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Abstract: Groundwater is of great importance in our daily life, and its importance is due to its
multiple uses, whether in agriculture, industry or other uses. Increasing the Groundwater Levels
(GWL) in any area is a great benefit for its importance and multiplicity of uses, but in the city of
Aswan, it is different, as the increase in the GWL causes severe damage to buildings and leads to poor
quality of agricultural land and the destruction of infrastructure due to the lack of good management.
The main objective of this study is to develop a conceptual model of the groundwater system to gain
better understanding of water dynamics in the study area and to investigate different management
scenarios of the use of groundwater. The model was developed using MODFLOW code to achieve
the objective of the study, where the necessary field data were collected to feed the model from the
study area, such as Surface Water Levels (SWL) in the Aswan Dam lake and the Nile River, GWL
in the Aswan Aquifer and the different characteristics of the layers constituting the aquifer, such as
porosity and recharge for different periods to ensure obtaining the most accurate and best results
from the model. The model was calibrated with mean residual and absolute mean residual which
reached −0.08 and 0.629 m, respectively, with a Root Mean Square Error (RMSE) of 0.737m and a
normalized RMSE of 4.319%. Two future scenarios have been developed to arrive at a future vision
of GWL in the Aswan aquifer. The first scenario investigated GWL in the study area by changing
the values of recharge to the aquifer resulting from an increase in the drinking water and sewage
networks’ leakage values, which were predicted in the future for years 2025, 2030, 2035 and 2040.
The GWL in the study area are increasing as a result of the increase in the amount of leakage in the
years 2025, 2030, 2035 and 2040 compared to the GWL in the study area for the year 2020 by 0.29%,
1.31%, 2.01% and 3.16%, respectively. The second scenario investigated GWL by changing the water
levels in El hebs (the lake between the High Dam and the Aswan Dam) as follows (108 m, 110 m,
112 m, 114 m, 116 m and 118 m), where the groundwater levels were calculated in the Aswan Aquifer
corresponding to each level. The percentage of increase in groundwater levels corresponding to
the levels 108 m, 110 m, 112 m, 114 m, 116 m and 118 m compared to the groundwater levels at the
level of 106 m was found as follows: 0.92%, 2%, 2.87%, 4.05%, 4.91% and 5.67%, respectively. The
simulation results are intended to support integrated groundwater modeling for the components
of the hydrological water budget in the city of Aswan. Furthermore, the model provides us with a
better understanding of long-term scenarios for the waterlogging in the city. The results are useful for
managing the water logging problems and planning the future infrastructure in the city of Aswan.
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1. Introduction

Millions of people around the world are depending on groundwater resources for
drinking, industry, agriculture and more, but a growing world population combined with
climate change leads to lower GWL. Understanding the spatial extension and diversity
of GWL is essential to protect available water resources, especially as a main source of
drinking water [1]. Gaur et al. [2] developed the combined use of numerical modeling
and spatial modeling using GIS for groundwater management on the sub-basin of the
Banganga River, India. The hydrological and spatial modeling presented in this study are
highly useful for the evaluation of groundwater resources and for deciding the location of
rainwater harvesting structures in semi-arid regions. Prasad et al. [3] delineated ground-
water potential zones in hard rock terrain used the integrated approach of remote sensing
and the geographical information system (GIS) in Nalgonda District (Andhra Pradesh),
India. The result depicted the favourable prospective zones in the study area and can
be helpful in better planning and management of groundwater resources, especially in
hard rock terrains. Pathak et al. [4] developed a groundwater aquifer vulnerability map by
incorporating the major geological and hydro-geological factors that affect and control the
groundwater contamination using the GIS-based DRASTIC model in the shallow aquifer
of Kathmandu Valley, Nepal. Yeh et al. [5] used GIS for the assessment of the groundwater
recharge potential zone in Taiwan. The resulting map of the groundwater potential zone
demonstrates that the highest recharge potential area is located towards the downstream
regions in the basin because of the high infiltration rates caused by gravelly sand and
agricultural land use in these regions. In contrast, the least effective recharge potential area
is in upstream regions due to the low infiltration of limestone.

