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wo storms, (November 2021 and August 2024) caused great
T damage in Aswan City, were selected to investigate the relation

between rainfall and runoff. Four Wadis were selected: Abu
Aggag, El Heta, Kimb and Umm Boirat. The morphometric analysis
revealed that these Wadis have elongated shapes, long time of
concentration, which means they can effectively recharge
groundwater. During the rainfall event in November 2021, which
recorded 18.78 mm of rain over 5 hours, Wadi Abu Aggag received
peak flow rates of 119.8 m* s™! and a total runoff volume of 3.2 million
m?. The unexpected storm of August 2024, with rainfall depth of
69.72 mm and duration of 46 hours produced a huge amount of runoff
water 15.6 million m?, with maximum flow (515.8 m®s!) in Wadi Abu
Aggag. This storm is considered as one of the phenomena of climate
change in Egypt. The study recommended the construction of
detention dams in the up-streams of Wadis El Heta, Kimb and Umm
Boirat to delay water flow and enable gradual infiltrate to the
groundwater. In addition, constructing a storage dam in the outlet of
Wadi Abu Aggag to protect the urban areas from the occasional risk
of flash floods and replenishment of the shallow aquifer in the area.

Keywords: hydrograph, storm, morphometric characteristics, rainfall

INTRODUCTION

Forecasting flash floods in drainage basins is particularly challenging,
especially in arid areas that lack proper gauging tools. Intense rainfall can have
serious effects on hydrologic systems and communities, particularly in arid
regions. When rainwater runs off urban surfaces that can't absorb it, it can lead
to flooding, significant injuries and traffic disruptions.

Understanding how rainfall relates to runoff is crucial for managing
water resources and control flood risk of these areas. Typically, flash floods
occur due to heavy rain in arid and semi-arid regions. They are driven by two
main types of factors: the first involves changing weather conditions, which
vary in space and time and are often underreported because of the limited
number of weather stations. The second involves more stable factors, like the
ground surface physical and geological characteristics (Youssef et al., 2009).
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In Egypt, many areas suffer from the effect of floods which effect on
the urban areas. According to Morad et al. (2020), in Wadi El-Halazouni-
New Cairo, urban areas play an important role in increasing the volume of
runoff from 15.7% in 1984 to 25.91% in 2018, due to the increase in buildings
and settlements. The increase of the urban runoff is due to the reduction of
the drainage network and increasing of the impervious ratio. In other words,
more urbanization results in more runoff.

Saber et al. (2017) discussed the impact of flash floods on Wadi
systems in Aswan area and concluded that the constructed urban regions in
Aswan cities are constructed without any governmental preplanning, which
may lead to the failure and damage of houses, due to the occurrence of any
extreme flash floods. Also, the increase in agricultural development and
urbanization resulted in great variation of spatial impacts of flash floods where
it affected both Wadi residences and urban areas alike.

Recently, Aswan has been subjected to several continuous flash

floods, due to extreme rainfall events that caused severe damage to life, vital
infrastructures and buildings. The storm of 12 November 2021 in Aswan
governorate, many community infrastructures, including more than 1,157
households were affected as several houses were destroyed or partially
damaged. While 4,685 people (937 families) were still living in their houses
that had been partially damaged and refused to leave. Following the detailed
assessment conducted by the Egyptian Red Crescent in November 2021, at
least 3 deaths caused by scorpion stings were recorded, and the injury of 450
others due to scorpion stings. Significant agricultural and livestock losses,
food, and crops were rendered useless by the floods in more than 11 villages
across the affected areas (International Federation of Red Cross and Red
Crescent Societies, 2022).
The main objectives of this work are flash floods analysis and assessment for
two storms (November 2021 and August 2024), discuss the environmental
impacts of flash floods and select appropriate mitigation methods and identify
the urban areas affected by flash floods.

MATERIALS AND METHODS

The following data and software were used in the achievement of
goals of this work:

- Historical climate data from the Egyptian Meteorological Authority (EMA)
covering the years 1968 to 2023 for the Aswan meteorological station.

- Rainfall data from storms that occurred in November 2021 and August
2024, which were obtained from satellite data sources (GSMAP, 2000-2023
and NASA, 2024).

- Topographic maps at a scale of (1:50000) provided by the Egyptian General
Survey Authority (EGSA, 1991-1997).
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- Geologic maps at a scale of 1:500000 provided by Continental Oil Company
(CONOCO, 1987).

- Google Earth Map (2024) for urban visual interpretation.

- Hydrologic Engineering Center-Hydrologic Modeling System, version 4
(HEC-HMS, 2010) for both analysis of storms and calculation of rainfall-
runoff.

1. Site Description

The area under investigation is located along the Nile Valley to the
east of Aswan city. It is bounded by latitudes 23° 45° 00” N and 24° 15° 00”
N and longitudes 32° 38’ 00” E and 33° 22° 00” E (Fig. 1). Four Wadis were
selected to study the relation between rainfall and runoff: Wadi Abu Aggag
(493 km?), Wadi El Heta (16.47 km?), Wadi Kimb (43.02 km?) and Wadi
Umm Boirat (102.77 km?). These basins originated mainly from the
mountainous highland of basement rocks to the east. They follow westwards
to the Nile River.

