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Summary:  

 

Hydropower generation has been proposed by utilizing the difference in the water levels 

between the Mediterranean Sea and the Qattara Depression released accumulated water 

level. The study objectives included: studying the salinity effect and the hydrogeological 

conditions of Qattara depression on the Delta drainage and the effect of the lagoon 

salinity on the underneath groundwater reservoir. The results have revealed that the 

saline lagoon does not affect the Nile Delta drainage. The lagoon accumulated salinity 

does not reach the Nile Delta and its effect on the underneath sandstone reservoir is 

minor due to the confining shale layer. 

 

 

 

 



 

 I  

Acknowledgments 

I wish to express my deep appreciation to Prof. Dr. / Sherif M. d El-Didy, Prof. of 

Hydraulics, Irrigation and Hydraulic Department, Cairo University for his valued 

expertise and guidance in accomplishing my academic goals. 

I would like to show my gratitude to Dr. Mohamed Eizel-Din, who provided me with 

vital data that helped me to accomplish this study. 

My thanks and gratitude goes to Prof. Kamal Hefny for his great support of the data and 

his guidance throughout the study. 

I would like to endow this work to my father’s soul, God bless him, Grateful 

acknowledgement for my mother who constantly prayed for me to accomplish this 

work. 

 

Heba T_Allah Salah Abdel Azeem  



 

 II  

Table of Contents 

Acknowledgments ........................................................................................................... I 

Table of Contents ........................................................................................................... II 

List of Figures .............................................................................................................. IV 

List of Table ................................................................................................................ VII 

Abstract ..................................................................................................................... VIII 

CHAPTER 1: INTRODUCTION ............................................................................. 1 

1.1. GENERAL OUTLINE ........................................................................................... 1 

1.2. RESEARCH OBJECTIVE ...................................................................................... 2 

1.3. RESEARCH METHODOLOGY .............................................................................. 2 

1.4. CHAPTERS DESCRIPTION ................................................................................... 3 

CHAPTER 2: LITERATURE REVIEW ................................................................. 5 

2.1. BACKGROUND ................................................................................................... 5 

2.2. PREVIOUS STUDIES OF QATTARA PROJECT ....................................................... 5 

2.3. GROUNDWATER SYSTEM IN QATTARA DEPRESSION ......................................... 8 

CHAPTER 3:        PHYSICAL SETTINGS OF THE QATTARA DEPRESSION 

REGION ........................................................................................................................ 12 

3.1. LOCATION ....................................................................................................... 12 

3.2. METROLOGICAL AND CLIMATOLOGICAL SETTING .......................................... 14 

3.3. TOPOGRAPHY .................................................................................................. 15 

3.4. GEOLOGY ........................................................................................................ 21 

3.5. STRATIGRAPHY ............................................................................................... 24 

3.6. HYDROGEOLOGY .......................................................................................... 24 

3.7. AQUIFER SYSTEM IN EGYPT ............................................................................ 29 

3.7.1. The Nile Aquifer .................................................................................................. 30 
3.7.2. The Coastal aquifer .............................................................................................. 30 
3.7.3. The Moghra Aquifer ............................................................................................ 30 
3.7.4. The fissured Carbonate aquifer ............................................................................ 31 
3.7.5. The Nubian Sandstone Aquifer ........................................................................... 31 

CHAPTER 4:       THE USED NUMERICAL MODELS AND EQUATIONS

 ........................................................................................................................................ 32 

4.1.    INTRODUCTION ................................................................................................ 32 

4.2. DESCRIPTION OF NUMERICAL MODELS ........................................................... 32 

4.2.1. RockWorks15 Model for Geological Simulation ................................................ 32 
4.2.2. MODFLOW Model for Groundwater Flow and Solute Transport Simulation ... 32 

4.3. GOVERNING EQUATION FOR GROUNDWATER FLOW........................................ 34 

4.4. GOVERNING EQUATION FOR SOLUTE TRANSPORT .......................................... 37 

4.4.1. SEAWAT Module ............................................................................................... 38 

 



 

 III  

CHAPTER 5:     DEVELOPMENT OF SIMULATION MODEL FOR QATTARA 

DEPRESSION    ........................................................................................................... 46 

