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1. NTRODUCTION 

1.1. General  

This report has been prepared upon the request of Messrs. HAH-ACWA Power to carry out a 

hydrological study at the location of the proposed Ras Shukeir Plot, which the South Plot of 

the 1.1 GW Egypt Wind project, at Gulf of Suez area - Red Sea Governorate - Egypt. The South 

Plot of the 1.1 GW Egypt Wind project is located at Gabal El Zeit area and its hydrological study 

is presented in a separate report. Figure 1.1 shows the locations of the two plots. 

Although Egypt relies on natural gas and oil to generate electricity, it pays great and increasing 

attention to diversifying energy sources and benefiting from the potential of renewable energy 

available in the country.  Since Egypt has a great potential to generate renewable energy from 

wind, it is currently building a number of new wind projects as well as developing existing ones 

to increase electric power.  It is worth noting that Egypt has succeeded in raising the percentage 

of renewable energy in the electricity generation capacity to 20%. In the context of this issue, 

HAH-ACWA Power is interested in developing a 1.1 GW Wind Energy project in Egypt. 

 

 

Figure 1.1: Proposed locations of 1.1 GW Egypt Wind project 
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Flash floods are natural phenomena occurring because of heavy rainfall over catchment areas 

(Wadis Basins) in open or desert areas. The heavy rainfall in these basins makes it hard for the 

surface soil to absorb these rains.  As a result, surface water is collected in natural streams 

resulting in severe and high-speed floods. These floods wash away a lot of rock masses, 

sedimentary materials, and trees. In addition, they may attack infrastructures that were not 

protected from these flash floods due to either poor planning or the lack of hydrological studies 

conducted before their implementation.  

The expansion of urban and industrial activities to desert areas outside the Nile Valley and Delta 

requires by return the extension of important vital infrastructure facilities to those areas. These 

infrastructures will often intersect with many small, medium, or large wadis in terms of basin 

area and surface water flows. These floods may expose these facilities to different levels of risk. 

In the present study, a complete hydrological study is conducted to determine the hydrological 

hazards that can affect Ras Shukeir Plot (South Plot) of the 1.1 GW Egypt Wind project.  

1.2. Hydrological Study Objectives  

This hydrological study aims to analyze the rain data of the meteorological stations close to 

the project plot (South Plot), identify the wadis affecting this plot, estimate their water flows, 

and to propose and design hydraulically the protection works to protect the project plot from 

flash floods hazards. The hydrological study area includes the region of the wadi basins 

affecting Ras Shukeir Plot. 

1.3. Elements of Hydrological Study 

The hydrological study necessary to protect the project area from the flash flood hazards 

includes conducting several specialized studies in the area under consideration as follows: 

¶ Data Collection and Site Visit  

During this study, all necessary data such as rainfall data; topographic, geological and digital 

elevation maps (DEM) are collected. In addition, a site visit and survey works are performed. 

¶ Wadiôs Delineation and Morphological Study 

This study aims to identify the Wadis affecting the study area and determine the most important 

morphological characteristics of these Wadis such as the basin area, main stream length and 

slope by using the computer package watershed modeling system (WMS) and the Digital 

Elevation Maps (DEM). 
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¶ Geological Study 

This study aims to determine the geological characteristics of the top soil of the Wadis to 

estimate the rates of rain losses through the topsoil of the Wadi basins. In this study, the 

available geological maps and similar previous studies are used to estimate the top soil curve 

number (CN) to assist in determining the rainfall loss (mainly through infiltration). 

¶ Meteorological Study  

It is a study of the rainfall data of the nearest meteorological stations for a period of 25 years 

at  least through using a suitable computer package to estimate rainfall storms corresponding 

to different return periods such as 25, 50, and 100. 

¶ Hydrological and Surface Flow Study 

In this stage of the study, all the results of the above-mentioned studies are incorporated into 

a suitable computer model such as HECHMS to estimate the expected water flows (rates and 

volumes) from wadis attacking Ras Shukeir Plot.  These flows are used to propose the suitable 

works necessary to protect the study area from the flash flood hazards and then carrying out 

the hydraulic design of these works. 

¶ Proposing Alternatives 

In this part of the study, different solutions are assumed to protect the site such as open 

channel, dikes, culverts, etc. 