Wadis

[ ] Abuaggag
[]ElHeta
7] kimb
I uvmm Boirat
— — im
W, 0 a 8 16
33"0"0"E 33“1;]'0"E 33“2‘0'0"E

Fig. (1). Location map of the study area.

2. Meteorological Conditions

The area of study belongs to the arid zone which is characterized by
very high temperatures in the summer season and a mild climate in winter
season. January is the coldest month, with an average low temperature of
8.7°C. Aswan is one of the least humid cities in Egypt. The maximum relative
humidity is recorded in December (39%), while the month with the least
relative humidity is May (16%). The rainfall in this area is rare, but storm
rainfall events can occur suddenly in the Wadis surrounding Aswan city. Table
(1) shows the mean monthly climatic data collected from the Aswan
meteorological station from the (EMA) during the period (1968-2023).
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Table (1). Mean monthly climatic data during the period (1968-2023) (EMA).

Rainfall Evaporation Max. temperature  Min. temperature  Relative humidity

Month  “(mm)  (mm day) °0) °0) (%)
January 2.11 9.65 22.4 8.7 36
February 2.16 12.54 24.5 10.0 29
March 2.43 16.53 29.7 14.0 22
April 3.80 19.77 35.2 19.3 19
May 1.00 22.17 38.7 23.0 16
June 0.25 23.81 41.2 253 17
July 0.00 22.59 40.9 26.1 20
August 0.00 21.54 40.5 25.9 22
September 0.01 20.72 39.0 23.6 24
October 0.24 18.12 35.6 20.7 27
November 0.87 12.64 28.8 15.2 34
December 0.52 10.10 24.1 10.7 39

3. Geomorphological Setting

A geomorphologic map for the area under investigation was
constructed using the Digital Elevation Model (DEM) data of 30 m resolution
(Fig. 2) and both the topographic and geologic maps. From this map, three
geomorphologic units are discussed in the following (Fig. 3):
3.1. Flood plain

Flood plain is formed of flat lowland with an area of 135.44 km? and
an average elevation of about 60 m above mean sea level. It is very narrow;
its width in Aswan is about 300 m (El Hussein, 2021). It stretches to the west
of the investigated area. Deltas of Wadi Abu Aggag, Wadi Umm Boirat
represent a part of this unit. It is covered by Nile sedimentary deposits of
Quaternary age.
3.2. Piedmont plain

It is Considered as an intermediate area lying between the highlands
(plateau units) in the east and the Nile flood plain area in the west. Its area is
about 634.6 km? and elevations range from 60 m to 200 m above mean sea
level. It is covered by alluvium deposits derived from the mountain area to the
flood plains. These deposits consist of sand, gravel and conglomerates. It
belongs to the Upper Cretaceous age.
3.3. Plateau

It is a part of the Ababda plateau having an area of 2002.10 km? and
200-500 m elevation above mean sea level. It is considered a mountainous
area that shows many mountains with different elevations such as: Jabal
Bayda (322 m), Jabal Dihaysah (412 m), Jabal al Hudi (362 m) and Jabal
Dihmit (508 m). It is characterized by a high and steep area. It is formed as a
water shed for the studied Wadis. It belongs to the Precambrian Era.
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Fig. (2). Digital Elevation Model (DEM). Fig. (3). The geomorphologic map.

4. Geological Setting

Several authors studied the geological setting of the study area
(Fourtau, 1915; El-Shazly et al., 1977; Hamdan, 1980; El Gammal et al., 2013
and Sharaka et al., 2021).

Stratigraphically, the Precambrian rocks are the main rocks in the
study area representing the oldest exposed rocks in the area under
investigation and overlaid by a thick sedimentary succession from Upper
Cretaceous to Quaternary ages. Depending on geologic maps: Gebel Hamata,
Luxor, Lake Nasser, Bernice (Scale 1:500000) (CONOCO, 1987). The
exposed geologic rocks are defined as follows (Fig. 4):

4.1. Precambrian rocks

They are composed of igneous and metamorphic rocks. Diorites,
grano diorites and red granites (Aswan granite) are the main components of
the igneous rocks and schist with subordinate gneisses represent the
metamorphic rocks.

4.2. Upper cretaceous

Consists of the Nubia group (Sharaka et al., 2021), representing Abu
Aggag, Timsah and Um Barmil formations.

- Abu Aggag Formation: is overlying the basement rocks and underlying
Timsah Formation to the northeast of Aswan at Wadi Abu Aggag. It
consists of koalinitic beds, basal conglomerate, sandstones, clays, clayey
sandstone and sandy clay. Its thickness is about 50 meters.
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- Timsah Formation: It is uncomfortably overlying Abu Aggag Formation
and underlies Umm Barmil Formation. It is fluviatile near shore marine
and locally eolian sandstone. The upper part of Wadi Abu Aggag consists
of sandstone and at the base consists of pale to dark grey, brownish to
yellowish grey massive of laminated and moderately hard clays.