Due to the importance of the phenomenon of groundwater logging, which suffers
in many places around the world, many researchers have been interested in studying it.
Fakharinia et al. [6] studied the construction of the groundwater dam and its effects on
water table, thus, the Shahrekord aquifer model was simulated by the MODFLOW model.
The water table situation was drawn and analyzed using ArcGIS9.3 software before and
after dam construction. The results showed that the subsurface dam raised the GWL in
4 km distance of upstream areas. Bob et al. [7] conducted an investigation in an attempt
to gain insight into the shallow groundwater table rise problem that has recently been
observed in this important location. Results obtained from this research provide useful
information regarding the hydrogeology of an important area and can aid authorities in
preparing well-founded scientific plans to deal with the SWTR problem, including the
appropriate reuse of excess water. AL-Sefry and Sen [8] followed a quantitative method to
assess GWL rise risks in Jeddah case in the Kingdom of Saudi Arabia. Ray [9] proposes an
interdisciplinary planning strategy to deal with the issue of rising the GWL.

There are many researchers using MODFLOW software, which is considered one of
the most important applications used in this field, for example: Huntington et al. [10]
assessed the role of climate and resource management on groundwater dependent ecosys-
tem changes in arid environments with the Landsat archive. Abd-Elaty et al. [11] used
different wells systems to manage saltwater intrusion into coastal aquifers in the Nile Delta
aquifer, Egypt. Abd-Elaty et al. [12] used MODFLOW to assess the impact of lining polluted
streams on groundwater quantity in the Nile Delta, Egypt. Chitsazan et al. [13] simulated
the Gotvand Plain aquifer using the MODFLOW code of GMS software and evaluated the
Abbid-Sarbishe synthetic recharge project located in the north Gotvand, Iran. EL-Rawy
et al. [14] developed MODFLOW for studying the effects of treated wastewater (TWW)
discharge into the Zarqa River in Jordan and the underlying unconfined limestone in
Hummar Aquifer. Abd-Elhamid et al. [15] used MODFLOW model to evaluate the impact
of different pumping schemes on the groundwater quality due to seepage from open drains
including different abstraction rates, depths and locations of wells. Al-Maktoumi et al. [16]
used MODFLOW and MT3DMS codes to assess the impact of climate change on coastal
aquifers in Oman; in this research the effects of climate change (precipitation, temperature
and sea level rise (SLR) on two selected coastal aquifers located in the north of Oman were
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numerically evaluated. The water dynamics in both aquifers are studied numerically using
MODFLOW code under the different Representative Concentration Pathway scenarios
(RCPs) for the years 2050 and 2070 according to the Intergovernmental Panel on Climate
Change (IPCC). El Shinawi et al. [17] used MODFLOW to hydrologically study the impact
of rise in sea levels on groundwater in the coastal aquifer of the Nile delta, Egypt. Abd-
Elaty et al. [18] used a coupled model of MODFLOW to study groundwater zone budget
from polluted streams using new protection process techniques in the Nile delta aquifer.
Chakraborty et al. [19] used MODFLOW for analyzing the GWL in Purba (East) Midnapur,
West Bengal, India. Abd-Elaty et al. [20] developed the finite difference code of MODFLOW
to investigate the stability of canals’ slopes considering the climate changes through SLR,
fluctuation of GWL and the seismic actions in the northeastern part of Nile delta aquifer,
Egypt. Ta’any et al. [21] used the MODFLOW model for evaluation and management of
the groundwater Jerash catchment area, Amman-Zarqa basin, Jordan. Azaza et al. [22]
used MODFLOW for groundwater management in arid and semiarid regions in the Jeffara
of Medenine coastal aquifer, southeastern Tunisia, as a case study. Abd-Elaty et al. [23]
used MODFLOW to simulate of flow of potential contaminants at the riverbank filtration
(RBF) site at Embaba, Cairo, Egypt, and its impact on groundwater heads. Abd-Elhamid
et al. [24] investigated the possible adverse impact of reducing the flow in the Nile River
due to the construction of the Grand Ethiopian Renaissance Dam (GERD) on the Nile delta
aquifer and considered possible measures to adapt with such impacts. A numerical flow
model was developed to simulate the groundwater flow considering the operation of the
new dam. Two scenarios of filling the reservoir during 3 and 6 years were considered.
Abd-Elhamid [25] developed the numerical model to study the effect of aquifer geometry
including bed slope and seaside slope on GWL. The effects of changing boundary con-
ditions, including increasing sea head due to SLR and decreasing the landslide recharge
due to over-abstraction, are also investigated. Abd-Elaty et al. [26] used MODFLOW and
water budget analyses to evaluate interactions between irrigation canals and the Nile delta
aquifer, Egypt under four operational scenarios. Abdelrhem et al. [27] used MODFLOW
and MODOFIC packages to study the future groundwater situations in the well field area of
the Great Man-Made River Project in Libya. Rejani et al. [28] used the MODFLOW package
for analyzing the aquifer response to various pumping strategies in Balasore Coastal Basin,
India. Youssef et al. [29] used the MODFLOW model for planning and managing the
groundwater problems in Wadi El-Farigh in Western Desert, Egypt. Antoniou et al. [30]
applied MODFLOW to a theoretical example found in its manual for comparison purposes
by examining the optimization of its aquifer system in terms of minimizing the cost of
pumping drilling. Hadded et al. [31] developed a Decision Support System (DSS) for
groundwater management of the Zeuss Koutine aquifer in southeastern Tunisia using the
WEAP–MODFLOW framework. Malekinezhad et al. [32] used MODFLOW for modeling
impacts of climate change and human activities on groundwater resources in Yazd-Ardakan
aquifer, Iran.

