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ABSTRACT 

 

Egypt is currently suffering from water shortages and this shortage is expected 

to increase significantly as a result of increased population growth, agricultural 

activities, industrial activities, demands’ needs of development and new 

projects. 

The main source of water in Egypt is the Nile River. Since Egypt's share of 

water from the Nile is might be affected by the construction of Renaissance 

Dam of Ethiopia and other dams in Ethiopia and other Nile Basin countries.  

Other water resources: groundwater, rainfall, etc. not exploited optimally, while 

every drop of water should be exploited and maximized. 

Although the Government has begun water recycling and desalination projects 

to overcome water shortages, the amount of water is still insufficient. As a 

result, Egypt should consider exploiting any possible water resources that can 

contribute to provide any amount of water, no matter this amount is small or 

large. Therefore, it has been thought to exploit the untapped and wasted water 

and make the best use of it. Surface water runoffs (floods) are important water 

source. The most important areas affected by the floods are Sinai and the 

Eastern Desert, which have sufficient source of water untapped. 

Eastern Desert of Egypt is filled of wadis which are subjected to sudden rains 

that turn into huge floods that flow to the ground and dry either by leaking 

through the soil or through evaporation without being exploited and thus a large 

amount of water is lost. In addition, they pose a threat to villages and cities. 

Over the years, these floods have caused disasters that have claimed human 

lives and damaged vegetation, livestock and infrastructure. 

Since Egypt needs every drop of water, the storage of flood water may cover 

part of these needs. It will also reduce the risks to and contribute to the 
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development of villages and cities, as well as the artificial recharge of 

groundwater reservoirs, and provide water in times of drought. 

In this thesis, the floods in four Wadis of Eastern Desert of Egypt were 

examined. The four Wadis are: Wadi Abu Ghusun, Wadi Al-Nakheil, Wadi Al- 

Assuity, and Wadi Qena. The examinations of the four Wadis study how to take 

advantage of water storage, and the methods of protection and mitigation of the 

risks and disasters that can cause them by proposing solutions and models for 

water conservation and its uses in development sustainable environments. This 

thesis also examined the environmental impact assessment of these solutions in 

water storage areas in the basins under study. 

Through this thesis the following studies were conducted:  

1. Climatologic Analysis to determine the amounts of rainfalls and run-off.  

2. Quantitative geomorphology to determine characteristics of each of the four 

wadis in the study area and its risks of flooding through defining the 

hydrological parameters with respect to the order bifurcation ratio, 

frequency of drainage density for major basins using topographic maps, 

remote sensing maps, geographic and hydro-geologic maps, and mining 

locations. 

3. Means of runoff mitigation means to protect the villages and cities from its 

risks.  

4. Optimum use of runoff water through construction of water harvesting 

means such as check dams, flood spreading bunds, collection ponds, 

cisterns, and dams.  

5. Environmental impact assessment to define the impacts of water harvesting 

means on the surrounding environment. 



 

ix 

 

TABLE OF CONTENTS 

 

Content Page Number 

DEDICATION iv 

ACKNOWLEDGEMENT v 

ABSTRACT vi 

CONTENTS viii 

LIST OF TABLES xiv 

LIST OF FIGURES xvii 

  

CHAPTER 1: INTRODUCTION 1 

1-1 Background 1 

1-2 Thesis Problem 4 

1-3 Research Objectives 6 

1-4 Research Plan  6 

1-5 Research Methodologies 7 

1-5-1 Desk Research  7 

1-5-2 Interviewing and Data Collection 8 

1-5-3 Experimental Works 8 

1-6 Thesis Layout  9 

CHAPTER 2: PRESENT SITUATION OF WATER 

RESOURCES OF EGYPT; PROBLEMS, 

CHALLENGAES, AND WATER VISION FOR 

DEVELOPMENT 

12 

2-1 Egypt Location 11 

2-2 Present Situation of Water Resources of Egypt 13 

2-2-1 Nile River Water Resource 14 



 

x 

 