5.1. INTRODUCTION ............................................................................................... 46 

5.2. DATA BANK COMPONENTS ............................................................................. 46 

5.3. ANALYSIS OF THE COLLECTED DATA ............................................................. 47 

5.4. CALCULATION OF EVAPORATION .................................................................... 47 

5.4.1. Evaporation from Freshwater in the Lagoons ..................................................... 47 
5.4.2. Evaporation from Saltwater in the Lagoons ........................................................ 47 

5.5. MASS BALANCE OF QATTARA LAGOON WATER AND SALT ............................ 53 

5.6. SOIL STRATIFICATION ..................................................................................... 53 

5.7. GROUNDWATER SIMULATION ......................................................................... 60 

5.7.1. Salt Concentration-Density Dependency ............................................................. 60 
5.7.2. The Conceptual Model for the Qattara Depression ............................................. 60 

CHAPTER 6: MODEL SIMULATION AND RESULTS.................................... 68 

6.1. INTRODUCTION ............................................................................................... 68 

6.2. STUDY OF SCENARIOS ..................................................................................... 68 

6.2.1. First Scenario: - Qattara Depression filled to a level of 50.0 m (b.m.s.l) ............ 68 
6.2.2. Second Scenario: - Qattara Depression filled to a level of 60.0 m (b.m.s.l) ....... 71 
6.2.3. Third Scenario: - Simulation of the Groundwater Reservoir when having well 

fields between the Qattara Depression and the Nile Delta .................................. 73 

CHAPTER 7: SUMMARY, CONCLUSION, AND RECOMMENDATIONS 

FOR FUTURE STUDIES ............................................................................................ 80 

7.1. SUMMARY ....................................................................................................... 80 

7.2. CONCLUSION ................................................................................................... 80 

7.3. RECOMMENDATIONS FOR FUTURE WORK ....................................................... 81 

APPENDIX-A  Piezometric head and salinity dispersion after filling the 

depression at level of - 50.00 m for different years. .................................................A-1 

APPENDIX-B  Piezometric head and salinity dispersion after filling the 

depression at level of (- 60.00) m for different years. .............................................. B-1 

APPENDIX-C  Lithology Classification of Boreholes ............................................C-1 

 

 

 

  



 

 IV  

List of Figures 

Figure 3.1: Location of Qattara Depression in the investigated area ............................. 13 

Figure 3.2: Components of Qattara project .................................................................... 14 

Figure 3.3: Different proposals for the conveying canal between the Mediterranean Sea 

and Qattara Depression (Martino, [7]) ........................................................................... 14 

Figure 3.4: Topography of Qattara Depression using Digital Elevation Models, DEM 

(30 m x 30 m) ................................................................................................................. 16 

Figure 3.5: Transversal cross section (A-A) showing the  bed level at - 89.60 m ......... 16 

Figure 3.6: Transversal cross section (B-B) showing  the bed level at - 113.64 m ........ 17 

Figure 3.7: Transversal cross section (C-C) showing the bed level at - 121.60 m ......... 17 

Figure 3.8: Longitudinal section (A-A) showing the bed level at - 88.10 m ................. 18 

Figure 3.9: Longitudinal section (B-B) showing  the bed level at - 133.00 m ............... 18 

Figure 3.10: Longitudinal section (C-C) showing  the bed level at - 58.85 m ............... 19 

Figure 3.11: Water surface area (km
2
) versus lagoon elevations ................................... 19 

Figure 3.12: Accumulated Volume (km
3
) versus Lagoon Elevations ............................ 20 

Figure 3.13: the aquifer systems of Egypt modified (after RIGW, 1998). ..................... 30 

Figure 4.1: Schematic diagram of a full three-dimensional model (Forsythe and Wason, 

[37]) ................................................................................................................................ 34 

Figure 4.2: Finite difference grid with block centered nodes and with mesh-centered 

nodes (Forsuthe and Wason, [37]).................................................................................. 34 

Figure 4.3: Elementary volume of porous medium ........................................................ 35 

Figure 4.4: Two piezometers, one filled with freshwater and the other with saline 

aquifer water, open to the same point in the aquifer ...................................................... 39 

Figure 4.5: Relation between a coordinate system aligned with the principal axes of 

intrinsic permeability and the upward z-axis.................................................................. 42 

Figure 4.6: Conceptual representation of flow between two cells  for water-table case 43 

Figure 5.1: Mean monthly rainfall (mm) Based on Water and Climate Atlas 

(www.iwmi.org) ............................................................................................................. 48 