Many researchers have discussed the study of groundwater in the city of Aswan.
Hamdan et al. [33] studied vulnerability of the groundwater in the quaternary aquifer at
the El Shalal-Kima area, Aswan, Egypt. Abdelrady et al. [34] developed a MODFLOW
model and coupling with GIS to characterize the groundwater flow system and levels in
the area adjacent to the Nile River at Aswan City, Egypt. Abdalazem et al. [35] studied
groundwater quality assessment for irrigation in the west Edfu region, Aswan, Egypt.
Over the past few years, an increase in groundwater levels has been observed in several
parts. Raising the water table can flood underground infrastructure, submerge basements
of buildings and flood sewage pipes and utility lines that provide water and electricity, as
well as to the surrounding environment, because of the formation of ponds, as shown in
Figure 1 [36]. The magnitude of human influences on their environment makes humans the
main logical geographic factor on the planet’s surface. The phenomenon of groundwater
rise that occurred in 2009 is directly related to the cessation of pumping groundwater
from El Shallal wells and the decrease in pumping from the wells of the Kima station. In
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general, the rate of water rise is much higher in the western side of the city and around the
Kima factory, which is characterized by its low terrain and dense population. The most
disturbed aquifers are more likely to develop in low-lying areas with a relatively highly
permeable aquifer, which is not exploited for water supply. This damage will become more
widespread if the rising groundwater table remains out of control. Therefore, it has become
necessary to study them, know their sources and develop scenarios to control them and
improve their utilization.

Figure 1. The effects of groundwater on the study area; (a,b) Formation surface ponds; (c) Flooding
the foundations of buildings; (d) The appearance of displacement between buildings.

This study aims to investigate the groundwater levels in the Aswan city to assess
and follow up on the problems of water logging in Aswan city and their impact on the
infrastructure and the surrounding environment. This is achieved by developing several
scenarios for the rise of groundwater in the study area, which will help the decision makers
in the planning and provide alternative solutions to manage the problem. To achieve the
aim of this research, MODFLOW software and field data were used.

