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Preface

Groundwater is the world’s largest source of freshwater, but its safe and sustain-
able exploitation remains a challenge. Proper knowledge of the current state of the
groundwater quantity and quality in the Nile Valley is vital for the development
and management of groundwater resources in Egypt. Due to Egypt’s water scarcity,
the projected decline in Nile River flow due to climate change, and the develop-
ment and possible improper operation of Grand Ethiopian Renaissance Dam, the
water resources in Egypt would be greatly reduced. Furthermore, Egypt’s growing
population puts significant strain on groundwater, which is the second most impor-
tant freshwater supply after the Nile River’s surface water supply, which primarily
comes from outside the country. Several books on the various aspects of Egypt’s
water resources have been published, but there is insufficient recent information on
groundwater in Nile Valley aquifer, which is essential for Egyptians populations
for domestic and irrigation purposes. As a result, the idea of publishing a book on
the groundwater in the Nile Valley aquifer emerges to complete the picture of the
Egypt’s water resources in Egypt. It is a good example of an arid country of the
almost arid MENA region. Consequently, the lessons learned from this book could
be extremely beneficial to other countries in MENA regions, particularly those in
North Africa. Egypt’s Nile Valley aquifer is the most important renewable aquifer,
accounting for approximately 3.5 million cubic meters (MCM) per year, or nearly
half of all groundwater abstracted in Egypt. Egypt’s long-term development and
socioeconomic growth are dependent on the Nile Valley aquifer. Concerns about
groundwater assessment, quality, management, and sustainability frame the current
status of Nile Valley groundwater supplies.

This book is divided into 14 chapters, written by more than 25 researchers, scien-
tists, and hydrologist experts from various institutions and countries with good expe-
rience in the field of water resources, particularly groundwater. The book’s goal
is to assess the groundwater quantity, quality, management, and sustainability in
the Nile Valley, Egypt, which serves as a model for an arid country with limited
water resources. In addition, the book highlights some meaningful experiences and
successful case studies that reflect the current challenges and potential solutions.



vi Preface

In addition to the Introduction and Conclusions chapters, the remaining 12 chap-
ters are presented in three parts. Part II discusses groundwater modeling, and Part
IIT discusses the groundwater quality assessment. Part [V focuses on the long-term
sustainability of groundwater. The introduction chapter summarizes the technical
elements of each chapter, whereas the conclusions chapter summarizes the most
important conclusions and recommendations of the book while also providing an
update on the literature on groundwater in the Nile Valley. It is worth mentioning
that Chapter 1 will provide more details about the objectives of the book chapters.

The editors would like to express their heartfelt gratitude to everyone who
contributed to making this one-of-a-kind, high-quality book a real source of knowl-
edge and most recent findings in the field of groundwater in Egypt’s Nile Valley.
They value contributions of all authors too much without their patience and efforts
in writing and revising the various versions of the manuscripts to meet Springer’s
high-quality standards. Many thanks also go to the series’ editors, publishing editor,
and all of Springer’s team for their collaboration and support throughout all stages
of the book production.

Acknowledgments must be extended to include all Springer team members who
have worked long and hard to produce this book and make it a reality for the
researchers, graduate students, and scientists in Egypt and worldwide, particularly
the countries with similar aridity conditions.

Any feedback will be greatly appreciated by the book’s editors in order to improve
the future editions. Comments, reviews, enhancement recommendations, and new
chapters for future editions are all welcome and should be directed to the volume
editors. The editors’ emails can be found in several chapters of the book.

Zagazig, Egypt Abdelazim M. Negm
Minia, Egypt Mustafa El-Rawy
February 2022
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Introduction to “Sustainability )
of Groundwater in the Nile Valley, Egypt” | @ax

Mustafa El-Rawy, El-Sayed Ewis Omran, and Abdelazim M. Negm

Abstract In this chapter, the book titled “Groundwater in the Nile River Valley” is
introduced. In addition to one chapter in the section Conclusions and two chapters in
the introduction, the book consisted of 11 core chapters, which entirely included 14
chapters. The 11 chapters fall under three themes. The themes include (a) Ground-
water Modeling, which is covered in one chapter, (b) Assessment of Groundwater
Quality, which is covered in five chapters (c) Sustainability of Groundwater, which
is covered in five chapters too.

