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Abstract 

Due to the great change of Global weather, rain falls and floods have caused real 

disasters in many of the world countries.Sudan was one of the countries that had been 

affected by excessive rain fall and flooding. In the year 2007, heavy rains had fallen in 

different parts of our country. Khartoum State had the lion share of rain water and flood. 

Which had brought real harm to  the population of Khartoum State. 

To participate in solving the rainy season problem ,this research  have been 

accomplished to concentrate on the development of a GIS-based software system to 

obtain  the information required  for helping the planners in the Ministry of Physical 

Planning and Public Utilities (MPPPU) for  drainage of rain and flood waters 

management in Khartoum State .  

Omdurman City (Elthawrt) was undertaken as a case study to meet the 

requirement of this research. This Geographic Information System (GIS)-based system 

consists of two types of data  non-spatial data was collected  either via interviews with 

some employees in different departments or by using  the existing documents and 

spatial data was collected using the information existing in the manual maps . 

 Four softwares have been used to fulfill the analysis, design and implementation of the 

Geodatabase system these tools are Unified Modeling Language (UML) tool which is 

used for the analysis and design of the database, MicroSoft (MS) Access is used in the 

project as backend database , Visual Basic is used as a front-end or interface for creating 

forms so as to save the data in the backend database (MS Access) and ArcGIS9.0 is 

used for representing spatial information . 

 

This Geodatabase system has to be capable of meeting the requirements of the manual 

maps and solving its disadvantages such as search and update problems. 
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 ملخص الأطروحة

نظرا للتغير الكبير الذي طرأ علي المناخ العالمي نتجت أمطار وفيضانات مما تسبب في كوارث حقيقية في العديد من دول العالم        

دنا  هطلت أمطار غزيرة في مناطق مختلفة من بلا٢٠٠٧في العام .وكان السودان من بين هذه الدول التي تأثرت طول الأمطار والفيضانات

.وكان لولاية الخرطوم نصيب وافر من الأمطار والفيضانات التي جلبت أضرارا بالغة لسكان الولاية  

 

 نظام يرتكز علي نظم المعلومات الجغرافية علي تطويرالبحث  يركز .شاركة في حل مشاكل فصل الخريفللم البحث هذا  أعد   

 علي إدارة تصريف مياه الأمطار  بوزارةالتخطيط العمراني والمرافق العامة  التي تساعد المخططين للحصول علي المعلومات المطلوبة

.والفيضانات الناجمة عنها في ولاية الخرطوم   

إن هذا النظام الذي يعتبر من إحدي تطبيقات نظم المعلومات الجغرافية يعتمد علي .مصدرا للبحث ) الثورات(  مدينة أمدرمانأتخذت    

:نوعين من البيانات   

البيانات غير المكانية  تم الحصول عليها من خلال المقابلات مع بعض الموظفين من ذوي الإختصاص وبإستخدام المستندات .١

.الموجودة  

.البيانات المكانية تم الحصول عليها من خلال الخرائط اليدوية.٢  

:دوات المستخدمة هيالأ.تم إستخدام أربعة أنواع من البرمجيات للإيفاء بتحليل وتصميم وتطبيق النظام  

. استخدمت لتحليل وتصميم قاعدة البيانات    (Unified Modeling Language tool) 

.تم إستخدامه كقاعدة بيانات    (’Microsoft Access) 

.تم إستخدامه كواجهة للمستخدمين لحفظ البيانات في قاعدة البيانات بسهولة    (Visual Basic) 

.مات المكانيةتم إستخدامه لتمثيل المعلو    (AِrcGIS9.0) 

.لقد أثبت النظام الإمكانية لتحقيق المطلوبات من الخرائط المتوفرة وإستبعاد سلبيات الخرائط اليدوية مثل البحث والتعديل  

 

 

 

 

 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 V 

 

 

 

LIST OF FIGURESs 

Figure 1.1 Thesis road map .......................................................................................................7 

Figure 2.1 GIS Data Types: Raster ...........................................................................................12 

Figure 2.2 GIS Data Types: Vector...........................................................................................13 

Figure 3.1 Vectorization process flowchart .............................................................................22 

Figure 3.2 A sample of manual maps(spatial data ) ................................................................24 

Figure 3.4 Drainage data collection form .................................................................................26 

