pipe namewritten but { I|
| there is no pipe drawing _Jil ]l
J ---"'___ﬁh :??""__; | I ||
- —— | —
L .I ?K,.ﬁ_ -] - ~ I|
‘-'“' -~ -"/f _\] -'”'—_T——rEI

Figure 4.13 a A tag exists without its pipe

Still the original map sheet should be checked if not a ground survey should be done
to be certain that there is such a pipe laid or it is absent.

In this example, the original map sheet shows that the pipe exists, so it is added to the
drawing and snapped to the network Figure 4.13b.

1N

Figure 4.13 b The missing pipe is added
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4.3.8 Confusing manholes

Each connection and ending of pipes must have manholes and there should be a

minimum distance between the manholes.

There are cases in which two manholes are too close to each other Figure 4.14. In
such cases, the operator should be certain that both of them exist or only one of them

is true.

/

= =S|

no manhole

o

R —
manhole namje
is wrong ﬂ
ai En/
Tan [u]

L4

two manhale
near to each
other

—

[T T T b

Figure 4.14 Two manholes are too close to each other.
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4.3.9 Incompatible pipelines

As the diameters should be the same at the same pipe, varieties in the attributes such
as in capacity, type or direction are ambiguous. In Figure 4.15a, more than one
diameter is entered along the same pipeline with breaks. After the map sheet check,

the drawing is corrected Figure 4.15b.

B M4_Layerl Map === EE <=

4in

Incompatible pipeline

6in

Figure 4.15a incompatible pipelines with a variety in diameter

™ M4_Layerl Map (E=N|EER ()

6in 4in

Figure 4.15b Corrected
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4.3.10 Messy drawings
There are some features at which the operator cannot be certain. For example, the

polylines in Figure 4.16 are not clarified.

Figure 4.16 Polylines without attributes
Another example is seen on Figure 4.17 where there are unmarked and unknown

geographic features.

—

Figure 4.17 Unknown features



A suggested attribute data of pipe can be as follows:

Non- spatial data for pipe

id | material | diameter date engineer Provider roughr?ess length
coefficient
. 1/ July/ Company
101 steel 4in 2012 Suha ALI A 0,6 10 cm

4.3.11 Variety in the address format

In order to make successful and fast queries, the addresses should be registered in a
standard format i.e. without any variation.

A proper way to do this is to be consistent with the entries such as in the

abbreviations.

Following examples are from ASKI, Ankara:
"1.Acelya"=>"1. Acelya"
"Sehit Osman Avci=>»"Sht. Osman Avct"

New and changed street names must be updated. All addresses must be filled with
proper address structure, rather than a description of the address for each client.
Invalid or missing address information must be collected with the help of meter
reading staff.
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4.4 Conclusion

As seen in this chapter, the majority of the potential problems are due to poor quality
of the data. Before cleaning the ambiguities it would be quite unrealistic to start a full
scale GIS because the poor quality data both in spatial and non-spatial nature will

produce insignificant output hence benefits.
We have seen that most of the problems need field check for an accurate asset
database. Thereafter, it would be relatively easier to correct problems in the digital

environment.

In conclusion, a basic GIS training of the IT staff can easily provide solutions to the

potential problems highlighted in this chapter once the data is cleaned.
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CHAPTER 5

CONCLUSION

As we have presented at our literature review and examples from the Kirkuk Water

Directorate we have aimed to underline potential problems and feasible solutions to

seek answer to the research questions.

This chapter presents our findings we have discovered throughout the preparation of

this thesis and the limitations hence further research avenues for follow-up studies.

We underline again that this study has limitations. The audience is encouraged to

comment on the findings for we can work on the limitations for further studies.

The chapter concludes with the benefits of this research study in the light of seeking

answer to the research questions.
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5.1 Findings

The findings emerged from this study are not limited to the research questions

defined in Chapter 1. There are additional findings that open further research topics.

The findings partially answer our research questions; however, we should remind

that this study is subject to limitations section 5.2.