2. Material and Methods

The flowchart of the optimum management methodology for the groundwater re-
sources is presented in Figure 2. The proposed methodology utilizes models including
MODFLOW as a groundwater simulation model. At the first step of the proposed method-
ology, the required data for developing a groundwater flow simulation model includ-
ing hydrogeological and hydrological data are collected based on field visits. Different
stakeholders with conflicting objectives which are involved in the groundwater resources
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management problem are also determined. Then, the numerical model of the aquifer is de-
veloped using MODFLOW for groundwater flow simulation. The MODFLOW simulation
model is calibrated for one year of 2020.

Figure 2. Flowchart of the optimum management methodology for the groundwater resources.

2.1. Study Area

The phenomenon of the rising groundwater in the city of Aswan is a major problem
that threatens the infrastructure and the surrounding environment. Therefore, developing
scenarios to simulate groundwater flow in the Aswan aquifer is essential. This requires
the collection and exploration of many field data, such as GWL in the study area and the
water levels of the Aswan Dam Lake, in addition to the water levels in the Nile River. The
collection of these data is conducted through field measurements and field visits, or by
collecting data from the competent authorities.

2.1.1. Case Study

The area under investigation is situated along the Nile Valley at the east of Aswan
town and the Nile River. It is located at the latitudes 24◦ 01′ 30” and 24◦ 06′ 30” N and
longitudes 32◦ 52′ and 32◦ 56′ E (see Figure 3). The study area covered about 19.43 square
kilometers and had a maximum width of about 4.5 km.
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Figure 3. Location map for study area.

2.1.2. Climate in the Study Area

The study area is located in the Aswan governorate, which is characterized by very
high temperatures in the summer and a mild climate in the winter. Figure 4 shows the
values of the temperature in Aswan city during the past sixty years. The climate in this
area is arid as it receives virtually no rainfall, except for occasional thunderstorms which
may penetrate the area, on the average, once every 10 to 15 years. The precipitation ranged
from 7.20 to 18.70 mm per year in the city of Aswan during the past six decades.

Figure 4. Temperature values with different years.



Water 2022, 14, 1164 7 of 17

2.1.3. Geology of the Study Area

The study area included three geological units that are summarized as follows: the
first type is the Precambrian rocks, which are a group of igneous and metamorphic rocks,
mainly granites and schists. They are surrounding the study area from the east and west
sides. The second type is the Nubian sandstone (age ranging from the Cambrian to the
cretaceous), which overlay the basement rocks. This divides Aswan into three groups
(lower, middle and upper) with total thickness ranges between 20 and 85 m. The third
type is the Quaternary sediments, exposed in the middle part of the study area with a
general increase from south to north. They are represented by sands, gravels and clays of
the Pleistocene time, and by mud and Aeolian sediments of the recent. They are underlaid
by a thick bed of Pliocene clays. They lie beneath the Nubian sandstone formations. The
study area is bounded from the east and the west by the basement rocks of high relief. The
land height in the study area ranges from 88 to 211 m above sea level, with an average of
112 m. The geology of the study area is shown in Figure 5 [33].

Figure 5. Geology of the study area [33].

2.1.4. Hydrological of Recharge and Withdrawal Rates in Aswan Aquifer

For its recharge, the Aswan aquifer depends on several sources, including the main
source as the Aswan Dam Lake (ADL) (the lake sandwiched between the Aswan High Dam
(AHD) and the Aswan Dam (AD)), besides the quantities of leakage from the fish hatchery
in the El Shallal area and leakage from the city’s drinking water and sewage networks,
in addition to the small amounts of seasonal rain and small amounts of leaching from
agricultural land.

The groundwater project was implemented by Aswan water and wastewater company,
where there is a continuous withdrawal of industrial and domestic uses, especially in the
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Kima and El Shallal areas to reach 13.28 × 106 and 12.44 × 106 m3/year, respectively. After
2009, El Shallal wells stopped completely, and the production of Kima wells decreased to
9.12 × 106 m3/year. During the current period, part of El Shallal wells began to operate,
with a small production capacity 0.13 × 106 m3/year, and with Kima wells continuing to
produce at a rate 9.12 × 106 m3/year. Figure 6 shows the quantities of withdrawal from
Aswan aquifer [33].