Figure 3.3 Roads data collection form ......................................................................................27 

Figure 4.1 : Formal Requirements ...................................................................................29 

Figure 4.2 : manage Drainage....................................................................................................30 

Figure 4.3:Manage Drainage Connections ...............................................................................31 

Figure 4.4 : Communication Line Requirement Model ...........................................................32 

Figure 4.5 : Electricity  Requirement Model ............................................................................33 

Figure 4.6 : Drinking Water Pipes  Requirement Model .........................................................33 

Figure 4.7 : Roads Requirement Model ....................................................................................34  

Figure 4.8 : System DDL ...........................................................................................................35 

Figure 4.9 Code Generation Process ........................................................................................ 47 

Figure 4.10 creating a New Personal GeoDatabase ................................................................49 

Figure 4.12 creating a New Personal GeoDatabase ................................................................49 

Figure 4.13 Naming a New Feature dataset in ArcCatalog.....................................................50 

Figure 4.14 Defining a Geometry Type....................................................................................51 

Figure 4.15 Tracing The Spatial Data in ArcMap ...................................................................52 

Figure 4.16 The Attribute Table of Blocks Layer in ArcMap ................................................53 

Figure 4.17a Select Join and Relates Property ........................................................................54 

Figure 4.17b Joining Attribute Table in ArcMap and Database tables in MS Access ....................55 

Figure 4.18  Visual basic main menu .............................................................................................56 

Figure 4.19 drains form .................................................................................................................56 

Figure 4.20 Roads from.................................................................................................................57 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 VI 

Figure 5.1 The Basemap ................................................................................................................60 

Figure 5.2 executed, proposed and natural drains ...........................................................................61 

Figure 5.3 Using Identify Tool .......................................................................................................62 

Figure 5.4 A Sample of Selection by location .........................................................................63 

Figure 5.5 Roads Distribution in Elthawrat .............................................................................64 

Figure 5.6 Elthawrat Roads ......................................................................................................65 

Figure 5.7. Drinking Water Pipes System in "Hara13" ...........................................................60 

Figure 5.8 Electricity network in "Hara13"..............................................................................66 

Figure 5.9 Communication lines in "Hara13"..........................................................................68 

Figure 5.10 The geographic distribution of roads in "Elthawrat"..........................................68 

Figure 5.11 The cration of Geometry Network in ArcGIS .....................................................69 

Figure 5.12 selecting drains layer to create drainage network ...............................................70 

Figure 5.13 Drainage Network..................................................................................................70 

Figure 5.14 A Sample of a Drainage Sector Data ....................................................................71 

Figure5.15a  The selection of a specific drainage using selection by attribute ....................72 

Figure 5.15b The statistical report of the selected  drainage .................................................73 

Figure 5.16 selecting the Utility Network Analyst ..................................................................75 

Figure 6.17 The  geographic distribution of the Drinking Water Pipes System ...................70 

Figure 5.18 Selecting the add junction flag .............................................................................76 

Figure 5.19 Putting the flag in one of the valves .....................................................................77 

Figure 5.20  The affected area when the selected valve is disconnected ..............................77 

Figure 5.21 The geographic distribution of drains..................................................................78 

Figure 5.22 Creating statistical table ........................................................................................79 

Figure 5.23 Viewing the statistical table ..................................................................................80 

Figure 5.24 Adding calculate field ...........................................................................................81 

Figure 5.25 Drain cost equation................................................................................................82 

Figure 5.26 Drain cost values....................................................................................................83 

Figure 5.27 Executed drains with width greater than or equal one .......................................84 

Figure 5.28 Opening executed drain's attribute table..............................................................86 

Figure 5.29  Executed drain's attribute table............................................................................87 

Figure 5.30 Adding calculate field to executed drain attribute table .....................................88 

Figure 5.31 Drain cost calculation equation ............................................................................89 

Figure 5.32 Filling the drain_cost using calculation equation ...............................................90 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 VII 

Figure 5.33 Sorting drain_cost field ascending .......................................................................91 

Figure 5.34 Executed drains which have costs within the budget.........................................92 

Figure 5.35 The result of the selected drains...........................................................................93 

Figure 5.36 Executed drains that falls directly into "Khor Shambat" ...................................94 

