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Executive Summary

This document describes the results of work for the flood risk assessment to be
undertaken for Naga Hamadi 1GW Solar + BESS project located in Egypt, Nagaa
Hammadi in order to determine its vulnerability to flood hazards and proposed actions to
protect the project boundary from the flood if necessary. Firstly, the collected data
includes relevant maps, aerial imagery, and DSM Digital Surface Model for analyzing
hydrological and meteorological information. Furthermore, the principles and design
criteria used in the hydrological study are detailed. Next, the analysis of the collected data
encompasses rainfall, the effects of climate change, and morphological analyses using
the Digital Surface Model, and aerial imagery to determine topography and drainage
basins. Finally, the output assesses the basic design of flood protection works and
proposes additional measures. Figure 1 below presents the site location, as well as the
GPS Coordinates.

Figure 1: Project location
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The report includes two main parts. Part 1 includes 5 main sections as follows:

Section One: Methodology of the Study: This section reviews the objective of
the study and the steps taken in preparing the study.

Section two: Collected Data, Principles and Design Criteria: This section
reviews all available hydrological and meteorological information required for the
hydrological analysis, relevant maps, aerial imagery, contour maps, topographical
survey information required to define the project location, the extent, and
characteristics of contributing catchments and to understand the presence and
nature of any existing infrastructure (roads, power lines, etc.). The principles and
design criteria used in the hydrological study of the project will be presented.

Section three: Description of the study area: This section presents the
description of the location of the study area.

Section four: Analytical Studies: This section reviews the analytical studies of
the collected data. The results of the metrological studies for the rainfall station
affecting the study area. The results of the morphological analyzes of the study
area using Digital Elevation Model, topographic maps available and recent aerial
imagery, and contour maps to determine the overall topography of the study area
and determine the streams and drainage basins affecting the project boundaries, if
any, and to present the results of the hydrological study of the project.

Section five: Protection Works: This section clarifies the assessment of the flood
works in the basic design as well as the preliminary design for the proposed
additional flood protection works.

The second part of the report contains the preliminary plans for the project.
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Study Objectives and Scope of Work

Methodology and Work Plan
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1 Methodoloqgy of the Study

1.1 Study objectives and scope of work

The hydrological study aims to identify and define the hydrological conditions for the area
of for Naga Hamadi 1GW Solar + BESS project, as well as identify the potential risks of

the floods from outside the project.

The project’s scope of work includes the following engineering tasks:

=  Data collection;

= Design specifications and standards;
» Geological and geotechnical studies;

= Topographic and morphological studies;

= Design Return Period,;

» Rainfall data analysis;

= Calculate the maximum flows and estimate the amounts of floods

» Proposed alternatives for the flood mitigation work.

1.2 Methodology and work plan

The integrated hydrological studies to prevent flood hazards are based on a series of

steps that can be summarized in Figure 2, which also illustrates a simplified sketch of the

relationship between the different elements of the study.
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Figure 2: Work Plan Block Diagram
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/ Data Collectiion

N Principles and Design Criteria
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2 Collected Data, Principles and Design Criteria

This section Reviews data collected from available geological maps, previous geological
studies, land use maps and satellite images, and the characteristics of the land surface
cover of the effective watersheds and loss coefficients of different catchments should be
defined. If any testing is deemed to be required to obtain critical information for this
aspect, these need to be performed and the results thereof provided. The principles and
design criteria used in the hydrological study of the project will be presented.

2.1 Data collection

All data and information on the study were collected from the official authorities
concerned with the study. The following is a list of the most important information and
data collected for analysis and use in the hydrological study of the project:

» Project boundary.

» Rainfall station data affecting the study area.

» Soil and Land formation maps for the study area.
» Digital Elevation Model (DEM) ALOS 30*30 meter.
»  Satellite images.

= Topographic maps of the study area.

Digital Elevation Models (DEM) for the whole study area were collected and
obtained from the ALOS satellite imaging results - satellites for imaging and Earth
observation - and the model is a grid matrix image in the horizontal projection at a
resolution of 30 meters. The ALOS data are widely used in the identification of
drainage basins for hydrological analysis work in many research and advisory
bodies. Figure 3 presents the digital elevation model used in the study.
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Figure 3 : Digital Elevation Models (DEM) for the study area
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While Figure 4 shows the topographic map of the study area on a scale of 1: 50,000

obtained from the Egypt Geological Survey.

Figure 4: Topographic maps scale 1:50,000 For the study area
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Satellite images were collected for the study area to be used to verify the results of
morphological analysis of drainage basins as well as to determine the quality of land
cover and land use for areas within the boundaries of drainage basins affecting the study

area.

Figure 5 shows the satellite image collected for the study area and used to determine the
nature of the surface cover and the surface soil because it is important in determining the
runoff coefficients that are necessary to calculate the values of design discharges.

Figure 5: Satellite image of the study area
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Figure 6 shows an example of the geological maps used in the preparation of the study.

Project Area [
T

A

Figure 6: Geological map of Egypt

2.2 Principles and design criteria

The hydrological and hydraulic designs are based on the Egyptian code for flood
hazard mitigation and consider the standard equations and methods used

worldwide.

2.2.1 Computer Models and Software Packages

The most advanced programs and numerical models were used in the calculation,
hydrological and hydraulic analysis of catchment areas and proposed protection works.
The following are the main programs and models that were used in the conceptual stage
of the study and which will be used in the detailed stage (next phase) as well:
GIS techniques (Arc-Hydro Tools, Spatial Analyst, etc...) were used to delineate
the watersheds, estimate watershed characteristics and develop runoff coefficient

maps.
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HEC-SSP 2.3 was used to conduct a frequency analysis for the collected rainfall
data records.
HECHMS (by USACE) and some developed in-house spreadsheet (MS Excel) is
used to estimate the peak flow and to estimate the other hydrologic parameters
whenever needed.
CulvertMaster to evaluate the existing culverts and to perform the hydraulic design
of the proposed culverts and (FlowMaster) in the hydraulic design of the proposed
channels and to determine the width of water in the roads (Water Spread)
HECRAS 2D (by USACE) in determining the boundaries of the valleys that affect
the study area for a return period of 25, 50 and 100 years.

2.2.2 Rainfall-Runoff Calculations

There are several methods for estimating and calculating the peak flows and runoff
hydrographs resulting from the catchment areas affecting the project boundary. The most
common methods used in Egypt are (Rational Method) and (SCS Unit Hydrograph).

Table 1 shows the standards and limitations for using these methods according to the
area of the catchment affecting the proposed project location.

Table 1: Limitations for the rainfall-runoff calculation methods

Catchments Area | Proposed Equation

A @ 100 Ha. Rational Method

A & 100 Ha. SCS Method

The following is an explanation of both methods and how they are applied to estimate
peak flows and runoff hydrograph for catchment areas affecting the project boundary.
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2.2.2.1 Rational Method

As shown in Table 2, the rational method is recommended for catchments areas less than
or equal to 100 hectares. It is a simple empirical formula that relates rainfall intensity to
runoff and yields a peak discharge. The formula reads:

Cl.A
= 360

Where:

Q, is the peak discharge, m®s;

I, Precipitation intensity or precipitation abundance (mm /hr.) which is calculated from the
curves of intensity, duration and frequency (IDF Curves), which is the amount of
precipitation during a specified time equal to the time of concentration (Tc) and
corresponding to a storm with an appropriate return period.

A, is the drainage area, ha.

C, Runoff Coefficient: Runoff coefficient is the ratio of rainfall flowing from drainage
basins. This coefficient is affected by the nature of the drainage basin such as land use,
soil cover, vegetation cover, soil infiltration capacity and other hydrological obstacles.
Flow coefficient is determined based on experience and engineering practice, available
maps and satellite images.

The Runoff coefficient (C) is available from the Ministry of Transport (MOT) design
manual is determined according to the conditions of the site as shown in Table 2.

Table 2: Runoff Coefficient for Rational method

A - Relief B - Soil Infiltration | C -Vegetal Cover D -Surface Storage
0.4 0.20 0.20
. . 0.20 ..
Steep rugged | No effective soil Negligible: surface
terrain cover; either rock | No effective plant depression few and
Average or thin mantle; cover; bare or shallow; drainage
slopes negligible very sparse soil | ways steep and small,
greater than infiltration cover no ponds or marshes
30% capacity 30%
0.30 0.15 0.15 0.15
Hilly with Slow to take up | Poor to fair; clean Low; well defined
average water; clay; or cultivated crops system of small
slopes of 10 | ¢her soil of low or poor natural drainage ways, no
to 30% infiltration cover; less than ponds of marshes.
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A - Relief B - Soil Infiltration | C -Vegetal Cover D -Surface Storage
capacity such as | 10% of area under

heavy gumbo good cover
0.10
0.20 0.10 .
0.10 Fair to aood Normal; considerable
Rolling with og ’ surface depression
about 50% of area .
average Normal, deep in aood arass land storage; typical of
slopes of 5 to loam gwoodglland or prairie lands, lakes,
10% equivalent cover ponds, and marshes
q less than 20% of area
0.05
0.10 0.05 0.05 ngh, surface

depression storage
high; drainage
system not sharply

High, deep sand | Good to excellent;

Relatively flat or other soil that | about 50% of area

land average

takes up water in good grass .
SIOPS; 0to readily and land; woodland or d::fil:zctlb:grgee. flaoro:
0 rapidly equivalent P ge; :arg

number of ponds and
marshes

In case of variable type areas then the average areal runoff coefficient is calculated as
follows:

_CA4+C, 4, +..+C A4,
A, + A4, +...+ A,

C

Whereas C,4...C, are the runoff coefficients for the sub-catchments areas A;...A,
respectively.

The time of concentration is generally defined as the time required for runoff to travel from
the remotest point in the watershed to the point of discharge and the most commonly
adopted equation for calculation of time of concentration is kirpich equation which is:

‘L o.77
Te = 0.0 195(—_)
V3
T time of concentration (minutes)

L, is the horizontally projected length of flow, in m; and
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S, is the longitudinal slope of the water path, in m/m, between the furthest point of the
catchment and the outlet.

2.2.2.2 SCS Unit Hydrograph Method

This method is used to estimate surface runoff, determine the peak flows and runoff
hydrographs after estimating the value of the different losses of rainfall falling on the
catchment area according to soil characteristics and land uses. These losses are
expressed by a factor called the (Runoff Curve Number), This method is used to calculate
flows from catchments of area more than 100 ha or 1 km?.

This method is based mainly on the accurate estimation of the following hydrological
processes of the design storm:

- Storm distribution over time

- Initial abstraction losses of rainfall and initial storage of the drainage basins (la)
related to the quantity of water stored in ponds and low areas of the basin as well
as those depleted in the process of initial saturation of the surface of the basin.

Infiltration Rate, which gradually decreases with time from the beginning of the
storm until it reaches a fixed value that depends mostly on the physical properties
of the soil and its structural formation and the proportion of organic matter in it.

The maximum loss or storage that may occur in soil of drainage basin(S) as well as the
initial abstraction value (la) expected to occur in the drainage basin is determined using
the following equation:

S=25.4 [1000/(CN-10)]
la =0.2S
whereas:
S - maximum soil storage depth, mm;
CN - Curve number according to the nature of the drainage basin;
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la - Initial abstraction (at the beginning of rainstorm) mm;

The values of the curve number are estimated according to the geological maps and the
aerial photographs and according to Table 3 taken from the values of arid and semi-arid
areas as mentioned in technical release No. 55 (TR-55), which is one of the most widely

used standards in the field of hydrology.
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Table 3: The Curve Number for Arid and Semi-Arid Regions as reported in Technical Release No. 55

(TR-55)
Cover description
Curve numbers for hydrologic soil group
Hydrologic
Cover Type
condition® A® B c D
. Poor 80 87 93
Herbaceous—mixture of grass,
weeds, and low-growing brush, Fair 7 81 89
with brush the minor element.
Good 62 74 85
Oak-aspen—mountain brush Poor 66 74 79
mixture 9f oak brush, as:pen, Fair 43 57 63
mountain mahogany, bitter
brush, maple, and other brush Good 30 a1 48
. .. . Poor 75 85 89
Pinyon-juniper—pinyon,
juniper, or both; grass Fair 58 73 80
understory
Good 41 61 7
Poor 67 80 85
Sagebrush with grass Fair 51 63 70
understory.
Good 35 47 55
Desert shrub—major plants Poor 63 77 85 88
include saltbush, greasewood, _
creosote bush, black brush, Fair 95 72 81 86
bursage, PaloVerde, mesquite,
and cactus. Good 49 68 79 84

' Average runoff condition, and la, = 0.2S.

2 Poor: <30% ground cover (litter, grass, and brush).

Fair: 30 to 70% ground cover.

Good: > 70% ground cover.

% Curve numbers for group A have been developed only for desert shrub.
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Runoff Depth (R), which is expected to occur on a unit area of the drainage basin (mm), is
calculated using the following equation:

2
_ (P-1)
(P+0.8S)
whereas:

P - maximum daily rainfall rate corresponding to design return period, mm;

The runoff hydrograph form resulted from (SCS-Unit hydrograph method) depends on the
area of the drainage basin and the Lag time (Tiag), as the lag time is estimated to be 0.6 of
the concentration time (Tc) of the basin.

The following equation is used to calculate the peak flows from the drainage basin (Qp)
as a result of 1 mm runoff depth.

2.084
0,=-="%
p TR

where:
Qp — unit peak flow, m®/ s;
A - drainage basin area, km?;

Tr - The time required for the peak flow to occur (hour), it is equal to the lag time (T |ag)
plus half the storm duration.
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2.3 Hydraulic Design Standards
2.3.1 Open channels

Manning’s equation is commonly used to determine the velocity in open channels/
gravitational storm drainage pipes under uniform flow conditions. The equation is
expressed as follows:

V= l R: '35'}.5
n

Where
V, is the mean velocity of flow, in m/s;

n, is the Manning’s roughness coefficient for open channel flow, n should be taken from
appropriate tables, depending on channel types and materials, etc.

R, is the hydraulic radius in m; and S, is the slope of energy grade line, or channel bed
slope, in m/m.
The capacity of an open channel has been determined from the continuity equation:

Q=AV

Where
Q is the flow rate in m%/s,
V, the velocity in m/s,

A is the flow area of cross section, A in m?.
2.3.1.1 Acceptable Free board

The minimum permissible vertical distance from the maximum water surface of the
channel to the top bank of the channel is 25 cm. and to be taken into consideration that
the higher return period flows behavior and its effect on both sides of the channel, as well
as the effect of horizontal curves in the channel path at the water depth in the water
sector should be studied.
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2.3.1.2 Design velocities for open channels and pipes

- The design velocities for the flow should be non-setting and non-eroding.
Minimum velocities should be self-cleansing and prevent solids sedimentation in the
drainage.