¶ Hydraulic Design 

In this stage, a detailed hydraulic design of the selected alternative is performed. 

2. SITE VISIT 

A field visit to the project area was conducted on March 4, 2023.  The visit aimed to investigate 

the current situation of the project area, especially the existing drainage systems, and to verify 

some of the collected data.  In addition, the topographic nature within the project boundary was 

checked. The paths of streams inside & surrounding the site, which could attack the site, were 

visually investigated.  The existing hydraulic structures (mainly small dams and pipe culverts 

within and/or outside the project, which were previously implemented to protect the project 

area) were inspected. Photos 2.1 to 2.6 show the topographic nature, existing structures, and 

wadis within the site boundaries of Ras Shukeir Plot (South plot) - 1.1 GW Egypt Wind project. 
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Photo 2.1: Branch of Wadi Dara and road where plants appear within South Plot site 

 

 

 

Photo 2.2: Branch of Wadi Dara within South Plot site 
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Photo 2.3: Wadi Dara barrier where plants appear within South Plot site 

 

 

Photo 2.4: Wadi Dara where plants appear after all branches met within South Plot site 
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Photo 2.5: Multi-pipe culvert having a diameter of 0.5 m existing below Ras-Gharib - 

Hurghada road at Wadi Dara exit 
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Photo 2.6: One-vent box culvert below Ras-Gharib - Hurghada road at Wadi Dara exit 
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3. STUDY METHODOLOGY 

3.1. Introduction 

This section explains the study methodology necessary to protect the site, its vital facilities, 

and roads from the dangers of raging torrents. The hydrological studies aim to prevent flood 

hazards and storm events. They are based on a series of steps, which can be summarized in 

a simplified sketch as shown in Figure 3.1, illustrating the relationships between different study 

elements. Figure 3.2 shows the hydrology and hydraulic study methodology and work plan. 

 

 

Figure 3.1: Work methodology 
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Figure 3.2: Hydrology and hydraulic study methodology and work plan 
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3.2. Morphological Study Methodology  

The morphological study aims to determine the Wadis affecting the study area, and the most 

important characteristics of the drainage basins of these Wadis, which greatly affect the 

surface flow of water from these Wadis. These characteristics include the area of the drainage 

basin, the length of the main stream of the Wadi, the slope of the main stream, the slope of 

the drainage basin, etc. 

To determine the Wadis, which affect the facilities and infrastructure of any study area and to 

obtain their morphological characteristics, the Watershed Modeling System (WMS) program 

is used. This program has been developed by Brigham Young University, USA in cooperation 

with U.S. Army Corps of Engineers. The WMS is fed with a digital elevation model (DEM), 

where the Wadis affecting the study area are identified. Then, the Wadis and their 

intersections with the various facilities and infrastructures are checked after matching them 

on Google Earth maps, as well as the available topographic maps of the area, which contain 

the influential Wadi basins. Table 3.1 shows the most important morphological characteristics 

of each Wadi, which were obtained from WMS. 

 

Table 3.1: Most important morphological characteristics of Wadi basins 

No. Item Symbol Dimension 

1 Drainage Basin Area A Km2 

2 Drainage Basin Slope BS m/m 

3 Max Flow Distance MFD Km 

4 Curve Number CN  

5 Lag Time TLag hrs. 

 

3.3. Geological Study Methodology  

This study is concerned with determining the most important characteristics of the surface soil 

of the valleys, as well as the study of land uses, in order to estimate the losses of rain water 

on the Wadi basins. This study depends on the descriptive approach, which is the fieldwork. 

Then the analytical method is used; which depends on experience, information and maps 

related to the topic. Through this methodology, the geological characteristics of the surface 

soil of the wadis drainage basins are determined.  
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These characteristics are used in estimating the losses (infiltration through the soil of the 

valley) from  the total rain falling on those basins. Therefore, the depth of excess rain is 

estimated, which is the cause of surface runoff (floodwater). In this study, the following are 

used: 

1. Topographic maps, geomorphological maps and contour maps. 

2. Geological maps with a scale of 1:250,000 to determine the geological units of the 

effective drainage basin or basins. 

3. Maps showing faults and geological structures affecting water movement or surface 

runoff. 

4. Geographic information systems are used to create a shape file for the influential 

basins. 