Keywords Water resources - Nile Valley - Groundwater modeling + Agriculture -
Wastewater - Water quality - GIS - RS - Egypt

1 Introduction

Egypt is one of the world’s driest nations (Ragab and Abdelrady 2020). As a result,
Egypt is classified as a water-scarce country (Luo et al. 2020). According to the Nile
Water Agreement of 1959, Egypt’s water supplies are regulated by the Nile River,
which has a fixed share of 55.5 BCM/year. Egypt’s water supplies are classified into
two categories: renewable and nonrenewable. Renewable water supplies are reflected
by the Nile River inflow and rainfall. Egypt’s second water supply, groundwater, is
a critical source for domestic and other uses, as well as irrigation, especially in
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desert areas (Abdel-Shafy and Kamel 2016; El-Rawy et al. 2020). The abstractions
to groundwater account for around 7-8 BCM/year (El-Rawy et al. 2020; Salman
et al. 2019).

Groundwater, seawater desalination, and wastewater usage, on the other hand, are
non-renewable water supplies (Djuma et al. 2016). Since it is replenished from the
Nile River by seepage from canals and deep percolation as a result of flood irrigation,
the shallow aquifer of the Nile River Valley is considered a sustainable water supply
with extraction mainly from shallow wells (El-Rawy et al. 2020, 2021). The Nile
River and groundwater systems in desert areas are considered Egypt’s largest water
systems. Other water sources, such as rainfall and flash flooding, are often considered,
but in smaller and varying amounts. Groundwater is not regarded a nonrenewable
resource in the same way as minerals and petroleum reserves are, nor is it entirely
renewable in the same way that solar energy is, but it is dependent on many factors
such as recharge, discharge, and the amount of water used (Alley et al. 2020). The
Nile River replenishes groundwater aquifers in the Nile Valley, Nile Delta, and Sinai
Peninsula by seepage from canals and deep percolation from irrigation (El Arabi
2012).

The groundwater tank below the Nile Valley is the second largest renewable
underground reservoir in Egypt and North Africa and it composes Delta, Giza, El-
Minia, Assuit, Sohag, Qena, Luxor, and Esna Aquifers (Omran 2017).

The Nile system’s groundwater quality is adequate, but it is increasingly declining
in many aquifers around the world, not justin Egypt (Mirzavand et al. 2020). Pollution
has harmed some shallow groundwater bodies, with nearly 20% of groundwater in the
Nile aquifer failing to meet drinking water requirements, especially near the aquifer’s
edges, where there is little or no protective clay cap. The Nile Delta’s groundwater
is typically of higher quality than that of the Nile Valley.

The book’s intention is therefore to improve and tackle the following main theme.

e Groundwater Modeling.
e Assessment of Groundwater Quality.
e Sustainability of Groundwater.

The summary of the chapters under each theme will be presented in the following
sections.

2 Summaries of the Book Chapters

2.1 Groundwater Modeling

One chapter on groundwater modeling methods and a based analysis on groundwater
models of the Nile Valley Aquifer were displayed in this section. The use of ground-
water is critical to the overall management of water supplies. Groundwater modeling
can be used to evaluate the quantity and quality of groundwater in aquifers and how
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aquifers’ conditions change under climate change, different groundwater extraction
rates, changes in human activities, and under a wide variety of environmental condi-
tions. To investigate the system response under certain phenomena or forecast the
system’s behavior, groundwater modeling represents reality in a condensed form
without making invalid assumptions. The function of the model is defined as the first
step in the modeling process, and data collection is a significant issue in the modeling
process. The model’s conceptualization is the fundamental step in modeling, followed
by setting up the numerical model. Model calibration and validation, and sensitivity
analysis is performed after the model completion. Several numerical groundwater
flow models have been developed for different parts of the Nile Valley aquifer to
assess the interaction between the surface water and the aquifer, to apply various
management recharge and discharge scenarios. Studies have shown that ground-
water modeling can be used successfully to help understand the Nile Valley aquifer’s
behavior.

