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ABSTRACT 
 
The average sea water will rise as an expected impact of climate changes. The Nile 
Delta, as most Deltas around the world, is facing coastal problems of accretion and 
erosion that will be aggravated by rise of sea water level. The main objective of this 
study is to assess the impacts of climate changes/sea level rise on the behaviour of 
Nile Delta aquifer. A 3D variable-density groundwater regional flow and coupled salt 
transport model has been constructed for the Nile Delta aquifer system. The regional 
simulation of the Nile Delta aquifer used all the new acquired data on heterogeneity 
and hydro-chemistry; these data have been harnessed in the modelling process using 
SEAWAT program. The calibrated model has been used to calculate the expected 
seawater intrusion resulting from sea level rise scenarios in the Nile delta aquifer 
based on the variable density technique. The impact is assessed in terms of 
movement of fresh/saline interface within the Nile Delta aquifer. The study utilized the 
calibrated and validated model, both in terms of hydraulic heads and salt 
concentration to assess the impact of sea level rise on the Nile Delta aquifer system 
under sea rise scenarios of 50 cm and 100 cm after 50 years. The results of 
assessing the impacts of sea level rise scenarios have confirmed the negative 
impacts that could occur from the expected sea level rise on the salinity of the fresh 
groundwater which will extend to reach the bottom vertex of the Nile Delta aquifer in 
Cairo, with increased salinity up to 2000 ppm compared with the present situation in 
both scenarios of sea level rise. The salinity of groundwater in the northern portion of 
coastal aquifer will be increased by 10,000 and 18,000 ppm for the sea level rise 
scenarios of 50 and 100 cm, respectively. However, in both scenarios the deep layers 
of the aquifer which contain saline and brine water will be diluted by sea water. 
 
Keywords: Nile Delta aquifer; Sea water intrusion modelling; SEAWAT; Climate 
change, Egypt. 
 

1. INTRODUCTION 
 
Egypt has 950 km long coastline along the Mediterranean Sea in the north. The 
coastal area of the Nile Delta is one of the most populated regions in Egypt. The 
gradual increase of groundwater pumping in the Nile Delta aquifer led to serious 
problems of continuous decline of the piezo metric heads and increased groundwater 
salinities. These problems indicate clearly that the Nile Delta aquifer is vulnerable to 
sea water intrusion if not managed properly. 
 
The average sea water will rise as an expected impact of climate changes. The rise 
can have a significant impact on sea water intrusion in coastal aquifers. The Nile 
Delta, as most Deltas around the world, is facing coastal problems like: accretion, 
erosion that will be aggravated by rise of sea water. The main objective of this study 
is to assess the impacts of climate changes/sea level rise on the behaviour of Nile 
Delta aquifer. 
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2. PHYSICAL SETTINGS 
 
The Nile Delta is formed in Northern Egypt where the Nile River spreads out and 
reaches the Mediterranean Sea. It is one of the world's largest river deltas, extending 
from 30° E to 32° 30' E and from 30° N to 31° 36' 16.2" N. it covers some 240 km 
along the Mediterranean coastline and extends to a maximum of 160 km from north to 
south. The area is commonly flat, sloping northward and eastward with altitudes 
varying between 0.5 m close to El Manzala Lake in the north and + 35 m in the south, 
(RIGW, 1992). The geomorphic features of the Nile Delta region comprise the 
following units: The young alluvial (fluviatile) plains; the old alluvial (fluviatile) plains; 
Fanglomerates; Sand dunes; and Turtle backs, as shown in Figure 1. 
 
The Nile Delta has a hot desert climate as the rest of Egypt which occupies a portion 
of the arid to semi-arid belt of Africa. However, the Delta, as the case with the 
northernmost part of Egypt, is characterized by relatively moderate temperatures, with 
highs usually not exceeding 31 °C in the summer. The Delta has a short temperate 
winter with sporadic 100–200 mm of average rainfall. 
 