- Umm Barmil (Nubia) Formation: It is uncomfortably overlying Timsah
Formation and consists of sandstone of continental origin and is partially
covered by Quaternary sediments. It is about 60 meters thick.

4.3. Quaternary deposits

Quaternary deposits consist of accumulations of surficial materials of

Wadi deposits (silt, sands gravels and rock fragments) and sand sheets

covering lowlands (El Gammal et al., 2013). Structurally, according to

geological maps and (El Hinnawi, 1965), the N-S, NNW-SSE, NW-SE and E-

W faults are the main structural elements affecting the investigated area (Fig.

4).
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Fig. (4). Geologic map of the study area (Modified after CONOCO, 1987).

5. Morphometric Analysis of the Basins

The hydrological characteristics of the studied basins are mainly
defined through their morphometric parameters. The geomorphological
features are the main bases of the morphometric analysis of these basins. The
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morphometric parameters of the selected Wadis were determined using the
data of (DEM) that has a resolution of 30 meters. Hydrology tools of the
copyright version 10.4 of the Arc/GIS Software were applied in recognizing
and filling all sinks in the collected mosaic of the investigated Wadis.

The stream orders classification was done automatically through the
hydrology tool (stream order option) using Strahler method (Strahler, 1957).
The different parameters were measured and calculated according to (Horton,
1932 and Horton, 1945). These parameters include: i) Texture Ratio, ii) Basin,
Valley Length (Ls, Ly) and Sinuosity Ratio, iii) Form Factor Ratio, iv)
Compactness Ratio, v) Shape Index, vi) Circularity Ratio, vii) Elongation
Ratio, viii) Bifurcation Ratio and Weighted Mean Bifurcation Ratio, ix)
Drainage Density, x) Stream Frequency, xi) Relief and Relief Ratio, xii)
Ruggedness Number and xiii) Length of overland flow.

6. Detection of Urban Areas

Visual interpretation of Google Maps is applied to define the urban
areas in the area under investigation. The general advantage of conventional
visual interpretation is its high accuracy of the results. The process of visual
interpretation can be divided into the following steps:
- Visual registration of features.
Recognition and identification of the observed features.
Analysis, which groups the features in space using mapping.
Finishing the interpretation with a classification

|

. Rainfall Characteristics
The main elements describing the rainfall characteristics are as
follows:
1. Rainfall Depth, which is the thickness of the water layer on the ground
surface.
2. Duration of rainfall; it is the elapsed time from the start to the end of the
event of the rainfall.
3. Rainfall intensity, expressed as water depth per unit time.
4. Frequency of rainfall which refers to the average time elapsed between
occurrences of two rainfall events.
The study area was subjected to severe storms during the last century.
Data of rainfall is collected from the meteorological stations and from satellite
websites (GSMAP, 2000-2023 and NASA, 2024) as shown in Tables (2) and
(3). It was noticed that flash floods have become more frequent, especially
after 2010.
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Table (2). Data of rainfall storms (2000-2024) (GSMAP, 2000-2023 and

NASA, 2024).
Year Date Rainfall depth  Duration Intensity Max. rainfall h™!
(mm) (h) (mm h)
2000 26 Dec. 0.30 2 0.15 0.05
2001 3-4 Apr. 1.20 18 0.07 0.70
2002 27-28 Apr. Oct. 4.04 26 0.16 0.61
2003 1-2 May. 8.92 24 0.37 1.47
2004 12-13 Jan. 1.70 4 0.43 0.05
2005 22-23 Jan. 13.44 15 0.90 4.00
2006 13- May 4.30 5 0.86 1.50
2007 30 Apr. 2.70 8 0.34 1.60
2008 20-21 Jan. 13.26 18 0.74 2.22
2009 4-10 May 60.48 128 0.47 3.70
2010 17-18 Jan. 7.20 9 0.80 2.40
2011 29- Apr 1.60 3 0.53 1.20
2012 21- Oct 3.50 12 0.29 1.80
2013 26- Jan 1.00 10 0.10 0.25
2014 7-9 Mar. 27.7 54 0.51 1.67
2015 11 Sep. 7.90 7 1.13 3.03
2016 15 Mar. 15.87 15 1.06 242
2017 13-14 Apr. 24.01 26 0.92 2.71
2018 15-16 Jan. 47.98 28 1.71 3.53
2019 27-28 Jan. 24.00 16 1.50 4.80
2020 11-12 Mar. 11.02 30 0.37 1.10
2021 12 Now. 18.78 5 3.76 8.43
2022 9 Jan. 10.38 18 0.58 2.06
2023 12 Jan. 4.80 7 0.69 4.60
2024 3-5 Aug. 69.72 46 1.50 14.63
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Table (3). Maximum storm rainfall depth (1921 -2024).