Figure 5.37 The optimum drain selection ................................................................................95 

Figure 5.38 The optimum drain ................................................................................................96 

Figure 5.39 Using selection by location ..................................................................................97 

Figure 5.40 Drains within a distance of two Kilometer from the Nile...................................97 

Figure 5.41 The affected area....................................................................................................98 

Figure 5.42 Creating a new toolbox in ArcCatalog.................................................................99 

Figure 5.43 Creating a new model............................................................................................100 

Figure 5.44 Model named model1 ...........................................................................................100 

Figure 5.45 Using Erase tool and two networks as input to the model ................................101 

Figure 5.46 Generating the output............................................................................................101 

Figure 5.47 The old drainage network .....................................................................................102 

Figure 5.48 The new drainage network....................................................................................102 

Figure 5.49 The growth of driange network in ten year..........................................................103 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 VIII 

 

LIST OF ACRONYMS AND ABBRIVIATIONS 

MPPPU :Ministry of Physical Planning and Public Utilities 

MS-MicroSoft. 

GIS :Geography Information Systems. 

NPDES -National Pollutant Discharge Elimination System. 

GPS -Global Positioning System. 

UML :Unified Modeling Language. 

DDL:Data Definition Language. 

RTF:Ritch Text  Format. 

HTML:Hyper Text Marckup Language. 

SQL-Structured Query Language.  

DBMS:DataBase Management System. 

TIN -Triangulated Irregular Networks. 

AI -Artificial Intelligence. 

ES -Expert Systems. 

 DSS- Decision Support Systems  

 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 IX 

LIST OF TABLES 

 

Table 1.1 Conventional approach vs. Proposed Approach....................................................5 

Table 3.1 project layers .............................................................................................................23 

Table 4.1 DDL::cable Connections....................................................................................... 31 
 
Table 4.2 DDL::cable Attributes ..............................................................................................31 
 
Table 4.3 DDL::cable Methods ................................................................................................32 
 
Table 4.4 DDL::cable Connections .........................................................................................36 ..   
 
Table 4.5 DDL::cable Attributes .............................................................................................36 
 
Table 4.6 DDL::cable Methods ................................................................................................36 
 
Table 4.7 DDL::DB Connections.............................................................................................36 
 
Table 4.8 DDL::DB Attributes .................................................................................................37 
 
Table 4.9 .DDL::DB Methods .................................................................................................37 
 
Table 4.10 DDL::drainage_sectors Connections ...................................................................38 
 
Table 4.11 DDL::drainage_sectors Attributes ........................................................................38 
 
Table 4.12 DDL::drainage_sectors Methods .........................................................................38 
 
Table 4.13 DDL::drianage_lookup Connections ...................................................................39 
 
Table 4.14DDL::drianage_lookup Attributes .........................................................................39  
 
Table 4.15 DDL::drianage_lookup Methods ..........................................................................39  
 
Table 4.15 DDL::joint Connections ........................................................................................39 
 
Table 4.16 DDL::joint Attributes ............................................................................................39 
 
Table 4.17 DDL::joint Methods ..............................................................................................40 
 
Table 4.18 DDL::Poles Connections .......................................................................................40  
 
Table 4.19 DDL::Poles Attributes ...........................................................................................40 
 
Table 4.20 DDL::Poles Methods..............................................................................................41 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 X 

 
Table 4.21 DDL::Road Attributes ...........................................................................................41 
 
Table 4.22 DDL::Road Methods .............................................................................................42 
 
Table 4.23 DDL::Sanitary_lookup Connections ...................................................................42 
 
Table 4.24 DDL::Sanitary_lookup Attributes ........................................................................43 
 
Table 4.25 DDL::Sanitary_lookup Methods ..........................................................................43 
 
Table 4.26 DDL::Sanitary_sectors Connections ....................................................................43 
 
Table 4.27 DDL::Sanitary_sectors Attributes ........................................................................43 
 
Table 4.28 DDL::Sanitary_sectors Methods ..........................................................................44 
 
Table 4.29 DDL::Sapan Connections .....................................................................................44 
 
Table 4.30 DDL::Sapan Attributes ..........................................................................................44 
 
Table 4.31 DDL::Sapan Methods ............................................................................................45 
 
Table 4.32 DDL::Transformer Connections ...........................................................................45 
 