2.2 Assessment of Groundwater Quality

The second part of this book, consisting of five approaches, which are used under the
title “Assessment of Groundwater Quality.” The first method is concerned with
pollution sources in Egypt’s Nile Valley and their effects on groundwater. In Egypt
from Aswan to Cairo, the Nile receives discharge of wastewater from over 124 point
sources along the banks of the Nile; more than 72 points are agricultural, while the
rest are industrial drains. These disposed waters contain untreated or partially treated
wastewater; accordingly, different contaminants might be identified in the water of
the River. In the water treatment process, all chemical disinfectants are toxic to some
extent, with oxidizers like ozone and chlorine being the most common. Many authors
have reported on the potential effects of anthropogenic activities such as domestic
activities, particularly sewage disposal practises, industrial, and agricultural activities
in the Nile valley region. An evaluation of the hydrochemical and bacteriological
characteristics of the surface and groundwater resources are necessary to assess the
adverse impacts of wastewater disposal in the area. More Advanced methods for
monitoring and detecting the source of contamination using remote sensing and GIS
techniques are required.

The second chapter linked the role of environmental impacts of treated wastewater
contaminates on groundwater quality in the Nile River Valley, Egypt. The discharge of
untreated or partially treated wastewater into open streams increases the risk of pollu-
tion of surface and groundwater. In Egypt, non-traditional solutions are desperately
required to prevent groundwater quality deterioration caused by the long-term effects
of treated wastewater pollutants. Thus, the aquifer vulnerability zones should be
identified for the planning and implementation of the sustainability strategy pursued
by all world countries to conserve groundwater resources. This chapter presented
a summary of the effects of treated wastewater disposals on groundwater in the
Nile River valley, as well as a review of the results of key related studies and the
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most up-to-date methodologies for assessing quaternary aquifer hazard zones. Satel-
lite remote sensing (RS) and GIS techniques have been internationally developed to
collect information needed to observe different groundwater in several regions across
the world. Accordingly, these tools are lower cost and more useful instruments for
measuring water quality parameters in groundwater than in situ investigations where
measurements are limited to select sampling points. Additionally, in this chapter, a
case study was selected in North—East of Cairo due to the presence of disposal of
the largest two conventional wastewater treatment plants in Egypt. The results indi-
cated that the studied area was highly polluted due to the discharge of the effluent
from wastewater treatment plants. This chapter’s outcomes may allow developers
and decision-makers to decide the regions need critical and special treatment.

The third approach is the hydrochemistry and hydrogeology aspects of alluvial
aquifer in Aswan City, Egypt. The groundwater characteristics of the Aswan aquifer
are highlighted in this chapter. Samples were taken from surface water sources and
groundwater at various locations to determine the water quality. According to World
Health Organization regulations, the quality of the groundwater was found to be
acceptable for drinking water after chemical analyses. But a noticeable increase
in the organic matter concentration was observed. It can deteriorate the quality of
the water and limit its uses. To help further studying the system’s dynamic, the
groundwater system was modelled as well using MODFLOW. In addition to the
water quality, some areas experienced concerns with the groundwater table getting
worse as a result of some of the extraction wells being shut off, which can lead to
damage in the infrastructure. Several solutions have been proposed to tackle down
both problems. Further studies are needed to maintain the stability of the soil during
the water table lowering process. A coupled analysis of groundwater models and soil
models need to be conducted to estimate the amount of subsidence that might occurs.

