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Abstract: The present work aims to evaluate the conditions of the groundwater occurrences in Fuka area in the
northwestern coast of Egypt by finding out the extension, depth and thickness of the water-bearing layers and
the effect of saltwater intrusions utilizing the geo-electrical surveys. To achieve the objectives of the study,
three types of geoelctrical techniques have been applied; vertical electrical sounding (VES), two-dimensional
(2-D) electrical tomography and three-dimensional (3-D) electrical imaging. The 1-D resistivity survey has been
accomplished by 16 vertical electrical sounding stations (VES'es) conducted in parallel lines like a grid pattern.
A number of three 2-D profiles and two 3-D imaging profiles were carried out in the northern part of the area
(shoreline) as complementary tools in addition to detecting the saltwater intrusion. Four geoelectric layers
denoted as A, B, C and D could be identified through the careful examination of the geoelectric survey data.
The first geoelectric layer has moderate to high resistivity values and consists of oolitic limestone in two parts;
dry and saturated. This layer overlies the water-bearing saturated layer of fractured limestone which attains low
resistivity. The third layer possesses very low resistivity values reflecting the clay layer while the last layer is
argillaceous limestone. The integrated results of the geoelectric methods showed that the groundwater appears
in two geoelectric layers; oolitic limestone (A2) and fractured limestone (B). According to the resulting
parameters of the water-bearing layer, it is found that the resistivity values of the aquifer decreased northward
due to the effect of saltwater intrusion. The survey data were supported with the Geographic Information
system (GIS) to construct the water priority map for evaluating the groundwater potentiality and the suitable
sites for drilling water wells in the investigated area. The priority map indicates that the best locations for water
well drilling are at southeastern portions of the study area while the priority decreased to the north.
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INTRODUCTION northwestern strip in Egypt. Consequently, the present

At present; the northwestern coastal zone of Egypt attention to the groundwater potentiality at Fuka area.
is attracting the attention of the government and the The main objectives of the present study are to
investors for future sustainable development where tens evaluate the groundwater occurrence and the saltwater
of farms and tourist villages were constructed along the intrusion  in  the  considered  area  by the following
coast. This development depends principally on the points; a) identifying the vertical and horizontal
occurrence and continuity of the groundwater resources. extensions of the sedimentary succession and b)
One of the major problems that faced the investors is the exploring the water-bearing layers and determining their
lack of enough water for irrigation and personal uses. thicknesses and depths. The approach of our study is

Fuka area depends partially on the freshwater line based  on  the geoelectrical technique through carrying
that passes from Alexandria to Marsa Matrouh for out three different methods; vertical electrical sounding,
domestic uses. Groundwater in the area suffers from two-dimensional (2-D) electrical tomography and three-
saltwater intrusion like the whole locations in the dimensional (3-D) electrical imaging.

study focused to solve these problems and drawing
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Fig. 1: Location map of Fuka area at the Northwestern coastal plain, Egypt

Table 1: Average monthly meteorological data during the last 37 years (www.weather.com)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Average high temperature (°C) over 24 years 24 18 18 20 22 24 27 28 28 28 27 24 20
Average low temperature (°C) over 24 years 16 8 9 11 13 16 19 22 22 21 18 14 11
Average temperature (°C) over 24 years 19 13 13 15 18 20 23 24 25 24 22 19 15
Highest recorded temperature (°C) over 17 years 44 25 30 36 41 44 43 37 39 40 38 34 29
Lowest recorded temperature (°C) over 17 years 2 2 2 4 7 8 13 16 17 15 12 7 3
Average precipitation (mm) over 37 years 417 53 43 38 25 15 5 – 10 10 76 41 99
Average relative humidity (%) over 15 years 71 69 67 67 66 68 72 79 77 74 71 72 70

Location of the Study Area: The investigated area 1 (www.weatherreport.com). The average high
represents a limited portion in the western Mediterranean temperature over the last 24 years in the summer months
coastal zone of Egypt, which is lying between El Dabaa on (April - September) ranges from 22°C to 28°C, while in the
the east and Ras El Hekma on the west. It is bounded by winter months (October- March); it ranges between 18°C
Longitudes 27° 51' E to 28° 00' E and Latitudes 31° 9' N to and 27°C. On the other hand, the highest recorded
31° 03' N (Fig. 1). The area is bounded in the south and temperature over the last 17 years is 44°C in May and the
west by an escarpment that rises 30 - 40 m above the plain lowest temperature is 2°C in January. In the rainy season,
and is dissected by a number of dry consequent valleys the average precipitation varies from 38 mm/month to 99
which either end in internal depressions or lead directly mm/month (Table 1). The average precipitation in the
into the Sea. It exhibits various activities, such as touristic investigated area over the last 37 years is 417 mm /year.
ones along the coast and agricultural activity along the Where the average maximum relative humidity during 15
frontal plain. years is 79% in July while the average minimum is 66% in

Climate: The northwestern coastal zone belongs to the
subtropical Mediterranean climate with mild and wet Geological and Geomorphological Setting: In the view of
winters and hot and dry summers. The rainfall represents stratigraphy, it is found that: the exposed outcrops in the
the main source for the recharge of the groundwater in the study area are composed of Late Tertiary and Quaternary
area. The climate parameters recorded from Matrouh sediments (Fig. 2). The Quaternary deposits are mainly
station during the last 37 years were summarized in Table represented  by the  Holocene  and  Pleistocene  deposits.