 

Figure 1: Geomorphological map for the Nile Delta region 

 

3. HYDROLOGY OF THE NILE DELTA AQUIFER 
 
The Nile Delta aquifer is composed of the following main hydrogeological units: 
 
a. Holocene clay and fine sand (aquitard) 
 
The top boundary of the deltaic deposits is a formation belonging to the Holocene 
time (10,000 years). This formation is made up of a semi-pervious clay and silt 
aquitard. It is generally heterogeneous and anisotropic. This unit mainly consists of 
Nile silt, sandy clay, clayey sand, occasionally with fine sand intercalations (Farid, 
1980). The average vertical hydraulic conductivity of the clay cap is 2.5 mm/day, and 
the average horizontal hydraulic conductivity is between 50 and 500 mm/day (RIGW, 
1992). The clay cap thickness of the Nile Delta aquifer varies from 40 m in the north 
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middle and West Delta region and reaching 95 m at the East coast of the Delta and 
decreases till it vanishes at the borders of the aquifer (Nofal et al., 2015). 
 
b. Quaternary aquifer  
 
This is a thick unit of Pleistocene time and consists of coarse sand and gravel with a 
number of clay lenses intercalations. It underlies the Holocene top clay layer and 
overlies the lower marine clay deposits of Neogene impervious clay. The thickness of 
this strata increases northward. It ranges between about 150 m. at El-Kanater El-
Khairiya in the south and more than 500 m. near Tanta increasing northward until 
reaching more than 1000 m near the coast. The hydraulic conductivity "K" of these 
aquifer sediments increases northward and eastward. It ranges between less than 50 
m/day in the south of El-Bagur and increases northward to be more than100 m/day 
(Farid, 1980).  The slope of the aquifer at its base is about 4 m/km. 
 
This unit forms the main groundwater aquifer in the Nile Delta region, which is 
considered a semi-confined (leaky) aquifer in most Nile Delta region where the clay 
cap covers the aquifer. Unconfined (phreatic) groundwater aquifer is present in the 
fringes of the Nile Delta where the quaternary sediments are not covered with clay 
cap.  
 
c. Basal unit of Pliocene clay (aquiclude) 
 
The base of the deltaic deposits rests unconformably on a thick and dense clay 
section, which belongs to the Pliocene age. This clay section acts as an aquiclude. 
 

4. THE GROUNDWATER SYSTEM 
 
1.1.  Groundwater recharge and discharge  
 
The Nile Delta aquifer in the flood plain is continuously recharged by irrigation water 
in the southern and central portions and through seepage from surface water, 
especially from irrigation canals and by downward percolation of subsurface drainage 
water in the traditionally cultivated lowlands. In the central and southern portions of 
the flood plain, the downward leakage towards the aquifer ranges between 0.25 and 
0.8 mm/day, depending on the soil type, irrigation and drainage practices. Recharge 
by rainfall is limited and only takes place only during the winter months.According to 
the 2013 inventory conducted by the Research Institute for Groundwater (RIGW), the 
present rate of groundwater extraction from the Nile Delta aquifer is estimated at 3.56 
Billion Cubic Meters/year (BCM/yr). However, the groundwater in this aquifer is 
discharged naturally; along some areas on the Rosetta branch and to the western 
desert, Suez Canal, and the Mediterranean Sea; or artificially by pumping for 
irrigation purposes mainly. 
 
1.2.  Groundwater levels and fluxes 
 
Historical data are collected for the groundwater levels (piezo metric heads) in the 
fresh water layers (40 to 125 m depth) in all observation wells present in the Nile 
Delta. The piezo metric heads of groundwater is generally decreasing within the Nile 
Delta from more than 15 m AMSL in Cairo to 1 m AMSL near the coast, in the fresh 
groundwater depths in the aquifer. The main groundwater fluxes are directed from 
South to North, where the piezo metric levels decrease northward by an average 
piezometric gradient about 11 cm/km. 
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1.3.  Groundwater salinity distribution 
 
Previously, most of the Nile Delta aquifer studies neglected the geological 
stratification of the aquifer because of lack of enough lithological stratification data, 
and difficulty of simulating the aquifer with detailed geological stratification. This study 
is using a developed detailed horizontal cross section which has been generated by 
“Rock Works” model, (Nofal et al., 2015) using newly constructed multi-depth 
monitoring wells. The Lithology of these new wells was used to assess heterogeneity 
of the aquifer and to generate a new multi-layered representative vertical cross 
section of the of the Nile Delta aquifer. The newly developed multi-layered 
configuration is used in the simulation of the Nile Delta aquifer to achieve a better 
understanding in determining saltwater intrusion under the expected sea level rise 
scenarios. The study uses the salinity distribution and the delineation of seawater 
intrusion which has been determined from a previous detailed salinity assessment, 
(Nofal et al., 2015). 
 