2-2-2 Other Natural Water Resources in Egypt 19 

2-2-3 Non-Conventional Water Resources 22 

2-3       Problems, Challenges, and Obstacles Facing Water    

             Improvement 

24 

2-4      Water Supply and Demand  25 

2-5       Water Vision for Development 28 

            2-5-1 Suggested General Strategic Basis for Water  

                      Development in Egypt 

29 

            2-5-2 Main Directions and Rectifiers for Sustainable   

                     Water Development 

30 

CHAPTER 3: CLIMATOLOGIC ANALYSIS 34 

3-1 Literature Review 34 

           3-1-1 Rainfall 34 

                      3-1-1-1 Rainfall Process 36 

                      3-1-1-2 Environmental Impacts Due to Changes  

                                 of Rainfall Intensities 

37 

                    3-1-1-3 Presentation of Rainfall Records  38 

                    3-1-1-4 Average Rain Calculation 42 

                      3-1-1-5 Corrections of Rainfall Records “Double  

                                 Mass Curve” 

49 

            3-1-2 Precipitation  50 

                    3-1-2-1 Effective Average Rate of Precipitation 51 

             3-1-3 Evaporation and Evapotranspiration 52 

            3-1-4 Runoff 56 

                       3-1-4-1 Types of Runoff (Flow) 56 

                       3-1-4-2 Factors Affecting Runoff 59 

                      3-1-4-3 Runoff Coefficients 61 



 

xi 

 

                    3-1-4-4 Runoff Plots 63 

          3-1-5 Flash Floods 65 

3-2 Practical Part 68 

3-2-1 Climatology in Eastern Desert of Egypt 68 

           3-2-2   Climate Conditions in the Study Area 72 

                    3-2-2-1 Wadi Abu Ghusun  72 

                      3-2-2-2 Wadi Al-Nakheil  77 

                      3-2-2-3 Wadi Al- Assuity  81 

                      3-2-2-4  Wadi Qena  85 

CHAPTER 4: GEOMOPHOLGIC ANALYSES OF THE 

INVISTIGATED WADIS AND DETERMINATION OF 

THEIR HYDROLOGIC AND GEOMORPHOLOGIC 

CHARACTERISTICS 

89 

4-1 Introduction  89 

4-2 Theoretical Part 90 

        4-2-1 Classifications of Runoff Stream Channels 90 

                   4-2-1-1 Classification Based On Stream Pattern  90 

                 4-2-1-2 Classification Based On Stream Flow  

                             Conditions  

92 

4-2-1-3 Classification Based On Stream Order 94 

4-2-1-4 Morphometric Analysis 98 

4-3 Practical Part 112 

         4-3-1 Eastern Desert of Egypt 112 

          4-3-2 Wadi Abu Ghusun  123 

                  4-3-2-1 General Geology & Geomorphology of  

                               Wadi Abu Ghusun 

123 

                  4-3-2-2 Morphometric Analysis of Wadi  127 



 

xii 

 

                               Abu Ghusun 

        4-3-3 Wadi Al- Nakheil  140 

                  4-3-3-1 General Geology & Geomorphology of  

                                Wadi Al- Nakheil 

140 

                  4-3-3-2 Morphometric Analysis of Wadi  

                                Al- Nakheil 

145 

        4-3-4  Wadi Al- Assuity  157 

                  4-3-4-1 General Geology & Geomorphology of  

                                Wadi Al- Assuity 

157 

                  4-3-4-2 Morphometric Analysis of Wadi  

                                Al- Assuity 

160 

        4-3-5 Wadi Qena  174 

                  4-3-5-1 General Geology & Geomorphology of  

                                Wadi Qena 

174 

                  4-3-5-2  Morphometric Analysis of Wadi Qena 181 

CHAPTER 5: APPLICATION OF COMPUTER 

PROGRAMS FOR EVALUATION OF 

GROUNDWATER CHARACTERISTICS 

195 

5-1 Computer Software Packages 195 

5-1-1 SMADA Computer Software Package Version 6 195 

5-1-2 AQTESOLV Computer Software Package 

Version 4 

196 

5-1-3 GWW Computer Software Package Version 3 197 

5-2 Results and Calculations 197 

        5-2-1 Wadi Abu Ghusun 197 

                 5-2-1-1 Hydraulic Parameters of the Quaternary  199 



 

xiii 

 