April.
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Fig. 2: Geological map of the area between El Dabaa and Ras El Hekma, North western coast, Egypt (after CONOCO, [7])

The Holocene deposits in the study area are dominated The geomorphological aspects of Fuka area were
by beach deposits, alluvial deposits, aeolian deposits and widely discussed by many authors such as Hammad, [8];
sand dunes. The Pleistocene deposits are present at the El Shamy, [9]; El-Shamy et al. [10]; Shata, [11]; Misak,
surface along the coast in the form of ridges consisting of [12]; El-Shazly et al. [12]; El-Fiky, [13]. They classified the
oolitic limestone and lagoonal deposits [1, 2, 3, 4]. Tertiary geomorphology of Fuka area and its surroundings into
rock exposures are very rare along the Mediterranean three main distinct geomorphologic units from north to
coastal zone restricted to the wave-cut cliffs in El Dabaa south. These units are; the northern coastal plain, the
area [4]. The Pliocene deposits are not as common as the piedmont plain and the southern tableland. The northern
other deposits in the northwestern coast of Egypt. They coastal plain extends parallel to the Mediterranean coast
are located outside the area to the south and west of Fuka and is classified into two types; recent coastal plain and
basin, where they overlay the Middle Miocene rocks [5]. old coastal plain. The recent coastal plain consists of
These rocks consist mainly of limestone interbedded with several landforms according to the mode of development.
marl and clay. These forms are; erosional landforms (sea cliffs, wave-cut

On  the  other hand,  Shata,  [1]  and  [2];  Said, [3]; and offshore islands) and depositional landforms (modern
El-Shamy et al. [4] and Said, [6] studied the structural beaches, coastal dunes and coastal ridges). The old
setting of Fuka area and concluded that the northwestern coastal plain extends from the southern limits of the recent
coast of Egypt is affected by a number of monoclonal coastal plain in the north to the northern parts of the
structures, dipping in a NE-SW direction. These piedmont  plain  in the south with elevation ranging from
monoclines have been detected in the same localities 20 to 50 m above sea level. It is characterized by a number
along the coast in the form of heads extending into the of elongate ridges, running parallel to the present
sea. Fuka basin is thought to be a synclinal structure that Mediterranean shoreline and separated by shallow
has specific lithologic conditions favoring the depressions or swales [13]. The piedmont plain occupies
development of groundwater. Around Fuka basin, steep the area between the northern coastal plain and the
escarpments have been initiated locally by faults at the southern tableland. It is dominated by a series of alluvial
edge of the tableland with strikes of NE- SW and W-E [5]. fans at the outlets of the drainage lines dissecting the
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tableland [13]. The southern tableland occupies only the provide reasonable coverage for the study area (Fig. 3).
northern portion of the "Marmarican Homoclinal Plateau" These VES stations have been chosen according to
which extends southward to Qattara Depression. Such topography and accessibility. One of these vertical
tableland in the western portion of Fuka area is electrical soundings (VES no. 12) was conducted beside
characterized by low escarpment boundaries facing north an open hole to obtain parametric measurements
and northeast which rises about 30 m from the piedmont characterized for the subsurface layering and to help in
plain surface. In the eastern portion of Fuka, this initiating the model, as the base of quantitative
escarpment becomes less defined because the tableland interpretations. This open hole showed that the water
merges gradually into the Piedmont plain. It displays a table appears at 12m depth and the thickness of water is
complex of geomorphological features (dry valleys and 6m. The Schlumberger array was applied in the field
alluvial terraces) which owe their origin to the action of measurements  with  a  maximum AB/2 ranging between
the past and present climatic factors and headlands which 200 m and 700 m. At each sounding station, the electrical
developed by the effect of both regional and local resistivity was measured against half the current electrode
geological structures [13]. spacing (AB/2) in the form of a field resistivity sounding