5. NUMERICAL SIMULATION OF THE NILE DELTA AQUIFER 
 
A new 3D regional model for variable-density groundwater flow and coupled salt 
transport for the Nile Delta aquifer system has been constructed, (Nofalet al., 2015). 
The regional simulation of the Nile Delta aquifer used all the new acquired data on 
heterogeneity and hydro-chemistry; these data have been harnessed in the modelling 
process using SEAWAT program. 
 
The SEAWAT program was originally developed to simulate three-dimensional 
variable-density, transient groundwater flow in porous media by Guo and Bennett 
(1998). The source code for SEAWAT was developed by combining MODFLOW and 
MT3DMS into a single program that solves the coupled flow and solute-transport 
equations. 
 
The simulated modelled area is about 41280 km2 along a distance of 240 km in the 
East-West direction and 173 km in the North-South direction. The aquifer geometry 
was inputted to the model including: base of aquifer, ground surface, clay cap and 
different intercalated clay layers. The simulated area is covered by a grid 100 rows × 
100 columns with a vertical discretization divided into 7 layers, each layer 
representing different hydro-geological characteristic, with a total number of 70000 
cells. 
 
Boundary and initial conditions were determined and assigned to the model. The 
coastal boundary along the Mediterranean Sea is defined as constant head boundary 
(B2) and constant concentration boundary, in which both the head and salinity 
concentration are constant over time. For this boundary, the specified head is taken 
as zero (MSL), and specified concentration as 35000 mg/l. The southern boundary, 
near Cairo, is taken as constant head boundary (B2) and constant concentration 
boundary, in which both the head and salinity concentration are constant due to the 
Delta barrage that maintains the water levels at the two branches of the Nile River. In 
terms of solute transport, a specified concentration implies that the dispersive flux 
toward or away from the boundary occurs in response to the difference between the 
specified boundary concentration and the calculated concentration at points directly 
adjacent to the boundary. The Eastern and Western boundary are defined as no flow 
boundary (B1) because they are set perpendicular to the regional groundwater flow 
lines. For solute transport, the concentration gradient is specified normal to the B1 
boundary. The river Nile branches form a natural controlled head boundary to the 
aquifer system, and it is conceivable that the other big canals such as Ismailia canal 
and Rayahs also act as a controlled head boundary. The River Nile and the Suez 
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Canal are also defined as constant concentration boundary. The boundary conditions 
for the modelled area are illustrated in Figure 2. 
 
Initial conditions represent starting values for the dependent variable, such as 
groundwater head for the groundwater flow and concentration for the solute transport, 
at some starting time. Initial conditions for both flow and transport must be specified 
for transient simulations. Initial conditions for groundwater flow and concentration are 
calculated from field measurements and a digital contour map for every layer was 
generated and then inputted into each corresponding model layer. 
 

 
Figure 2.  Modeled area and boundary conditions for groundwater heads and salinity 

concentration 
 
The aquifer properties, which were assigned to the model, were obtained from 
pumping tests analysis. The hydraulic conductivity values of different formations 
range from 0.01 m/d to 100 m/d. Specific storability ranged from 10-5 to 0.0001 m-1.   
The longitudinal dispersity was set equal to grid spacing. Discharge rates are entered 
to the model as wells. Each well is assigned a location, discharge rate, screen 
elevations where these data is obtained from RIGW database. Recharge rates were 
assigned to the model in zones according to their location with values varies from 
zero to 0.8 mm/d. 
 
The model is calibrated, both in terms of hydraulic heads and salt concentration, for 
the 2013 field data. The calibrated model is validated for the period 2013-2015. The 
model water balance reveals that seawater intrusion into the aquifer takes place at 
shallow to medium depths (up to 400 m), whereas groundwater fluxes in the deeper 
layers are moving towards the sea. The majority of the fluxes towards the sea help 
retaining old brine water in the deep zones and thus preventing seawater intrusion in 
these deep layers of the aquifer. This emphasizes the conclusion that the Nile Delta 
aquifer is not losing fresh groundwater flux to the sea. 
 