Year Date Ralni(‘z:llllm]))epth
1921 10 Dec 7.80
1962 17 Aug. 4.10
1968 16 Apr. 7.20
1977 16-17 Oct. 8.60
1979 16 May 9.10
1994 11-12 Oct 7.00
1997 17 Nov. 8.60
2003 1-2 May. 8.92
2005 22-23 Apr. 13.44
2008 20-21 Jan. 13.26
2009 4-10 May 60.48
2010 17-18 Jan. 7.20
2014 7-9 Mar. 27.70
2016 15 Mar. 15.87
2017 13-14 Apr. 24.01
2018 15-16 Jan. 47.98
2019 27-28 Jan. 24.00
2020 11-12 Mar. 11.02
2021 12 Nov. 18.78
2022 9 Jan. 10.38
2023 22-23 May 9.33
2024 3-5 Aug. 69.72

8. Rainfall-Runoff Modeling

Flash floods often occur in arid regions because of excessive rainfall
which occasionally causes major loss of property and life. In general, surface
runoff occurs when rainfall intensity exceeds the abstractive capability of the
catchment rocks, where catchment characteristics and the climatic factors
influence the rainfall runoff relationship. This relationship is of particular
importance for management and protection of catchment from flooding. In the
present study, two heavy storms were selected to investigate the rainfall-runoff
relationship. The first storm occurred on 12 November 2021, caused huge
damage to the infrastructures in Aswan governorate. This storm was
characterized by a short duration (5 hours), 18.78 mm rainfall depth and high
rainfall intensity of 3.76 mm h™'. The second storm occurred on 3-5 August
2024. This sudden storm had 69.72 mm rainfall depth and 1.5 mm h™'. rainfall
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intensity. Table (4) shows the collected storm data for the rainfall storm in

November 2021 and August 2024. The Hydrologic Engineering Center-

Hydrologic Modeling System, version 4 (HEC-HMS, 2010) was used to

analyze and simulate surface runoff during storms. Specifically, it was applied

to the storms that occurred in November 2021 and August 2024 across four

Wadis. To establish the rainfall-runoff relationship, methods for estimating

losses and calculating lag time were used to determine the appropriate

parameters. The software includes three main components:

- Basin Model: Covers key elements of the water system, such as sub-basin
area, lag time, and initial losses.

- Meteorological Model: Focuses on rainfall data, including its amount,
distribution, and duration.

- Control Specifications: Defines the period, time step, and duration of the
storm being analyzed.

Table (4). Storm data for studied wadis.

Period Rainfall depth  Storm duration Intensity Maximum rainfall in
(mm) (h) (mm h) hour (mm)
12 Nov. 2021 18.78 5 3.76 8.42
3-5 Aug. 2024 69.72 46 1.5 14.63
RESULTS AND DISCUSSION

1. Morphometric Characteristics of Drainage Basins

The morphometric analysis of drainage basins of the four Wadis; Abu
Aggag, El-Heta, Wadi Kimb and Wadi Umm Boirat are measured and
calculated (Tables 5 and 6 and Fig. 5). These parameters revealed the
following
1.1. Texture ratio

The texture ratio (Tr) is classified into four categories (Morisawa,
1957):

1) Less than 8 streams km™ (coarse texture),

2) From 8 to 20 streams km™' (medium texture),
3) From 20 to 200 streams km™! (soft texture) and
4) More than 200 streams km™! (very soft texture).
The texture ratio of Wadi Abu Aggag is about 15.85 streams km™' (medium
texture, category 2), while Wadis El-Heta, Kimb and Umm Boirat have coarse
texture (category one) indicating that they have a good chance for
groundwater recharge.
1.2. Basin and valley lengths (L, and Ly) and sinuosity ratio (Si)

The basin and valley lengths (Ly and L,) and sinuosity ratio (Si) were
calculated according to Mueller (1968). The sinuosity ratio (Si) is 1.36 at Wadi
Abu Aggag, 1.25 at Wadi El-Heta, 1.2 at Wadi Kimb and 1.27 at Umm Boirat.
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The (Si) of these Wadis indicates less meandering of main channels of the
drainage basins resulting in an increase in the effectiveness of flooding.
1.3. Form factor ratio (FFR)

The (FFR) of the four Wadis are 0.264 at Abu Aggag, 0.415 at El-
Heta, 0.216 at Kimb and 0.258 at Umm Boirat. These low values result in an
elongation in the shape of these basins and have lower peak runoff of longer
duration over their areas.

Table (5). Basic data of the selected wadis.

Name of the wadis

Parameter Wadi Abu Wadi El Wadi Wadi Umm
Aggag Heta Kimb Boirat
Area (A) (km2) 493.0 16.47 43.02 102.77
Perimeter (P) (km) 137.780 19.72 41.11 62.02
Basin width (w) (km) 9.90 2.62 3.10 4.90
Order of trunk channel 6h 4th 5th 5th
Direction of main trunk SE-NW E-W E-W SE-NW
First Stream no. 1702 58 144 342
order Length (km) 633.32 17.62 54.79 134.45
Second Stream no. 374 15 30 74
order Length (km) 319.83 12.46 21.75 60.51
Third Stream no. 86 2 7 19
order Length (km) 141.2 5.40 14.41 28.93
Fourth Stream no. 17 1 2 3
order Length (km) 79.40 2.25 12.19 21.78
Fifth Stream no. 4 1 1
order Length (km) 52.43 - 3.53 11.34
Sixth Stream no. 1

order Length (km) 23.17 - - -
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Table (6). Morphometric parameters of the studied Wadis