Figure 5.2: Mean monthly temperature (C°) Based on Water and Climate Atlas 

(www.iwmi.org) ............................................................................................................. 48 

Figure 5.3: Relative humidity (%) Based on Water and Climate Atlas (www.iwmi.org)

 ........................................................................................................................................ 49 

Figure 5.4: Wind speed (m/s) Based on Water and Climate Atlas (www.iwmi.org) ..... 49 

Figure 5.5: Sunshine hours (%) Based on Water and Climate Atlas (www.iwmi.org) .. 50 

Figure 5.6: Mean precipitation (mm) from three different meteorologicalstations(Khalil 

and Eizel-Din [17]) ......................................................................................................... 50 

Figure 5.7: Evaporation ratesfrom saline lake for different  Lagoon water levels ......... 51 

Figure 5.8: Specific gravity effect on evaporation (Khalil and Eizel-Din [17]) ............ 51 

Figure 5.9: Relationship between lagoon salinity and corresponding values of specific 

gravity ............................................................................................................................. 52 

Figure 5.10: Relationship between the ratio (ES/EO)  and specific gravity (S.G.) ......... 52 

Figure 5.11: Flowchart of mass balance and groundwater simulation ........................... 54 



 

 V  

Figure 5.12: The existing boreholes in the longitudinal  direction(East – West) 

(Lahmeyeret al.,[45])...................................................................................................... 55 

Figure 5.13: Location of section (A-A) utilizing the existing boreholes in the 

longitudinal direction (East- West)(Lahmeyeret al.,[45]) .............................................. 55 

Figure 5.14: Stratification of section (A-A) through the existing boreholes the 

longitudinal direction (East- West) ................................................................................ 56 

Figure 5.15: The existing boreholes in the lateral direction (North- South) .................. 56 

(Lahmeyeret al.,[6])........................................................................................................ 56 

Figure 5.16: Section (B-B') through the existing boreholes in the 

lateralDirection(North- South) (Lahmeyeret al.,[6]) ...................................................... 57 

Figure 5.17: Stratification of Section (B-B') through the existing boreholes in the 

transverse direction (North- South) ................................................................................ 57 

Figure 5.18: 3- Dimensional view of stratification of the study area withlocationof the 

existing boreholes ........................................................................................................... 58 

Figure 5.19: 3-D view of existing boreholes in the modeled area .................................. 58 

Figure 5.20: Stratification of the study area in the East-West direction ........................ 59 

Figure 5.21: Observed groundwater levels in meters (Ezzat, [12]) ................................ 59 

Figure 5.22: Grid of the study area ................................................................................. 61 

Figure 5.23: Ground Surface Elevations from digital elevation model, DEM ............... 61 

Figure 5.24: Ground Surface Elevations after interpolation via MODFLOW ............... 62 

Figure 5.25: Layers of the study area (Based on the collected deep boreholes and wells)

 ........................................................................................................................................ 63 

Figure 5.26: The Initial head for MoghraFormation ...................................................... 64 

Figure 5.27: The Initial head for Limestone, Shale, and Sandstone Layers ................... 64 

Figure 5.28: Boundary conditions for Moghra Layer .................................................... 65 

Figure 5.29: Boundary conditions for Limestone, Shale, and Sandstone Layers........... 66 

Figure 5.30: Model calibration for observed head versus calculated head .................... 67 

Figure 6.1: Salinity dispersion out of Qattara Depression, in Moghra Formationafter 

filling the depressionat level -50.0 m after 50 years ...................................................... 69 

Figure 6.2: Vertical section shows the salinity dispersion out of Qattara Depressionafter 

filling the depressionat level -50.0 m after 50 years ...................................................... 69 

Figure 6.3: 3-D view of salinity dispersion after filling  thedepressionat level - 50 m 

after 50 years .................................................................................................................. 70 

Figure 6.4: Effect of filling the Qattara Depressionat level - 50.0 m onthe groundwater 

table (steady state conditions) ........................................................................................ 70 

Figure 6.5: Salinity Dispersion out of Qattara Lagoon, in Moghra Formationafter filling 

the depressionat level -60.0 m after 50 years ................................................................. 71 

Figure 6.6: Vertical section shows the salinity dispersion out of Qattara Lagoonafter 

filling the depressionat level -60.0 m after 50 years ...................................................... 72 

Figure 6.7: Salinity dispersion after filling the depression at level - 60 m after 50 years