- A minimum velocity of 0.75 m/sec is required in channels for self-cleansing.

- Maximum velocities in channels with lined sides only, preferably no more than 3.0 m/s
for grouted riprap and 4.5 m/s for reinforced concrete.

- Maximum velocities in fully lined channels preferably not more than 4.5 m/s for
grouted riprap and 6.0 m/s for reinforced concrete.

2.3.2 Culverts
For the design of culverts, the following conditions must be considered:

O

O

Minimum size of box culvert is one vent with dimensions of 1.5x1.5 m.
Minimum cover above the culvertis 1 m.

The maximum water level in the upstream before entering the culvert should not
exceed 1.2 x (height of the culvert).

Protection should be provided at the culvert outlet and inlet to prevent scour; loose
riprap is recommended at earth channels, particularly when flow velocity is less
than 6.5 m/s. and energy dissipaters when the velocity exceeds 6.5 m/sec.

In general, flow in culverts will take place under one of two conditions: outlet control or
inlet control. In the case of inlet control, the inlet characteristics of the culvert are
predominant in determining the headwater of the culvert. The following equations will be
used for initial sizing of culverts as follow:

For Box Culverts
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Q=nx15xWxH"®

For Pipe Culverts

Q=nx1232xD*°
Where
n, is the number of barrels;
W, is the width of box culvert in m;
H, is the height of box culvert in m,
D, is the diameter of pipe culvert in m.

Culvert Master software will be utilized to determine the size of the concerned culverts as
well as to determine the headwater elevation and the outlet velocity. Also, design sheets
developed using MS Excel were utilized to confirm the dimensions of the proposed
culverts.

Reinforced concrete box culverts are recommended for watercourses where maximum
flow and channel configuration permits. Box culverts of one barrel or multiple barrels are
used in wadies and streams as needed. It is worth mentioning that in some wadies,
culverts of multiple-barrels are used instead of bridges. This condition is recommended
where the streambed is of very mild longitudinal slope, very wide, and the stream banks
are not well defined. Several multi-barrel culverts could accommodate for the generated
floods.

Inlet and outlet structures, with wing walls, have been provided to the ends of all culverts
in order to reduce erosion of the embankment and the downstream slope, inhibit
seepage, retain the fill, and make the ends structurally stable, as well as it may improve
the hydraulic characteristics of the culvert.

2.3.3 Scour protection works

The scour and corrosion are a familiar situation occurring in the wadis and streams and at
the drainage facilities such as the exits of the culverts and at the drainage points where
the water velocity at the outlet in the culvert is greater than the velocity in the natural
channels.
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As mentioned above, the velocities at culverts exits are between 3 and 6 m / s and these
values can be exceeded by culverts existing on steep slopes. Under these circumstances,
a minimum level of protection should be provided against corrosion and scour factors.
The aim of providing the required protection and quality is to resist the velocity of water
flow taking into account the natural conditions of the site. Provided that the proposed
protection facilities are capable of handling the design rainstorm (the design flows and the
resulting velocities).

In general, appropriate protection works will be provided at the following locations:

7 Inlet and outlet structures: loose riprap protection is recommended at the inlet and
outlet structures of each culvert;

7 Low points and depressions: Suitable types of protection, including grouted riprap
and concrete lining, is recommended at the road embankment at low points and
depressions where surface water is likely to collect or pond;

7 Wadies: Suitable protection is recommended at the road embankment between
culverts and their sides, particularly when used in wide streambeds, or at locations
where the highway passes along streams.

7 Protection works using concrete grooves in low areas of the road body

.~ Bridge foundations: It is recommended to use the necessary protective work at the
retaining walls and the foundations of the bridges
The dimensions of riprap depend on the velocity at the inlet and outlet.
Isbach formula is used to estimate the Dsq of riprap:

Where
Dso: Mean diameter of riprap

? . Empirical Coefficient (¥ =1.2)
T . Specific gravity of water (7/W =1.00 t/m?)

Vs . Specific gravity of riprap stones (7/5 = 2.65 t/m®)
g : Gravitational acceleration (g = 9.81 m/s?)
V' : Velocity of water (m/s)

The thickness of the riprap layer is considered equal to 2 x Dsp.
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The riprap length, as shown in the typical details, is considered equal to twice the height
of the culvert.
2.3.4 The design return period

frequency of storms within a specified period of time and the frequency of the storm
reflects the degree of flood risks. The choice of return period depends on the importance
and location of the proposed protection structure.

Table 4 shows the adopted design return period for the different elements of the flood
protection that can be used for the project.

Table 4: Design Return Period for Different Protection Elements

Drainage Element Design Storm RP (1:Yrs)
Dams 200/100
Wadi Bridges 100
Crossing Culverts 100
Diversion Channel 100
Dikes 100
Side Slope Protection works 10
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3 Description of the study area and site visit

3.1 Location of the study area

The project area is located in the Naga Hamadi, Egypt bounded by the Nile River 11.65

km from north and 41.40 km from east, the project is between 25.89 ° and 25.92 ° lat. and

between 32.26 ° and 32.32 ° long as shown in Figure 7.

Figure 7: Project location
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4 Analytical studies
4.1 Meteorological studies

The statistical analysis of rainfall data is one of the most important analytical studies to be
carried out in any flood protection and storm drainage project, where rainfall is the main
element causing the flow in streams, and this is why this study was given maximum priority
from the compilation of data, study and detailed analysis, conducting a series of statistical tests
on them using the best means to deduce the design storms, and developing the IDF curves,
for which design flows will be calculated. Figure 8 shows the average distribution of the
maximum daily rainfall depth values in Egypt, indicating that the averages range from 0 to 50

mm in different parts and reach over 50 mm on the west coast, Sinai Peninsula and the Red

Sea Mountains.

Figure 8: Distribution of average annual rainfall depth values for Egypt 1990-2020
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As a result of the metrological studies of the region, the summers are long, hot, humid, arid,
and clear and the winters are cool, dry, and mostly clear. Over the year, the temperature
typically varies from 12°C to 35°C and is rarely below 7°C or above 36°C.

Luxor Station was chosen because it is close to the site of the project with data available as it
covers about 60 years, which is sufficient for statistical analysis for periods of higher
frequency. Figure 9 shows the Location of the station concerning the project site. Data for the
station were collected between 1961 and 2020. Figure 10 and Table 5 show the daily values of
the depth of rainfall (1961-2020) for Luxor station, the maximum value recorded during this

period is 21 mm, which was recorded in 2008.
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48 km

Figure 9: location of the rainfall station
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Luxor Rainfall Station
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Figure 10: the max. Daily annual rainfall for city of Luxor

Table 5: The maximum daily annual rainfall in the period from 1961 to 2020 for city of Luxor

Year Max Depth (mm) Year Max Depth (mm)
1961 0.0 1988 0.1
1962 0.0 1989 0.1
1963 0.1 1990 1.1
1964 1.0 1991 5.0
1965 1.0 1992 2.0
1966 0.9 1993 2.0
1967 0.1 1994 16.0
1968 0.1 1995 2.5
1969 0.5 1996 0.0
1970 0.1 1997 6.0
1971 0.1 1998 2.0
1972 0.1 1999 2.0
1973 0.1 2000 0.2
1974 1.6 2001 6.0
1975 3.6 2002 2.0
1976 7.0 2003 3.0
1977 0.1 2004 0.0
1978 0.1 2005 0.8
1979 16.2 2006 0.0
1980 5.2 2007 0.0
1981 0.0 2008 21.0
1982 04 2009 3.0
1983 0.1 2010 12.0
1984 0.1 2011 10.0
1985 0.1 2012 14.1
1986 0.1 2013 15.6
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Year Max Depth (mm) Year Max Depth (mm)
1987 0.1 2014 16.5
2015 5.0 2018 6.0
2016 2.8 2019 2.3
2017 3.0 2020 9.0

4.1.1 Daily Maximum Rainfall Analysis

Statistical analysis of the maximum values of daily rainfall was performed for the station and
statistical distributions were used and tested to obtain rainfall values at different return periods.
Using the statistical analysis software HEC-SSP and the application of a set of different
statistical to choose the most appropriate to represent the data of rainfall station, such as:

= LOGPEAARSON lII Statistical Distribution

The following Figure 11 shows the distribution of the Luxor station.

Figure 11: Statistical Distribution LOGPEAARSON lil

According to the statistical characteristics of the distribution, the best statistical distribution was
found to be LOGPEAARSON Ill. Moreover, based on Hydrological study procedure, the
impact of climate change on IDF curves and floods was taken into consideration by applying a
10% increase to the precipitation values for each return period. Table 6 shows the result of the
statistical analysis and the design storm values for the station for different return periods.
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Table 6: Maximum daily annual rainfall depth corresponding to different return periods for rainfall stations

Return Period (Year) 200 100 50 25 10
Maximum daily annual rainfall depth (mm)
without 10% climate change 52.67 | 42.86 | 33.06 | 23.83 | 13.00
Maximum daily annual rainfall depth (mm)
with 10% climate change 57.94 | 47.15 | 36.37 | 26.21 14.30

These values were used to develop the intensity, duration and frequency (IDF) curves of the
station as shown in Figure 12 using Bells’ ratios shown in Table 7 due to the absence of short-
term rainfall data in the study area.

Table 7: (Bells’ Ratios)

Duration (minutes)

10

20

30

60

120

180

360 720

1440

Bell's Ratios

0.28

0.39

0.46

0.60

0.77

0.81

0.87 0.93

1.00
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IDF-Luxor Station
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Figure 12: IDF Curve for city of Luxor
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4.2 Geomorphological studies

4.2.1 Morphological studies

Morphological studies and identification of streams and drainage basins affecting the
boundaries of the study area were performed using Digital Elevation Models (DEM) within
ArcGIS using ArcHydro Tools as shown in Figure 13. The natural wadis are defined until the
end of the mountains. Beyond this point, the wadi becomes very wide, acting like a sheet flow
with no defined streams. This issue is simulated in the HEC-RAS 2D model shown in the
appendix. Moreover, it is observed from flood inundation resulting from HEC-RAS 2D model

that there is sand dunes and natural obstacles that trapping the flow.
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Figure 13: The drainage basins and its sub-basins that affecting the study area using digital elevation
models and ArcGIS

The topographic maps collected with scale 1:50,000 and recent satellite images were used to
check the results of the GIS software. Topographic maps are widely used in determining the
paths of streams in various areas, especially in areas that are not accessible. The names of
major streams can be identified through the maps showing the names in each region and also
the topographic maps shows the elevations and contour lines, which is used in the
identification of streams and watercourses in areas where there is no clear stream path and
also used to determine the different morphological characteristics of all catchments such as
(area, longest flow path, slope, ..... etc.), also the topographic maps shows some important
elements such as roads, power lines and others. Figure 14 & Figure 15 shows the main
streams and the main catchment areas affecting the study area after being checked and
verified by using topographic maps and satellite images.
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Figure 14: The drainage basins and its sub-basins that affecting the study area on topographic maps
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Figure 15: The drainage basins and its sub-basins that affecting the study area on Satellite image
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The results of the geomorphological study for the study area were shown by using the digital
elevation models, the satellite images and the topographic maps on scale 1: 50,000. There are
8 drainage basins that attack the project area with different characteristics. Different
morphological parameters of the streams were identified. These parameters are:

1- Drainage basin boundaries.

2- Longest flow path of the stream.
3- drainage basin area.

4- Stream slope

5- Shape of drainage basin.

6- Time of concentration

4.2.2 Geological study

The geological and geotechnical characteristics of the study area should be determined in
order to determine the general soil type in the study area, the composition of the rock, the
infiltration rates and the groundwater condition. This helps directly determine the runoff
coefficient for the soil. This information can also be verified by site visits from specialists and
satellite images.

The geological study of the area was conducted to identify the nature of soil and its constituent
layers using geological maps as shown in Figure 16
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Project Area _ e

AR

Figure 16: Geological map — Egypt

Table 8 shows the Geomorphological parameters of catchment areas that affecting the project
boundary

Table 8: Geomorphological parameters of catchment areas that affecting the project boundary

W oadcat Time of Lag

Watershed ::,teear?::)d :;I:twh Slope (%) C CN concen.tration tin.le
(m) (min) (min)

W1 SCS - - ) - - -

W1-SUBO01 SCS 11731 0.01 ) 84.61 195.54 117.32
W1-SUB02 SCS 14846 0.01 ) 80.46 234.30 140.58
W1-SUBO03 SCS 7355 0.01 ) 83.31 109.88 65.93
W1-SUB04 SCS 9109 0.01 ) 82.56 137.45 82.47
W1-SUBO05 SCS 14365 0.01 ) 83.48 213.94 128.36
W1-SUBO06 SCS 12243 0.01 ) 82.94 187.52 112.51
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W Longest Time of Lag

Watershed ;Le;zl::)d ::::; Slope (%) C CN concen_tration tirpe
(m) (min) (min)
W1-SUBO7 SCS 12197 0.02 ) 81.28 172.11 103.26
W1-SUBO08 SCS 12653 0.01 ) 80.08 185.35 111.21
W1-SUBO09 SCS 4938 0.02 ) 78.81 63.81 38.28
W2 SCS 6681 0.03 ) 77.75 84.96 50.98

W3 SCS - - ) - - -
W3-SUBO01 SCS 18506 0.01 ) 81.30 311.15 186.69
W3-SuB02 SCS 15155 0.01 ) 80.23 218.83 131.30
W4 - - ) - - -

W4-SUB01 SCS 16907 0.01 ) 79.07 270.46 162.28
W4-SUB02 SCS 9969 0.01 ) 80.18 179.55 107.73
W4-SUBO03 SCS 5697 0.01 ) 84.41 105.57 63.34
W4-SUB04 SCS 8252 0.01 ) 83.06 146.90 88.14
W4-SUB05 SCS 9241 0.01 ) 81.33 152.43 91.46
W4-SUBO06 SCS 10653 0.01 ) 79.96 161.11 96.67
W4-SUBO07 SCS 7936 0.01 ) 82.64 137.94 82.77
W4-SUB08 SCS 10143 0.00 ) 83.97 250.44 150.27
W4-SUB09 SCS 9442 0.01 ) 83.78 144.42 86.65
W4-SUB10 SCS 6429 0.02 ) 80.07 98.13 58.88
W4-SUB11 SCS 2984 0.02 ) 84.43 46.44 27.86
W4-SUB12 SCS 11647 0.01 ) 81.92 169.41 101.64
W4-SUB13 SCS 8300 0.01 ) 79.53 116.33 69.80
W4-SUB14 SCS 10056 0.02 ) 79.89 150.51 90.31
W4-SUB15 SCS 4931 0.00 ) 81.54 199.88 119.93
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W Longest Time of Lag

Watershed ;Le;?::)d ;I::; Slope (%) C CN concen_tration tirpe
(m) (min) (min)
W4-SUB16 SCS 13551 0.01 ) 80.60 202.97 121.78
W4-SUB17 SCS 6409 0.03 ) 78.29 95.54 57.32
W4-SUB18 SCS 3755 0.01 ) 80.65 65.38 39.23
W4-SUB19 SCS 2222 0.01 ) 83.75 65.08 39.05
W5 SCS 8672 0.02 ) 78.29 120.08 72.05

4.3 Hydrological study

Hydrological studies represent the foundation for the selection of Flood protection works.
Metrological, morphological, geological, site visits and by taking into account design storms

and their distribution. Are considered as the input to the hydrological study, the maximum flow

and flow hydrograph is the main output of the hydrological study, which is used in the hydraulic
design of flood protection works.

