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ABSTRACT: Several problems related to groundwater, such as less potentiality and inadequate quality were
encountered during the reclamation of the studied area. The present area lies close to km 35, north of the Cairo -
Alexandria desert highway with an area of about 16 km?. The delineation of the subsurface setting helps much in such
circumstances. For this purpose, 16 Vertical Electrical Soundings (VES) were carried out. In addition, available data
of 20 wells drilled in the area were utilized.

The interpretation of the VES curves illustrated that the rock succession under the area consists of six layers; a surface
layer formed of alluvial deposits with a thickness of up to 12 m and electrical resistivity of 18 - 366 Ohm.m., followed
downward with a thick dry zone with a thickness of 113 - 154m and resistivity of 28 - 91 Ohm.m. This second layer is
formed of sand , clayey sand and sandy clay. The third layer downward is similar in composition to the second layer but
is saturated with water of the Miocene aquifer. It varies in thickness from 25 to 133 m and in resistivity from 24 to 50
Ohm.m. The calculated clay percentage in this area was found to vary from 5.1% to 71.6%, which partly explains the
variation in water salinity of this layer from 326 to 1587 ppm. The third layer is underlain by a clayey layer ranging in
thickness from 9 to 24 m and in resistivity from 6 to 18 Ohm.m. The fifth member of the succession is formed of basalt
with a thickness of 32 - 47 m and resistivity range of 106 - 928 Ohm.m. The last layer downward is formed of sandy
clay and clay belonging to the Oligocene aquifer with a resistivity range of 5 - 69 Ohm.m. The interpretation of the
geoelectrical data together with the available well data indicted the presence of six normal faults forming a basin in the
middle part of the study area.

Based on the depth to water, thickness, clay percentage (water quality) of the shallower aquifer, a priority map was
constructed. The map indicated clearly that the promising parts of the area, as to the drilling of water wells, are the
eastern and northern parts. In the southern and western parts, the deeper aquifer (Oligocene) lying under the basalt
sheet may be utilized for relatively better water quality. VES stations 26, 35 and 36 are considered to be the best sites
for the drilling of water wells reaching to the Oligocene aquifer in these part of the area.



74 M.S.M. Barseem

INTRODUCTION

Reclamation of the desert areas lying to the west
of the Nile Delta has received special attention from the
government and different investment authorities for
agricultural development. One of these areas is Berkash
area, north west of Cairo. Many farm owners faced
serious problems concerning groundwater potentiality
and degradation of quality. Several factors play
significant role in the occurrence and supply of
groundwater such as sedimentary succession, the
geologic structure and lateral facies change. In the
present study the geoelectrical resistivity soundings and
the lithological information of wells were used to
delineate the following:

a. The sedimentary succession and its vertical and
lateral facies changes.

b. The extension of water-bearing formation.

c. The impact of geological structures on the
groundwater occurrence and quality.

d. The distribution of the basaltic sheet and its
contribution to the occurrence and flow of
groundwater.

More emphasis in the application of the VES technique
was made in that part of the area free of water wells.

The study area (Fig. 1) is bounded by latitudes 30°
57' 00" to 31° 1' 48" N and longitudes 30° 4' 48" to 30°
9' 00" E. It lies North of km. 35 (Cairo — Alexandria
Desert Highway) with an area of about 16 km®.

HISTORICAL STUDIES

The study area has been subjected to many works,
aiming at delineating the geomorphological, geological
and hydrological setting. These works were made by
Shata (1961), Shata and El Fayoumy (1967), Said,
(1962), Omara, Sanad (1975), Sand (1973), Attia
(1975), Abd EI Baki (1983), CONOCO (1987), Abd El
Rahman (1996), Ezz El deen (1999) and Ahmed (2002).

Geomorphologically, the study area lies southwest
of the Nile Delta at Berkash (Fig 2). The region within
which the area is located characterized by a slightly
undulating land surface, which slopes generally towards
the Nile Delta. It is divided into two main
geomorphologic units; the alluvial plains and the
structural plain. The alluvial plains are differentiated
into the young and the old alluvial plains. The young
alluvial plain occupies the cultivated flat areas west of
the Nile Delta and is composed of silt, clay and sand.
The old alluvial plain lies to the south of the young
alluvial plain and it is characterized by slight undulation
with several low lying hills and dominated by sand and
gravel. The structural plain occupies the wide area to the
south of the old alluvial plain. It is an extensive
pavement plain which consists of a number of
alternating ridges.