The fourth approach is related to the hydrochemical analysis of groundwater in
the area Northwest of El-Sadat City, West Nile Delta, Egypt. The Nile River is
Egypt’s largest surface water source, and the area along its banks includes some of
the country’s most fertile ground. El Sadat is one of Egypt’s most important modern
industrial cities. Due to the existence of agricultural soil potentialities, gentle relief,
and groundwater resources, a lot of effort has gone into developing this promising
field. The main purpose for the present study is to evaluate the hydrological settings of
the groundwater and overcome the groundwater shortage problem in this area. Results
obtained from the hydrochemical interpretation shows a clear harmony deduced from
EC, TDS, and TH distribution maps. In the northwest parts, it appears to have high
values of EC, TDS, and TH, moreover cations distribution maps present high values
at the same area. Therefore, this part is little bit not suitable for domestic purposes
and could be used for agriculture utilities with some restrictions. While the rest parts
of the study area have moderate and low values of EC, TDS, TH, cations, and anions
levels, hence at these area waters are good for the different uses.

The final approach is related to groundwater quality for irrigation “As a Water
Resources Management Tool, Groundwater Quality Assessment for Irrigation in the
Young Alluvial Plain of Western Nile Delta, Egypt.” Water quality is determined
by a variety of factors, including physical, chemical, and biological characteristics.
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Conclusions about water quality must be drawn from analyses of a wide number of
variables, which is a challenging task (Mukate et al. 2019). To make this difficult task
easier, a large number of parameters must be incorporated into a single composite
value or model that accurately describes water quality without losing sight of its
scientific foundation (Ponsadailakshmia et al. 2018; Wu et al. 2018). As a result, the
water quality index for irrigation, rather than conventional methods of water quality
measurement, serves as an important instrument for tracking and assessing the overall
quality of water. Different types of water quality index models have been produced
by different researchers to assess water quality (Khangembam and Kshetrimayum
2019; Mukate et al. 2019; Solangi et al. 2019).

2.3 Sustainability of Groundwater

The third part of this book introduces also five potential practices for groundwater
sustainable. The first potential practice is gives an overview of agricultural drainage
strategies in Egypt as a protection tool against groundwater contamination by fertil-
izers. Due to the improper application of fertilizers in waterlogged lands, the quality
of groundwater started to deteriorate because of the contamination by these fertil-
izers. This raised the issue of “poor drainage” problem in agricultural lands in the
Nile River valley and the need to practice proper drainage strategies to enhance
groundwater quality in these lands and ensure better moisture conditions for crops.
As a result, Egypt has implemented a strategy for drainage technology at the farm
level, which is characterised by gravity subsurface drainage systems, and has begun
to introduce a number of drainage projects in the Nile River valley. We investigated
existing drainage schemes in the El-Minia governorate, which is located in Upper
Egypt, as a case study. In addition, the governorate has a set of open drains with a
total length exceeds 1200 km. In Egypt, agricultural drainage strategies are necessary
to ensure a better quality of aquifers that underlain agricultural lands along with the
protection and sustainability of agricultural productivity.

The second potential practice is the Pliocene aquifer characterization using tran-
sient electromagnetic (TEM) and vertical electrical sounding (VES) geophysical
techniques: Case study at the area to the East of Wadi El-Natrun City, West Nile
Delta, Egypt. Using an integrated analysis of vertical electrical sounding (VES) and
transient electromagnetic (TEM) geophysical data, the current study aims to charac-
terise the Pliocene groundwater aquifer east of Wadi El-Natrun city and northwest
of El-Sadat city in the Western Nile Delta region. The results revealed the aquifer
geometries and its spatial extents and determined the most promising sites for drilling
new productive boreholes. They also show that the Pliocene aquifer is the main
groundwater aquifer in the survey area, where it is divided into two sub-aquifers.
The upper Pliocene aquifer is encountered at a depth ranging from 30 to 70 m and
has a thickness ranges from 20 to 60 m and a resistivity varies from 28 to 70 Qm.
The lower Pliocene aquifer is recorded at a depth range between 95 and 135 m with
resistivity values of 33—57 Q2m. The findings of this research can serve as a valuable
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groundwater information base to help establishing new cities and land reclamation
projects supported by the Egyptian government plan of the sustainable development
strategy for the year 2030.