4.3.1 Design storm

SCS Storm Type Il has been used extensively worldwide, providing logical and safe maximum
discharge values, as it relies on concentrating the bulk of precipitation in a short time.
Figure 17 shows Distribution of a storm in a SCS Storm type Il method for 24 hours.
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Figure 17: Distribution of SCS type Il storm for 24 hours

In order to calculate the maximum discharge of the flood, the Rational method was applied for
the watersheds with areas less than 100 hectares. And the SCS Method was used for
watersheds with areas greater than 100 hectares to avoid the high discharges resulting from
the use of the Rational method for the large watersheds, so don’t lead to large the flood
protection works than necessary.

4.3.2 Hydrological Model Results

The HEC-HMS program was used to calculate the maximum discharge from drainage basins
larger than 1 km? and to use an Excel sheets to calculate the discharge from watersheds of
area less than 1 km? for different return periods of 25, 50, and 100 years using a 24-hour
design storm and using the distribution of SCS Type Il where it is the most suitable distribution
of dry areas. Table 9 shows the results of the hydrological Model. Figure 18, Figure 19 &
Figure 20 shows an example of W-2 drainage basin hydrograph for 25, 50 and 100 years.
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Table 9: Results of hydrological study for catchments that affecting the project boundary

I . Peak | Peak | Peak

ongest Rational Curve Time of flow | flow | flow Volume | Volume | Volume
Watershed M flow Watershed Runoff . Lag time (100 (50 (25

ethod . . Number | Concentration : (100 (50 (25
number path area (ha) | Coefficient (CN) (minutes) (minutes) Year) | Year) | Year) Year) Year) Year)
(m) (C) mils) | (mels) | (mis) | (M) | (ms) | (m?Us)
WA1 SCS - - . - - - 65.00 | 34.10 | 13.50 | 2051.30 | 1155.80 | 485.60
S\GV;(_),I SCS 11731 3158.72 . 84.61 195.54 117.32 | 32.90 | 18.10| 7.20 | 539.80 | 317.00 | 144.10
S\l{JVI?j(-)Z SCS 14846 2534.33 . 80.46 234.30 140.58 [15.70 | 7.70 | 2.40 | 318.30 | 170.70 | 64.60
SYJVI;(-)S SCS 7355 1401.82 . 83.31 109.88 65.93 |20.20|10.60| 3.70 | 218.10 | 124.80 | 53.90
S\l/JVI;(-)4 SCS 9109 1151.66 . 82.56 137.45 82.47 13.10| 6.70 | 2.30 | 169.60 95.50 39.90
S\L/JVI;(-)S SCS 14365 1440.35 . 83.48 213.94 128.36 [ 12.70 | 6.80 | 2.50 | 226.80 | 130.20 | 56.60
S\L/JVI;(-)G SCS 12243 1551.23 . 82.94 187.52 11251 [14.40 | 7.50 | 2.70 | 234.90 | 133.30 | 56.70
S\l/JVI;(-ﬂ SCS 12197 1302.67 . 81.28 172.11 103.26 [ 11.10 | 5.50 | 1.70 | 174.30 95.30 37.60
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longest Rational Curve Time of Ff’li?l\ll( I:I?:AI’( E:I?)?AI/( Volume | Volume | Volume
Watershed Method flow | Watershed Rur_\o_ff Number | Concentration La_g time (100 (50 (25 (100 (50 (25
number path area (ha) | Coefficient . (minutes) Year) Year) Year)
(CN) (minutes) Year) | Year) | Year) 3 3 3
(m) (C) me1s) | (mels) | (mes) | (Ms) | (ms) | (m?s)
S\L/JVB1(-)8 SCS 12653 927.27 . 80.08 185.35 111.21 6.60 | 3.10 | 0.90 | 113.00 60.10 22.30
S\l/JVB1(-)9 SCS 4938 511.65 . 78.81 63.81 38.28 7.00 | 3.00 | 0.60 56.40 29.00 10.00
W2 SCS 6681 1075.96 . 77.75 84.96 50.98 10.60 | 4.30 | 0.80 | 108.70 54.20 17.40
W3 SCS - - . - - - 27.00 | 14.00 | 4.90 | 812.40 | 440.50 | 170.70
SXJV;(-),I SCS 18506 3930.65 . 81.30 311.15 186.69 |21.40 | 10.80| 3.70 | 526.60 | 288.10 | 113.70
S\l{JVIéBC-JZ SCS 15155 2316.01 . 80.23 218.83 131.30 [14.80| 7.10 | 2.20 | 285.70 | 152.40 | 56.90
W4 - - i} - - - 50.60 | 25.50 | 8.40 | 1367.20 | 732.80 | 277.30
S\GV;(_),I SCS 16907 2430.84 . 79.07 270.46 162.28 [ 11.80| 5.50 | 1.60 | 273.60 | 141.60 | 49.50
S\l/JV;(-)Z SCS 9969 1069.72 . 80.18 179.55 107.73 | 7.90 | 3.80 | 1.10 | 131.50 70.00 26.10
S\l/JV;(-)B SCS 5697 711.50 . 84.41 105.57 63.34 11.70 | 6.30 | 240 | 119.90 70.10 31.60
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longest Rational Curve Time of Ff’li?l\ll( I:I?:AI’( E:I?)?AI/( Volume | Volume | Volume
Watershed Method flow | Watershed Rur_\o_ff Number | Concentration La_g time (100 (50 (25 (100 (50 (25
number path area (ha) | Coefficient . (minutes) Year) Year) Year)
(CN) (minutes) Year) | Year) | Year) 3 3 3
m = (ms) | (m3ss) | (mers) | (M7S) | (ms) | (mUs)
S\L/JV;(-M SCS 8252 1101.32 . 83.06 146.90 88.14 1250 | 6.50 | 2.30 | 168.20 | 95.70 40.90
SYJV;(-)S SCS 9241 699.23 . 81.33 152.43 91.46 6.50 | 3.20 | 1.00 | 93.90 51.40 20.30
S\l{JV;(-)6 SCS 10653 755.86 . 79.96 161.11 96.67 590 | 2.80 | 0.80 | 91.30 48.40 17.80
S\lflvg(-ﬂ SCS 7936 630.75 . 82.64 137.94 82.77 7.20 | 3.70 | 1.30 | 93.40 52.70 22.10
S\L/JVI:(-)8 SCS 10143 690.14 . 83.97 250.44 150.27 | 5.60 | 3.10 | 1.20 | 112.60 | 65.30 29.00
SYJV;(-)Q SCS 9442 561.66 . 83.78 144 .42 86.65 6.90 | 3.70 | 1.40 | 90.50 52.30 23.00
S\(JV;;O SCS 6429 947.90 . 80.07 98.13 58.88 10.90 | 5.00 | 1.30 | 115.50 | 61.40 22.70
S\GV;;,I SCS 2984 132.64 . 84.43 46.44 27.86 4.00 | 220 | 0.80 | 22.40 13.10 5.90
S\L/JVI:;2 SCS 11647 1496.65 . 81.92 169.41 101.64 [13.70 | 6.90 | 2.30 | 210.10 | 116.60 | 47.40
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longest Rational Curve Time of E:Ii?nll( I:I?:AI’( E:I?)?AI/( Volume | Volume | Volume
Watershed Method flow | Watershed Rur_\o_ff Number | Concentration La_g time (100 (50 (25 (100 (50 (25
number path area (ha) | Coefficient . (minutes) Year) Year) Year)
(CN) (minutes) Year) | Year) | Year) a5 3 o
(m) (C) me1s) | (mels) | (mes) | (Ms) | (ms) | (m?s)
S\l/JV;;B SCS 8300 1089.20 . 79.53 116.33 69.80 1040 | 4.70 | 1.20 | 127.10 66.60 23.90
S\l/JV;;4 SCS 10056 774.72 . 79.89 150.51 90.31 6.30 | 3.00 | 0.80 93.10 49.20 18.10
S\GV;;S SCS 4931 377.86 . 81.54 199.88 119.93 | 290 | 1.50 | 0.50 51.60 28.40 11.30
S\GV;;G SCS 13551 2057.18 . 80.60 202.97 121.78 [14.40 | 7.00 | 2.20 | 261.10 | 140.50 | 53.50
S\l/JV;;7 SCS 6409 805.56 . 78.29 95.54 57.32 7.80 | 3.30 | 0.70 85.10 43.10 14.30
S\l/JV;;8 SCS 3755 267.71 . 80.65 65.38 39.23 440 | 210 | 0.50 34.20 18.40 7.00
S\lfjvg;g SCS 2222 158.33 . 83.75 65.08 39.05 3.50 | 1.90 | 0.70 | 25.40 14.60 6.40
W5 SCS 8672 983.40 . 78.29 120.08 72.05 8.00 | 3.40 | 0.80 | 103.80 52.60 17.50
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Figure 18: Runoff hydrograph for watershed no. W-2 for 25 yrs

Figure 19: Runoff hydrograph for watershed no. W-2 for 50 yrs

Page 51/185




1gw solar bess — naga hamadi, EGYPT
Hydrological Study

OBELISK SOLAR POWER SAE

Figure 20: Runoff hydrograph for watershed no. W-2 for 100 yrs
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Table 10, Table 11 and Table 12 present the hydraulic properties of the flow at the points of

impact affecting the project boundary.

Figure 21: Point of impact cross sections

Table 10: Point of impact properties for 25 yrs at difference sections

25 years
Properties Cross Section 1 Cross Section 2 Cross Section 3
Flow(m3/s) 13.40 0.45 6.77
Depth(m) 0.97 0.23 1.20
velocity(m/s) 0.98 0.56 0.60
Pressure(t/m2) 0.97 0.23 1.20
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Table 11: Point of impact properties for 50 yrs at difference sections

50 years
Properties Cross Section 1 Cross Section 2 Cross Section 3
Flow(m3/s) 34 50 2.55 20.93
Depth(m) 1.12 0.27 1.28
velocity(m/s) 1.35 0.43 1.17
Pressure(t/m2) 1.12 0.27 1.28

Table 12: Point of impact properties for 100 yrs at difference sections

100 years
Properties Cross Section 1 Cross Section 2 Cross Section 3
Flow(m3/s) 66.7 8.06 41.21
Depth(m) 1.33 0.36 1.35
velocity(m/s) 1.65 0.97 1.18
Pressure(t/m2) 1.33 0.36 1.35
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Section five ( Proposed
Protection Works)
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5 Flood Protection Works

5.1 Existing Structures

Based on our field experience and satellite imagery, it has been confirmed that there is a dam
located upstream to the west of the project. However, it does not have any significant impact
on the project boundary. Further, the received DEM (5 x 5 m) doesn’t reflect the Dam height or
its upstream storage pond. Therefore, it is difficult to know the natural dam breaches
occupations.

5.2 Flood inundation analysis

HEC-RAS 2D 6.4.1 software was used to build up a complete 2D hydrodynamic model to
perform the flood inundation analysis required to identify the inundated locations to the risk of
flood hazards from the precipitation and discharge hydrographs produced from the
hydrological analysis of the 25, 50 and 100 yrs return periods storms.

The 2D component of HEC-RAS, a freely available hydraulic modelling package will be utilized
for the course of this investigation. The Hydrologic Engineering Center’s (HEC) River Analysis
System (HEC-RAS) software allows the user to perform one-dimensional (1D) steady and two-
dimensional (2D) unsteady river flow hydraulic calculations. HEC-RAS is an integrated system
of software and is comprised of a graphical user interface, separate hydraulic analysis
components, data storage and management capabilities, graphics, mapping (HEC-RAS
Mapper) and reporting facilities.

The first input to such models is the digital terrain model (DTM 5 x 5 m), which is derived from
the same digital elevation model used in the morphological analysis. The DTM is fed into HEC-
RAS Mapper and an appropriate mesh size is selected in Cartesian coordinates, see Figure
22. The geometric properties of the generated mesh are listed in Table 13. In addition, a
variable Land cover and CN data were incorporated into the model to account for the spatial
variability of soil infiltration and Manning roughness factor between the flood plains and the
Wadis
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Selected: 'Terrain (7)'

Figure 22: 2D Mesh generated from the DTM

Table 13: Hydraulic Properties of the 2D Mesh

No. of Cells Min. Elev. (m) Max. Elev. (m) ParSeir;tel\élr(Teﬁrrln?ell Manning’s Value
80459 64.46 503.45 5x5 0.035

Page 57/185




1gw solar bess — naga hamadi, EGYPT
Hydrological Study OBELISK SOLAR POWER SAE

According to the results of hydrological studies, which showed that there are streams affecting
the project boundary, as explained above, which requires a protection works to protect the
project from the flood risk.

5.2.1 Open channel

Existing open channels within the project boundary are used to convey flow downstream,
following the same direction as the natural wadi as shown in Figure 23. The following Table 14
shows the channels specifications.