Parameters Name of the wadis

Unit Wadi Wadi Wadi Wadi

Abu El-Heta Kimb Umm
Aggag Boirat

Sum of stream numbers (3> N,) 2184 76 184 439
Sum of stream lengths (3'L.) km 12494  37.71 106.67 257.01
Valley length (Lv) km 58.59 7.91 16.9 25.4
Basin length (L) km 43.2 6.3 14.1 19.95
Texture ratio (Tr= Nu/P) km'! 15.85 3.85 4.48 7.07
Sinuosity ratio (Si= L/Ls) 1.36 1.25 1.20 1.27
Form factor ratio (FFR= (A/ Ly” 0.264 0.415 0.216 0.258
Compactness ratio (SH=P/2(VrA) 1.751 1.371 1.769 1.727
Shape index (Ish= 1.27A/L?) 0.335 0.527 0.275 0.328
Circularity ratio (Rc= 4nA/P?) 0.326 0.532 0.319 0.336
Elongation ratio (Re= (2VA/m)/ Ly 0.5801  0.727 0.525 0.573
Bifurcation ratio Rb= (3N, /Y Nu+1) 4.442 4.456 3.646 4.462
Weighted mean bifurcation ratio 4.532 4.432 4.604 4.545
WMRb=} (Rby/Rbu+1) (Nu + Nut1)/(2N)
Drainage density (D= (3L/A) km™! 2.534 2.290 2.480 2.50
Stream frequency (F= (3N, /A) km™ 4.430 4.614 4.278 4.272
Upstream elevation m 390 211 257 342
Downstream elevation m 95 104 110 111
Relief (R) m 295 107 147 231
Relief ratio (R= R/L) mm?'  0.007 0.017 0.010 0.012
Ruggedness no. (Rn=R*D) 0.748 0.245 0.365 0.578
Length of overland Flow (Lo = 1/2D) km 0.197 0.218 0.202 0.200

Egyptian J. Desert Res., 75, No. 1, 225-251 (2025)



HYDROLOGICAL STUDIES OF SELECTED WADIS........... 237

24°10°0"N

24°0°0"N

23°50'0"N

24°10'0"N
2

24°0'0"N
s

23°50'0"N
‘

z
£
-
Aswan :?‘ Aswan
_ /&P
[ [
2 2
o ['4
z
o El e
— ;c' —
z 3 2
Legend Legend
D Wadi Abu Aggag D Wadl El- Heta
1= First Order ;.
2 1 First Order
Second Order e
3 " 2 ——— Second Order
Third Order @ AswanCity @ AswancCity
4 Fourth Order r4 3 Third Order
5—— Fifth Order 77\ Nile River 2] 4 Fourth Order /\./ Nile River
8 = Sixth Order o
0o 4 8 16K o o 4 8 T6Km
T T T
33°0'0"E 33°10'0"E 33°0l'0"E 33°100"E
N N
z
°
54
Aswan :3 Aswan
& ) o
2 2 o
o o
z
o ol &
= o1 =
z 3 Z
Legend Legend
D Wadi kimb D Wadi Umm boirat
d First Order 1 First Order
2 Second Order . Aswan City 2 Second Order . Aswan City
3 Thied Order z 3 Third Order
F
4 Fourth Order ’\_/ Nile River s 4 Fourth Order /\/ Nile River
§ —— Fifth Order b 5. Fifth Order
b a8 TsKm N 0 W 8 16 K™
3°00°E 33°100°E 33°00"E 33100°E

Fig. (5). Stream orders map of studied wadis.

1.4. Compactness ratio (CR)

The drainage basins have calculated compactness ratios (CR) of 1.751
at Wadi Abu Aggag, 1.371 at Wadi El-Heta, 1.769 at Wadi El Kimb and 1.727
at Wadi Umm Boirat. These values indicate that these basins are elongated in
shape.
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1.5. Shape index (Ish)

It ranges from 0.335 at Wadi Abu Aggag to 0.525 at Wadi El-Heta.
These values indicate that the basins lengths are short, which increases the
probability of flooding.

1.6. Circularity ratio (Rc)

Wadis Abu Aggag, El-Heta, Kimb and Umm Boirat have (Rc) values
0f 0.326, 0.532, 0.319 and 0.336, respectively. This reflects the dominance of
elongation character for all studied basins. This means a low discharge of
runoff which is considered as a favorable condition for groundwater recharge.
1.7. Elongation ratio (Re)

The calculated (Re) values are 0.580, 0.727, 0.525 and 0.573 for
Wadis Abu Aggag, El-Heta, Kimb and Umm Boirat, respectively. These
results of the four basins indicate that they are near elongation and far from
circulation.