Following is the list of our findings:
(1) The literature review shows that municipalities at various sizes can implement

GIS in their water distribution service departments

Chapter 2 provides many examples reported to the literature in which successful
GIS applications are implemented at municipalities in small, medium and large
in population. Because this technology can be scaled, Kirkuk can setup GIS for

its water distribution system.
(2) There will be difficulties in achieving target in finding (1).

Chapter 4 lists the potential problems. Those problems are supported with the

real world data shared by the Kirkuk Water Directorate.
(3) It is possible to solve problems emerged in finding (2).

Still the 4™ chapter shows that the problems can be solved by a team of  staff

who attends a GIS course of one or two weeks.
(4) Kirkuk can implement GIS in its other services than water distribution.

The 2™ chapter has a quick visit on GIS applications of municipal services on
road maintenance, cadastre, waste collection and disposal.
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5.2 Limitations

As we have mentioned several times, this study has limitations hence the findings

should be read accordingly. These limitations include the followings.

(1) Sizes of the municipalities reviewed

The literature review targets the similarities of Kirkuk to other municipalities only in
size of population. Budget, working habits, public governance and responsibilities
and rights of local government of Kirkuk are excluded in this study. This limitation
relates to findings (1), (2) and (4).

(2) Technical problems

The researcher has attended a Maplinfo course to learn GIS applications and how
they can be utilized to build an asset database, manage spatial and non-spatial data
and have reports. Problems due to business rules, organizational behaviors and staff
education are not studied in detail. This limitation relates mostly to findings (2), (3)
and (4).

(3) Possible solutions to potential problems

The problems itemized in Chapter 4 are given solutions only in practical and
technical sense. Allocating human and monetary resources by the authorities are not
discussed. This scope limits the findings (3) and (4).

(4) EPANET and SCADA

Only EPANET and SCADA examples which are hydraulic modeling and real-time
monitoring, respectively, are considered in this study.
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5.3 Future studies

As the limitations show there are further research topics that can emerge from this

study. Following is a quick list for such a set.

(1) More comprehensive studies on the municipalities

This item is emerged from the limitation (1). Apart from the population similarities,
further public management and technology acceptance studies may provide
additional support in the GIS acceptance by the local governments both in

organizational and human factors.

(2) Business rules

Emerged from the limitations (2) and (4), additional studies on organizational
restrictions in providing resources both human and financial as well as business rules
of Kirkuk municipality would make this study more complete.

Furthermore, other GIS software than Maplnfo, for example ArcGIS or Smallworld

GIS, can be studied to seek technical solutions given in Chapter 4.

(3) Hydraulic model and monitoring

EPANET and SCADA are among the most popular choices in hydraulic modeling
and real-time monitoring in water distribution systems in referring to the limitation
(1). Further studies on bespoke modeling software and telemetry — automatic meter

readings and their applicability in Kirkuk may be integrated to this study.
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5.4 Conclusion

By the light of our findings section 5.1 within the limitations section 5.2 presented,
we conclude that Kirkuk can start to transform its water distribution system from
paper based to GIS; hence, the following research questions targeted in the thesis are
approached and encouraging positive answers are found.

(1) Can Kirkuk set up successful GIS for its water distribution system?

(2) What problems will the municipality face during the transformation from its
current paper based system to digital environment?

(3) Is it possible to solve those problems, practically?

Keeping in mind that most of the potential problems are due to poor quality of the
data, the water directorate is discouraged and not urged to implement hydraulic
model and SCADA. Those systems/software will give further development tools to
the department; however, it is too early to start for such a work as the pipes, valves,

pumps and water tanks are not completely registered into a digital environment, yet.

Regular backups of any GIS and critical information should be kept in another city.
In parallel to this suggestion, Irag has a policy that digital backup is kept in Bagdad.
We recommend that trained personal should be available in Bagdad so that Kirkuk

GIS data can be managed in case of a catastrophe in Kirkuk e.g. an earthquake.

We recommend that the starting point should be cleaning spatial and non-spatial data
including locations and properties of water distribution assets, and starting an
integrated work with other governmental departments to share address information of
Kirkuk to avoid variety in the client data sets.
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