After calibration and validation processes were accomplished, the numerical model 
can now be used to test and understand the behaviour of the Nile Delta aquifer under 
any proposed scenarios. 
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6. IMPACTS OF CLIMATE CHANGES / SEA LEVEL RISE ON THE 
BEHAVIOR OF THE NILE DELTA AQUIFER 

 
The main objective of this study is to assess the impacts of climate changes/sea level 
rise on the behaviour of Nile Delta aquifer. It is expected that the sea water rise will 
lead to enhance the sea water intrusion southwards into fresh groundwater aquifers. 
This work will assist decision-makers and water resources managers to have better 
understanding of the hydrogeological conditions of the Nile Delta aquifer system and 
its vulnerability to the possible sea level rise. 
 
The expected sea level rise scenarios, that would face the Nile Delta shores, were 
estimated by several elevation models. This study will use the elevation models and 
the sea water rise scenarios studied by GRID-Arendal, a centre integrating with the 
United Nations Environment Programme (UNEP) to help the decision-maker and 
raise the awareness on environmental issues. UNEP/GRID studied the expected rise 
in the sea level in the most populated Deltas around the world. Figure 3 shows the 
expected sea water rise scenarios on the Nile Delta region (Otto Simonett, 2005). The 
study will assess the impact of 50 cm and 100 cm sea level rise scenarios on the Nile 
Delta aquifer. 
 
The impact was assessed in terms of movement of fresh-saline interface within the 
Nile Delta aquifer, as well as, the intrusion that could occur when sea water will 
intrude into the fresh, brackish and brine water. This study shows that the different 
waters mix in complex ways depending on the stratigraphy texture of the geologic 
formation and the vertical salinity distribution along the coast.  
 

 
Figure 3 Expected sea water rise scenarios on the Nile Delta region  

(Otto Simonett, 2005) Sea level rise scenario equal to 50 cm 
 
The calibrated model has been used to calculate the expected impacts of the sea 
water intrusion resulting from sea level rise scenario equal to 50 cm in the Nile Delta 
Aquifer based on the variable density technique. 
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After applying the sea level rise scenario to the calibrated model, the expected impact 
in sea water intrusion was assessed in the utilized fresh groundwater zone (25-125 m 
depth) as follows: aside from the adjacent areas to the new shore line, the maximum 
impact will be at the East with an average increase in salinity equals to 10,000 ppm; 
in the middle of the Nile Delta aquifer the impact will be an average increase in 
salinity equal to 6,000 ppm, and in the West Nile Delta aquifer, the impact will be an 
average increase in salinity equal to 2,000 ppm. Figure 4 shows the calculated 
increase of salinity on the used fresh groundwater zone (25-125 m depth) resulting 
from sea level rise equal to 50 cm. 

 

 
Figure 4 Calculated increase of salinity in the used fresh groundwater zone resulting 

from 50 cm sea water rise 

 
Figure 5 shows the salinity values for this scenario after 50 yrs in a cross-sectional 
view. It is clear from the figure that the salinity increased in the shallow layers as an 
impact from the sea level rise. The impacts of the sea water rise differ dramatically 
depending on the depth and the salinity of the groundwater in the aquifer layers. 
However, to assess the impacts of 50 cm sea level rise on the entire Nile Delta 
aquifer layers, Figure 6 was plotted to show the difference of salinity concentrations 
between calibrated and tested scenario in cross-sectional view. The impacts of the 
sea water rise differ dramatically depending on the depth and the salinity of the 
groundwater.  

 
The shallow layers of the aquifer containing fresh groundwater which is used as a 
source of irrigation and drinking will be deteriorated in terms of salinity. The salinity of 
the used fresh groundwater layer will increase by a maximum value of 10,000 ppm 
near the new advanced shoreline and a minimum value of 2000 ppm at the bottom 
vertex of the Nile Delta aquifer near Cairo.  
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However, the deep layers of the aquifer which contain saline and brine water will be 
diluted by sea water due to sea level rise.  

 

Figure 5. Cross-section for salinity values after 50 yrs for 50 cm sea level rise 

 
 
Figure 6. Cross-section for difference of salinity values between calibrated and tested 

scenario for 50 cm sea level rise Sea level rise scenario equal to 100 cm 

 
The calibrated model has been used to calculate the expected impacts of sea water 
intrusion resulting from sea water rise scenario equal to 100 cm in the Nile Delta 
aquifer based on the variable density technique. 
 