The third potential practice is concerned with the evaluation of groundwater poten-
tial zones using electrical resistivity and hydrogeochemistry in West Tahta Region,
Upper Egypt. In this chapter, the geoelectrical and hydrogeochemistry studies were
carried out in the western Tahta region to identify the subsurface hydrostratigraphic
aquifer units and obtain a proposed potential groundwater development. From the
isopach map of the saturated layer, it has been found that the Pleistocene aquifer
becoming thicker to the northeast. The resistivity contour map of the Quaternary
aquifer showed that average values of about 40 €2 min the region of cultivated land
(near to the Nile) increased and reached about 90 Qm in the west. The groundwater
table above sea level contour map showed that there are high values in the southwest
and low values in the northeast. The majority of the surface water appears to be
suitable for drinking and irrigation, while the majority of the collected groundwater
samples are unsuitable for drinking, and half of them are unsuitable for irrigation
due to their high salinity.

The fourth potential practice gives an overview of the mapping groundwater
recharge potential in the Nile Basin using remotely sensed data and GIS tech-
niques. Remotely sensed data were used followed by applying GIS techniques. After
applying weight factors, several evidential maps were extracted from radar/optical
remotely sensed data, as well as geologic and precipitation data, which monitor the
incidence, movements, and infiltration capacities. The results revealed that about
3.56 and 10.36% of the surface areas of Wadi Qena, and Wadi Matula basins, respec-
tively, were characterized by excellent recharging potential and represent the most
promising zones for future groundwater extraction. Field data confirmed that the
detected zones are cultivated and groundwater is suitable for irrigation of several
strategic crops such as wheat, tomato and alfalfa, by pumping wells. It is concluded
that storing flood water during rainy storms in man-made reservoirs would provide
additional new water resources to help sustaining the life of the people in these remote
areas.

The fifth potential practice is the sustainability of groundwater in the Nile River
Valley: is it possible after the construction of GERD? Groundwater is the second
largest water resources in Egypt after the Nile River. The shallow aquifer of the Nile
Valley and Delta is known to be a renewable water source, extracted from shallow
wells, as it is replenished from the Nile River by seepage from canals and excess of
irrigation water. Decreasing the flow of the Nile to Egypt due to the construction of the
Grand Ethiopian Renaissance Dam (GERD) might be a major problem for Egypt’s
groundwater resources. This chapter investigates the possibility of the correctness
of the assumption that the improper operation of GERD will negatively affect the
groundwater along the Nile valley aquifer and reduce or might stop its sustainable
nature. The results of GERD filling in 10 years with the normal flow (NF), minimum
of average flow (MAF), and minimum flow (MF) conditions, showed that the average
groundwater levels reduced by 0.15 m, 0.573 m, and 1.25 m for NF, MAF, and
MF with respect to the base case, respectively. It can be concluded that the filling
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of GERD'’s reservoir in 10 years could be an optimal option, especially in cases
of normal flow or minimum of average flow conditions; otherwise, the aquifer’s
sustainability will not be maintained.

The book comes to a close with a one-chapter update, conclusion, and recom-
mendation section.
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Evaluation of the Groundwater )
Resources in the Nile Valley, Egypt e

Menna Haggag, Hosni H. Ghazala, and Ismael M. Ibraheem

Abstract The deficit of freshwater represents a global challenge as there are become
many countries suffer from the water poverty. Egypt is regarded one of these coun-
tries as most of its land are deserts due to its location within the barren zone of North
Africa besides the lack of fresh water sources. The River Nile is the main source of
fresh water in Egypt and constitutes the lifeline of many human activities. The river
is fed by heavy rains falling on the highlands of Ethiopia and provides around 85%
of the water supply in Egypt. Several reasons such as; population growth, climate
change, pollution of industrial waste and agricultural drainage that ask questions
about whether the amount of fresh water and the efficiency of available sources can
meet the growing needs of different scales. Accordingly, it must be critical alterna-
tives for providing water, especially after the construction of the Grand Ethiopian
Dam (GERD) as it would be an important reason of aggravating the crisis of fresh
water in Egypt by 2025. Therefore, it is expected that the demand for groundwater
resources will increase as they are considered the backbone of the development plan
along with seawater desalination. The Nile Valley, Delta and Nubia aquifers repre-
sent the main aquifers in Egypt. Due to the importance of The Nile Valley, and
Delta aquifers, many efforts and studies have been directed during the last decades
to evaluate the potentialities of these aquifers. These efforts included attempts to
simulate groundwater conditions in some areas in and around the Nile Valley basin
through digital and Electric-analog computer models. Based on these results, several
proposals have been made to exploit the efficiency of groundwater in the Nile basin.
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1 Introduction