Figure 6. Quantities of withdrawal from study area.

2.2. Geometry of the Aquifer

The study area is located east of Aswan town and the Nile River. The direction of
groundwater flow is generally from the south to the north due to the slope of the water
table in the highland areas’ southern part. Recharge of the quadruple aquifer in the study
area mainly comes from the Aswan Dam reservoir, where the water level varies between
106 and 112 depending on the water income from the High Dam and the leakage of water
used by the fish hatchery center, which takes place in the southern part of study area. The
recharge of the quaternary aquifer also comes from the infiltration of surface water used for
irrigation in cultivated lands (in the far south), due to the use of the old method of irrigation
(flooding) and leakage from the existing septic tanks that are widespread in the area under
investigation. The quaternary aquifer is mainly composed of inconsistent material of sand,
gravel and clay. The eastern and western borders of the aquifer are the bedrock and are
bounded by clay. Its thickness ranges between 82 and 114 m, with a general increase from
south to north. The aquifer is not covered by impermeable layers in the greater part of
the area, and therefore it is in an unconfined state. Groundwater depths (from the ground
surface) range from 7.5 to 16.3 m and are affected by the topography of the earth’s surface.

The Aswan aquifer has two types of boundary conditions. The first boundary con-
dition is the constant head which represents ADL (the lake confined between the AHD
and AD, which is the principal source of recharge for the aquifer). The second boundary
condition is the river boundary which represents the Nile River, characterized as a river. In
this case study, the study area was bonded from the west and south by the Nile River and
ADL. The aquifer was bounded from the north and east with basement rocks where the
lateral groundwater flow was negligible or non-existent, and thus these outer features were
considered as no-flow boundaries. The aquifer base was assigned as a no-flow boundary
(basement rocks).

The hydraulic parameters of the study area for each layer, including the permeable
layer, were composed mainly of sand and gravel and demonstrated insignificant horizontal
variations in the layer’s hydraulic parameters along the scale of the modelled area. More-
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over, it was assumed to be internally homogenously anisotropic, with equal hydraulic
conductivity (K) in the X and Y directions (Kx = Ky) and one order less in the Z direction
(Kz = 0.10Kx). The values of hydraulic conductivity are presented in Table 1 [36].

Table 1. Hydraulic conductivity values.

Parameter
Hydraulic Conductivity

Kx = Ky (m/s) Kz (m/s)

Value 0.0001 to 0.0004 0.00001 to 0.00004

2.3. Numerical Model, Model Calibration and Scenarios

A 3D MODFLOW as a graphical user interface (GUI) was used to simulate groundwa-
ter flow. The model input parameters and results can be visualized in 2D (cross-section
and plan view) or 3D at any time during the development of the model or the displaying of
the results. The partial-differential equation of groundwater flow used in MODFLOW as
(McDonald and Harbaugh, 1984 [37,38]):

∂

∂x

(
Kx

∂h
∂x

)
+

∂

∂y

(
Ky

∂h
∂y

)
+

∂

∂z

(
Kz

∂h
∂z

)
+ q = Ss ∗

∂h
∂t

(1)

where Kx, Ky and Kz are values of hydraulic conductivity along the x, y and z coordinate
axes (LT−1), h is the potentiometric head (L), SS is specific storage of the porous material
(L−1), t is time (T) and q is volumetric flux per unit volume representing source/sink terms,
with q < 0.0 for flow out of the groundwater system, and q > 0.0 for flow in (T−1).

The model domain was 7465 km × 8850 km comprised of active and inactive cells
distributed across 192 rows and 160 columns. The model grid extended from the north at
the north of Aswan city to the south of ADL, from the east in mountain heights and to the
west at the Nile River. The model included seven aquifer layers.