Table 4.33 DDL::Transformer Attributes ...............................................................................45 
 
Table 4.34 DDL::Transformer Methods ..................................................................................46 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 XI 

Table of contents 
Dedication ...................................................................................................................................I 

Acknowledgements ....................................................................................................................II 

Abstract(in English) ...................................................................................................................III 

Abstract(in Arabic).....................................................................................................................IV  

List of figures..............................................................................................................................V  

List of acronyms and abbreviations...........................................................................................VIII  

List of tables................................................................................................................................ IX 

Table of contents ........................................................................................................................XI 
Chapter1:Introduction ................................................................................................................1 

1.1Problems statement ...............................................................................................................2 

 1.2 Background Review............................................................................................................2 

1.3 Objectives. ............................................................................................................................3 

               1.4.Approah and methodology................................................................................... 3 

                          1.4.1 Conventional approach . ........................................................................3 

                          1.4.2 Proposed approach. ................................................................................ 4 

                           1.4.3 Conventional approach vs. Proposed Approach. ................................ 5 

              1.5 Road Map............................................................................................................... 6 

Chapter2: Literature Review and theoretical background ...................................................... 8 

                  2.1 Literature Review .............................................................................................. 9 

   2.1.1 Roads Sector ………………………………………………………..9 

         2.1.2 Water Sector ………………………………………………………9                       

2.1.3Urban Water Management…………………………………………..9  

                  2.2 Theoretical background ...................................................................................10 

                           2.2.1 GIS Definition........................................................................................ 10 

                            2.2.2 Components of GIS .............................................................................. 10 

                            2.2.3 Geographical information process ...................................................... 11 

                      2.2.4 Models of GIS ............................................................................................12 

                             2.2.4.1    Raster Data Model .........................................................................12 

                              2.2.4.2 Vector Data Model. ......................................................................... 13  

                       2.2.5   GIS Usage.................................................................................................13 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 XII 

                   2.2.6  Spatial Analysis ............................................................................................14 

                       2.2.6.1 Data types in spatial analysis ................................................................15 

                       2.2.6.2  Computational representation of geographic data ..............................15 

                   2.2.7  Computational representation of geographic data .....................................16 

                   2.2.8  Data Accuracy and  quality ..........................................................................18 

Chapter3:GIS-based spatial databases tools. ........................................................................... 20 

            3.1 Materials ................................................................................................................... 21 

                3.1.1 Analysis and design tool (UML). ...................................................................21 

               3.1.2 GIS tool (ArchGIS 9.0)...................................................................................... 21 

               3.1.3 Database .............................................................................................................22 

                   3.1.3.1 Backend (MS Access) ................................................................................22 

                   3.1.3.2 Front-end (Visual Basic)............................................................................ 22 

         3.1.4 Scanner ....................................................................................................................22 

         3.2 Methods .......................................................................................................................23 

Chapter4: System analysis ,design and implementation ......................................................... 28 

          4.1 System analysis. ......................................................................................................... 29 

          4.2 System design. ........................................................................................................... 34 

          4.3 System implementation. ...........................................................................................46 

4.3.1 Creating the Geodatabase in ArcCatalog........................................................................ 48 

4.3.2 Explaining the spatial data in ArcMap. ..........................................................................51 

 4.3.3  Explaining the interfaces for inserting the non spatial data. ......................................56 

Chapter5 :Analysis and Discussion of the Results .................................................................58 

          5.1 Results ........................................................................................................................59 

          5.2 Development Scenarios.............................................................................................73 

5.2.1 Using  Drinking Water Pipes system  network...............................................................73 

5.2.2 Scenario of the selection of the favorite executed drain................................................77 

5.2.3 Flood scenario...................................................................................................................96  

Chapter6:Conclusion and Recommendations. .......................................................................104 

               6.1 conclusions ........................................................................................................... 105 

               6.2 limitations and constraints. .................................................................................. 106 

               6.3  trends for future research. ...................................................................................106 

References ..................................................................................................................................107 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 XIII 

Appendixes:................................................................................................................................ 110 

                  Appendix A............................................................................................................... 111 

                 Appendix B................................................................................................................ 133 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 XIV 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 XV 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 XVI 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 XVII 

 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 XVIII 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 XIX 

 
 
 
 

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com