Recently, it has become evident that water is in greater demand, as access to clean
water is one of the fundamental requirements to manufacture sustainable develop-
ment and has become a major challenge for many countries because of many reasons
such as the increase in population, human activity, and extreme climate change.
Egypt is one of the most drought countries due to its location in the arid belt of North
Africa so, it severely needs developing clean water resources (Fig. 1).

Around 96% of the total area of Egypt is desert land depends on the groundwater
that leaks through springs and seepage zones which makes most of population density
confined in the remaining 4% is dissected by the river and its valley and delta called
the green zone. Hence, the Nile River is the essential source of freshwater in this
area as it is used for all modalities of human activities since ancient times. Most
of the Nile River originates from water precipitation over mountainous areas in the
Ethiopian highland (Elbeih 2015).

Many factors negatively affect the future Nile River revenues such as climate
change, which will provide the inability of the Nile River to provide water, which will
lead to a shortage of water per capita in Egypt. In the last decades, the amount of water
from the Nile River is no longer adequate to meet the needs of different activities,
which created a gap between the requirements and the quantity of available freshwater
that reached to 20 BCM annually (Nofal et al. 2018). This affected many water-based
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services and production that essential for sustainable development. So that, there is
an importance to wisely manage water resources and identify possibilities of the
recent recharge of aquifers (Hamza et al. 1999).

2 Water Resources

In Egypt, the water resources are divided into renewable and non-renewable systems.
The Nile River inflow and rainfall represent the renewable resources. However,
groundwater, seawater desalination and treated water are non-renewable (Djuma
et al. 2016). The Nile River and groundwater are considered the main water systems
in Egypt (Fig. 2). Other systems such as rainfall and flash floods are also considered as
water sources but with small and varying proportions. They have restrictions related
to their amount, character, location, time, and cost of water production (Mohamed
2007).

2.1 Renewable Water Resources

2.1.1 The Nile River

The structure of the Nile system consists of; the Nile River and its branches, irrigation
canals, agricultural drains, and aquifers of the valley and its delta. All these resources
are interconnected and are renewed annually with 58.5 BCM of freshwater (MWRI
2005). The Nile River is regarded as the longest river in the world because of its

@ River Nile # Groundwater Nile Aquifer m Other Groundwater Aquifers
r1Re-use Agriculture drainage ~ ®Re-use treated waste water mRain Feed Harvesting
# Desalination

Fig. 2 Water supply in Egypt (BCM) (MWRI 2005; CAPMAS 2017)
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approximate 6800 km length. It extends over a wide range of latitudes (from 4°S to
31°N) and ecosystems flowing through highland regions with abundant moisture to
lowlands with arid conditions. The Nile Basin covers a surface area of around 3.1
million km? shared by eleven countries (MWRI 2017) and has two main tributaries;
the White Nile originates from Lake Victoria basin and the Blue Nile from the
Ethiopian plateau (MWRI 2005) (Fig. 3). About 85% of water released from the
High Aswan Dam is used for irrigation with 15% remaining for other purposes (e.g.
industry, domestic, and water supply). As a result of the scarcity of rainfall, the
Egyptian populations rely on the Nile River for all their water needs and the vast
majority of the population accumulates around the Nile (Ibrahim et al. 2018).

