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ABSTRACT
The new city of El Alamein is one of the cities that the Egyptian government seeks to make it a 
tourist resort area that attract local and international tourism. This study examines how to 
apply geophysical methods to achieve soil study for foundational and construction purposes, 
especially near the seacoast. It also seeks to capture evidence of the presence of any clay 
lenses, as well as the intrusion of seawater into the shallow soil layers. The study uses two 
effective geophysical methods, the electrical resistivity tomography (ERT) and shallow seismic 
refraction (SSR). ERT method gained two layers, the appearance of seawater intrusion begins in 
the second layer. SSR method assigned the same two layers according to the seismic velocities 
with a thickness close to that determined by the ERT method. From seismic wave velocities, a 
set of geotechnical properties were calculated. From the integration of all the results, the study 
area divided into two zones; (1) cohesive soil zone is suitable for construction with low heights, 
provided that the architectural foundations are placed in the second layer, (2) loose soil and is 
affected by the intrusion of seawater, so it is not suitable for any construction purposes.
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1. Introduction

The Egyptian state aims to establish new tourist and 
recreational projects in places characterised by their 
distance from the old population societies to avoid 
overcrowding and pollution. Among those projects, 
a tourist resort project, where the study area lies, is 
in the new city of El Alamein on the Mediterranean 
coast. It covers an area of about 20,000 square metres. 
It lies in latitude between 30°58ʹ29.76” N and 30° 
58ʹ34.41”N and in longitude between 28°45ʹ20.59”E 
and 28°45ʹ26.31” E (Figure 1). The study area, despite 
its small area, is considered a good case for studying 
the importance of geophysical measurements that pre
cede the construction process. Geophysical methods 
are non-destructive and produce quite continuous 
data over vast areas and, in the saltwater junction 
zone, in a fast and less expensive way (Goebel et al. 
2017; Alabjah et al. 2018). The first method is the 
electrical resistivity method, which depends on the 
electrical conductivity of the soil components. 
The second method is the shallow seismic refraction 
method, which helps in classifying soil layers based on 
the change in the density of its components (Comina 
et al. 2021; Ray et al. 2021).

Both methods reach shallow depths that do not 
exceed 40 metres. This depth depends on the spatial 
distances of the sensors (Geophones or electrodes) and 
other factors represented in the nature of the soil and its 

components, the sensitivity of the measuring devices, 
and the power of external sources that generate stimu
lating energy (ex: hammer, vibration source and gen
erator of electric power) (Basheer et al. 2012; Basheer 
et al. 2014a; Shynkarenko et al. 2021).

Because the surface of the study area is made of 
beach sand, it is necessary to know the geotechnical 
characteristics of the soil layers and the extent of their 
impact on determining the construction methods and 
the height of the buildings that are intended and 
allowed to be built (Sakr et al. 2021). While the proxi
mity of the study area to the sea makes it necessary to 
be careful to know the effect of the seawater intrusion 
in the soil, to determine the places of the beginning of 
this effect and to detect and avoid the presence of any 
changes in the quality of the soil, such as baby lenses or 
sabkhas (Alshehri et al. 2021; Satheeskumar et al. 
2021). The results of the two measurement methods 
were divided to obtain the two main purposes of the 
study, and then an attempt was made to link the 
results to reach a clear and more comprehensive pic
ture of the nature of the study area.

2. Geological settings

Sedimentary rocks from the Tertiary and Quaternary 
ages dominated the geologic formations of the main 
cover of the study area (Shukri et al. 1955; Butzer 
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1960; Said 1962, 1990). The coastal plain, wadis, and 
elevated beaches are almost all exposed to the 
Quaternary (Figure 2). The Tertiary Pliocene and 
Miocene are attributed to the large portion of the 
tableland, whereas the Miocene forms the bed of 
tableland’s surface. The area is composed of 
a Tertiary Miocene plateau, primarily composed of 
limestone and sandstone that reaches the shoreline in 
many spots (Fehlberg and Stahr 1985; El Bastawesy 
et al. 2008). The Holocene sediments mostly compose 
coastal sand dunes, lagoon and alluvium, whereas the 
Pleistocene deposits mainly compose oolitic lime
stone ridges and ancient lagoon deposits. Except for 

the coastal ridge, which is typically less cemented, the 
Quaternary carbonate ridges around the present area 
are cemented into relatively hard limestone (Zahran 
2008).