1.8. Bifurcation ratio (R,) and weighted mean bifurcation ratio (WMRy)

The bifurcation ratio (Ry) ranges between 3.646 at Wadi kimb to 4.462
at Wadi Umm Boirat. On the other hand, the values of the weighted mean
bifurcation ratio (WMRy) are 4.532 for Wadi Abu Aggag, 4.432 for Wadi El-
Heta, 4.604 for Wadi Kimb and 4.545 for Wadi Umm Boirat. These high
values indicate that all basins have a good chance for groundwater to recharge.
1.9. Drainage density (D)

The values of (D) range between 2.534 km™' at Wadi Abu Aggag and
2.290 km™ at Wadi El-Heta. These low values reflect the infiltration of the
rainfall into the groundwater which increases the groundwater storage.

1.10. Stream frequency (F)

The values of stream frequency (F) range from 4.272 at Wadi Umm
Boirat to 4.614 at Wadi El-Heta.

1.11. Relief and Relief Ratio (R and Ry)

Relief (R) values in the studied basins range between 107 m (Wadi
El-Heta) and 295 m (Wadi Abu Aggag). Relief ratio (R¢) values range between
0.007 (Wadi Abu Aggag) and 0.017 (Wadi El-Heta).

1.12. Ruggedness Number (Rn)

The ruggedness number (Rn) varies between 0.245 at Wadi El-Heta
and 0.748 at Wadi Abu Aggag). These low values indicate a gentle slope of all
basins and moderate relief. This means less runoff and good potential for
groundwater recharging.

1.13. Length of overland flow (Lo)

The calculated values of (Lo) range between 0.218 km (Wadi El-Heta)
and 0.197 km (Wadi Abu Aggag). These values indicate that the studied basins
haven’t any significant difference between them.

According to the results of all calculated morphometric parameters,
we can conclude that the studied basins have almost the same characteristics.
These basins are great examples of areas that have elongated shapes with a
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long time of concentration, which means they can effectively recharge
groundwater and consequently increase its potential.

2. Urban Areas

The estimated residential development areas from Google maps
(2024) in the outlets of the studied Wadis reach 38.32 km? (Fig. 6). This
expansion in urban areas led to an increase in the impervious areas, changed
the hydrologic cycle and consequently reduced the infiltration rate of this area.
It can be noticed from Fig. (6), that the urban areas cover the outlets of the
studied basins. The studied Wadis don’t debouche in the Nile due to the huge
amount of buildings in the last decade. Accordingly, flash floods cause great
damages to the infrastructure of the urban areas.
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Fig. (6). A map showing the urban areas (2024).

3. Rainfall Characteristics Discussion
From the rainfall data (Tables 2 and 3 and Fig. 7), the following points
can be concluded:
- The period from 2000 to 2024 represents a rainy period where the rainfall
falls almost every year.
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- The rainfall intensity ranges between 0.07 mm h! (2001) to 3.76 mm h’!
(2021).

- The maximum hourly rainfall varies from 0.05 mm (2000) to 14.63 mm
(2024).

- The analysis of rainfall occurrence depends fundamentally on the rainfall

depth and duration.

- Although the rainfall storm of 2009 represents a maximum rainfall depth
(60.48 mm), but this amount falls in a long duration of 128 hours (more than
5 days) as shown in its hyetograph (Fig. 8). Due to this long duration, the
calculated rainfall intensity has a small value (0.47 mm h™'). Compared with
the storm of 2021, which fell in only 5 hours, the calculated rainfall intensity
was 3.76 mm h! (Fig. 9).

- An unexpected rainfall occurred in August 2024, which represents one of
the driest months of the year. This storm lasted for three continuous days (3-
5 August) with a total rainfall of 69.72 mm. This storm is considered one of
the phenomena of climate change in Egypt. Fig. (10) shows the hyetograph
of this storm.
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Fig. (7). Rainfall intensity for different storms (2000- 2024).
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Fig. (10). Hyetograph for rainfall storm August 2024.

4. Watershed Modeling

HEC-HMS was used to generate the runoff hydrograph of the studied
basins. The input data include catchment data, rainfall data and losses data.
Muskingum method (Al-Humoud and Esen, 2006) was adopted as the routing
method.
4.1. Model input data
a) Catchment area

Based on morphometric and geologic characteristics of the four
Wadis, each Wadi was treated as one basin. Table (7) illustrates the following
morphometric parameters of the four basins: the catchment area (km?), basin
length (km), valley length (km), minimum and maximum elevation (m) and
average slope (m m™). The results reveal that Wadi Umm Boirat is the largest
in area with a total area of about 103 km?, where Wadi El Hita is the smallest
with area of about 16 km?. This data is considered as input data for the model.

Table (7). Main data of studied basins.

Ly Ly Max. Min.