MATERIALS AND METHODS 900 to 2000 m according to the topography, the extension

The geophysical field works involved the application work plan which was constructed after making a general
of three geoelectrical methods of exploration to find out trip to this area.
the shallow groundwater aquifer that exists in the area of
interest and to detect the effect of saltwater intrusion. Two-Dimensional  (2-D)   Geoeclctrical  Tomography:
These geophysical field techniques are including vertical The 2-D geoeclctrical tomography is a more accurate
electrical sounding method (VES), two-dimensional (2-D) model where the resistivity changes in both vertical and
geoeclctrical tomography and three-dimensional (3-D) horizontal directions along the survey line [15]. Recently,
imaging. Hereafter, these methods are discussed briefly. 2-D surveys are the most practical economic compromise

Vertical Electrical Sounding (VES): Vertical electrical survey costs down [16]. 2-D electrical tomography
soundings are applied to a horizontally or approximately surveys can give useful results that are complementary to
horizontally layered earth with the aim of observing the the information obtained by other geophysical methods.
vertical  variations  in  the resistivity of the subsurface. The Wenner array was popularized by the pioneering
The apparent resistivity is measured using Schlumberger work carried by the University of Birmingham research
configurations. In this array, four electrodes (A, B, M and group [17, 18]. In this array, the current and potential
N) take a systematic configuration in a straight line where electrodes have also a common midpoint and the
the electrodes (A and B) are earthed at equal distance distances   between   adjacent   electrodes   are  equal.
from the center of the spread to introduce direct current This array is relatively sensitive to vertical changes in the
into the ground with known current strength (I) measured subsurface resistivity below the center of the array and
in milliamperes. The basic idea of resolving the vertical less sensitive to horizontal changes in the subsurface
resistivity layering is to increase the current electrodes resistivity. Also, it is useful in areas with high background
AB spacing step-wisely, which leads to increasing noise because it has the strongest signal strength [19, 14].
penetration of the current lines and in this way to an Three 2-D imaging profiles were carried out in the
increasing influence of the deep-seated layers on the study area to measure the horizontal and vertical
apparent resistivity ( a). The measured apparent variations of the subsurface lithology, conditions of
resistivities are plotted against the current electrode groundwater occurrence and saltwater intrusion in the
spacing in a log/log scale and interpolated to a northern part of the study area (Fig. 3). These profiles
continuous curve is known as a sounding curve. This were conducted in the northern part of the area using the
curve is considered as the base of all data inversion to Wenner electrode configuration. The length of each
obtain the resistivity/ depth structure of the ground [14]. profile is 300 m with a unit electrode spacing of 10 m.,

The geoelectric 1-D resistivity survey has been which  increased  at  each  traverse by one unit spacing
accomplished by 16 vertical electrical sounding stations (i.e. 10, 20, 30, …….90, 100) to reach a maximum spacing of
(VES) conducted in parallel lines like a grid pattern to 100 m.

curve. The distance between every two sites ranges from

of the touristic villages and resorts in the area and the

between obtaining very accurate results and keeping the
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Fig. 3: Key map showing the locations of VES’s, 2-D and 3-D profiles and the geoelectrical cross sections in the area
under study

Three-Dimensional (3-D) Imaging: In nature, all separated by 5 m and arranged in a square shape of 6 by
geological structures are 3-D, so a fully 3-D resistivity 6 electrodes to identify the relationship between the
survey gives the most accurate results. There are two groundwater  occurrence  and  the  saltwater  intrusion.
current developments that should make 3-D surveys a For a 6 by 6 electrodes grid, there are 630 possible
more cost-effective option in the near future. One is the measurements. To reduce the number of measurements
development of multi-channel resistivity meters that required without seriously degrading the quality of the
enables more than one reading to be taken at a single time model obtained, we used the "cross-diagonal survey"
which is important to reduce the survey time. The second method, where the potential measurements are only made
development is faster microcomputers to enable the at the electrodes along the x-direction, the y-direction and
inversion of very large data sets (with more than 8, 000 the 45 degrees diagonal lines passing through the current
data points and survey grids of greater than 30 by 30) to electrode. The use of measurements in two perpendicular
be completed within a reasonable time. directions helps to reduce any directional bias in the data.

The 3-D electrical imaging fieldwork was carried out The  number  of  data  points with this arrangement for a
at two sites in the northern part of the area at VES 1 and 6 by 6 grid is reduced to 290 measurements which are
VES 7 (Fig. 3) using the pole-pole array. The pole-pole about one-third of that required by a complete data set
electrode configuration  is commonly used for 3-D survey [22].
surveys [20, 21]. This survey was done by 36 electrodes
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RESULTS AND DISCUSSION 12. IPI2 win software version 2.0 [24] was used also for the