5.2.2 Dike
Moreover, Proposed dike is used to divert water inside channel one as presented in Figure 23
and Table 15.

Figure 23: Flood mitigation works
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Table 14: Open channel technical specification for 25, 50 and 100 yrs

Channel . Longitudinal | Width | Depth Side
Name . Material
Section Slope (m) (m) slope
Channel-01 Trapezoidal | Concrete 0.01 40 1.0 2:1
Channel-02 Trapezoidal | Concrete 0.01 20 1.0 2:1
Table 15: Dike technical specification for 50 yrs
. Crest
: Side Slope . Depth
Name Material (m/m) Width (m)
(m)
Dike Concrete 2:1 2 25
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6 Conclusion and Recommendation

» The Consultant presented a conceptual overview of the hydrological conditions of
the whole project area;

» The Consultant presented the adopted design criteria for the technical methodology.

» The Consultant carried out the main analytical studies to investigate the design
storm values, and morphological parameters of the watersheds and finally calculate
the resultant runoff hydrographs.

» The Consultant evaluates existing flood protection works in order to protect the study
area from flood hazards.

» The flood protection scheme is composed of diversion and conveyance works that
divert and convey the incoming flows from the upstream watersheds to the main
Wadi.
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7 Annex (A)
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Subbasin "W1-SUBO5" Results for Run "Run 25"
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= Run:Run 25 ElementW1-SUB0S Result:Precipitation = Run:Run 25 Element:W1-SUB0S Result:Precipitation Loss
|— Run:Run 25 Element:WW1-5UB0S Result:Outflow —=—= Run:Run 25 Element:W1-SUB0S Result:Baseflow
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Junction "W4" Results for Run "Run 25
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Subbasin "W4-SUB11" Results for Run "Run 25"
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Subbasin "W4-5UB16" Results for Run "Run 25
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Subbasin "W4-SUB17" Results for Run "Run 25
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Subbasin "W1-SUB01" Results for Run "Runs0"
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Junction "W3" Results for Run "Run50"
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Hydrological Study

Junction "W4" Results for Run "Run50
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Subbasin "W4-SUB01" Results for Run "Run50"
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Subbasin "W4-SUB02" Results for Run "Run50"
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Subbasin "W4-SUB11" Results for Run "Run50
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Subbasin "W4-SUB13" Results for Run "Run50
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Subbasin "W4-SUB15" Results for Run "Run50
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Subbasin "W4-SUB17" Results for Run "Run50
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Junction "W3" Results for Run "Run 100"
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Junction "W4" Results for Run "Run10(
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Subbasin "W4-SUB02" Results for Run "Run100C
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Subbasin "W4-SUB03" Results for Run "Run100"
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Subbasin "W4-SUB04" Results for Run "Run100
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i Subbasin "W4-SUBO7" Results for Run "Run100

0.2 7
0.4
0.6

Depth (mm)

0.8
1.0+

Flow (cms)
-

00:00 12!00 00:00 12 :00 00:0
| 01Aug2000 02Aug2000

rLegend (Compute Time: 230ct2024, 16:22:11)

mmm 2 un:Run100 Element:W4-SUBO7 Result:Precipitation mmm Run:Run100 Element:W4-SUBO7 Result:Precipitation Loss

Run:Run100 ElementW4-5SUBO7 Result:Outflow —— = Run:Run100 Element:W4-SUBOT Result:Baseflow

Page 172/185




1gw solar bess — naga hamadi, EGYPT
Hydrological Study

OBELISK SOLAR POWER SAE

Subbasin "W4-SUB08" Results for Run "Run100C
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Subbasin "W4-SUB09" Results for Run "Run100
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Stakeholders Scoping Meeting — 1% October 2024

Governor meeting

The meeting took place in the governorate building of Qena in the 1% of October, 2024. The meeting
included attendees from various relevant governorate/authority entities as presented in the list
below.

List of attendees:
Scatec ASA

e Mohamed Amer — Country Manager and EVP Green Hydrogen
Mohamed Taha — E&S Manager

e  Mohammed Khairy — E&S Advisor

Ahmed Abdel Nasser — Security Manager

Qena Governorate

- Dr. Khaled Abdel Halim — Governor of Qena

- Colonel, Mohamed Magdy, General security manager (g J adilc 1)

- Dr. Hazem Amr, Deputy governor of Qena

- General, Hossam Hammouda, Secretary General (algJ' @yl )

- General Ayman El Saeed Abdel Baki, Assistant Secretary General

- General, Magdy, Security Head of North Qena Sector (1@ slsgs Jlai g a3 hack)

The project team first presented the project details, ESIA schedule, and activities. The attendees
expressed their interest in the project and expressed their willingness to provide facilitation for the
achievement of the ESIA process.

Governorate identity

The governor stated that the project is aligned with the governorate’s vision regarding its core and
visual identity, as a sustainable and green governorate aiming at pollution prevention and addressing
impacts of climate change through the reliance on renewable energy. This also includes the
involvement of community development and value creation for the local communities.

Public Disclosure Process

The governor clarified that the governorate has experienced arrangements of previous public
meetings and are willing to assist the project as required. The governor also stated that they
comprehend the requirements of the World Bank and IFls. The governorate is assigning a contact
person to coordinate any required arrangements for the public consultation meeting planned in
October 23™. The public consultation invitation announcement to the local community and
governorate entities takes place usually through their conventional channels, as their social media
pages, city council, the local unit centre, etc.

Land ownership

Upon the project team inquiries regarding the land ownership status, the governorate confirmed that
the project area is State-owned and no risks are perceived in regards to potential land ownership
claims. Unlike other areas in Egypt, there are no local settlers claiming ownership of the project’s land.

Security requirements



The project discussed the security requirements for the area during construction and operation with
the Governorate officials assigned from the Ministry of Interior. The latter confirmed they shall
support the project by supplying all the necessary security requirements including provision of
patrolling, a stationary police unit, and ongoing communication with the private security company to
be assigned. They also mentioned securing the transportation of equipment and project components.

Sensitive receptors

The project team inquired about any sensitive receptors that should be considered. None were
identified by the governorate. In fact, the project is expected to be welcomed by all relevant
stakeholders.

Transportation considerations

The governorate promised to provide advice and support for the transportation routes of the project
components. Furthermore, the governor confirmed that the project does not intersect with the
planned fast-train route.

Local hiring

The project team stated they shall maximize local hiring during construction and O&M phases and
asked the governorate to suggest potential local communities and contractors from which the hiring
can take place. The governorate team elaborated that local communities possess various resources as
construction contractors, and promised to provide assistance to identify local resources, as relevant.

Community value creation

Discussion took place on potential CSR projects aiming at supporting the community. The governorate
is already involved with various NGOs on different projects, as the 1 million trees development —
carbon credits project and is willing to liaise with the project in due time.

Female leadership opportunity

The project team inquired if a female Community Liaison Officer is perceived acceptable and
appropriate by the local community, and Governor stated this is highly appreciated and that they shall
propose candidates suitable for this position.

Conclusion

The project team provided the governorate a list of specific inquires regarding labor sourcing,
transportation, vulnerable groups, local community value creation, local labor law, security,
accommodation, utilities, and agriculture in the area. The meeting was concluded by the governor
stating that the project is considered a partner of success and an opportunity for the governorate to
promote and support clean energy in the region.



Meeting at the Hiw Industrial Area

Hew Industrial Area

Eng. Mohamed Shabaan — Manager of the Industrial Area

Scatec
Mohamed Taha

Mohammed Khairy

The meeting started by presenting a brief of the Solar+BESS project and its requirements.
Labour sourcing

Eng. Shabaan reported that Hiw village has almost 20,000 residents and is a potential source of various
types of labour.

Labour accommodation

Engineers could be accommodated in Baraka village that can take up to 5000 persons. Labour could
be accommodated in Hiw and Naga Hammadi.

Utilities

The area is equipped with governmental utilities for domestic wastewater (sewage) reception,

electricity connections, and domestic water provision. A domestic water tank of 4000 m3 already
exists and a new tank of capacity 10,000 m3 is under construction.

Flash floods

Eng. Shabaan stated he has never witnessed any flash floods or heavy rains and that he has been in
the area for 20-25 years.

Transmission lines

The team inquired regarding the process that took place while building OHTLs in agricultural lands
north of the project area. Eng. Shabaan said that these OHTLs were built many years before legalizing
land ownership of these lands. He doubts that this issue could be problematic.

Additional stakeholders to consider

Eng. Shabaan recommended consulting the head of Hiw village council, Mohamed Radwan, in regard
to understanding community needs, including identifying vulnerable groups.

Female leadership opportunity

The project team inquired if a female Community Liaison Officer is perceived acceptable and
appropriate by the local community, and Eng. Shabaan confirmed this is a positive initiative by the
project and shall be effective in identifying any potential issues.

Land ownership

Eng. Shabaan confirmed that there are no ownership claims in the project area, and no tensions.
However, he reported that four families in Hiw generally demand the security services of any
development projects in the area. He clarified that he failed to unite their interests in providing this
service by inclusion of members from all families. He advised to use a private/legally registered
security company.



Individual meetings with local farmers North of the Site

Those meetings included:
Mr. Mohamed Ahmed Yousef
Mr. Sayed Abdalla

Local crops

The interviewed farm owners confirmed the
grown crops are wheat, corn, alfalfa, tomatoes,
onion, and cane.

Project influence

Upon introduction of the project activities and

purpose, the farm owners expressed their excitement about the establishment of such a nationally
significant project and offered their potential support and possible

services regarding labour/equipment sourcing and accommodation

facilitation.

Groundwater

The reported water table depth is 43 meters, reaching 250 m close to the
mountains in the south, with specific areas nearby the mountains
reported to be of no groundwater availability. The groundwater was also
reported to be suitable for agriculture. As observed, all farmlands utilized
solar panels for groundwater pumping.

Public disclosure location

A farmland owner stated that there is a suitable large hall in the Baraka
village for the public consultation.

Labour sourcing

Proposed labour from the Hiw village, followed by El Manasra, and El
Batha.

Flash flood potential

Farm owners confirmed they have not witnessed flash floods, while they
were at least 15 years in the area.



Meeting with Egypt Alum

Egypt Alum
Dr. Mahmoud Abd El-Alim Agour

Scatec

Mohamed Amer
Mohamed Taha
Mohammed Khairy

Wastewater treatment

The project team was particularly interested to better understand the process at an area labelled as
wastewater treatment plant, approximately 4km north of the site. Dr. Agour confirmed it is used for
waste water treatment by utilizing ponds as settling basins. The governorate wastewater trucks collect
sewage from septic tanks in the villages and sends it for treatment in this area. No further information
was provided.

Transmission lines and farmlands

Dr. Agour reported that farmlands through which overhead transmission lines are intersecting are
leased by usufructs with the government, and that the entirety of the land in the area from the Hiw
industrial zone till the Naga Hammadi substation are state-owned.



Meeting with the workers in Water pumping station
Mr. Hazem Zahran

Water pumping power and capacity

Mr. Zahran stated that pumping power from this station, located 1.5
km to the north from the project site border, is almost 90
liters/second. The current station has a 6000 m3 capacity tank.
Furthermore, he clarified that water is sampled and analyzed
upstream after Nile water treatment in the main water treatment
station in Naga Hammadi.

Community

Mr. Zahran reported that Hiw has almost 25,000 voters and 120,000

residents. He also confirmed that the city has labour available for construction works. Local
construction contractors are also available for providing services

though their machinery and equipment, as tankers/trucks etc. He

also offered to assist the project team with providing local workers

for construction. Mr. Zahran also added that such development

projects are very welcomed in this area and no current community

tensions around the project area exist; such as vendetta (LW!).

Accommodation

Mr. Zahran stated that El Baraka city south of the EgyptAlum Plant
has several available options for rental, along with El Sheikh Ali
village.

Other risks

Mr. Zahran reported he has not witnessed any floods
in the area since 2010 nor any agricultural claims or
plans.



Meeting with a farmland owner in vicinity of Naga Hammadi Substation
Farmer: Osman Ahmed

Transmission lines

Upon inquiring about the history of the
transmission lines crossing the farmlands, Mr.
Ahmed stated that the overhead lines were
established between the Mid 1960s and Mid
1970s; before farming took place in the area.
He reported that the land were owned by
individuals who were compensated at the time
of the OHTL construction dates, and which
were for the purpose of powering the
EgyptAlum facility initially, then for powering
the industrial area in the south adjacent to the
project’s area.

Crops and agriculture

Mr. Ahmed reported they grow onions, tomatoes, and cane as they have limited range of crops to
grow due to the saline nature of the groundwater. He also reported tha the farmers’ basic needs are
mainly treated water for drinking.

Meeting with a guard at the new sewage treatment facility

Guard
Mr. Hessien Abdel Maguid Abdel Mawgood

Sewage treatment facilities

The security guard from Hiw reported he works for El
Mokhtar contractor company handing over the
wastewater treatment plant to the governorate. The
WWTP should serve Naga Hammadi in the north and
the industrial area in the future and is composed of
settling basins.

Mr. Hessien reported that the other settling basins
north of the project site is serving EgyptAlum and El
Baraka city.



Consolidated Conclusion

None of the stakeholders met reported any concern from the project or that anyone could be
negatively impacted by the project activities. In fact, they expect that the project is beneficial for the
country in terms of addressing energy deficiency gap, and for the local community in terms of
providing job opportunities and general economic growth. None were aware of specific vulnerable
groups but feedback is awaited from the Ministry of Solidarity and the Qena Governorate.



Disclosure Meetings

A number of meetings were carried out on 23 and 24 of October to disclose and discuss the results of
the project’s ESIA. This was a follow up on the communication with the community and officials
starting during the scoping stage. The meetings included:

1. The Industrial area management, investors, and employees. This was necessary as the closest
activity to the project.

2. The closest farms to the projects, to investigate whether there are perceived impacts that
might have been overlooked.

3. Local Women specifically targeted as opportunities for their participation in public meeting
might be limited.

4. The health unit of El-Baraka village as a critical service provider in the closest residential
settlement tot eh project

5. The discussions that commenced with Qena Governorate and relevant authorities during the
scoping stage continued throughout the ESIA process

The selection of these meetings was focused on the vicinity of the project (see figure below) and were
made in consultation with the head of the El-Hew municipality (under which El-Baraka falls), and the
Governorate officials. This was capitalizing on contacts made during scoping.

Project Location

Figure 1: Graphical presentation of focus group locations with respect to project location



The meeting with women was organized by a local NGO. Moreover, all meetings included
representative of other NGOs and Charity organizations reflecting a high inclination to public service
in the local community.