Tectonically, the northern Western Desert charac
terises a portion of the tectonic framework of the 
Egyptian Territory, which is unstable belt (EGPC 
1984; Said 1990). The study area and its surrounds 
have been exposed to numerous tectonic systems ever 
since the Precambrian time to recent. Precambrian 
demonstrates three tectonic trends, namely, Nubia 
(N-S), Red Sea (NNW) and Tibesti (NE) trends. 
These trends are inbred in the basement rocks of the 

Figure 1. Location map of the study area.
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northern Western Desert (Meshref 1995; BAPETCO 
2007). Other E-W tectonic trends appeared in Late 
Palaeozoic to Late Jurassic (Sultan and Halim 1988). 
There is another tectonic influence of the 
Mediterranean region in what is known as the 
Hellenic Trench (HT). This trench is an oceanic 
trench that contains the Hellenic subduction zone, 
directly related to the subduction of the African plate 
under the Eurasian plate (Gordon et al. 2003; Royden 
and Papanikolaou 2011; Le Pichon et al. 2019).

3. Methodology

The conventional electrical survey techniques are 
widely used in groundwater, civil engineering, and 
environmental investigations since the twenties of 
the last century. The study area is covered by 22 
profiles. Two profiles are 150 metres in length, 12 
profiles are 160 metres in length, and 8 profiles are 
100 metres in length (Figure 1).

The geoelectrical profiling field data, in the form 
of electrical resistivity imaging, have been measured 
by Syscal pro{{year}}. The array configuration of 
Wenner-Schlumberger has been used in this study, 
this configuration is characterised by noise reduc
tion and good deeper penetration (Loke et al. 2003) 
and is widely used in saltwater intrusion investiga
tions (Kazakis et al. 2016). The data have been 
processed using Res2Dinv software. 3.59, Geotomo 
Inc{{year}}. using least-square method inversion 
(Martínez-Moreno 2017). This software is automa
tically designed to construct two-dimensional resis
tivity models of the subsurface (Edwards and Hillel 
1977; Griffiths and Barker 1993). Concerning the 
inversion step, the standard Gauss-Newton optimi
sation method has been used, with a convergent 
limit of 0.005 (White et al. 2003). All SSR and 
ERT data have been calibrated by the sampling 
wells in the study area.

Seismic exploration involves generation of seismic 
waves and recording the arrival times of these waves 
from the source to a series of geophones. The motion 
of the earth surface generated by energy sources is 
shown in a seismic record. The motion is commonly 
recorded using instrumental system, including geo
phone, amplifier, digital recorder and units for mon
itoring. Conductance of the survey includes different 
spread systems of geophones. Many techniques can be 
used to interpret the shallow refraction data. Hawkins 
(1961) developed the reciprocal, which is the same in 
nature as Hagiwara's method. Červený et al. (1982) 
developed the so-called ray method, which has led the 
ray-tracing technique interpreting seismic data. 
Recently, Palmer (1980), has invented new method 
of interpretation, called generalised reciprocal method 
(GRM) that has many advantages and avoids the com
plexes of the old methods. The latter technique has 
been used in computing the data, which is recorded in 
the present study.

The study area is covered by 22 profiles. Two pro
files are 150 metres in length, 12 profiles are 160 
metres in length, and 8 profiles are 100 metres in 
length (Figure 1). Each profile is measured by three 
different relative positions of the shoot point (Normal, 
Middle, and reverse arrangement). The shoot point 
has been placed 0.5 metre near the first geophone. 
Recording system is called seismograph. The seismo
graph, which has been used in this study, is 
“StrataVisor NZXP”{{year}}. The data has been inter
preted using several programmes such as (SIP 
Seisimage Processing{{year}}, Seisviewer{{year}}, and 
Seisimager/2D{{year}}).

The same places and the same lengths for the 22 
profiles were measured in both techniques (Figure 1). 
This procedure was done for several reasons, such as 
easily distinguishing between the similarities and differ
ences between the two geophysical techniques, avoiding 
ambiguity that can exist in the measurements of one of 

Figure 2. Geological map of the study area and its around.
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the two techniques, integrating the two geophysical 
methods, and reaching for the purpose of exploration 
and determination of the layers of the study area.