The interpretation process of the resistivity data adjusted according to the available well data to increase
derived from Vertical Electrical Sounding includes two the fitness between the obtained model and the field data.
types; qualitative and quantitative. These interpretation The geoelectrical resistivity sounding data of the
processes are used to obtain all types of countable quantitative interpretation gave the resistivity and
information about the electrical properties of the thickness of different geoelectrical zones. These results
subsurface layers. The main objectives of the are represented in the form of six geoelectrical cross-
interpretation process are; transforming the field sections traversing the area under study to trace the
measurements into discrete layered models, reflecting the different geoelectrical layers and water-bearing zone.
number of layers penetrated by the electric current, the Three sections (A-A`, B-B` and C-C`) were stretched
depth, thickness and resistivity of each layer. parallel to the shoreline in the W-E direction (Figs. 5-7),

The qualitative interpretation of the VES includes a while the other three sections (D-D`, E-E` and F-F`) were
description of all curve types and a comparison of the crossing the area perpendicular to the shoreline in the S-N
relative changes in the apparent resistivity and thickness direction (Figs. 8-10).
of the different layers detected on the sounding curves. The resulting geoelectrical parameters of these cross-
It gives information about the number of layers, their sections which contain sixteen VES stations in this area
continuity homogeneity, or the heterogeneity of the are represented by four main geoelectrical layers as a
individual layers. The field curves of the vertical electrical result of geoelectric correlation. Information about these
soundings are variable along the area of study. The layers is given in Table 2. The detailed characteristics of
resistivity values of the first logarithmic cycle show two the identified geoelectrical layers along this area are
common trends; the first trend is characterized by discussed as follows:
decreasing the apparent resistivity values with depth, The first geoelectrical layer “A” was interpreted as
which  are  present  in  VES’s  2, 4, 5, 6, 8, 12, 15 and 16. oolitic limestone which is subdivided into two parts; dry
The second trend is characterized by increasing the and water-bearing part. The upper part (A1) consists of
apparent resistivity values in VES’s 1, 3, 7, 9, 10, 11, 13 thin layers of different resistivity, therefore, the resistivity
and 14. However, in VES’s 2, 4, 5, 8 and 16 curves the of this unit is a result of average transverse resistivity
highest resistivity values are present in the first which ranges from 8.2 Ohm.m at VES 8 to 517 Ohm.m at
logarithmic cycle. This behavior indicates that the surface VES 1. This wide range of values is due to the hardness of
and near- surface layers are nearly composed of hard the friable rocks at some places and compact rocks at
rocks with high resistivity. The second cycle is others. The thickness of this layer is ranging from 3 m at
characterized by K- Type in most of all VES curves like 15, VES 13 to 17.3 m at VES 2. The lower part of this layer (A2)
12, 6, 11, 3, 6, 9 and 14 where the highest values of is saturated with water with resistivity range from 4
resistivity are present in it. In going downwards through Ohm.m at VES 6 to 90 Ohm.m at VES 16 and thickness
the field curves (third cycles), it can be observed that range from 2 m to 3 m.
most of the field curves terminate with completed or The second geoelectrical layer “B” which consists of
uncompleted H type, which reflects homogeneity and fractured limestone has resistivity ranging from 4 Ohm.m
continuous areal extension of the deep layers in the area. at VES 4 to 110 Ohm.m at VES 16 with thickness ranging
The area of interest is characterized by five main curve from 2 m at VES 13 to 6.5 m at VES 16. This layer
types namely; HKQH, KQH, QQH, QHKH and HKH which represents the main water bearing formation in the area of
are represented by 4 curves, 6 curves, 2 curves, 2 curves study. The third geoelectrical layer “C” consists of clay
and 2 curves respectively. Examples of field curves are and is characterized with very low values of resistivity,
shown in Figure 4. where the minimum value is 0.08 Ohm.m at (VES 1 and VES

The quantitative interpretation of the geoelectrical 2) and the maximum value is 0.9 Ohm.m at VES 10. It has a
resistivity sounding data was carried out to obtain true thickness ranging between 4 m at VES 13 and 14 m at VES
resistivity values and thicknesses of the geoelectrical 16. The fourth geoelectrical layer “D” which is considered
layers using the computer software RESIST version 1 to be argillaceous limestone attains resistivity values
developed by Van Der Valpen, [23]. The initial model ranging from 1.66 Ohm.m at VES 1 to 3.5 Ohm.m at VES 16.
introduced to this program is based on all the available It has no limited thickness because the end of this layer is
geologic data obtained from the open hole beside VES No. not reached.

quantitative interpretation. The layer boundaries were
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Fig. 4: Examples of the resistivity sounding curves in the investigated area

Fig. 5: Geoelectrical cross section A-A` in the W-E direction across the study area

Fig. 6: Geoelectrical cross section B-B` in the W-E direction across the study area
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Fig. 7: Geoelectrical cross section C-C` in the W-E direction across the study area