                              Aquifer of Wadi Abu Ghusun 

        5-2-2 Wadi Al-Nakheil 200 

                 5-2-2-1 Hydraulic Parameters of the Quaternary  

                               Aquifer of Wadi Al- Nakheil 

202 

5-2-2-2 Well Efficiency and Productivity of the        

              Productive Wells 

204 

        5-2-3 Wadi Al- Assuity 206 

5-2-3-1Well Efficiency and Productivity of the  

Productive Wells 

208 

         5-2-4 Wadi Qena 210 

                5-2-4-1 Well Efficiency and Productivity of the  

                              Productive Wells 

211 

CHAPTER 6: STUDY OF VARIOUS WATER 

HARVESTING MEANS AND ARTIFICIAL 

RECHARGE OF GROUNDWATER 

217 

6-1 Background 217 

6-2 Rainwater Harvesting 218 

6-3 Underground Recharge  220 

          6-3-1 Natural Recharge  223 

          6-3-2 Artificial Recharge 223 

6-4 Methods of Harvesting Rainwater 226 

         6-4-1 House Rooftops Collection System 226 

          6-4-2 Check Dams 227 

         6-4-3 Divergence Dams (Flood Spreading Bund) 228 

          6-4-4 Runoff Collection Ponds 230 



 

xiv 

 

          6-4-5 Cisterns 233 

          6-4-6 Storage Dams  235 

          6-4-7 Suggested Rain Harvesting Methods in Study  

                    Area 

243 

                  6-4-7-1  Probability and Return Period Analysis 244 

                  6-4-7-2  Wadi Abu Ghusun  245 

                  6-4-7-3  Wadi Al- Nakheil  250 

                  6-4-7-4  Wadi Al- Assuity 255 

                  6-4-7-5  Wadi Qena 260 

CHAPTER 7: MODEL DESIGNS OF THE SUGGESTED 

WATER HARVESTING MEANS  

267 

7-1 Check Dams  267 

         7-1-1 Purposes 267 

         7-1-2 Suggested Design 268 

         7-1-3 Maintenance 269 

7-2 Flood Spreading Bunds 271 

         7-2-1 Purposes 272 

         7-2-2 Suggested Design  272 

         7-2-3 Maintenance 274 

         7-2-4 Suggested Model Designs 274 

7-3 Cisterns 286 

         7-3-1 Purposes 286 

         7-3-2 Suggested Design  287 

         7-3-3 Maintenance 287 

         7-3-4 Suggested Model Designs 288 

7-4 Collection Ponds 295 

7-4-1 Purpose 296 



 

xv 

 

         7-4-2 Suggested Design  296 

         7-4-3 Maintenance 296 

         7-4-4 Suggested Model Designs 296 

7-5 Dams 303 

        7-5-1 Purposes 304 

        7-5-2 Suggested Design  304 

7-5-3 Maintenance 305 

7-5-4 Suggested Model Designs 305 

CHAPTER 8: ENVIRONMENTAL IMPACT 

ASSESSMENT OF THE SUGGESTED SOLUTIONS 

310 

8-1 Introduction 310 

8-2 EEAA Report Elements  312 

  8-2-1 Brief Explanation of Elements 313 

8-3 Suggested Projects  316 

        8-3-1 Check Dams 317 

        8-3-2 Flood Spreading Bunds  321 

        8-3-3 Cisterns  326 

        8-3-4 Collection Ponds  331 

        8-3-5 Dams  335 

        8-3-6 Cost Estimation of Several Means of Water  

                  Harvesting  

340 

CHAPTER 9: CONCLUSION & RECOMMENDATIONS 344 

SUMMARY 351 

REFERENCES 

 

356 

 

  