The expected impact in sea water intrusion was assessed in the utilized fresh 
groundwater zone (25-125 m depth) as follows: along the adjacent areas to the new 
shore line, the maximum impact will be at the East with an average increase in 
salinity equals to 12,000 ppm; in the middle of the Nile Delta aquifer the impact will be 
an average increase in salinity equal to 6,000 ppm, and in the West Nile Delta aquifer 
the impact will be an average increase in salinity equal to 2,000 ppm. Figure 7 shows 
the calculated increase of salinity on the used fresh groundwater zone resulting from 
a100 cm sea level rise. 
 
Figure 8 shows the salinity values for this scenario after 50 yrs in a cross-sectional 
view. Similar to the previous scenario, the salinity increased in the shallow layers as a 
result from the sea level rise. Figure 9 was shows the difference in salinity values 
between the calibrated model and the computed tested scenario in a cross-sectional 
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view. Obviously, the impact of the sea water rise differs depending on the depth and 
the salinity of the groundwater. 

 

 

 

Figure 7. Calculated increase of salinity in the used fresh groundwater zone resulting 
from 100 cm sea water rise 

 

 

 

Figure 8. Cross-section for salinity values after 50 yrs for 100 cm sea level rise 

 

The shallow layers of the aquifer comprising the fresh ground water zone, which is 
used as a source of irrigation and drinking purposes, will be deteriorated in terms of 
salinity. The salinity of the fresh groundwater zone will increase by a maximum value 
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of 18,000 ppm near the new shoreline and a minimum of 2000 ppm at the bottom 
vertex of the Nile Delta aquifer near Cairo.  
 
However, the deep layers of the aquifer which contain saline and brine water will be 
diluted by sea water due to sea level rise.  

 

Figure 9. Cross-section for difference of salinity values between calibrated and tested 
scenario for 100 cm sea level rise 

 

7. CONCLUSIONS 
 
The main objective of this study is to assess the impacts of climate changes/sea level 
rise on the behaviour of Nile Delta aquifer. It is expected that the sea water rise will 
lead to enhance the sea water intrusion southwards into fresh groundwater aquifers. 
This work will assist decision-makers and water resources managers to have better 
understanding of the hydrogeological conditions of the Nile Delta aquifer system and 
its vulnerability to the possible sea level rise. 
 
A 3D variable-density groundwater regional flow model has been constructed for the 
Nile Delta aquifer system. The regional simulation of the Nile Delta aquifer used all 
the new acquired data on heterogeneity and hydro-chemistry; these data have been 
harnessed in the modelling process using SEAWAT program. The calibrated model 
has been used to calculate the expected seawater intrusion resulting from sea level 
rise scenarios in the Nile delta aquifer based on the variable density technique. The 
impact is assessed in terms of movement of fresh/saline interface within the Nile 
Delta aquifer. The study assessed the impact of sea level rise on the Nile Delta 
aquifer system under rise scenarios of 50 cm and 100 cm. 
 
The results of assessing the impacts of sea level rise scenarios have confirmed the 
negative impacts that could occur from the expected sea level rise on the salinity of 
the fresh groundwater which will extend to reach the bottom vertex of the Nile Delta 
aquifer in Cairo, with increased salinity up to 2000 ppm compared with the present 
situation in both scenarios of sea level rise. The salinity of groundwater in the 
northern portion of coastal aquifer will be increased by 10,000 and 18,000 ppm for the 
sea level rise scenarios of 50 and 100 cm, respectively. The increase is caused by 
the direct effect of seawater on the top of the flooded areas. In both scenarios the 
deep layers of the aquifer which contain saline and brine water will be diluted by sea 
water due to sea level rise. 
 
This endeavour has achieved reliable assessment of the impact of climate changes in 
terms of sea level rise on the Nile Delta aquifer adopting a new perspective of a multi-
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layered variable density aquifer system. The model provides useful tool as basis for 
decision-making to properly manage and protect fresh groundwater in the Nile Delta 
coastal aquifer. However, a simulation model is an abstract of a real dynamic system; 
therefore, it essentially requires consistent data support, in particular continuous 
monitoring of relevant parameters and processes. Monitoring of seawater intrusion 
comprises three main types of monitoring: piezometric pressures; salinity profiles; and 
groundwater extractions. Models can also assist in improving monitoring schemes 
towards obtaining the most reliable possible data. Therefore, it is recommended to 
maintain closer interaction and coordination between modelling and any future multi-
depth exploratory and monitoring works. 
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