Fig. 8: Geoelectrical cross section D-D` in the S-N direction across the study area

Table 2: Resistivity, thickness and the corresponding lithology of the detected geoelectrical layers category ranges for the Pliocene aquifer
Resistivity (Ohm.m) Thickness (m)
------------------------------------------------- ------------------------------------------------

Lithology Geo-electrical layer Min. value Max. value Min. value Max. value
Dry OOlitic limestone A1 8.2 517 3.0 17.3
Saturated OOlitic limestone A2 4.0 90.0 2.0 3.0
W. B. fractured limestone B 4.0 110.0 2.0 6.5
Clay C 0.08 0.9 4.0 13.0
Argillaceous limestone D 1.66 3.5 ----
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Fig. 9: Geoelectrical cross section E-E` in the S-N direction across the study area

Fig. 10: Geoelectrical cross section F-F` in the S-N direction across the study area

The 2-D imaging survey data (ERT profile) was interpreted Ohm.m that corresponds to dry oolitic limestone. The
using RES2DINV software, ver 3.4 which automatically second  zone attains  a  low   resistivity   ranging  from
subdivides the subsurface into a number of blocks 4.29 Ohm.m to 8.01 Ohm.m, which corresponds to the
according to the resistivity values [25, 26]. Figure 16 water-bearing fractured limestone. The depth to the water
highlights the first ERT profile located beside VES 4 and table ranges from 7.5 m at the north to 13 m at the south.
extends from north to south with 300 m length. The The lower zone attains very low resistivity less than 2.3
interpretation model of this profile consists of three zones Ohm.m which reflects the clay layer. The seawater
(Fig. 16). The upper zone with thickness less than 10 m intrusion appears south of VES 4 at depth 3 m under the
shows moderate to high resistivity of more than 27.9 sea level with a resistivity less than 0.65 Ohm.m.
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Fig. 16: True resistivity 2-D imaging of the first profile area

Fig. 17: True resistivity 2-D imaging of the second profile

Fig. 18: True resistivity 2-D imaging of the third profile

The second ERT profile was measured at the location The third ERT profile was measured at the location of
of VES 10 and extends from north to south with 300 m VES 13 with a total length of 300 m and 10 m electrode
length. The interpreted model of this profile consists also spacing. The imaging section of this profile shows three
of three main zones (Fig. 17). The first zone reflects main resistivity zones with variable thicknesses (Fig. 18).
moderate to high resistivity values ranging from 14.5 The upper zone attains a thickness of less than 16 m with
Ohm.m to more than 27.8 Ohm.m, which corresponds to a moderate resistivity range from 8.9 Ohm.m to more than
dry oolitic limestone with thickness less than 7 m. The 14.4 Ohm.m, which coincides with dry oolitic limestone.
second zone possesses low resistivity values ranging The second zone attains a low resistivity range from 2.12
from 3.97 Ohm.m to 7.6 Ohm.m and corresponds to the Ohm.m to 5.51 Ohm.m, which corresponds to the water-
water-bearing fractured limestone. The depth to the water bearing fractured limestone. The water table appears at
table ranges from 5 m at the north to 11.5 m at the south. depth about 4 m at the north and 16 m in the middle parts
The lowermost detected zone attains very low resistivity of the profile. The lowermost detected zone attains
less than 2.07 Ohm.m which corresponds to the clay layer. resistivity less than 2.21 Ohm.m which reflects the clay
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layer but, the seawater intrusion appears at 10 m with a 7.53 m to 12.2 m. These seawater intrusions appear clearly
resistivity less than 1.3 Ohm.m. at the next layers from depth 12.2m to 30.6 m depth with a

For the interpretation of the imaging data collected low resistivity range from less than 5.2 Ohm.m to 9.3
from the three-dimensional imaging through two sites in Ohm.m.
the northern part of the area, the software program Figure (19-b) shows the obtained 3-D model from the
RES3DINV, ver 3.4 written by Loke [26] was used. They inversion process of the second site of the three-
conducted to describe the subsurface layers in the dimension imaging at the location of VES 7. Compared
northern part of the study area as well as to identify the with the first 3-D imaging profile (Fig. 19-a), the dry oolitic
seawater intrusion in the area. limestone is correlated with the first layer which has a