All meetings started with an introduction to the project, the environment assessment and the role of
consultation, followed by a summary of the positive and irrelevant impacts as well as the significance
of potential negative impacts and proposed mitigations.

The meetings was interactive, and participants were encouraged to interject whenever they have a
query, clarification, or contribution to make. Printed colored simplified summaries were distributed
(see Annex 1), these also included contacts in order to provide any follow up comments. The
participants were encouraged to share these documents with others, particularly with local NGOs and
charity organizations.



Meeting at the light industrial area, next to the site

October 23™. 2024

Participants

1.

W NQU A WN

=
= O

Eng. Mohamed Shaaban — Nile Construction and Roads company (contractor) , Industrial Area
Manager

Ramadan Saber — Security Officer — Local from Hew Village

Mostafa Abdel Mohamed Abdel Hafez Mady — Security Officer — Local from Hew Village
Hafez Mady — Security Officer — Local from Hew Village

Eng. Hassan Nazir — Investor — Concrete Batch plant + Contracting Company

Dr. Shaker Mohamed Shaker — Industrial complex managers

Gamal Abdel Nasser — Security Officer — Local from Hew village

Hassan Youssef — Investor — Tea packing factory — local from Abu Tesht

Hani Aref Hassan — Investor — Batal Stone factory — Granite and Marble Factory - Local

. Counceller Abou El Fadl El Dardir — Investor — Granite and Marble Factory
. Dr. Mohamed Abd Allah Ahmed — Investor — Cosmetics and detergent factory and member of

NGO “Ataa Bela Hodoud”, located in El Arky village Farshout



The contributions of the participants could be divided to the following categories.

Local Information/security

e The local villages include: El Bat’ha — Hew (including El-Baraka) — Shouraya — Ezrepten — El
Raeeseyya — El Negmeya — El Gemana — Abou Ammoury

e There are approximately 10 main families (currently) actively seeking work in security — these
could increase - some of these families are not interested in other type of work

e Itis advised to get an external security company (such that no family dominates) and hire
persons from these families as security officers.

Other local information

e The area is subject to days of dusty winds during the spring months of the year — It was
advised to plant trees surrounding the facility to reduce impact of wind blown dust
e Groundwater table is at approximately 65m depth



Possible Synergies

o The police and firefighting services are available in the industrial area and their services could
be extended to the project
o On the other hand, the industrial area lacks an ambulance

Comments on the project

o The project is highly welcomed and the impacts are insignificant — the main impact being noise
during the construction phase

e |tis not expected that the construction period would cause any congestion in traffic. However,
it was advised to consider that most factories start work at 8:00 am, and this timing could be
avoided when planning the project shifts.

Concerns

e There are fears that leasing, apartment prices and general living costs would increase as a
result of influx

e Whether these types of projects will further increase the price of electricity, and it was
clarified that on the contrary, it might contribute to reducing the pace of increase, as electricity
will be provided by the company for a fixed price over 25 years.

e |t was proposed that instead of fueling form the surrounding gas stations which could cause
pressure on the resources, equipment could be fueled on site by securing the supply of fuel in
the site

e The excavation and cut/fill permit: A meeting took place with Brigadier Maged Abdel Rahim, a
major and two engineers, all from the Egyptian Company for Mining and Quarry Exploitation
and management which was established a few years ago under the “national service agency”
of the Military forces. The company was established to manage quarries on the national level,
which used to be managed by the local administration.

e They informed the necessity to acquire a permit from the said Company. The Permit
application includes provision of engineering drawings and topographic survey indicating cut
and fill volumes.

Local employment

o Thereis a keen interest of all attendees in Local job opportunities and provision of supplies. It
is important to provide job opportunities to locals. The area includes workers, engineers,
technicians and other support jobs such as security, clerks, etc...

e It was clarified that the employer should, in principle have the same interest, as local
employees also save resources e.g. in terms of travel and accommodation. However, this is
conditional of having the right credentials for the applicants.

e Scatec has had a successful precedent in this respect in Benban and it is likely that the
population in Nagaa Hammadi and the wider Gena Governorate would provide a larger pool
of possibilities.

e The industrial area management has access to local resources and Dr. Shaker, its manager,
advised that regarding local workers, resources and supplies: They are always receiving local
requests for jobs and can provide resumes



e Moreover, Dr Mohamed Abdallah (of the detergent company) has clarified that he can also
provide workers and supplies

e |nresponse to these offers, it was clarified that the company will recommend to its contractor
to use multiple channels to announce job opportunities to ensure fair access to all interested.

Follow up

e The participants were requested to share the ESIA summary in hand

e They were also invited to provide other comments to the WhatsApp number and emails
provided.

e Dr. Mohamed Abd Allah Ahmed (01008441429) was requested to share the ESIA summary
with the local NGO “Ataa Bela Hodoud” and provide the project contact information for any
comments



Meeting with farmers

October 23", 2024

Participants

Mr. Ahmed Mohamed Youssef, owner o the farm where the meeting took place
Mr. Mohamed Ahmed, son of the owner
Mr. Emad El Din Hamdy, owner of a neighboring farm

PN PR

Mr. Ahmed Abdel Mawgood, owners of a neighboring farm - (also a member of NGO
“Moaasaset Al Nedaa El Khaireya” (01066336024)

Local Information

e |tis advised to plant trees around the project to reduce impact of the wind/dust
e Groundwater has relatively high salinity
e El Baraka village is a good choice for accommodation of the project employees

Expectations

e Local job opportunities and provision of supplies
e Looking forward to manufacturing of solar panels in Egypt instead of importing them

Comments on the project

e The project is important on the country level and will provide employment opportunities to
locals, and will enhance the local economics through purchase of supplies

e Thereis no foreseen negative impact from the project. There was no impact from the industrial
area (which is at the same distance from the farm) during its construction or operation. The
location of the project is far from any communities and no impacts are anticipated



Follow up

e The participants were requested to share the ESIA summary and to provide other comments
to the numbers and emails provided.
e Mr. Ahmed Abdel Mawgood was requested to share the ESIA summary with the local NGO

“Moaasaset Al Nedaa El Khaireya”and provide the project contact information for any
comments



Meeting with local women
24 October 2024

The meeting was organized by Ms Mervat El-Shanawany of the CDA of Elderb , but was convened on
the premises of the NGO “Hesset-El-Kheir”

Attendees:

A total of 42 women participated in two consecutive meetings (as the available space did not allow for
a single meeting). The names of the attendees are listed in Annex 2

Expectations

e A widow expressed her need to be able to work independently and support her family —
community projects are needed. It was clarified that community investments are typically
undertaken during the life time of the project

e Jobs for local community

e Community investment projects



Comments on the project

e The project will help solve the problem of electricity cuts, particularly during summer months
e NGOs were proposed to be the best option for finding local workers

Chaannels for local Employment

e Mr. Mohamed Kassem (01099329334 is active in providing local workers from Halfeya Bahary
village

e Alady of the attendees suggested the aluminum factory as a perfect venue to place a banner
requesting job candidates. The advantage of this venue is that workers that come daily to the
factory will spread the news in their own communities



Baraka Family Health Unit & Baraka Charity Organization
24 October 2024
Attendees (All are locals)

El Ameer Begama — Statistics technician

Ebada Mohamed Ebada — Baraka Charity Organization
Yehya Rasheed — Store Keeper

Buthaina Ibrahim — Rural community officer

Halla Khalaf — Rural community officer

Eman Abdel Hamid — Social specialist

Hanaa Abdel Maoboud — Nurse

Nahed Kamal — Nurse

Lo NV WDNRE

Ezzat Sayed — Nurse
10. Ahlam Sabry — Nurse
11. Salma Mohamed — Doctor

Local Information

e There are many apartments available for lease in Baraka, more than Nagaa Hammadi

e Thisis the closest health unit to the project, where first aid for emergencies could be provided.
There is a general hospital in Nagaa Hammadi at a distance of about 15km — there is also a
central hospital with more specializations, as well as other hospitals in Qena

e The decision to direct the case to any of these options is taken by the paramedics of the
ambulance service located at 1.5 km from the industrial area, and thus the project.



Expectations

e Employment for the local population.

e Stray dogs are a problem because of an existing dump site — open burning also takes place —
locals look forward that the project could help improve management of the dump site .

e Maintain a percentage of workers of special needs. National laws expect a 5% percentage.

Comments on the project

e Transportation must be provided to workers

e What are the project benefits to our community: job opportunities — services — country level
benefits; energy availability

e |sthe government a partner in the project: The project sells electricity to feed the grid

e The local community will benefit a lot from the project. Baraka village is seen to greatly
prosperous as a result of the fast train project, the industrial area and the current solar project

e Fears that the project could lead to rising prices of commodities, leasing and houses

Other stakeholders

e One of the attendees “Mr. Ebada Mohamed Ebada (01021705351) leads the “Baraka Village
Charity Organization”. He offered to help in finding local workers



Annex 1

Brief on project and Environmental and Social Assessment
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Annex 2

Attendees in women’s meeting
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Executive Summary

This document describes the results of work for the flood risk assessment to be
undertaken for Naga Hamadi 1GW Solar + BESS project located in Egypt, Nagaa
Hammadi in order to determine its vulnerability to flood hazards and proposed actions to
protect the project boundary from the flood if necessary. Firstly, the collected data
includes relevant maps, aerial imagery, and DSM Digital Surface Model for analyzing
hydrological and meteorological information. Furthermore, the principles and design
criteria used in the hydrological study are detailed. Next, the analysis of the collected data
encompasses rainfall, the effects of climate change, and morphological analyses using
the Digital Surface Model, and aerial imagery to determine topography and drainage
basins. Finally, the output assesses the basic design of flood protection works and
proposes additional measures. Figure 1 below presents the site location, as well as the
GPS Coordinates.

Figure 1: Project location

Page 5/194




1GW Solar BESS — Naga Hamadi, EGYPT
Hydrological Study OBELISK SOLAR POWER SAE

The report includes two main parts. Part 1 includes 5 main sections as follows:

Section One: Methodology of the Study: This section reviews the objective of
the study and the steps taken in preparing the study.

Section two: Collected Data, Principles and Design Criteria: This section
reviews all available hydrological and meteorological information required for the
hydrological analysis, relevant maps, aerial imagery, contour maps, topographical
survey information required to define the project location, the extent, and
characteristics of contributing catchments and to understand the presence and
nature of any existing infrastructure (roads, power lines, etc.). The principles and
design criteria used in the hydrological study of the project will be presented.

Section three: Description of the study area: This section presents the
description of the location of the study area.

Section four: Analytical Studies: This section reviews the analytical studies of
the collected data. The results of the metrological studies for the rainfall station
affecting the study area. The results of the morphological analyzes of the study
area using Digital Elevation Model, topographic maps available and recent aerial
imagery, and contour maps to determine the overall topography of the study area
and determine the streams and drainage basins affecting the project boundaries, if
any, and to present the results of the hydrological study of the project.

Section five: Protection Works: This section clarifies the assessment of the flood
works in the basic design as well as the preliminary design for the proposed
additional flood protection works.

The second part of the report contains the preliminary plans for the project.
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Section one

Study)

Page 7/194




1GW Solar BESS — Naga Hamadi, EGYPT
Hydrological Study

OBELISK SOLAR POWER SAE

1 Methodology of the Study

1.1 Study objectives and scope of work

The hydrological study aims to identify and define the hydrological conditions for the area
of for Naga Hamadi 1GW Solar + BESS project, as well as identify the potential risks of

the floods from outside the project.

The project’s scope of work includes the following engineering tasks:

= Data collection;

= Design specifications and standards;
= Geological and geotechnical studies;

= Topographic and morphological studies;

= Design Return Period;
= Rainfall data analysis;

= Calculate the maximum flows and estimate the amounts of floods

* Proposed alternatives for the flood mitigation work.

1.2 Methodology and work plan

The integrated hydrological studies to prevent flood hazards are based on a series of

steps that can be summarized in Figure 2, which also illustrates a simplified sketch of the

relationship between the different elements of the study.
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Data Collection
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Hydraulic Analysis Protection and Storm
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Figure 2: Work Plan Block Diagram
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2 Collected Data, Principles and Design Criteria

This section Reviews data collected from available geological maps, previous geological
studies, land use maps and satellite images, and the characteristics of the land surface
cover of the effective watersheds and loss coefficients of different catchments should be
defined. If any testing is deemed to be required to obtain critical information for this
aspect, these need to be performed and the results thereof provided. The principles and
design criteria used in the hydrological study of the project will be presented.

2.1 Data collection

All data and information on the study were collected from the official authorities
concerned with the study. The following is a list of the most important information and
data collected for analysis and use in the hydrological study of the project:

= Project boundary.

» Rainfall station data affecting the study area.

= Soil and Land formation maps for the study area.

= DSM from Airbus with 5*5-meter resolution

= Satellite images.

=  Topographic maps of the study area.

Digital Surface Models (DSM) for the whole study area were collected and obtained
from the Airbus satellite imaging results - satellites for imaging and Earth
observation - and the model is a grid matrix image in the horizontal projection at a
resolution of 5 meters. The Airbus data are widely used in the identification of
drainage basins for hydrological analysis work in many research and advisory
bodies. Figure 3 presents the digital elevation model used in the study.
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Figure 3 : Digital Surface Models (DSM) for the study area
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While Figure 4 shows the topographic map of the study area on a scale of 1: 50,000
obtained from the Egypt Geological Survey.

Figure 4: Topographic maps scale 1:50,000 For the study area
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Satellite images were collected for the study area to be used to verify the results of
morphological analysis of drainage basins as well as to determine the quality of land
cover and land use for areas within the boundaries of drainage basins affecting the study
area.

Figure 5 shows the satellite image collected for the study area and used to determine the
nature of the surface cover and the surface soil because it is important in determining the
runoff coefficients that are necessary to calculate the values of design discharges.

Figure 5: Satellite image of the study area
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Figure 6 shows an example of the geological maps used in the preparation of the study.

L]

Project Area

Figure 6: Geological map of Egypt

2.2 Principles and design criteria

The hydrological and hydraulic designs are based on the Egyptian code for flood
hazard mitigation and consider the standard equations and methods used
worldwide.

2.2.1 Computer Models and Software Packages

The most advanced programs and numerical models were used in the calculation,
hydrological and hydraulic analysis of catchment areas and proposed protection works.
The following are the main programs and models that were used in the conceptual stage
of the study and which will be used in the detailed stage (next phase) as well:
GIS techniques (Arc-Hydro Tools, Spatial Analyst, etc...) were used to delineate
the watersheds, estimate watershed characteristics and develop runoff coefficient
maps.