 ........................................................................................................................................ 72 

Figure 6.8: Location of wells screen in the MoghraFormation ...................................... 73 

Figure 6.9: Section A – A' showing the wells screen and the salinitydispersion in the 

MoghraFormation ........................................................................................................... 74 



 

 VI  

Figure 6.10: Location of wells screen in the Limestone Layer ...................................... 74 

Figure 6.11: Section B – B' showing the wells screen and the salinitydispersion in the 

Limestone Layer ............................................................................................................. 75 

Figure 6.12: Location of wells screen in the Sandstone Layer ....................................... 75 

Figure 6.13: Section C – C' showing the wells screen and the salinityDispersion in the 

Sandstone Layer ............................................................................................................. 76 

Figure 6.14: 3-D view of layers without wells ............................................................... 76 

Figure 6.15: 3-D view of layers with wells screen in theMoghra Formation ................. 77 

Figure 6.16: 3-D view of layers with wells screen in the Limestone layer .................... 77 

Figure 6.17: 3-D view of layers with wells screen in the Sandston Layer ..................... 78 

Figure 6.18: Depression salt concentration (PPM) during 50 yearsfor depression filling 

levels 50 and 60 m (b.m.s.l) ........................................................................................... 78 

Figure 6.19: Evaporation rate from the saline water in the depression during 50 years 

for depression filling levels 50 and 60 m (b.m.s.l) ......................................................... 79 

  



 

 VII  

List of Table 

Table 5- 1: Hydraulic conductivity values for the hydrogeological system ................... 62 

Table 5-2: Storage coefficient values for the hydrogeological system .......................... 62 

Table 5-3: Statistical parameters related to the calibration process ............................... 67 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 VIII  

Abstract 

At the beginning of the 20
th

 century, several studies were performed to study the 

consequences of delivering the Mediterranean Sea water to the Qattara Depression 

through a canal for hydropower generation by utilizing the difference in the water 

levels. Main objectives of the current study are to: a) create a data bank for the 

depression, b) determine the expected evaporation from the accumulated saline water in 

the depression, c) study the hydrogeological conditions of Qattara as a drainage lagoon 

for the Delta, d) study the effect of saltwater lagoon on the Nile Delta, and the 

groundwater reservoir. The study methodology has been performed utilizing the recent 

tools, of analysis, that had not been available for the previous studies as; efficient 

numerical models, geographic information system (GIS), and Digital Elevation Models 

(DEM). The effect of salinity on evaporation, from the lagoon, was calculated. A 

number of twenty one boreholes, with average depth of 3900 m, were employed to 

construct the geological stratification. Hydraulic conductivity values and groundwater 

levels have been collected from the available boreholes and deep exploratory wells 

drilled by the oil companies. Mass balance of the lagoon saltwater was performed, 

every separate year during a period of 50 years. Density dependent model (SEAWAT) 

via MODFLOW has been employed for duration of fifty years. The simulation was 

done every separate year. The simulation was repeated for different water filling levels 

(50 m and 60 m below mean sea level).Several well fields are assumed between the 

lagoon and the Nile Delta. The wells screen was assumed in the Moghra, the limestone, 

and the deep sandstone aquifers. The results revealed that the lagoon does not affect the 

Nile Delta drainage efficiency; the lagoon accumulated salinity does not reach the Nile 

Delta. The study, also, showed that the effect of the lagoon salinity, on the lower 

sandstone reservoir, is minor because of the confining shale layer and the salinity does 

not disperse out reaching the Nile Delta. 
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Chapter 1: Introduction 

1.1. General Outline 

The investigated region is located in the northern part of the Western Desert of 

Egypt between longitudes 25º 00′ - 31º 00′ E and latitudes 27º 00′- 31º 00′ N, which 

extends from Rasheed branch in the East to Libyan Boundary in the West and extends 

from Mediterranean Sea in the North to 20 km away from the end of Qattara 

Depression in the South. The study area includes the Qattara Depression which is a 

major physiographic feature in the Sahara Desert, Wadi Al Natrun, and Siwa Oasis. 

The Qattara Depression covers area of about 19,500 km². It is 300 km in length and a 

maximum 145 km width. Its bottom is composed of uninhabited and impassable 

“sabkhas” or salt or salt marshes, dried up salt lake beds and shifting sands. 