4. Data interpretation and results

4.1. Electric Resistivity Tomography (ERT)

ERT data values are distinct and independent of the 
place in which they were measured, but the values 
provide a clear picture of the porosity and permeabil
ity of the underlying layers. Laboratory tests of 
a seawater sample show that it has a very small average 
resistivity of 0.2 Ohms.m (Nowroozi et al. 1999), while 
the resistivities of a sand saturated sand sample range 

between 8 and 50 Ω.m (Adepelumi et al. 2009; 
Kouzana and Benassi 2010; McInnis et al. 2013; 
Basheer et al. 2014b).

Generally, the resistivity values have heterogeneity 
distribution at each horizontal level. The inverted 
measured data clearly show two layers (Figure 3(a– 
c)). The first layer is characterised by high values of 
resistivity with range between about 500 and 815 Ω.m. 
This layer reflects dry and loose sand with high por
osity and permeability in depths from the surface to 
about 10 to 15 metres depth. The two-dimension maps 
show the distribution of this layer (Figure 4(a–d)). The 
resistivity values decrease from north to south in sur
face and continues to reach depth about 10 metres. 
These values start to reverse its decreases in depth 

Figure 3. Examples of ERT profile along (a) line 2, (b) line 8, and (c) line 19.
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about 15 metres (Figure d). This behaviour may be due 
to the interference between two different sand layers. 
In these depth levels, sands changes to be dry compe
tence sand with low porosity and permeability. There 
are small and noticeable of gradient change increases 
towards the east.

The second layer starts to appear in successive deep 
layers, less than 15 to 30 metres (Figure 3(a–c)). The 
resistivity values range from 500 to 345 ohms.m. There 
is a significant decrease in the resistivity value located 
in the eastern part of the study area (Figure 4(e–g)). 
These low resistivity values are consistent with the 
values that result from seawater intrusion into sand. 
Although the beginnings of this intrusion have been 
determined from cross-sections (Figure 3(a–c)) and 
2-D maps at different depths (Figure 4), it could not 
be traced at deeper depths of more than 30 metres due 
to the limitations of data measurement depth related 
to the length of the horizontal surface array.

The presence of some fragments of some clay sedi
ments that appear in some places at different depths of 
more than 10 metres should not be overlooked 
(Figures 3(b) and 4(d–f)). These sedimentary nuggets 
of clay cannot be described as clay lenses because of 
their small thickness and extensions. Consequently, 
this leads to the absence of the need to remove them 
due to their lack of impact on soil specifications, 
stability, and suitability for construction operations.

4.2. Shallow seismic refraction

Time-Distance (T-D) curve for Perpendicular (P) and 
surface (S) waves has been drawn to show the relation
ship between the first time of seismic signals breaks 
waves at each geophone and the distance between this 
geophone and the shoot point, examples of these curves 
are shown in Figure 5(a,b). The velocity of each seg
ment of T-D curve is defined from the slope of the 
straight lines, which fits the segment. The interpreted 
seismic profile illustrates the different layers’ para
meters as (depths and the different velocities under 

each geophone). An example of the vertical distribution 
of P and S waves, as a seismic cross-section of P2, P8, 
and P19, is shown in Figure 5(c–h). From the inter
preted data, it can be distinguished that there are two 
layers with different speeds in the study area. The first 
layer consists of cohesionless sand beach, its P waves 
have velocity ranging between 385 and 453 m/sc. 
(Figure 6(a)), whereas its S waves have velocity ranging 
between 130 and 153 m/sc (Figure 6(b)). The thickness 
of this first layer varies from 10.5 to 14.3 m. The second 
layer contains sand, and its P waves have velocity vary
ing from 900 to 1130 m/sc. (Figure 6(c)), where its 
S waves have velocity ranging between 300 and 
385 m/sc (Figure 6(d)). The maximum depth of the 
measurement in most profiles reached about 36 m.

The velocities deduced from the previous interpre
tations were used to calculate the geotechnical char
acteristics of the study area.