The obtained 3-D model from the inversion process wide  range  of resistivities varying from 47.8 Ohm.m to
of the first profile which is located at VES 1 is presented 86.7 Ohm.m till a depth of about 3.5m. The water-bearing
in Figure 19-a, as a horizontal section. According to the layer  appears  at  the  middle  parts of the second layer
resistivity distributions, two recognized upper layers (3.5 m -  7.53 m  depth)  with  a  resistivity ranging from
indicate rapid variations in three dimensions of the 14.5 Ohm.m to 26.3 Ohm.m. The last zone represents the
subsurface conditions with a wide range of resistivity seawater intrusion since it has low resistivity values
varying from 95.4 Ohm.m to 305 Ohm.m. The high varying from 1.3 Ohm.m to 4.4 Ohm.m. It starts at the
resistivity values in the first layer are due to the soil northwestern part of slice no. 3 (7.53 m - 12.2 m depth) and
hardness which corresponds geologically to the oolitic extends to slice no. 4, 5 and 6 (12.2 m - 30.6 m depth).
limestone  covering  the  surface up to to7.53 m depth. Comparable with this zone, the resistivity data of VES 7
The water-saturated zone starts at the third layer attaining shows that the water-saturated zone appears at 5.5 m with
a resistivity range from 16.7 Ohm.m to 53.4 Ohm.m. resistivity 13 Ohm.m while the seawater intrusion appears
Seawater  intrusion  could  be  recognized  at  a depth from at depth 10m with a resistivity of 2.2 Ohm.m.

Fig. 19: Horizontal slice of 3-D obtained model from the inversion of pole-pole survey at VES 1 (a) and at VES 7 (b)
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Fig. 11: Depth to water bearing layer in the study area

Fig. 12: Iso-Resistivity distribution map of oolitic limestone (A2)

Groundwater Occurrences: According to the results is  mainly  attributed  to  a  wide variation in topography,
derived from the interpretation of the geoelectrical as the ground elevation of the study area varies between
measurements; there are certain axes to discuss the 4 meters in the northern parts towards the coast to 30
groundwater conditions in the study area. meters in the southern and southwestern parts, towards

Characteristics of the Groundwater Aquifer: The water investigated area is represented by two types of
surface in the study area appears within the investigated lithology;  oolitic  limestone  and   fractured  limestone.
depth of 3m to 17.3 m (Fig. 11). This wide range of depth The  oolitic  limestone represents the lower part of the first

the tableland. The identified aquifer system in the
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Fig. 13: Iso-Resistivity distribution map of fractured limestone (B)

Fig. 14: Isopach contour map of aquifer in the study area

geoelectrical  layer  (A2). Its  thickness  ranges  from 2m which represents the second geoelectrical layer (B)
to 3m and decreases towards the north and disappeared appears  at  all  the  VES'es  stations with thickness
along  the   coastal  plain.  It  attains  resistivity ranges ranging from  2  m  in  the north to 6.5 m towards the
from  4  Ohm.m  to  90  Ohm.m.  This change in resistivity south.  Its  resistivity  ranges  from  4  Ohm.m to 110
of this water-bearing layer is represented in isoresistivity Ohm.m. The resistivity of this layer increased due
contour  map  where,  the resistivity increased due east southwest as illustrated in an iso-resistivity contour map
and due west (Fig. 12). The fractured limestone formation (Fig. 13).
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Fig. 15: Priority map according to the results of geoelectrical measurements

Table 3: The Resistivity, thickness and depth to water category ranges for the Pliocene aquifer
Category Resistivity (25%) Depth to water (25%) Thickness (50%)
I 15.0 – 70.0 Ohm.m  3.0 - 7.8 m  7.0 - 9.5 m
II 70.0 – 104.0 Ohm.m  7.8 - 12.5 m  4.5 – 7.0 m
III 4.0 – 15.0 Ohm.m 12.5- 17.3 m  2.0 – 4.5 m

Groundwater Aquifer Potentiality: The identified water investigated area. In constructing this map we use Ground
aquifer in the study area has a varying thickness as Information System (GIS) where it represents a powerful
calculated from the electrical measurements. The change tool to produce a top- quality decision map. To achieve
in the thickness of this aquifer is represented in a contour our target, several steps of working have been followed.
map “Isopach map” (Fig. 14). This thickness is less than First of all, data gained from the present study should be
3 m at the northern part and increases to be more than 8m evaluated to define the significance of them to be used in
due south and southwest. The low thickness of the our GIS model. Second thing, these available data should
aquifer is due to seawater intrusion. So, the groundwater be arranged according to their effect on achieving the
potentiality of this aquifer increases due south and target. After that, we should use suitable and powerful
southwest. It is noticed that the first water-bearing layer software for manipulating and processing these data.
is not recognized at VES’es 1, 4, 7, 10, 13 and 14. The water potential map (Fig. 15) indicates the

The Aquifer System and Seawater Intrusion: According governing the occurrence of groundwater. It indicates
to the topographic location and the geological features of that the area can be recognized as consisting of three
the area under study, seawater intrusion affects the "strips" running more or less parallel to the Mediterranean
groundwater occurrence in the area. It appears only in the coast. The first priority parts reflect the relatively best
northern part VES’es 1, 4, 7, 13 which, present in the characteristics including topographic conditions, shallow
coastal area with thickness ranging from 2 m to 3 m that depth to water, the large thickness of the aquifer and
decreased due south. intermediate electrical resistivity (better water quality).