HEC-SSP 2.3 was used to conduct a frequency analysis for the collected rainfall
data records.
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HECHMS (by USACE) and some developed in-house spreadsheet (MS Excel) is
used to estimate the peak flow and to estimate the other hydrologic parameters

whenever needed.

CulvertMaster to evaluate the existing culverts and to perform the hydraulic design
of the proposed culverts and (FlowMaster) in the hydraulic design of the proposed
channels and to determine the width of water in the roads (Water Spread)
HECRAS 2D (by USACE) in determining the boundaries of the valleys that affect
the study area for a return period of 25, 50 and 100 years.

2.2.2 Rainfall-Runoff Calculations

There are several methods for estimating and calculating the peak flows and runoff
hydrographs resulting from the catchment areas affecting the project boundary. The most
common methods used in Egypt are (Rational Method) and (SCS Unit Hydrograph).

Table 1 shows the standards and limitations for using these methods according to the
area of the catchment affecting the proposed project location.

Table 1: Limitations for the rainfall-runoff calculation methods

Catchments Area

Proposed Equation

A <100 Ha.

Rational Method

A >= 100 Ha.

SCS Method

The following is an explanation of both methods and how they are applied to estimate
peak flows and runoff hydrograph for catchment areas affecting the project boundary.

2.2.2.1 Rational Method

As shown in Table 2, the rational method is recommended for catchments areas less than
or equal to 100 hectares. It is a simple empirical formula that relates rainfall intensity to
runoff and yields a peak discharge. The formula reads:

Where:
Q, is the peak discharge, m*/s;

Cl.A
Q= 3

60
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|, Precipitation intensity or precipitation abundance (mm /hr.) which is calculated from the
curves of intensity, duration and frequency (IDF Curves), which is the amount of
precipitation during a specified time equal to the time of concentration (Tc) and
corresponding to a storm with an appropriate return period.
A, is the drainage area, ha.
C, Runoff Coefficient: Runoff coefficient is the ratio of rainfall flowing from drainage
basins. This coefficient is affected by the nature of the drainage basin such as land use,
soil cover, vegetation cover, soil infiltration capacity and other hydrological obstacles.
Flow coefficient is determined based on experience and engineering practice, available
maps and satellite images.

The Runoff coefficient (C) is available from the Ministry of Transport (MOT) design
manual is determined according to the conditions of the site as shown in Table 2.

Table 2: Runoff Coefficient for Rational method

A - Relief B - Soil Infiltration | C -Vegetal Cover D -Surface Storage
0.4 0.20 0.20
0.20
Steep rugged | No effective soil Negligible: surface
terrain cover; either rock | No effective plant depression few and
Average or thin mantle; cover; bare or shallow; drainage
slopes negligible very sparse soil | ways steep and small,
greater than infiltration cover no ponds or marshes
30% capacity 30%
0.15 0.15
. 0.15
0.30 Slow to take up Poor to fair; clean
Hilly with water; clay; or cultivated crops Low; well defined
average other soil of low or poor natural system of small
slopes of 10 infiltration cover; less than drainage ways, no
to 30% capacity such as | 10% of area under ponds of marshes.
heavy gumbo good cover
0.10 0.10
0.20 .
. Normal; considerable
. . 0.10 Fair to good, ;
Rolling with o surface depression
about 50% of area . .
average Normal, deep in dood arass land storage; typical of
slopes of 5 to loam g g prairie lands, lakes,
o woodland or
10% equivalent cover ponds, and marshes
9 less than 20% of area
0.10 0.05 0.05 0.05
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A - Relief B - Soil Infiltration | C -Vegetal Cover D -Surface Storage
Relatively flat | High, deep sand | Good to excellent; High, surface
land average | or other soil that | about 50% of area | depression storage

slopes 0 to takes up water in good grass high; drainage
5% readily and land; woodland or | system not sharply
rapidly equivalent defined, large flood
plain storage; large
number of ponds and
marshes

In case of variable type areas then the average areal runoff coefficient is calculated as
follows:

C- CA4,+C,A4,+..+C A4,
A, + A, +..+ A4,

Whereas C,...C,, are the runoff coefficients for the sub-catchments areas Ai...As
respectively.

The time of concentration is generally defined as the time required for runoff to travel from

the remotest point in the watershed to the point of discharge and the most commonly
adopted equation for calculation of time of concentration is kirpich equation which is:

L 0.77
Tc = 0.0195(—_)
vV a
T.. time of concentration (minutes)
L, is the horizontally projected length of flow, in m; and

S, is the longitudinal slope of the water path, in m/m, between the furthest point of the
catchment and the outlet.

2.2.2.2 SCS Unit Hydrograph Method

This method is used to estimate surface runoff, determine the peak flows and runoff
hydrographs after estimating the value of the different losses of rainfall falling on the
catchment area according to soil characteristics and land uses. These losses are
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expressed by a factor called the (Runoff Curve Number), This method is used to calculate
flows from catchments of area more than 100 ha or 1 km?.

This method is based mainly on the accurate estimation of the following hydrological

processes of the design storm:

- Storm distribution over time

- Initial abstraction losses of rainfall and initial storage of the drainage basins (la)
related to the quantity of water stored in ponds and low areas of the basin as well
as those depleted in the process of initial saturation of the surface of the basin.

- Infiltration Rate, which gradually decreases with time from the beginning of the
storm until it reaches a fixed value that depends mostly on the physical properties
of the soil and its structural formation and the proportion of organic matter in it.

The maximum loss or storage that may occur in soil of drainage basin(S) as well as the
initial abstraction value (la) expected to occur in the drainage basin is determined using

the following equation:

S=25.4 [1000/(CN-10)]
la=0.2S

whereas:
S - maximum soil storage depth, mm;

CN - Curve number according to the nature of the drainage basin;
la - Initial abstraction (at the beginning of rainstorm) mm;

The values of the curve number are estimated according to the geological maps and the
aerial photographs and according to Table 3 taken from the values of arid and semi-arid
areas as mentioned in technical release No. 55 (TR-55), which is one of the most widely

used standards in the field of hydrology.
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Table 3: The Curve Number for Arid and Semi-Arid Regions as reported in Technical Release No. 55

(TR-55)
Cover description
Curve numbers for hydrologic soil group
Hydrologic
Cover Type
condition? A B c D
. Poor 80 87 93
Herbaceous—mixture of grass,
weeds, and low-growing brush, Fair A 81 89
ith brush the minor element.

With brush fhe mi Good 62 74 85
Oak-aspen—mountain brush Poor 66 74 79
mixture 9f oak brush, as_pen, Fair 43 57 63

mountain mahogany, bitter

brush, maple, and other brush Good 30 a1 48

. .. . Poor 75 85 89
Pinyon-juniper—pinyon,
juniper, or both; grass Fair 58 73 80
understory
Good 41 61 71
Poor 67 80 85
Sagebrush with grass Fair 51 63 70
understory.
Good 35 47 55
Desert shrub—major plants Poor 63 77 85 88
include saltbush, greasewood, _
creosote bush, black brush, Fair 95 72 81 86
bursage, PaloVerde, mesquite,
and cactus. Good 49 68 79 84

' Average runoff condition, and la, = 0.2S.

2 Poor: <30% ground cover (litter, grass, and brush).

Fair: 30 to 70% ground cover.

Good: > 70% ground cover.

® Curve numbers for group A have been developed only for desert shrub.
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Runoff Depth (R), which is expected to occur on a unit area of the drainage basin (mm), is
calculated using the following equation:

) (P—Ia)2
~(P+0.89)

whereas:
P - maximum daily rainfall rate corresponding to design return period, mm;

The runoff hydrograph form resulted from (SCS-Unit hydrograph method) depends on the
area of the drainage basin and the Lag time (Tiag), as the lag time is estimated to be 0.6 of
the concentration time (Tc) of the basin.

The following equation is used to calculate the peak flows from the drainage basin (Qp)
as a result of 1 mm runoff depth.

2,084

p
TR

0

where:
Qp - unit peak flow, m®/ s;
A - drainage basin area, km?;

Tr - The time required for the peak flow to occur (hour), it is equal to the lag time (T 1ag)
plus half the storm duration.
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2.3 Hydraulic Design Standards
2.3.1 Open channels

Manning’s equation is commonly used to determine the velocity in open channels/
gravitational storm drainage pipes under uniform flow conditions. The equation is
expressed as follows:

V=— R::ISSD'E
n

Where
V, is the mean velocity of flow, in m/s;

n, is the Manning’s roughness coefficient for open channel flow, n should be taken from
appropriate tables, depending on channel types and materials, etc.

R, is the hydraulic radius in m; and S, is the slope of energy grade line, or channel bed
slope, in m/m.
The capacity of an open channel has been determined from the continuity equation:

Q=AV

Where
Q is the flow rate in m%/s,
V, the velocity in m/s,

A is the flow area of cross section, A in mZ.
2.3.1.1 Acceptable Free board

The minimum permissible vertical distance from the maximum water surface of the
channel to the top bank of the channel is 25 cm. and to be taken into consideration that
the higher return period flows behavior and its effect on both sides of the channel, as well
as the effect of horizontal curves in the channel path at the water depth in the water
sector should be studied.
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2.3.1.2 Design velocities for open channels and pipes

- The design velocities for the flow should be non-setting and non-eroding.
Minimum velocities should be self-cleansing and prevent solids sedimentation in the

drainage.

- A minimum velocity of 0.75 m/sec is required in channels for self-cleansing.

- Maximum velocities in channels with lined sides only, preferably no more than 3.0 m/s
for grouted riprap and 4.5 m/s for reinforced concrete.

- Maximum velocities in fully lined channels preferably not more than 4.5 m/s for
grouted riprap and 6.0 m/s for reinforced concrete.

2.3.2 Culverts

For the design of culverts, the following conditions must be considered:

o Minimum size of box culvert is one vent with dimensions of 1.5x1.5 m.

o Minimum cover above the culvertis 1 m.

7 The maximum water level in the upstream before entering the culvert should not

exceed 1.2 x (height of the culvert).

7 Protection should be provided at the culvert outlet and inlet to prevent scour; loose
riprap is recommended at earth channels, particularly when flow velocity is less
than 6.5 m/s. and energy dissipaters when the velocity exceeds 6.5 m/sec.

In general, flow in culverts will take place under one of two conditions: outlet control or
inlet control. In the case of inlet control, the inlet characteristics of the culvert are
predominant in determining the headwater of the culvert. The following equations will be

used for initial sizing of culverts as follow:

For Box Culverts
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Q=nx15xWxH

For Pipe Culverts

2.5

Q=nx1232xD
Where
n, is the number of barrels;
W, is the width of box culvert in m;
H, is the height of box culvert in m,
D, is the diameter of pipe culvertin m.

Culvert Master software will be utilized to determine the size of the concerned culverts as
well as to determine the headwater elevation and the outlet velocity. Also, design sheets
developed using MS Excel were utilized to confirm the dimensions of the proposed
culverts.

Reinforced concrete box culverts are recommended for watercourses where maximum
flow and channel configuration permits. Box culverts of one barrel or multiple barrels are
used in wadies and streams as needed. It is worth mentioning that in some wadies,
culverts of multiple-barrels are used instead of bridges. This condition is recommended
where the streambed is of very mild longitudinal slope, very wide, and the stream banks
are not well defined. Several multi-barrel culverts could accommodate for the generated
floods.

Inlet and outlet structures, with wing walls, have been provided to the ends of all culverts
in order to reduce erosion of the embankment and the downstream slope, inhibit
seepage, retain the fill, and make the ends structurally stable, as well as it may improve
the hydraulic characteristics of the culvert.

2.3.3 Scour protection works

The scour and erosion are a familiar situation occurring in the wadis and streams and at
the drainage facilities such as the exits of the culverts and at the drainage points where
the water velocity at the outlet in the culvert is greater than the velocity in the natural
channels.
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As mentioned above, the velocities at culverts exits are between 3 and 6 m / s and these
values can be exceeded by culverts existing on steep slopes. Under these circumstances,
a minimum level of protection should be provided against erosion and scour factors. The
aim of providing the required protection and quality is to resist the velocity of water flow
taking into account the natural conditions of the site. Provided that the proposed
protection facilities are capable of handling the design rainstorm (the design flows and the
resulting velocities).

In general, appropriate protection works will be provided at the following locations:

o Inlet and outlet structures: loose riprap protection is recommended at the inlet and
outlet structures of each culvert;

7 Low points and depressions: Suitable types of protection, including grouted riprap
and concrete lining, is recommended at the road embankment at low points and
depressions where surface water is likely to collect or pond;

1 Wadies: Suitable protection is recommended at the road embankment between
culverts and their sides, particularly when used in wide streambeds, or at locations
where the highway passes along streams.

7 Protection works using concrete grooves in low areas of the road body

- Bridge foundations: It is recommended to use the necessary protective work at the
retaining walls and the foundations of the bridges

The dimensions of riprap depend on the velocity at the inlet and outlet.
Isbach formula is used to estimate the Dsq of riprap:

Where
Dso: Mean diameter of riprap
? . Empirical Coefficient (¢ =1.2)

Yw . Specific gravity of water (7 = 1.00 t/m®)

Vs . Specific gravity of riprap stones (7/3 =2.65 t/m3)
g : Gravitational acceleration (g = 9.81 m/s?)
V  : Velocity of water (m/s)

The thickness of the riprap layer is considered equal to 2 x Dsp.
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The riprap length, as shown in the typical details, is considered equal to twice the height
of the culvert.
2.3.4 The design return period

frequency of storms within a specified period of time and the frequency of the storm
reflects the degree of flood risks. The choice of return period depends on the importance
and location of the proposed protection structure.

Table 4 shows the adopted design return period for the different elements of the flood
protection that can be used for the project.

Table 4: Design Return Period for Different Protection Elements

Drainage Element Design Storm RP (1:Yrs)
Dams 200/ 100
Wadi Bridges 100
Crossing Culverts 100
Diversion Channel 100
Dikes 100
Side Slope Protection works 10
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3 Description of the study area and site visit

3.1 Location of the study area

The project area is located in the Naga Hamadi, Egypt bounded by the Nile River 11.65

km from north and 41.40 km from east, the project is between 25.89 ° and 25.92 ° lat. and

between 32.26 ° and 32.32 ° long as shown in Figure 7.