Calibration of the model was performed using 22 observation wells distributed in
the Aswan aquifer domain based on field data. The calibration was developed by trial
and error to match between the calculated head by MODFLOW and the observed head
using the piezometric map and changing the hydraulic parameters including hydraulic
conductivity, which range from 0.0001 to 0.0004 m/s, and transmissivity values range from
0.02 to 0.04 m2/s for the quaternary aquifer. Additionally, attempts were made to change
the values of the boundary conditions, such as the water levels in El hebs (the water area
confined between the HAD and the AD), changing the water levels in the Nile River and
the recharge values of the aquifer to reach the best calibration of the model. The residual
mean and absolute residual mean reached –0.08 and 0.629 m, respectively, with a root mean
square (RMS) of 0.737 m and a normalized root mean square of 4.319%. Distribution of
groundwater heads in Aswan city is shown in Figure 7. Furthermore, the figure shows
that the groundwater flow from south (Aswan Dam Lake) to north (Nile River), in which
the flow directions are parallel, and discharge in the Nile River. The distribution of field
observation wells in the study area shown in Figure 8 was used in model calibration and
the proposed scenarios. These wells are used in the monitoring of groundwater levels in
Aswan city. Figure 9 represents a comparison between the calculated head by MODFLOW
and observed head from field data and difference between observed and calculated.

Several future scenarios have been developed to formulate a future vision of GWL
in the Aswan aquifer, in order to develop a good future management plan to control the
groundwater in Aswan city and benefit from it and reduce the damage caused by rising
groundwater levels in the study area, which could increase in the future. The first scenario
is calculating GWL in the study area by changing the values of recharge to the Aswan
aquifer resulting from an increase in the drinking water and sewage networks’ leakage
values, which were predicted in the future for years 2025, 2030, 2035 and 2040. The second
scenario was calculating groundwater levels by changing the water levels in El hebs (the



Water 2022, 14, 1164 10 of 17

lake between the HAD and the AD), as follows (108 m, 110 m, 112 m, 114 m, 116 m and
118 m).

Figure 7. Distribution of groundwater heads in Aswan city.

Figure 8. Distribution of observation wells in study area.
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Figure 9. The calculated head by MODFLOW and observed head from field data for year 2020.

3. Results and Discussion
3.1. Investigation of the Leakage of Drinking Water and Sewage in Aswan City

Figure 10 shows the quantities of water produced and pumped into the networks for
consumption purposes to Aswan city, the quantities of sanitation water that are collected
from the city through lift sanitation stations and raised to the treatment plants, whether
dual treatment through the Arbaeen station or triple treatment through Kima station, and
the quantities of leakage from the drinking water and sewage networks were calculated
by determining the difference between the quantities of inputs from drinking water and
the quantities of outputs from wastewater from the two networks of drinking water and
sewage. Based on the quantities of the leakage from the drinking water and sewage
networks, a linear relationship was made to predict the future quantities of leakage.

Figure 10. The amounts of drinking water and sanitation in the city of Aswan.

3.2. Impact of the Leakage of Drinking Water and Sewage on Groundwater Heads in Aswan City

The leakage from the drinking water and sewage networks in Aswan city is one of
the most important factors that works to raise GWL in the Aswan Aquifer. The average
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percentage of leakage from drinking water and sewage networks was calculated. It is the
difference between the amounts of the drinking water and sewage networks in Aswan
city. Using the linear relationship that expresses the average leakage from the drinking
water and sewage networks, the quantities were predicted in the future years as shown
in Figure 10. The leakage amounts from the drinking water and sewage networks were
predicted for the years 2025, 2030, 2035 and 2040. In the first scenario, the amount of
the recharge to the aquifer was increased based on the increase in the quantities of future
leakage, where the percentages of increase in recharge to the aquifer for the years 2025, 2030,
2035 and 2040 were as follows: 7%, 35%, 64% and 92%, respectively. From the results of the
model, it was found that groundwater levels in the study area are increasing as a result
of the increase in the amount of leakage from the drinking water and sewage networks in
the years 2025, 2030, 2035 and 2040 compared to the levels of groundwater in the study
area for the year 2020 by percentage (0.29%, 1.31%, 2.01%, and 3.16%, respectively). The
prediction of groundwater heads due to the increase in the leakage in years 2025, 2030,
2035 and 2040 is shown in the Table 2. Figure 11 shows the difference in the GWL for the
different future years compared to the GWL in 2020 as a result of the increase in the amount
of recharge to Aswan aquifer due to the increase in the leakage from the drinking water
and sewage networks. This is in agreement with both Selim et al. [36] and Farrag et al. [39],
who proved that an increase in leakage from the drinking water and sewage networks leads
to an increase in groundwater levels in the study area. Abd-Elaty et al. [40,41] concluded
that increased recharge increases GWL.