Priority Map: A decision map or water priority map was part of the area, which is away from the effect of seawater
constructed to reflect the groundwater potential and to intrusion while the least priority is that of the northern
evaluate the sites of the drilled water wells in the strip  which  is  closer  to  the  Mediterranean coast that is

graded parts of the area according to the conditions

The relatively best priority is given to the southeastern
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affected by seawater intrusion. In between, another strip
comes to represent intermediate priorities. The three belts
are categorized according to table 3. Each of the resistivity
and depth was given the value of 25% while the depth to
water was given the value of 50% as it is more decisive in
the water availability.

CONCLUSIONS AND RECOMENDATIONS

Fuka area lies in the western Mediterranean coastal
zone of Egypt between Ras El Dabaa on the east and Ras
El Hekma on the west and bounded by Longitudes 27° 51'
E to 28° 00' E and Latitudes 31° 9' N to 31° 03' N. The
study aims to evaluate the groundwater occurrences and
their characteristics through identifying the water-bearing
layers and determining their thicknesses and depths with
vertical and horizontal extensions of the sedimentary
succession. The geoelectrical methods involving vertical
electrical sounding (VES), two-dimensional (2-D) electrical
tomography and three-dimensional (3-D) electrical
imaging are the main tools that have been used to achieve
the goals of the study.

A total number of sixteen VES’es were carried out as
a grid pattern in the study area using Schlumberger
electrode configuration. The interpretation of these
vertical electrical soundings revealed that the lithological
succession in the area consists of four main geoelectrical
layers; oolitic limestone (A), fracture limestone (B),
argillaceous limestone (C) and clay (D). To identify the
area of saltwater intrusion, confirming the results obtained
from the qualitative and quantitative interpretation of the
vertical electrical sounding (VES) and illustrating the
detailed description of the subsurface layers, three 2-D
ERT  profiles  and  two sites of 3-D imaging models of
pole-pole were done at the northern part of the area.

The integrated results of these methods showed that
the groundwater appears in two geoelectrical layers;
oolitic limestone (A2) and fractured limestone (B). The
resistivity  of  the  first  water  bearing  layer ranges from
4 Ohm.m to 90 Ohm.m. It increases towards the outer
parts (east and west) showing that their lowest values are
at the central part of the area. The resistivity of the
second water-bearing layer ranges between 4 Ohm.m and
110  Ohm.m  and  decreases  due south and southwest.
The depth to the surface of the water-bearing formation
ranges from 3 m to 17.3 m and the general dip of the
geoelectrical layers is towards the north. The water-
bearing layers have thickness ranges from 2 m to 9.5 m
which increases due south. A saltwater intrusion appears
to be detected in the northern portion of the area in
locations of VES’es 1, 4, 7 and 13.

Table 4:  Specifications of the sites recommended for water well drilling

VES No. Depth to water (m) Aquifer thickness (m) Resistivity (Ohm.m)

3 9 9 63
6 10 8 20
9 12 9 40

According to the results in this work and the
concluded groundwater potential map, the best sites
recommended for drilling water wells in the future must be
done in areas with first priority as marked on the water
potential map, with the site specifications given in Table
4. Well logging, pumping test analysis and monitoring of
water salinity should be carried out for each of the wells
to ensure precise location of the water producing zone, to
determine the proper safe yield with the suitable
drawdown and to keep the pumping rate with the desired
groundwater salinity.

ACKNOWLEDGMENTS

Many thanks are extended to Prof. Dr. Talaat Ali Abd
Allatif, Desert Research Center, Geophysics Department
and Prof Dr. Bassem Nabawy, National Research Center
Cairo. Egypt.

REFERENCES

1. Shata, A., 1955. An introduction note on the geology
of the northern portion of the Western Desert of
Egypt. Bull. Inst. Desert. D'Egypte, 5(3): 96-106.

2. Shata, A., 1957. Geology and geomorphology of
Wadi El Kharruba area, Western Desert,
Mediterranean Littoral, Matruh District, Egypt. Bull.
Inst. Desert. D'Egypte, 1(10): 91-120.

3. Said, R., 1962. The geology of Egypt. Elsevier publ.
Co., Amsterdam, New York, pp: 377.

4. El-Shamy, I.Z., M.M. El-Shazly and A. Shata, 1969:
Contribution to the geology of El Dabaa area
(Western Mediterranean Littoral Zone) part 1:
Geomorphology and Morphopedology. Bull. Inst.
Desert. Cairo, 19(1): 63-96.