4.2.1. Geotechnical characteristics
The soil mechanical properties depend on the elastic 
properties of the rock materials, which may be evalu
ated from the conventional techniques or from the 
geophysical measurements (Dutta 1984; Prodehl 
et al. 1997; Sjogren 2013; Basheer et al. 2014a; Fat- 
Helbary et al. 2019; Salama et al. 2020). Three general 
properties were calculated, each property includes the 
calculation of two mechanical properties of the soil as 
shown in the following:

4.2.2. Elastic modules
Kinetic Bulk modulus (K) expresses the stress–strain 
ratio under simple hydrostatic pressure. The following 
sheriff’s equation (1991) has been used to calculate this 
value: 

K¼E=3 1 � 2σð Þ¼ ρ: Vp2� � 3=4ð ÞVs2� �
(1) 

Its value in the first layer is ranging between 180 in the 
eastern part and 260 Dyn/Cm2 in the southwestern 
part of the study area (Figure 7(a)), whereas in 

Figure 4. Two-dimensional slices maps at different depths show the distribution of resistivity in (a) surface depth, (b) 5 m depth, 
(c) 10 m depth, (d)15 m depth, (e) 20 m depth, (f)25 m depth, and (g) 30 m depth.
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the second layer, it is ranging between 980 in the 
eastern part and 1560 Dyn/Cm2 in the southwestern 
part of the study area (Figure 7(b)).

The Standard of the Penetration Test (SPT) or (N 
value) is geotechnically known as the resistivity for 
penetration by normalised cylindrical bars under stan
dard load. The following equation of Stumpel et al. 
(1984) has been used to calculate this value.. 

Vs¼ 89:9N0:341 (2) 

According to the classification of Bowles (1984), the 
N values in the first layer, which are varying from 3 to 
5, refer to loose and soft soil, the low values locate in 
the eastern part, and it increases gently to the south
western part of the study area (Figure 7(c)). The values 
of N of the second layer record values of about 34 in 

Figure 5. (a) Time–Distance curve of Vp waves, (b) Time-Distance map curve of Vs waves, (c) Vp seismic cross-section of line 2, (d) 
Vp seismic cross-section of line 8, (e) Vp seismic cross-section of line 19, (f) Vs seismic cross-section of line 2, (g) Vs seismic cross- 
section of line 8, and (h) Vs seismic cross-section of line 19.

Figure 6. The distribution map of (a) Vp in the first layer, (b) Vs in the first layer, (c) Vp in the second layer, and (d) Vs in the second 
layer.
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the eastern part, this indicates dense and solid soil. 
The values increase until reach about 69 in the south
western part of the study area; this indicates very dense 
and solid soils on this side (Figure 7(d)).

4.2.3. Material competence scales
Soil compaction stratum is considered to a great extent 
as a measure of the degree of competence for founda
tion and other civil engineering purposes. It depends 
on both the elastic moduli of the soil and the pressure 
distribution at their depth. The following equation of 
Martin 1984 has been used to calculate this value: 

Ci¼ 3 � 4 Vs2=Vp2� �� �
= 1 � 2 Vs2=Vp2� �� �

(3) 

The value of concentration index (Ci) in the first layer 
ranges between 3.298 and 3.301 (Figure 8(a)). In 
the second layer, this index is ranging between from 
3.29 to 3.292 (Figure 8(b)). The low values in the 
southwestern part indicate a relatively low competent 
to moderately competent material. While the high 
values tend to appear in the eastern portion of the 
study area, they indicate moderately competent to 
competent materials. The convergence of the (Ci) 
values may be due to the majority of the material 
constituting the sand layers (Shipton and Coop 
2015), and the simple differences are due to the 

overlap of some other rocky components, such as 
clay and silt, but in simple proportions, or a change 
in the size of sand grains, or an increase in the vertical 
load on the lower layers (Basu et al. 2008; Gupta and 
Basu 2017).

The stress ratio (Si) can be obtained by dividing the 
horizontal stress and vertical stress, and it refers to 
competence of material scale. The following equation 
of Tatham and Krug (1986) has been used to calculate 
this value: 

Si¼ 1 � 2 Vs2=Vp2� �
(4) 

This value is varying from 0.768 to 0.77 in the first 
layer (Figure 8(c)), while this value is varying from 0.773 
to 0.774 in the second layer (Figure 8(d)). According to 
the classification scale of Kanazawa and Machida (1975), 
the low values occupying the eastern part indicate that 
they are relatively less compact than semi-moderate 
materials. The high values are observed in the south
western part of the study area, and they reflect moderate 
to compact material. The combination of the values is due 
to the similar sand nature of the two layers forming 
material (Massarsch et al. 2021). The reason for the slight 
difference is due to the change in the vertical weight, 
especially on the parts accumulated above the lower 
layer (Stapelfeldt et al. 2021).