Table 2. Prediction GWH and observation well number at the leakage from the drinking water and
sewage networks.

Well
GWH at Levels

2020 2025 2030 2035 2040

1 100.85 100.87 101.12 101.2 101.45
2 102.28 102.32 102.89 103.01 103.54
3 100.12 100.15 100.52 100.62 101
6 106.44 106.56 107.71 108.41 109.66
7 108.04 108.46 109.63 110.36 111.66
10 106.54 106.99 108.17 108.97 110.32
12 104.66 105.05 106.26 107.16 108.48
13 104.36 104.71 105.93 106.78 108.15
14 103.35 103.67 104.79 105.69 107.05
15 105.14 105.5 106.69 107.57 108.97
19 95.6 95.84 96.98 97.5 98.6
20 95.49 95.75 96.84 97.43 98.54
22 91.7 91.91 92.82 93.46 94.43
25 96.61 96.93 98.04 98.75 99.96
26 98.52 98.87 100.04 100.86 102.19
27 99.16 99.53 100.72 101.58 102.94
28 98.64 98.99 100.17 101 102.34
29 98.79 99.14 100.32 101.16 102.5
30 100.44 100.83 102.04 102.98 104.42
31 101.39 101.8 103.03 104.02 105.5
32 104.14 104.56 105.77 106.86 108.4
35 105.33 105.59 106.34 107.04 108.01
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Figure 11. The relation between GWHD and observation well number for the leakage of drinking
water and sewage networks.

3.3. Impact of El hebs’ Boundary Conditions on Groundwater Heads in Aswan City

El hebs (the lake between the HAD and the AD) is the main source of the recharge for
the Aswan aquifer, whose change in its level depends on the amount of water coming from
the HAD and the amount of water leaving the AD. In the second scenario, the water levels
in El hebs were changed as a boundary condition as follows: 108 m, 110 m, 112 m, 114 m,
116 m and 118 m (Selim et al. [30]) and the GWL were calculated in the Aswan Aquifer
corresponding to each level, as shown in the Table 3. The percentage of increase in GWL
corresponding to the levels 108 m, 110 m, 112 m, 114 m, 116 m and 118 m compared to the
GWL at the level of 106 m was found as follows: 0.92%, 2%, 2.87%, 4.05%, 4.91% and 5.67%.
The Groundwater Head Difference (GWHD) for the different levels of El hebs compared to
the GWL at the El hebs water level of 106 m is shown in Figure 12. This is in agreement
with Selim et al. [36] and Farrag et al. [39], who proved that an increase in El hebs water
levels leads to an increase in groundwater levels in the study area. Noureldeen et al. [42]
concluded that increasing the levels of the surface water sources for the aquifer led to a rise
in GWL and agree with Abd-Elaty [26,43].

Figure 12. The relation between GWHD and observation well number at different boundary conditions.
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Table 3. Prediction GWL and observation well number at different boundary conditions.