5. Field work, if necessary, to measure the rate of underground leakage, especially in 

case of creating lakes or dams for the purpose of water retention. 

Then a geological study is carried out. This study includes the accurate lithological description 

of the geological units in the drainage basin, the proposed location for the establishment of 

the facility, and the determination of the values of the curve number, which is referred to in 

this study as CN, as will be explained later. 

3.4. Meteorological Study Methodology  

This study aims at determining the locations of meteorological stations affecting the area of 

Ras Shukeir Plot. Therefore, the available observed rainfall data for the longest period are 

collected and analyzed. Furthermore, the most important statistical characteristics of these 

collected data are determined. To determine the best probability distribution, which describes 

this data and to determine the design rainstorms, a specialized statistical program, Hyfran 

Plus, is used. 

The expected storms for each meteorological station affecting Ras Shukeir Plot for different 

recurring periods (2, 5, 10, 20, 50, 100, and 200 years) are estimated. Then Tieson Polygon 

method is used to estimate the average rainfall depth, which occurs over the wadi basins for 

each return period. Furthermore, the intensity-duration-frequency curves (IDF) are calculated 

for each design storm with a specific distribution such as SCS Type II for a duration time of 6, 

12 or 24 hours. 
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3.5. Methodology of Estimating Surface Flow 

The methodology of estimating surface flow aims at obtaining the water flow hydrographs for 

each influential wadi for each rainstorm for a specific recurring time. The estimation of surface 

flow can be considered as the basis for choosing the type of protection works against flash 

flood hazards, as well as the design of those works.  

To estimate the surface flow of the influential wadis, the results of metrological study (design 

storms corresponding to different recurring times), morphological study (basin area, length of 

the main stream, and slope of the main stream), and the surface geological study (curve 

number CN) are fed to a specialized computer program called HECHMS. 

The following is a method for estimating the surface flow from the influential valleys: 

1. Excess Rainfall Depth:  

 It is defined as the depth of the water causing the surface flow. It is equal to the total depth 

of rain falling on the valley basin minus the average losses during the precipitation period. 

This depth can be estimated using the soil conservation method (SCS Method), which can 

be written as follows: 

I excess = (Pï 0.2 S)2 /( P + 0.8 S)                                         (3-1)                                                                   

S = 25.4{(1000/CN)ï10}                                                    (3-2) 

in which 

I excess = Excess rainfall depth (mm). 

S = Depth of water that soil can hold (mm). 

CN = Curve Number for the surface soil of the Wadi basin. 

P = Precipitation depth (mm) 

 Woodward et al. (2003) found that the Initial Abstraction ratio value of 0.05 gives a better 

fit to the data and would be more appropriate for use in runoff calculations. Rainfall-runoff 

data from 307 watershed are used and a total of 28,301 events are available, which meet 

the rainfall depth (P and Q) criteria. In general, the results show that la (la is the initial 

loss) is not a constant from storm to storm or watershed to watershed, and that the 

assumption of la/S = 0.20 is unusually high. 
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 From their results, it is obvious that a more appropriate ñrounded" value of Ia would be in 

the vicinity of 0.05. Using this value, the runoff equation is adjusted, for which a new set 

of CNs based on la/S = 0.05 must be determined. Using Ia = 0.05, the runoff equation 

become: 

I excess = (Pï 0.05 S)2 /( P + 0.95 S)                                     (3-3)                                                                   

 In arid regions when precipitation depths are small, the runoff is mainly affected by primary 

loss. As a result of rainwater falling with small amounts in low return intervals, the runoff 

will be almost vanished. 

 Based on the above-mentioned study about the initial loss (la), the data is fitted by least 

squares method to the CN equation for each case; i.e. for la/S = 0.05 and for the traditional 

value of la/S = 0.20. Accordingly, CN values are estimated and tabulated for the two cases. 