Nl:::i:n()f 3{1;?) (basin length) (valley length) Elevation Elevation (Isnl(:::ﬁ)
(km) (km) (m) (m)
Wadi Abu Aggag 493 58.59 43.2 390 95 0.007
Wadi El Heta 16.47 7.91 6.3 211 104 0.17
Wadi Kimb 43.02 16.9 14.1 257 110 0.012
Wadi Umm Boirat ~ 102.77 254 19.95 342 111 0.010
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b) Rainfall data

The recorded data of storms (12 November 2021, 3-5 August 2024)
for the studied basins were used in the HEC-HMS model in form of
incremental precipitation (depth of precipitation for each time interval). The
start and end dates and times of the storm are entered as input data in the
model. The precipitation—time distribution is entered with a time step of one
hour.
¢) Losses calculations

The rainfall loss is rainfall which doesn’t contribute to direct runoff
(Ponce, 1989). The Soil Conservation Service method (SCS, 1986) was used
to calculate the basins losses. It requires the curve number (CN) values, initial
abstraction and percent of impervious area. This approach is popular because
of'its application to ungagged areas. The CN is based on the area’s hydrologic
soil group and land use. The CN varies from 0 to 100, higher values indicate
higher surface runoff and lower values indicate higher soil infiltration with
lower surface runoff. According to the percentage of the total sub-catchment
area with its corresponding CN a weighted average CN is calculated according
to the following equation (Table 8):

Yk ACN;

CN =
Ti14;

(1)

Where:

CN; corresponds to the appropriate CN for the part of the watershed that has
an area

A; is the percentage of the sub-basin, which is directly connected impervious
area, can be calculated according to the geological map of the study area
(Table 8). No loss calculations are carried out on the impervious area; all
precipitation on that portion of the sub-basin becomes excess precipitation and
is subject to direct runoff (NRCS, 2007).

The initial abstraction (Ia) defines as the amount of precipitation that
must fall before surfacing excess results. It is empirically derived from the
maximum soil water retention (S), which is related to the soil drainage
characteristics (e.g. CN values).

(S) accounts for the total amount of water retained in the drainage basin during

the rainfall event. The equations used for these calculations are as follows:

5—25400 254 @)
==

Ia=02xS.cccccceevvvveee. (3)
Where:
S = the potential retention parameter or surface storage after runoff begins
(mm),
Ia = Initial abstraction (mm)
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Table (8). CN values for the studied wadis.

Name of Geological Basin area Sub-basin Sub-basin CN Weighted
basin classification (km?) area (km?) area (%) CN
. Basement 233.15 47.29 92
szlg/;;u Upper Cretaceous 493 222.69 45.17 77 83.00
Quaternary 38.03 7.71 63
Basement 4.35 26.41 92
Wadi El Heta  Upper Cretaceous 16.47 12.12 73.5 77 81.00
Quaternary 0.00 63
Basement 13.36 76.24 92
Wadi Kimb ~ Upper Cretaceous 43.02 28.80 12.39 77 81.15
Quaternary 1.41 11.37 63
Wadi Umm Basement 78.35 31.06 92
El-Boirat Upper Cretaceous 102.77 12.73 66.95 77 86.84
Quaternary 11.69 3.28 63

d) Time of concentration and lag time calculation

According to Granato (2010), lag time (TL) can be defined as the time
interval from the center of mass of rainfall excess to the center of the peak of
runoff hydrograph. Mockus (1957) estimated the lag-time by a value of 0.6 T,
where T, is the time of concentration and it is calculated by applying Kirpich
equation (Subramanya, 1984) as follows:

L0.77
Te=0.0194——— ....ocovvri.., (4)

50.385
Where:

T= Time of concentration (min.)

L = Basin length, which is measured along the mainstream from the outlet to
the divide (m)

S = Slope of the basin (m m™)

e) Routing Method

Routing is the movement of the runoff from the different watersheds
outlets throughout the system along the stream, and ultimately to the outlet or
sink of the entire watershed system. The routing method used in this work is
the Muskingum method (Al-Humoud and Esen, 2006), which uses a simple
conservation of mass approach to route through the stream reach (NRCS,
2007). By adding a travel time for the reach (K) and a weighting coefficient
(X), it is possible to approximate attenuation.

The value of X depends on the shape of the wedge storage to be
modeled and ranges from 0 to 0.3 with a mean value near 0.25 (Chow et al.,
1988). K is the time required for an incremental flood wave to traverse its
reach and it may be estimated as the observed time of travel of peak flow
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through the reach (Veissman and Lewis, 2003). The following values were
used in the model:

X=10.25 K =0.50 hours and the input data used in the hydrologic model is
illustrated in Table (9).

Table (9). The input parameters used in HEC-HMS model.

Concentration Potential

N;:;?n()f time. (E‘Sg (t:nnlllf) CN abstraction I?;tl(z::l:ﬁ; s
(T.) (min) (S) (mm)
Wadi Abu Aggag 486.14 291.68 83.00 52.01 10.40
Wad El Heta 78.45 47.07 81.00 62.31 12.46
Wadi Kimb 233.75 140.25 81.14 59.04 11.81
Wadi Umm Boirat 166.81 100.08 86.84 38.49 7.70

5. Generation of Hydrograph

The main goals of this work are the identification of the rainfall-
runoff relationship and the estimation of the runoff depth, runoff volume, and
runoff coefficient (Table 10).