2.2 Non-renewable Water Resources

2.2.1 Groundwater

Groundwater is not considered as a nonrenewable resource, such as minerals and
petroleum deposits, nor a completely renewable in the same manner and timeframe
as solar energy but, it depends on several aspects like recharge, discharge, and the
quantity of water used (Alley et al. 2020). Groundwater aquifers in the Nile Valley,
Nile Delta and Sinai Peninsula are renewed from the Nile River through seepage
even from canals or deep percolation resulting from irrigation application (El Arabi
2012). In Western Desert, groundwater is the only available resource for interdisci-
plinary development and is considered as a non-renewable resource. The contribu-
tion of groundwater to the total water supply in Egypt has become very moderate
over the years. However, it remains an important freshwater resource and the sole
source for people living in Egyptian deserts (CEDARE 2014). The main ground-
water systems in Egypt are Nile valley and Delta aquifer system, Fissured carbonate
aquifer, Coastal aquifer, Moghra aquifer, Nubia aquifer, and the Hardrock aquifer
system (Fig. 4). Deep aquifers in the Western Desert and Sinai regions are considered
as non-renewable with current total abstraction only about 1.65 BCM/year (CEDARE
2011).

2.2.2 Rainfall

According to El-Tantawi et al. (2021) the system of the rainfall has changed in
all levels as the amount decreased parallel to the increase in temperature. The total
authentic amount of rainfall in use for living activities is about 1.3 BCM/year MWRI
2005).
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Fig. 3 The drainage system of the Nile River (after The World Bank 2000)

2.2.3 Desalination

The desalination plans for drinking water and industrial purposes are developed in
conjunction with growing demands (MWRI 2010). According to MWRI (2020),
until the mid-1980s, the capacity produced from the desalinated sea water was only
20,000 m3/day, and beyond 2000-2011, production was 145 m3/day, while the current
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Fig. 4 Groundwater aquifer systems of Egypt (after CEDARE 2014)

production is about 650,000 m3/day. The amount of desalinated water reached to 60
MCM/year in 2010 (Moawad 2012).

2.2.4 Treated Wastewater Reuse

Wastewater recently has been treated, reclaimed, and reused in irrigating the agri-
cultural lands in order to alleviate the burdens of increased demands for freshwater
resources. In year 2010, Egypt treated about 2.97 BCM/year, but only 0.7 BCM/year
was utilized for agriculture (0.26 BCM/year was undergoing secondary treatment
and 0.44 BCM/year undergoing primary treatment) (Abdelwahab and Omar 2011;
MWRI 2010). According to MWRI (2017), the amount of the treated wastewater
production has reached to 21 BCM/year recently.

Although, the multitude sources of freshwater in Egypt, these sources suffer many
challenges and face several constraints. The most significant challenges are presented
in:
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e Population Increase: According to FAOSTAT (2013) and CAPMAS (2020)
Egypt’s population was expected to reach 98.7 million by 2025, but it reached
> 100 million by 2020 (Fig. 5). The average availability of freshwater in Egypt
has steadily decreased from 1893 m3/year in 1959 to about 570 m* in 2020. This
decreasing is expected to continue yearly until reaching to 500 m* by 2025 (Arab
Water Council 2012; MWRI 2017). This amount is less than the international
water poverty limit. This limit equals 1000 m? of renewable water available per
person/year according to the World Bank and this will put the country below the
threshold of water scarcity (Drainage Research Institute 2010).

e Climate Change: The Middle East and North Africa suffer from a critical situa-
tion because of rising the earth’s temperature about 1.2 °C above the pre-industrial
levels. The high temperature reduces the amount of rainfall and increases evap-
oration of water that leads to increase in dry seasons (Badawy 2009). Increasing
evaporation decreases the Nile flow in a way cannot be neglected and reduces
soil moisture levels that in turn increase the frequency of drought in the region.
In addition, the soil moisture and the filtration ratios will also decrease leading to
a decrease in the rate of groundwater recharge (Radwan 1997).