Figure 7: Project location
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4 Analytical studies
4.1 Meteorological studies

The statistical analysis of rainfall data is one of the most important analytical studies to be
carried out in any flood protection and storm drainage project, where rainfall is the main
element causing the flow in streams, and this is why this study was given maximum priority
from the compilation of data, study and detailed analysis, conducting a series of statistical tests
on them using the best means to deduce the design storms, and developing the IDF curves,
for which design flows will be calculated. Figure 8 shows the average distribution of the
maximum daily rainfall depth values in Egypt, indicating that the averages range from 0 to 50
mm in different parts and reach over 50 mm on the west coast, Sinai Peninsula and the Red
Sea Mountains.

Figure 8: Distribution of average annual rainfall depth values for Egypt 1990-2020
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As a result of the metrological studies of the region, the summers are long, hot, humid, arid,
and clear and the winters are cool, dry, and mostly clear. Over the year, the temperature
typically varies from 12°C to 35°C and is rarely below 7°C or above 36°C.

Luxor Station was chosen because it is close to the site of the project with data available as it
covers about 60 years, which is sufficient for statistical analysis for periods of higher
frequency. Figure 9 shows the Location of the station concerning the project site. Data for the
station were collected between 1961 and 2020. Figure 10 and Table 5 show the daily values of
the depth of rainfall (1961-2020) for Luxor station, the maximum value recorded during this

period is 21 mm, which was recorded in 2008.

Page 31/194




1gw solar bess — naga hamadi, EGYPT
Hydrological Study

OBELISK SOLAR POWER SAE

48 km

Figure 9: location of the rainfall station
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Table 5: The maximum daily annual rainfall in the period from 1961 to 2020 for city of Luxor

Year Max Depth (mm) Year Max Depth (mm)
1961 0.0 1988 0.1
1962 0.0 1989 0.1
1963 0.1 1990 1.1
1964 1.0 1991 5.0
1965 1.0 1992 2.0
1966 0.9 1993 2.0
1967 0.1 1994 16.0
1968 0.1 1995 2.5
1969 0.5 1996 0.0
1970 0.1 1997 6.0
1971 0.1 1998 2.0
1972 0.1 1999 2.0
1973 0.1 2000 0.2
1974 1.6 2001 6.0
1975 3.6 2002 2.0
1976 7.0 2003 3.0
1977 0.1 2004 0.0
1978 0.1 2005 0.8
1979 16.2 2006 0.0
1980 5.2 2007 0.0
1981 0.0 2008 21.0
1982 04 2009 3.0
1983 0.1 2010 12.0
1984 0.1 2011 10.0
1985 0.1 2012 14 1
1986 0.1 2013 15.6
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Year Max Depth (mm) Year Max Depth (mm)
1987 0.1 2014 16.5
2015 5.0 2018 6.0
2016 2.8 2019 2.3
2017 3.0 2020 9.0

4.1.1 Daily Maximum Rainfall Analysis

Statistical analysis of the maximum values of daily rainfall was performed for the station and
statistical distributions were used and tested to obtain rainfall values at different return periods.
Using the statistical analysis software HEC-SSP and the application of a set of different
statistical to choose the most appropriate to represent the data of rainfall station, such as:

= LOGPEAARSON III Statistical Distribution

The following Figure 11 shows the distribution of the Luxor station.

Figure 11: Statistical Distribution LOGPEAARSON Il

According to the statistical characteristics of the distribution, the best statistical distribution was
found to be LOGPEAARSON Ill. Moreover, based on Hydrological study procedure, the
impact of climate change on IDF curves and floods was taken into consideration by applying a
10% increase to the precipitation values for each return period. Table 6 shows the result of the
statistical analysis and the design storm values for the station for different return periods.
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Table 6: Maximum daily annual rainfall depth corresponding to different return periods for rainfall stations

Return Period (Year) 200 100 50 25 10
Maximum daily annual rainfall depth (mm)
without 10% climate change 52.67 | 42.86 | 33.06 | 23.83 | 13.00
Maximum daily annual rainfall depth (mm) 57.94 | 4715 | 36.37 | 26.21 14.30
with 10% climate change !

These values were used to develop the intensity, duration and frequency (IDF) curves of the
station as shown in Figure 12 using Bells’ ratios shown in Table 7 due to the absence of short-

term rainfall data in the study area.

Table 7: (Bells’ Ratios)

Duration (minutes)

10

20

30

60

120

180

360

720

1440

Bell's Ratios

0.28

0.39

0.46

0.60

0.77

0.81

0.87

0.93

1.00

' Figure 3.1 on page 70 of the Intergovernmental Panel on Climate Change (IPCC) report
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IDF-Luxor Station
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Figure 12: IDF Curve for city of Luxor
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4.2 Geomorphological studies

4.2.1 Morphological studies

Morphological studies and identification of streams and drainage basins affecting the
boundaries of the study area were performed using Digital Surface Models (DSM) within
ArcGIS using ArcHydro Tools as shown in Figure 13. The natural wadis are defined until the
end of the mountains. Beyond this point, the wadi becomes very wide, acting like a sheet flow

with no defined streams.
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Figure 13: The drainage basins and its sub-basins that affecting the study area using digital elevation
models and ArcGIS

The topographic maps collected with scale 1:50,000 and recent satellite images were used to
check the results of the GIS software. Topographic maps are widely used in determining the
paths of streams in various areas, especially in areas that are not accessible. The names of
major streams can be identified through the maps showing the names in each region and also
the topographic maps shows the elevations and contour lines, which is used in the
identification of streams and watercourses in areas where there is no clear stream path and
also used to determine the different morphological characteristics of all catchments such as
(area, longest flow path, slope, ..... etc.), also the topographic maps shows some important
elements such as roads, power lines and others. Figure 14 & Figure 15 shows the main
streams and the main catchment areas affecting the study area after being checked and
verified by using topographic maps and satellite images.
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Figure 14: The drainage basins and its sub-basins that affecting the study area on topographic maps
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Figure 15: The drainage basins and its sub-basins that affecting the study area on Satellite image
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The results of the geomorphological study for the study area were shown by using the digital
elevation models, the satellite images and the topographic maps on scale 1: 50,000. There are
8 drainage basins that attack the project area with different characteristics. Different
morphological parameters of the streams were identified. These parameters are:

1- Drainage basin boundaries.

2
3
4

Longest flow path of the stream.

drainage basin area.

Stream slope

5- Shape of drainage basin.

6- Time of concentration

4.2.2 Geological study

The geological and geotechnical characteristics of the study area should be determined in
order to determine the general soil type in the study area, the composition of the rock, the
infiltration rates and the groundwater condition. This helps directly determine the runoff
coefficient for the soil. This information can also be verified by site visits from specialists and
satellite images.

The geological study of the area was conducted to identify the nature of soil and its constituent
layers using geological maps as shown in Figure 16.
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Project Area

Figure 16: Geological map — Egypt

Table 8 shows the Geomorphological parameters of catchment areas that affecting the project
boundary

Table 8: Geomorphological parameters of catchment areas that affecting the project boundary

Longest ;

Watershed v‘;g:?ﬂ:? g:iv; Slope (%) C CN con-l;:lzlir::ion tli_;ge

(m) (min) (min)

W1 SCS - - . - - -

W1-SUBO1 SCS 11731 0.01 ) 84.61 195.54 117.32
W1-SUB02 SCS 14846 0.01 } 80.46 234.30 140.58
W1-SUBO3 SCS 7355 0.01 . 83.31 109.88 65.93
W1-SUB04 SCS 9109 0.01 ) 82.56 137.45 82.47
W1-SUBO5 SCS 14365 0.01 . 83.48 213.94 128.36
W1-SUBO06 SCS 12243 0.01 ) 82.94 187.52 112.51
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Longest ;
Watershed V\;artef?:::)d g:g:"': Slope (%) C CN con-[:lg:;rca’:ion tli_;_lge
(m) (min) (min)
W1-SUBO7 SCS 12197 0.02 ) 81.28 17211 103.26
W1-SUBO08 SCS 12653 0.01 . 80.08 185.35 111.21
W1-SUBO09 SCS 4938 0.02 . 78.81 63.81 38.28
W2 SCS 6681 0.03 . 77.75 84.96 50.98
W3 SCS - - . - - -
W3-SUBO1 SCS 18506 0.01 } 81.30 311.15 186.69
W3-SUB02 SCS 15155 0.01 . 80.23 218.83 131.30
W4 - - } - - -
W4-SUBO1 SCS 16907 0.01 ) 79.07 270.46 162.28
W4-SUB02 SCS 9969 0.01 . 80.18 179.55 107.73
W4-SUBO3 SCS 5697 0.01 } 84.41 105.57 63.34
W4-SUB04 SCS 8252 0.01 . 83.06 146.90 88.14
W4-SUBO05 SCS 9241 0.01 ) 81.33 152.43 91.46
W4-SUBO06 SCS 10653 0.01 . 79.96 161.11 96.67
W4-SUBO7 SCS 7936 0.01 ) 82.64 137.94 82.77
W4-SUBO08 SCS 10143 0.00 } 83.97 250.44 150.27
W4-SUBO09 SCS 9442 0.01 ) 83.78 144 .42 86.65
W4-SUB10 SCS 6429 0.02 } 80.07 98.13 58.88
W4-SUB11 SCS 2984 0.02 ) 84.43 46.44 27.86
W4-SUB12 SCS 11647 0.01 ) 81.92 169.41 101.64
W4-SUB13 SCS 8300 0.01 . 79.53 116.33 69.80
W4-SUB14 SCS 10056 0.02 . 79.89 150.51 90.31
W4-SUB15 SCS 4931 0.00 . 81.54 199.88 119.93
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Longest ;

Watershed V\;artefinz)d gﬁ: Slope (%) C CN con-l;:lg:;r::ion tli_:_'lge
(m) (min) (min)
W4-SUB16 SCS 13551 0.01 ) 80.60 202.97 121.78
W4-SUB17 SCS 6409 0.03 . 78.29 95.54 57.32
W4-SUB18 SCS 3755 0.01 . 80.65 65.38 39.23
W4-SUB19 SCS 2222 0.01 . 83.75 65.08 39.05
W5 SCS 8672 0.02 . 78.29 120.08 72.05

4.3 Hydrological study

Hydrological studies represent the foundation for the selection of Flood protection works.
Metrological, morphological, geological, site visits and by taking into account design storms
and their distribution. Are considered as the input to the hydrological study, the maximum flow
and flow hydrograph is the main output of the hydrological study, which is used in the hydraulic

design of flood protection works.

4.3.1 Design storm

SCS Storm Type Il has been used extensively worldwide, providing logical and safe maximum
discharge values, as it relies on concentrating the bulk of precipitation in a short time. Figure

17 shows Distribution of a storm in a SCS Storm type || method for 24 hours.
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Figure 17: Distribution of SCS type Il storm for 24 hours

In order to calculate the maximum discharge of the flood, the Rational method was applied for
the watersheds with areas less than 100 hectares. And the SCS Method was used for
watersheds with areas greater than 100 hectares to avoid the high discharges resulting from
the use of the Rational method for the large watersheds, so don’t lead to large the flood
protection works than necessary.

4.3.2 Hydrological Model Results

The HEC-HMS program was used to calculate the maximum discharge from drainage basins
larger than 1 km? and to use an Excel sheets to calculate the discharge from watersheds of
area less than 1 km? for different return periods of 25, 50, and 100 years using a 24-hour
design storm and using the distribution of SCS Type Il where it is the most suitable distribution
of dry areas. Table 9 shows the results of the hydrological Model. Figure 18, Figure 19 &
Figure 20 shows an example of W-2 drainage basin hydrograph for 25, 50 and 100 years.
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Table 9: Results of hydrological study for catchments that affecting the project boundary

longest Rational Curve Time of ?Ii?nll( ':Ii?: ':Ii?: Volume | Volume | Volume
Watershed flow | Watershed Runoff . Lag time (100 (50 (25
number AIPE path area (ha) | Coefficient A7 Conc_e EUET (minutes) (AL L 22 Year) Year) Year)
(CN) (minutes) Year) | Year) | Year) s s s
(m) () mels) | mes) | sy | (MOIS) | (mdls) | (mls)
WA1 SCS - - } - - - 65.00 | 34.10 | 13.50 | 2051.30 | 1155.80 | 485.60
S\l/JVE:(-M SCS 11731 3158.72 ; 84.61 195.54 117.32 | 32.90 | 18.10 | 7.20 | 539.80 | 317.00 | 144.10
S\l/JVE:(-)Z SCS 14846 2534.33 } 80.46 234.30 140.58 | 15.70| 7.70 | 240 | 318.30 | 170.70 | 64.60
S\l/JVIE:(-)S SCS 7355 1401.82 } 83.31 109.88 65.93 |20.20|10.60| 3.70 | 218.10 | 124.80 | 53.90
S\l/JVE:(-)4 SCS 9109 1151.66 } 82.56 137.45 82.47 13.10 | 6.70 | 2.30 | 169.60 95.50 39.90
S\l/JVIE:(-)S SCS 14365 1440.35 } 83.48 213.94 128.36 | 12.70 | 6.80 | 2.50 | 226.80 | 130.20 | 56.60
S\l/JVIE:(-)G SCS 12243 1551.23 ; 82.94 187.52 11251 | 1440 | 750 | 2.70 | 234.90 | 133.30 | 56.70
S\l/JVE:(-)? SCS 12197 1302.67 } 81.28 172.11 103.26 | 11.10| 5.50 | 1.70 | 174.30 95.30 37.60
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longest Rational Curve Time of ?l?)?hll( ?l?)?hll( ?I?)?nll( Volume | Volume | Volume
Watershed Method flow | Watershed Runoff Number | Concentration Lag time (100 (50 (25 (100 (50 (25
number path area (ha) | Coefficient . (minutes) Year) Year) Year)
(CN) (minutes) Year) | Year) | Year) s s s
(m) (C) m¥ls) | (mote) | (mere) | (MIS) | (m¥ls) | (mPis)
S\l/JVIE:(-)S SCS 12653 927.27 } 80.08 185.35 111.21 6.60 | 3.10 | 0.90 | 113.00 | 60.10 22.30
S\l/JVIE:(-)Q SCS 4938 511.65 } 78.81 63.81 38.28 7.00 | 3.00 | 0.60 | 56.40 29.00 10.00
W2 SCS 6681 1075.96 } 77.75 84.96 50.98 10.60 | 4.30 | 0.80 | 108.70 | 54.20 17.40
W3 SCS - - } - - - 27.00|14.00 | 4.90 | 812.40 | 440.50 | 170.70
S\l/JVS(-M SCS 18506 3930.65 } 81.30 311.15 186.69 | 21.40|10.80 | 3.70 | 526.60 | 288.10 | 113.70
S\l/ng(-)Z SCS 15155 2316.01 } 80.23 218.83 131.30 | 14.80| 7.10 | 2.20 | 285.70 | 152.40 | 56.90
W4 - - ; - - - 50.60 | 25.50 | 8.40 | 1367.20 | 732.80 | 277.30
S\l/JVI;(-M SCS 16907 2430.84 } 79.07 270.46 162.28 | 11.80| 5.50 | 1.60 | 273.60 | 141.60 | 49.50
S\l/JVI;(-)Z SCS 9969 1069.72 } 80.18 179.55 107.73 | 7.90 | 3.80 | 1.10 | 131.50 | 70.00 26.10
S\l/JVI;(-)S SCS 5697 711.50 } 84.41 105.57 63.34 11.70 | 6.30 | 240 | 11990 | 70.10 31.60