The depth of runoff water above the ground surface is defined as the
runoff depth. The runoff coefficient is the ratio of the total depth of runoff to
the total depth of rainfall and represents the amount of rainfall transmitted to
runoff (Wanielista and Yousef, 1993). This coefficient varies with topography,
land use, vegetal cover, soil type and moisture content of the soil (Texas
Department of Transportation, TxDOT, 2002) and is calculated using the
following equations (Ponce, 1989):

Runoff Denth = Runoff Volume )
unoff Depth = Drainage Area """

Runoff Coefficient = Runoff Depth 6
unoff Coefficient = o——— Depth"""""( )

Table (10). Results of selected wadis for hydrograph generation using EC-
HMS (Storms Nov. 2021 and Aug. 2024).

Storm 2021 Storm 2024

Name of Peak Runoff Runoff Runoff Peak Runoff Runoff Runoff
basin discharge volume depth coeff. discharg volume depth coeff.
(m?/s) 10°m*  (mm) (%) (m?s™!) (10° m%) (mm) (%)
Wadi Abu Aggag 119.8 3175.6 6.44 34.30 515.8 15618.6 31.68 45.44
Wadi El Heta 5.20 39.7 2.41 30.02 44.0 663.0 40.26 57.75
Wadi Kimb 7.0 103.6 2.41 30.02 78.8 1769.7 41.14 59.00
Wadi Umm Boirat 43.1 663.5 6.45 37.62 213.8 4919.2 47.87 68.66
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The estimated parameters were used in the generation of the runoff
hydrographs for each Wadi. Fig. (11) is a schematic presentation of the basins.
The discussion of the results for the two selected storms is as follows (Table
10 and Fig. 12 and 13):

- As a result of the November 2021 storm, which has 18.78 mm as a total
depth and 5 hours duration, the results show that the maximum flows in
Wadi Abu Aggag was 119.8 m®s™! and total runoff volume 3175.6 x10° m®.

- The unexpected storm of August 2024 on Aswan city and its vicinity
produces a huge amount of runoff water, especially in Wadi Abu Aggag.
The rainfall was 69.72 mm and duration of 46 hours produced a runoff
water (15618x10° m?), with maximum flow (515.8 m® s'). This storm
indicates noticeable climate change in Egypt.

- Although Wadi Abu Aggag represents the biggest Wadi in the study area
(493 km?), the other studied Wadis, produce a large amount of runoff as
well. Wadi El-Heta (16.47 km?) in storm of November 2021, the runoff
volume was 36.7x10° m?, with discharge equal to 5.20 m?® s™'. In storm of
August 2024, the volume of runoff was 663x10° m?, with discharge equal
to 44.0 m* s, So, these Wadis must be taken into consideration in any
development in this area.

- It is recommended to collect and update sufficient data about the basins to
avoid flood risks that may harm inhabitants.

Avoid establishing any infrastructure below dangerous cliffs or on steep ridges

to avoid any dangers that may occur.

Wadi Abu /" 'Wadi El-Heta

Wadi Kimb ' Wadi Umm Boirat ~

Fig. (11). Schematic presentation for the studied wadis.
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Fig. (12). Compiled hydrographs for the studied wadis (Storm Nov. 2021).
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Fig. (13). Compiled hydrographs for the studied wadis (Storm Aug. 2024).

CONCLUSION AND RECOMMENDATION

From the results of the above investigation, the following can be
distinguished:
1. All the studied basins have almost the same characters. These basins reflect
an ideal case of elongation with high time of concentration and hence high
groundwater potentialities.
The peak flow in Wadi Abu Aggag, was 119.8 m? s’ and total runoff
volume 3175.6 x 10° m® according to the November 2021 event. On the
other hand, storm of August 2024 produces runoff water 15618 x 10° m?,
with maximum flow 515.8 m® s\,
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3. Although Wadi Abu Aggag represents the biggest Wadi in the study
area (493 km?), but also the other studied Wadis, which are relatively
small compared with Wadi Abu Aggag, also produce a large amount
of runoff. Wadi El Heta (16.47 km?) in the storm of November 2021,
the runoff volume was 36.7 x 10° m?, with discharge equal to 5.20 m?
sl In the storm of August 2024, the runoff volume was 663 x 10°m?,
with discharge equal to 44.0 m* s!. So, these Wadis must be taken
into consideration in any development in this area.

4. It is recommended to collect and update sufficient data about the
valley basins to avoid floods risk that may cause harm to the
population.

5. Avoid establishing any infrastructure below cliffs or on steep ridges
to avoid any probable risk that may occur.

6. Remove any random settlements built in the main trunk of the Wadis.

7. There is a great lack of meteorological data in this area, so installation
of telemetric meteorological stations is recommended.

8. Using geotechnical studies to select the most suitable places for
building houses and avoid building in areas threatened by serious
torrents.

9. It is recommended to construct detention dams in the upstream area
of Wadis El Heta, Kimb and Umm Boirat.

10. In the outlet of Wadi Abu Aggag, it is recommended to construct
storage dams to protect the urban areas from the occasional flash flood
risk and replenishment of groundwater behind these dams.
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