o Rise of Sea Level: The Egyptian coast stretches for 3500 km including 1150 km
on the Mediterranean coast and 1500 km on the Red Sea coast. This extension
makes it more vulnerable to sea level rising and soil salinity. The sea levels rise
by about 19-58 cm and is expected to increase nearly 100 cm by year 2100 with
considering a drop in the Delta land (Ministry of Environment 2016). This rising
in sea level may cause imbalance in nature and decreasing the abundance of the
groundwater in the coastal regions. The big effect of reducing freshwater flow is
polluting soil, causing poor crop quality and loss productivity (IDSC 2013; Abu
Hatab et al. 2019).
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e Economic Growth: It threatens the quality and quantity of water resources
and exacerbates the current problem of polluting the shallow groundwater by
overusing industrial chemicals, fertilizers, and pesticides. In addition, farmers
continue to practice ineffective submerged irrigation methods which results in
water losses due to evaporation and over-irrigation and causes soil damage (Abdel-
Dayem 2011). According to the Ministry of Water Resources and Irrigation, Egypt
consumes about 147% of its water resources and will need about 20% additional
water by 2025. This means that 47% of the water is imported.

e The effect of the Grand Ethiopian Renaissance Dam (GERD): This dam
is expected to reduce Egypt’s amount of water, which is currently 55 BCM/year.
The amount of shortage is expected to range between 5 and 15 BCM. It can also
lead to a permanent reduction in water levels in Lake Nasser if floods are stored
in Ethiopia instead (Sallam 2018).

Consequently, according to the international studies and statistics, since the Nile
is Egypt’s largest freshwater resource, it is going to be one of the most affected one
among other resources by the above-mentioned hazards. Therefore, using ground-
water is considered the one of the best available solutions and alternative resource
for freshwater as it is the second largest resource of freshwater in accordance with
the sustainable development plans.

Groundwater seems to be one of the most promising solutions to face the water
shortage problem. Although, groundwater is not a resource, even in the Nile aquifer
or desert fringes as it is renewed obliquely from the Nile water. Furthermore, there
are serious limitations about the intensive use of groundwater resources as some of
them are non-renewable.

3 Groundwater Usage

The idea of using the groundwater started from long time ago; however, it did not
receive any explicit attention until 1996. Since then, the government intended to
develop it, especially the Nile aquifer system (Elnashar 2014).

Groundwater and surface water are linked through the underground leaked water
(Winter et al. 1998). This water is collected by many ways such as drainage, tunnels
and wells. It also may flow naturally to the earth’s surface through seeps or springs
and deep percolation from irrigation applications (Abdelhalim et al. 2020).

Groundwater is a vital resource that aged more than 31,000 years (Miinnich and
Vogel 1962). Itis used for many purposes such as public and domestic water supplies,
irrigation, industry, mining, and thermo-electrical power production. The quantity
of groundwater in Egypt was about 4.80 BCM/year in 2005 according to Ashour
et al. (2009) but, it has become about 2.54 BCM/year recently, according to MWRI
(2017).
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4 Groundwater Quality

Groundwater quality in the Nile system is reasonable and is gradually being reduced
not only in the Nile system of Egypt but also in many other aquifers around the world
(Mirzavand et al. 2020). Almost 20% of groundwater in the Nile aquifer no longer
meets the drinking water standards because of pollution, especially at fringes where
there is little or no protective clay cap. Generally, the quality of groundwater in the
Nile Delta and Western Desert was considered better than that in the Nile Valley
while in the Eastern Desert and Sinai was highly saline. The carbonate aquifer is
generally brackish but has some freshwater in recharge areas (MWRI 2013).

5 The Nile Valley and Delta Aquifers

The groundwater tank below the Nile Valley is the largest renewable underground
aquifer in Egypt and North Africa and it composes Delta, Giza, El-Minia, Assuit,
Sohag, Qena, Luxor, and Esna Aquifers (Omran 2017) (Fig. 6). It extends between
Giza and Aswan for about 900 km and about 14 km wide, with a maximum width
about 20 km at Minia and minimum width about 2 km at Aswan. The total area of
the Nile Valley basin between Cairo and Aswan is about 100 km?. The edges of the
valley on both the east and west flanks are marked by steep erosional scarps that
rise greatly onto adjacent desert plateaus (Abdel-Lah and Shamrukh 2001). The Nile
Delta and its fringes occupy an area equals