Its location below sea level offers the possibility of hydroelectric power 

production. Its realization requires the connection of the depression to the 

Mediterranean Sea through a canal and / or pipeline system. After water filling to its 

maximum extent, the flow rate and hence power production capability would have to be 

matched to the high solar evaporation rate, due to its location in an arid hot desert area, 

from the surface of the generated lake. 

The eastern edge of the depression is the Mogra Oasis which is about 205 km from 

Cairo, and about 56 km from the Mediterranean Sea. The Kara Oasis is located on the 

western border of the depression. The southwestern border of the depression is at a 

distance of about 80 km from the Siwa Oasis. The North Western edge of the 

depression is formed by a steep rising mountain reaching height up to 230 meters above 

sea level. The slope of the depression, at this location, appears to be very steep and 

deep, while the slope on the North eastern side of the depression is mild. The s1opes 

disappear on the South Eastern borders and the floor of the depression on these two 

locations gradually increases till it reaches the levels of the desert, (Bassler, [1]). 

The basic concept of the project is to channel the Mediterranean Sea water, either 

through tunnel’s or open canal, to the depression, and to regulate this discharged water 

by water turbines, thus utilizing the difference of head between the sea 1evel and the 

depression water levels for power production. Since the depression is closed from each 

direction, a vast lake will be formed until its level reaches 60 meter below sea level. 

At this level, the water flow, diverted from the sea, should be limited to the amount 

of water evaporated from the surface of the formed lake. Thus, it is clearly seen that the 

utilization of Qattara project depends on two basic natural phenomena, the first is the 

potential due to the difference of levels between the sea and the depression and the 

second is the solar energy which is the dominating factor on which depends the 

quantity of evaporation from the surface of the formed lake.  

At the beginning of the 20
th

 century, several studies were performed to study 

delivering the Mediterranean Sea water to the Qattara Depression through a canal 

utilizing the Qattara Depression for hydropower production that can be done by using 

the difference in the water level. The Qattara project includes; the Qattara Lake, the 

headrace canal and the reservoir, creating a massive hydroelectric power project in 

northern zone of Egypt.  Thirty years ago, many studies were performed to evaluate the 

effect of the depression, after filling, on the Nile Delta and on the groundwater 
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sandstone reservoir. The results were negative ones for the Delta and the groundwater 

reservoir. 

The proposed diversion of Mediterranean Sea water into the Qattara Depression for 

generation of electricity in northwestern Egypt could adversely affect the present 

hydrologic balance in surrounding aquifers. Among these aquifers, the Lower Miocene 

Moghra Aquifer is of particular importance because it constitutes most of the bottom 

area of the proposed Qattara Reservoir and is connected to both the Nile Delta aquifer 

in the east and the Lower Cretaceous (Nubian) artesian aquifer in the south. Flooding 

the Qattara Depression from the Mediterranean Sea would have the following benefits: 

1) Alter the climate, in adjacent areas, in terms of temperature, humidity and 

evaporation, 

2) Create a massive hydroelectric power project, in northern zone of Egypt, 

3) Provide opportunities for work during construction and operation, 

4) Create new living communities around the depression and on the sides of the 

filling canal which will be 80 km length between the depression and the 

Mediterranean Sea, and 

5) Create new industrial communities in the region. 

1.2. Research Objective 

The objective of this thesis is to perform utilizing the new tools which had not been 

available thirty years ago when the project was proposed. The tools include numerical 

efficient models, programs of geographic information system, satellite images, and 

digital elevation models. The proposed research intends to accomplish the following 

objectives: 

 Create a data bank for the depression using the Geographic Information System 

(GIS) including topography, meteorology, geology, hydrology, and 

hydrogeology. 

 Determine the expected evaporation from the accumulated saline water. 

 Study the current hydrogeological conditions of the depression as a drainage 

pool for the Delta. 

 Study the effect of saltwater lagoon on the Nile Delta  

 Evaluate the salinity effect on the groundwater reservoir, and 

 Finally, evaluate the project feasibility using different scenarios of water levels 

in the lake. 

1.3. Research Methodology 

The thesis methodology is summarized through four phases in order to fulfill the 

target objectives. 

Phase I:Data Collection and Data Analysis 

Collect, analyze, and evaluate the data including: 

 Topographical maps, 

 Geological and hydrogeological maps, 

 Satellite and areal maps, 

 Digital elevation model (DEM), and 