5. Yousif, M. and O. Bubenzer, 2012. Perched
groundwater at the northwestern coast of Egypt: a
case  study  of  the  Fuka Basin. Appl. Water Sci.,
2(1): 15-28.

6. Said, R., 1990. The geology of Egypt, A.A., Balkema,
Rotterdam, Book field, published for the EGPC,
CONOCO Hurghada Inc. and REPSOL Exploration,
S.A., pp: 1-734.



Intl. J. Water Resources & Arid Environ., 11(2): 131-146, 2022

146

7. CONOCO, 1986: Geological map of Egypt, scale 16. Dahlin, T., 1996. 2D resistivity surveying for
1:500, 000 GPC, sheets no. NH35NE (Alexandria) and environmental and engineering applications. First
NH35NW (El-Sallum).Interpex Limited, 1993. RESIX- Break, 14(7): 275-284.
PLUS, resistivity data interpretation software, 17. Griffiths, D.H. and J. Turnbull, 1985: A multi-
Golden, Colorado, USA V.2, pp: 20. electrode array for resistivity surveying. First Break,

8. Hammad, F.A., 1966. The geology of water supplies 3(7): 16-20.
in Ras El Hekma area, Western Mediterranean 18. Griffiths, D.H., J. Turnbull and A.I. Olayinka, 1990:
coastal zone, Egypt, M.Sc. Thesis, Fac. Sci. Cairo Two-dimensional resistivity mapping with a
Univ., Egypt, pp: 109. computer- controlled array. First Break, 8(4): 121-129.

9. El-Shamy, I.Z., 1968. The geology of water and soil 19. Lowrie, W., 1997. Fundamentals of Geophysics.
resources in El Dabaa area, western Mediterranean (Second  Edition)  Cambridge   University  Press,
coastal zone, U.A.R., M. Sc, Thesis, Fac. Sci., Cairo New York, pp: 381.
Univ., Egypt, pp: 112. 20. Li, Y. and D.W. Oldenburg, 1992. Approximate

10. Shata, A., 1970. The geomorphology, pedology and inverse mappings in DC resistivity problems.
hydrology of Mediterranean coastal desert of U.A.R. Geophysical Journal International, 109(2): 343-362.
Symposium on the geology of Libya, Tripoli, Libya, 21. Ellis, R.G. and D.W. Oldenburg, 1994b. The pole-pole
pp: 431-446. 3-D DC-resistivity inverse problem: a conjugate

11. Misak, R.F., 1974. Geomorphology and geology of gradient approach. Geophys. J. Int., 119: 187-194.
the area between El Dabaa and Ras El Hekma, 22. Loke, M.H. and R.D. Barker, 1996b. Practical
Western Mediterranean coastal zone, Egypt, M.Sc. techniques for 3D resistivity surveys and data
Thesis, Fac. Sci., Ain Shams Univ., Egypt, pp: 144. inversion. Geophysical Prospecting, 44(3): 499-523.

12. El-Shazly, M.M., I.F. El-Fayoumy and R.F. Misak, 23. Van Der Velpen, B.P.A., 1988: RESIST version 1.0 a
1984. Remarks on the Geomorphology, pedology and package for the processing of the resistivity
groundwater potentialities in Fuka area “western sounding data. M.Sc. Research project. ITC, Delft,
Mediterranean coast, Egypt”. Geology department, the Netherlands.
Fac Sci, Mansoura Univ, Egypt, pp: 363-398. 24. Bobachev, A.A., I.N. Modin and V.A. Shevnin, 2001:

13. El-Fiky A., 1996. Geophysical and hydrogeological IPI2Win v.2.0: user’s guide. Moscow State Uni.,
investigation on some groundwater problems at the Geological Faculty, Dept. of Geophysics 35
area between Fuka and Ras Um El Rakham, 25. Loke, M.H., 1998. RES2DINV, rapid 2D resistivity and
Mediterranean coastal zone, Egypt. Ph.D. Thesis, IP inversion using least-squares method: user
Alexandria University, pp: 271. manual: Advanced geosciences, Inc., Austin, TX,

14. Ernstson, K. and R. Kirsch, 2006: Geoelectrical pp: 66.
methods, basic principles. – In Kirsch R (ed): 26. Loke, M.H., 1999: “Rapid 3D resistivity &IP inversion
Groundwater Geophysics: A Tool for Hydrology, using the least-squares method.” RES3DINV
Springer - Verlage, pp: 85-108. vers.2.04 user manual, Geometrics, Inc.

15. Loke, M.H., 2001. Tutorial: “2-D and 3-D electrical www.geometeics.com.
imaging surveys.” Course Notes for USGS
Workshop 2-D and 3-D Inversion and Modeling of
Surface and Borehole Resistivity Data, Torrs, CT.