Well
Groundwater Heads at Levels

106 108 110 112 114 116 118

1 100.85 102.22 103.92 105.06 106.85 108.23 109.4
2 102.28 103.65 105.25 106.55 108.37 109.69 111.03
3 100.12 101.32 102.81 103.9 105.53 106.76 107.92
6 106.44 107.85 109.05 110.9 112.7 113.67 114.99
7 108.04 108.98 109.99 110.79 112.29 113.04 114.24
10 106.54 107.31 108.34 109.24 110.64 111.39 112.49
12 104.66 105.35 106.56 107.59 108.89 109.76 110.66
13 104.36 105.05 106.16 107.21 108.26 109.16 109.96
14 103.35 104 104.7 105.25 106.15 107.2 107.9
15 105.14 105.85 107.14 108.01 108.59 109.19 109.84
19 95.6 96.17 96.69 97.27 97.88 98.27 98.63
20 95.49 96.05 96.59 97.14 97.76 98.17 98.52
22 91.7 91.96 92.2 92.46 92.75 92.93 93.09
25 96.61 97.28 97.96 98.57 99.32 99.86 100.28
26 98.52 99.37 100.28 101.02 102.01 102.74 103.29
27 99.16 100.08 101.07 101.85 102.91 103.71 104.3
28 98.64 99.51 100.43 101.18 102.18 102.93 103.48
29 98.79 99.67 100.61 101.36 102.38 103.14 103.71
30 100.44 101.47 102.62 103.47 104.69 105.63 106.31
31 101.39 102.51 103.78 104.69 106.03 107.07 107.81
32 104.14 105.52 107.15 108.25 109.95 111.29 112.26
35 105.33 107.01 109.05 110.34 112.41 114.07 115.28

4. Conclusions

Increasing the groundwater level in any area is considered a great benefit for its
importance and multiplicity of use, but the matter is different in the city of Aswan, where
many negative effects occur on the study area as a result of the groundwater logging
problem. One of these effects is damage to the foundations of buildings and basements,
the collapse of infrastructure and environmental pollution due to the formation of surface
ponds and the lack of agricultural land production. In the current study, the height of the
groundwater level (GWL) in the city of Aswan has been studied and evaluated in order to
be able to develop groundwater management scenarios to achieve the maximum possible
benefit from it and reduce the damage resulting from poor groundwater management in
the study area. The main objective of this study is to develop a groundwater flow model of
the Aswan aquifer, to gain a better understanding of the water dynamics in the study area
and to investigate different scenarios of groundwater use management. The model was
developed using MODFLOW code, where the necessary field data were collected from the
study area to feed the model. The necessary field data are the surface water levels in the
Aswan Dam Lake (ADL), water levels in the Nile River, GWL in the Aswan aquifer and the
different hydraulic characteristics of the aquifer layers, such as porosity and recharging
for different periods. Calibration of the model was achieved using 22 observation wells
distributed in the Aswan aquifer domain based on field data in 2020. A comparison was
made between the head calculated by MODFLOW and the head observed from field data.
Based on these results, it is clear that the MODFLOW model works correctly to simulate the
components of the hydrological water budget in the city of Aswan. Moreover, the model
provided us with a better understanding of the simulation of the long-term average spatial
distribution about the water balance in the study area, which enables us to develop future
scenarios for groundwater use management. Several future scenarios have been developed
to arrive at a future vision of GWL in the Aswan aquifer and help in the management of
groundwater logging. The first scenario is calculating groundwater levels in the study area
by changing the values of recharge to the Aswan aquifer resulting from an increase in the
drinking water and sewage networks’ leakage values, which were predicted in the future
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for years 2025, 2030, 2035 and 2040. The second scenario is calculating GWL by changing
the water levels in El hebs (the lake between the High Aswan Dam and the Aswan Dam)
as follows: 108 m, 110 m, 112 m, 114 m, 116 m and 118 m. From the results of the model,
it was found that GWL in the study area were increased as a result of the increase in the
amount of leakage from the drinking water and sewage networks in the years 2025, 2030,
2035 and 2040 compared to the year 2020 by percentages of 0.29%, 1.31%, 2.01% and 3.16%,
respectively. In the second scenario, the percentage of increase in the GWLs reached 0.92%,
2%, 2.87%, 4.05%, 4.91% and 5.67%, respectively. The current study will help to develop
proposed future scenarios for managing the groundwater logging problem in Aswan city.
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