The results indicate that, for 252 of the 307 cases (about 83 %), the ratio of 0.05 fitting 

produces higher correlation factor (R2) and lower Root Mean Square Error (RMSE). The 

relationship between the values of S0.05 and S0.20 is found to be: 

    S0.05= l.33*S0.20                                                    (3-4) 

 Preserving the basic definition of CN = 1000/(10+S), the above relationship permits the 

conversion from the 0.20-based CNs to 0.05-based CNs. Making the substitutions and 

simplifying gives: 

      #.πȢπυ
Ȣ

Ȣ

Ȣ                                   (3-5) 

 Considering Equation 3-5, Table 3.2 gives the CN0.05 corresponding to current values of 

CN0.20, or "Conjugate" Curve numbers. The results indicate that an (Ia/S) value of about 

0.05 fits the observed rainfall-runoff data much better than does the handbook value of 

0.20. 

 Altering (Ia/S) requires a change of handbook CNs; i.e. if (Ia/S) is changed, a different CN 

must be used. The most obvious differences in runoff modeling are at lower CNs and lower 

rainfalls, or in general, at low P/S situations. This would prevail for low CN watersheds, 

more frequently occurring rainstorm depths, and for climates where the more modest 

design return period rainfalls are found. 
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Table 3.2: CN0.05 corresponding to CN0.20 

 

2. Concentration Time and Lag Time:  

 The concentration time is defined as the time during which the excess water moves from 

the furthermost point in the wadi drainage basin until it reaches the exit point of the Wadi. 

On the other hand, the lag time is defined as the time from the middle of the rainstorm to 

the time of the maximum discharge of the wadi drainage basin.  

 The lag time can be calculated from the following SCS equation: 

Tlag = L0.8 * (S+1)0.7 / (1900* Y 0.5)                                        (3-6)                                                                   

in which 

Tlag = Lag time (hrs.) 

L = Mainstream length of the Wadi basin (feet). 
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S = Maximum retention in watershed (in). 

Y = Mainstream slope (%). 

The maximum retention in watershed (S)  is given as follows: 

   S= (1000/CN)-10                                         (3-7)                                                                   

The Concentration Time (TC)  is given as follows: 

                TC  = Tlag / 0.6                                                (3-8)                                                                   

3. Surface Runoff Hydrograph:  

 The surface flow hydrograph can be estimated using the HEC-HMS mathematical model. 

This is carried out by estimating the unit hydrograph of the surface flow resulting from 

running an excess of 1 cm of rain over the surface of the wadi drainage basin. Afterwards, 

this hydrograph with the rain distribution curve (SCS Type II) is used to obtain the surface 

flow hydrograph of rainstorms with specific recurring times. Figure 3.3 illustrates the 

resulting rainfall distribution for the soil conservation service SCS Type II of a duration of 

24 hours.  

 The maximum unit hydrograph flow can be deduced from the following equation: 

       ή
Ȣ ᶻ

                                           (3-9)     

in which 

qpUH = Maximum unit hydrograph flow (m3/sec). 

A= Catchment area (km2). 

Tp = Time to peak flow (hours). 

The time to peak flow can be estimated from the following equation: 

            Tp = 0.67 Tc                                                                                      (3-10)  

3.6. Impact of Climate Change  

 An increase of 20% is considered for rainfall depths and rainfall intensities to account for 

the climate change effect.  
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Figure 3.3: Soil conservation service Type II storm duration curve 

4. GEOLOGICAL STUDY 

4.1. Introduction  

Ras Shukeir Plot is located at the Northern part of the Egyptian Eastern Desert West of Ras 

Shukeir along the Gulf of Suez as shown in Figure 1.1. The hydrologic basin originating from 

the highly mountainous areas in the West and draining into the flood plain along the Gulf of 

Suez coast and then into the Gulf is shown in Figure 4.1 for Ras Shukeir Plot (South Plot).  

The geological map of Egypt (scale 1:2 million), issued by the Egyptian Geologic Survey 

(1982) and that of Conoco Corral Petroleum Company (1987) are used to give highlight on 

the geology of the area (Figure 4.2). The surface geology of the basin includes sedimentary 

rocks, as well as basement and metamorphic rocks. The sedimentary rocks include Recent 

and Quaternary deposits, and Miocene and Cretaceous rocks (Section 4.2). The basement 

and metamorphic rocks include Younger Granitites rocks, Dokhan Volcanic rocks, Meta-

Gabbro-Diorite Complex, and Geosynclinals Meta-Volcanic rocks Section 4.3. Finally, the 

geologic structures are outlined in Section 4.4. 
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Figure 4.1: Hydrologic basin originating from highly mountainous areas in the West 








































































