Page 47/194




1gw solar bess — naga hamadi, EGYPT

Hydrological Study

OBELISK SOLAR POWER SAE

watrshet | | e | Watorshe | e | Curve | Timaot | | flow | ow | flow | Velime | Voume | Vo
number ABIPE path area (ha) | Coefficient Nl(’(':“"?)er Co(rrl:i?] ':ltt':st;on (minutes) Y(1eg(:) Y(esa?r) Y(ezasr) Yesar) Ye3ar) Yesar)

(m) (C) (m¥ls) | (m¥fs) | (mls) (m3/s) (m3/s) (m3/s)
S\l/JVI;(-M SCS 8252 1101.32 . 83.06 146.90 88.14 |1250| 6.50 | 2.30 | 168.20 | 95.70 | 40.90
S\l/JVI;(-)S SCS 9241 699.23 . 81.33 152.43 91.46 6.50 | 3.20 | 1.00 | 93.90 51.40 | 20.30
S\l/JVI;(-)G SCS 10653 755.86 . 79.96 161.11 96.67 590 | 2.80 | 0.80 | 91.30 48.40 17.80
S\l/JVI;(-ﬂ SCS 7936 630.75 . 82.64 137.94 82.77 7.20 | 3.70 | 1.30 | 93.40 52.70 | 22.10
S\l/JVI;(-)S SCS 10143 690.14 . 83.97 250.44 150.27 | 560 | 3.10 | 1.20 | 112.60 | 65.30 | 29.00
S\l/JVI;(-)Q SCS 9442 561.66 . 83.78 144.42 86.65 6.90 | 3.70 | 1.40 | 90.50 52.30 | 23.00
S\l/JVI;O SCS 6429 947.90 . 80.07 98.13 58.88 |10.90| 5.00 | 1.30 | 115.50 | 61.40 | 22.70
S\l/JVI;1-1 SCS 2984 132.64 ) 84.43 46.44 27.86 400 | 220 | 0.80 | 22.40 13.10 5.90
S\l/JVI;1-2 SCS 11647 1496.65 ) 81.92 169.41 101.64 | 13.70| 6.90 | 2.30 | 210.10 | 116.60 | 47.40
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longest Rational Curve Time of ?l?)?hll( ?l?)?hll( ?I?)?nll( Volume | Volume | Volume
Watershed flow | Watershed Runoff . Lag time (100 (50 (25
number Rlstics path area (ha) | Coefficient M7 Conc_e LU (minutes) sy s = Year) Year) Year)
(CN) (minutes) Year) | Year) | Year) s s s

(m) (C) m¥ls) | (mote) | (mere) | (MIS) | (m¥ls) | (mPis)

S\l/JVI;1-3 SCS 8300 1089.20 } 79.53 116.33 69.80 1040 | 4.70 | 1.20 | 12710 | 66.60 23.90
S\l/JVI;1-4 SCS 10056 774.72 } 79.89 150.51 90.31 6.30 | 3.00 | 0.80 | 93.10 49.20 18.10
S\l/JVI;1-5 SCS 4931 377.86 } 81.54 199.88 11993 | 290 | 1.50 | 0.50 | 51.60 28.40 11.30
S\l/JVI;1-6 SCS 13551 2057.18 } 80.60 202.97 121.78 | 14.40| 7.00 | 2.20 | 261.10 | 140.50 | 53.50
S\l/JVI;-? SCS 6409 805.56 } 78.29 95.54 57.32 7.80 | 3.30 | 0.70 | 85.10 43.10 14.30
S\l/JVI;1-8 SCS 3755 267.71 } 80.65 65.38 39.23 440 | 210 | 0.50 | 34.20 18.40 7.00
S\l/JVI;1-9 SCS 2222 158.33 } 83.75 65.08 39.05 3.50 | 1.90 | 0.70 | 25.40 14.60 6.40
W5 SCS 8672 983.40 } 78.29 120.08 72.05 8.00 | 3.40 | 0.80 | 103.80 | 52.60 17.50
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Figure 18: Runoff hydrograph for watershed no. W-2 for 25 yrs

Figure 19: Runoff hydrograph for watershed no. W-2 for 50 yrs
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Figure 20: Runoff hydrograph for watershed no. W-2 for 100 yrs
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5 Flood Protection Works

5.1 Existing Structures

Based on field observations and satellite imagery, it has been confirmed that a dam is located
upstream, southwest of the project site. This dam significantly affects the project boundaries.
The received DSM data (5 x 5 m resolution) does not accurately reflect the dam's height or the
upstream storage pond. Scatec conducted a site visit to the retention dam, which lies
southwest of the Obelisk 1 GW PV+BESS project and is connected to a natural flood path
system impacting the project area. According to the site visit, it was noted that only visual
observations and low-resolution elevation recordings were provided. However, no detailed
technical assessment of the dam's storage capacity, structural integrity, or stability has been
conducted or is possible based solely on the information obtained during the visit.

5.2 Observations and Photographs

Scatec has provided a selection of representative photographs and observations that highlight
key aspects of the retention dam, as presented in Figure 22 to Figure 28. According to the
received data, it is noted that the site inspection, covering the retention dam and its
surrounding area, was conducted on foot. The path taken and the corresponding elevations
were recorded using a Garmin Fenix 7 Pro GPS watch. It should be noted that the barometer
of the watch was not calibrated prior to recording; therefore, the numerical elevation values are
for reference only. However, the relative differences in elevation between recorded points are
considered indicative of the dam's retention capacity. The recorded path and elevations are
illustrated in Figure 21.

The retention capacity of the dam is derived from a combination of a large excavation pond
and the dam structure itself, delineated by blue and red polygons, respectively, in Figure 21.
Based on the recorded elevation data, the average depth of the retention pond relative to the
historical natural ground level is estimated to be approximately 3 meters. The height of the
dam above the surrounding terrain is roughly 3.5 meters. The dam is constructed as an
embankment dam, lined with grouted stone pitching.

The spillway, located near the center of the embankment dam, is positioned at an elevation of
approximately 6 meters above the bottom of the retention dam. Downstream of the dam, large
stockpiles of excavated material from the retention pond are stored, represented by yellow
polygons in Figure 21. These stockpiles are estimated to be 9-10 meters high relative to the
surrounding natural ground level.
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Figure 21: Retention dam: (1) retention pond (blue polygon, approx. 3 m deep), (2) lined embankment dam
(red polygon, approx. 3-3.5 m height with spillway approx. 6 m above bottom retention pond), (3) stock
piling of excavated material (yellow polygon).
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Figure 22: Lined embankment dam
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Figure 23: Retention pond
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Figure 24: Evidence of ponding of water at the low point of the retention pond
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Figure 25: Spillway dam

Page 58/194




1gw solar bess — naga hamadi, EGYPT
Hydrological Study

OBELISK SOLAR POWER SAE

Figure 26: Stone pitch lining

Page 59/194




1gw solar bess — naga hamadi, EGYPT
Hydrological Study

OBELISK SOLAR POWER SAE

Figure 27: Outlet spillway
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Figure 28: Stockpiling of excavated material downstream of dam

Moreover, the following dialogue between Qena governorate officials and Scatec company
regarding the man-made retention dam’s states:

1.

Whose jurisdiction are such dams in: Central Department of Water Resources and
Irrigation- Qena Governorate

Entity responsible for implementation: The general department for horizontal expansion
and projects — Esna

Who is responsible for maintenance and inspection: The general department for water
resources and Irrigation — West Qena (Irrigation engineering of Nagaa Hammadi)

Are there legal periodic inspection requirements

Are they design to accommodate a specific return period event: Yes, the original return
period was 100 years and the study was prepared by the resource research institute of
the Ministry of Irrigation and water resources? The study was recently repeated to cover
200year return period and another lake and barrier were proposed (I am expecting more
information on this)

When were they build / by whom: Constructed in 2019 to 2020 and were finally handed
over in August 2022
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7. I'm expecting feedback regarding height restrictions, if any

5.3 Flood inundation analysis

HEC-RAS 2D 6.4.1 software was used to build up a complete 2D hydrodynamic model to
perform the flood inundation analysis required to identify the inundated locations to the risk of
flood hazards from the precipitation and discharge hydrographs produced from the
hydrological analysis of the 25, 50 and 100 yrs return periods storms.

The 2D component of HEC-RAS, a freely available hydraulic modelling package will be utilized
for the course of this investigation. The Hydrologic Engineering Center’'s (HEC) River Analysis
System (HEC-RAS) software allows the user to perform one-dimensional (1D) steady and two-
dimensional (2D) unsteady river flow hydraulic calculations. HEC-RAS is an integrated system
of software and is comprised of a graphical user interface, separate hydraulic analysis
components, data storage and management capabilities, graphics, mapping (HEC-RAS
Mapper) and reporting facilities.

The first input to such models is the digital terrain model (DTM 5 x 5 m), which is derived from
the same digital surface model used in the morphological analysis. The DTM is fed into HEC-
RAS Mapper and an appropriate mesh size is selected in Cartesian coordinates, see Figure
29. The geometric properties of the generated mesh are listed in Table 10. In addition, a
variable Land cover and CN data were incorporated into the model to account for the spatial
variability of soil infiltration and Manning’s roughness factor between the flood plains and the
Wadis
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Figure 29: 2D mesh generated from the DTM

Table 10: Hydraulic Properties of the 2D Mesh

No. of Cells Min. Elev. (m) | Max. Elev. (m) Parseir;te'\?ﬁﬁ%:e" Manning’s Value
531956 121 503 30 x 30 0.040
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Building on previous expert assessments conducted by professors in the same area, along
with field observations, it has been noted that the study area includes sand dunes and
vegetation that contribute to sand dune damming (depressions). These natural depressions
require simulation to evaluate their impact on water flow dynamics. To ensure a conservative
and safe approach, Manning’s coefficient and the curve numbers specific to the project area’s
location—are considered at higher thresholds. This adjustment accounts for the potential
increase in water flow that could arise under such conditions.

Moreover, the domain in the 2D HEC-RAS model was expanded to include the positions of
these depressions in all the study area as shown in Figure 29. The simulation results showed
that these depressions affect the flow in certain locations by trapping water at significant
depths and slowing down the flow velocity as shown in the appendix. This attenuation was
particularly noticeable at cross sections 1, 2 and 3, as shown in the Figure 30, Table 11, Table
12 & Table 13. Moreover, it is observed that the reduction in flow will not impact the design
because the proposed structures (open channels and dike) still have sufficient dimensions to
handle the flow.
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Table 11, Table 12 and Table 13 present the hydraulic properties of the flow at the points of

impact affecting the project boundary.

Figure 30: Point of impact cross sections
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Table 11: Point of impact properties for 25 yrs at difference sections

25 years
Properties Cross Section 1 Cross Section 2 Cross Section 3
Flow (m3/s) Approx. 0.00 0.02 0.24
Depth (m) 0.15 0.15 1.02
Velocity (m/s) Approx. 0.00 0.2 0.14
Pressure (t/m2) 0.15 0.15 0.24

Table 12: Point of impact properties for 50 yrs at difference sections

50 years
Properties Cross Section 1 Cross Section 2 Cross Section 3
Flow (m3/s) 0.40 0.23 2.59
Depth (m) 0.70 0.15 1.42
Velocity (m/s) 0.21 0.21 0.32
Pressure (t/m2) 0.70 0.16 1.42

Table 13: Point of impact properties for 100 yrs at difference sections

100 years
Properties Cross Section 1 Cross Section 2 Cross Section 3
Flow (m3/s) 582 0.76 7.53
Depth (m) 0.75 0.16 1.42
Velocity (m/s) 0.53 0.39 0.51
Pressure (t/m2) 0.75 0.16 1.42
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According to the results of hydrological studies, which showed that there are streams affecting
the project boundary, as explained above, which requires a protection works to protect the
project from the flood risk.

5.3.1 Open channel

Proposed open channels within the project boundary are used to convey flow downstream,
following the same direction as the natural wadi as shown in Figure 31. The following Table 14
shows the channels specifications.

5.3.2 Dike
Moreover, Proposed dikes is used to divert water inside channels as presented in Figure 31
and Table 15.

Figure 31: Flood mitigation works
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Table 14: Open channel technical specification for 25, 50 and 100 yrs

Channel . Longitudinal | Width | Depth Side

ST Section RN Slope (m) (m) slope
Channel-01 Trapezoidal | Concrete 0.01 15 1.0 2:1
Channel-02 Trapezoidal | Concrete 0.01 5 1.0 2:1

Table 15: Dike technical specification for 25, 50 and 100 yrs

. Crest
Name Material | Side Slope | \\up | Depth
(mim) | T (m)
Dike-01 Concrete 2:1 1.0 1.5
Dike-02 Concrete 2:1 1.0 1.5
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6 Conclusion and Recommendation

= The consultant presented a conceptual overview of the hydrological conditions of the
whole project area;

= The consultant presented the adopted design criteria for the technical methodology.

= The consultant carried out the main analytical studies to investigate the design storm
values, and morphological parameters of the watersheds and finally calculate the
resultant runoff hydrographs.

= The consultant evaluates existing flood protection works in order to protect the study
area from flood hazards.

= The flood protection scheme is composed of diversion and conveyance works that
divert and convey the incoming flows from the upstream watersheds to the main
Wadi.
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7 Annex (A)
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