Figure 7. The distribution map of (a) Kinetic Bulk modulus (K) in the first layer, (b) Kinetic Bulk modulus (K) in the second layer, (c) 
Standard of the Penetration Test (SPT) or (N value) in the first layer, and (d) Standard of the Penetration Test (SPT) or (N value) in 
the second layer.
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Figure 8. The distribution map of (a) concentration index (Ci) in the first layer, (b) concentration index (Ci) in the second layer, (c) 
stress ratio (Si) in the first layer, and (d) stress ratio (Si) in the second layer.

Figure 9. The distribution map of (a) ultimate bearing capacity (Qult) in the first layer, (b) ultimate bearing capacity (Qult) in 
the second layer, (c) allowable bearing capacity (Qa) in the first layer, and (d) allowable bearing capacity (Qa) in the second layer.
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4.2.4. Foundation material bearing capacity
The ultimate bearing capacity (Qult) expresses the 
maximum load required for shear failure or sand 
liquefaction. This capacity is controlled by shear 
strength factor. The following equation of Bowles 
(1988) has been used to calculate this value: 

Qult¼ 102:932ðlogVs� 1:45Þ (5) 

The ultimate bearing capacity of the surface first layer 
is varying between 90 K.Pa in the eastern part and 
148 K.Pa in the southwestern part (Figure 9(a)). The 
value of the ultimate bearing capacity in the second 
layer varies between 1050 K.Pa in the eastern part and 
2050 K.Pa in the southwestern part (Figure 9(b)).

The allowable bearing capacity (Qa) is the maxi
mum load to be considerable to avoid shear failure or 
sand liquefaction (Fuliang 1982). It can also be termed 
as allowable bearing pressure; the foundation materials 
are affected by both strength and deformation charac
teristics. The following equation of Georgiadis and 
Butterfield (1988) has been used to calculate this value: 

Qa¼Qult=F (6) 

The safety factor (F) equals 2 when the soil is cohe
sionless and equals 3 when the soil is a cohesive mate
rial. The parameter values are ranging from 45 K.Pa in 
the eastern part to 74 K.Pa in the southwestern part of 
the first layer (Figure 9(c)), while they range from 
520 K.Pa in the eastern part to 1020 K.Pa in the south
western part of the second layer (Figure 9(d)).

5. Discussion and recommendations

It is clear from the previously interpreted data of ERT 
that there are two distinct layers for the study area. 
The ERT method is characterised by the fact that it 
clearly shows the sea- watersea-water interference in 
the second layer on the eastern side of the study area. 
This interference begins to appear on the eastern side 
only (approximately 50 metres in horizontal length, 
starting from the east side) at a depth of about 27 m to 
the end of the measured profile. There is a slight 
appearance of some lithological changes in 
the second layer that may be due to the presence of 
muddy or clayey lenses, but with simple sizes and 
diameters.

The data interpretations of the SSR method showed 
that there are also two layers that characterise the 
study area. Although the thickness of the layers in 
this method differs from the ERT method, despite 
the difference in thickness values, this difference does 
not seem large, but it can be distinguished. This dif
ference is due to the different physical properties on 
which each measurement method depends.

Depending on the geotechnical calculations, the 
study area can be divided into two zones (Figure 10). 
The first (A) zone extends over the entire western part, 
the middle, and part of the eastern side. This zone 
covers most of the study area. In this zone, the first 
surface layer is composed of materials with medium 
hardness, cohesion, and stability, while the second 
layer consists of materials with good hardness, 

Figure 10. Zonation map of the study area.
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cohesion, and stability. It is recommended to erect 
structures and buildings with small and medium 
heights, after removing the surface layer and starting 
to the architectural foundations in the second layer.

The second (B) zone is in the far eastern part of the 
study area and covers a percentage not exceeding 14% of 
the study area. The first layer in this zone is an extension 
of the first layer in the first (A) zone, but with an increase 
in the thickness, while, the second layer, despite being of 
the same components as the second layer found in the 
first (A) zone, loses many of its properties. This can be 
attributed to the effect of the intrusion of sea water from 
this side, which increases the disintegration of soil parti
cles and increases the porosity and permeability. This 
intrusion will affect the stability of the soil and may lead 
to the flow of sea water to the surface by the effects of tidal 
movements in hurricane seasons, and it will also have 
a major role in the process of eroding the iron used in the 
architectural foundations. It is recommended to exclude 
this area from any buildings and construction. This zone 
can be used to make swimming pools, decorative agri
cultural areas, or water fountains.
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