Geologically, the area under study is lithologically
covered by sedimentary rocks belonging to the
Holocene and Pleistocene (Fig. 3).
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Fig. (1): Location map of the study area and sites of geophysical measurements.
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According to, Abd El Baki (1983), El Ghazawi,
(1982) and El Ghazawi and Atwa (1994), the area is
composed of aeolian sand and gravel with occasional
clay interbeds. These deposits are underlain by the
Lower Miocene sediments (Moghra Formation) which
is composed of sand and gravel with clay intercalations.
The Oligocene basalt underlies the Lower Miocene
deposits and overlies the Oligocene sediments
represented by clay and sand interbeds. The detection of
a basaltic sheet at different levels reflects the effect of
structures on the geologic succession and on the
groundwater occurrence. The Eocene deposits underlie
the Oligocene deposits. They are represented by chalky,
clayey and sandy limestone grading into marls and clay
as well as sandy marls and clays (Said 1962, Shata 1962
and El Shazly, et al., 1975).
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Fig. (2): Geomorphology map of the study area
(After Abd EI Baki, 1983).

The southern part of the Nile Delta comprising the
study area is structurally affected by two normal faults
systems. The first is NE — SW (Agaba system) as those
faults bounding Wadi El Farigh from the north and the
south. The other fault system belongs to the NW — SE
(Clysmic).

Hydrogeologically, the investigated area is
characterized by an arid to semi arid climate with hot
summer and mild rainy winter. The water-bearing
formation in the southwestern part of the Nile Delta
belongs to the Pleistocene, Lower Miocene (Moghra
Formation) and Oligocene aquifers. The last two
aquifers are separated by the Oligocene basalt sheet
(Abd El Rahman, 1996).

According to Ahmed (2002) the Pleistocene
aquifer is directly recharged from El Mansouria canal
and its different branches as well as surface seepage
from the cultivated lands. The depth to water varies
from 5 to 12m. The total dissolved solids (TDS) range
between 335 and 1056 ppm.. The depth to water in the
Lower Miocene aquifer varies from 56 to 142 m. The
saturated thickness is controlled by the structural
conditions prevailing in the area of study where, it
ranges between 27 and 169 m. The Oligocene reservoir
is a confined aquifer due to the presence of the basaltic
sheet. The depth to water reaches 130 m from the
ground surface. The water of this aquifer is slightly
fresh (1056 ppm). The recharge of this aquifer may be
due to the hydraulic connection with the overlying
fractured Miocene aquifer.
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Fig. (3): Geologic map of the study area (After CONOCO, 1987).
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FIELD MEASUREMENTS

A total of 16 Vertical Electrical Soundings were
carried out in the area of study. Some of the VES
stations were conducted near by the drilled wells in order
to obtain parametric measurements. Such measurements
are considered a basis for the quantitative interpretation
of the measured field curves. Also the available data of
20 drilled wells were used. These data comprised
litholigical description, thickness of the successive
layers and depth to water. Figure (4) shows examples of
the field sounding curves. Figure (5) shows an example
of the well log with litholigical description.

M.S.M. Barseem

The Schlumberger techniques configuration was
used in the VES measurements. At each VES station,
the apparent resistivity (p,) was measured for
progressively increased current electrode spacing,
represented by the value of AB.

In all the measured soundings the current
electrodes half spacing (AB/2) was started with one
meter and ended with 2000m. This was the maximum
spacing which could be reached in the area due to some
military security restrictions. However, it was enough to
reach the formation beneath the Tertiary basalt. The
Terrameter SAS 1000 resistivity meter was used to
measure the resistance (AV/I) with high accuracy.
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The topographic map scale (1 :25,000) and the
Global Positioning System (GPS) were used to
determine the accurate locations and ground elevations
of the sites of both the geoelectrical sounding and
drilled wells (Table 1).

Table (1) Ground elevations of the drilled wells and
VES stations.

Drilled well No. | Elevation {m.) | VES No. | Elevation (m.)

1 64 21 135

2 64 22 144

3 a7 23 152

4 105 24 158

3 132 25 158

] 138 * 26 159

7 130 27 160

3 105 28 160

9 100 29 160

10 109 30 156

11 127 31 158

12 161 32 158

13 137 33 153

14 151 M4 162

15 152 35 167

16 147 36 166

17 153

i Iy *VES & Drifled well
20 133

RESULTS AND DISCUSSION

The field data of the Soundings have been
interpreted qualitatively and quantitatively to delineate
the subsurface sequence of the geoelectrical layers in
the area of study.

Concerning the qualitative interpretation:
According to the obtained VES curves, the resistivity
values along the first and second cycles (AB/2 =1 to
100) represent surface and near surface variations. They
reflect heterogeneity characterizing the surface layers.
This heterogeneity is due to the clay beds intercalating
the sand and gravel deposits. In going downwards on

the field curves (third cycle at AB/2 > 100m.) show
nearly the same type is shown which reflects
homogeneity and continuous aerial extension of the
deeper layers. At this part the field type KHQ
dominates.

This curve type indicates the last detected
geoelectrical layer that has the least resistivity value,
corresponding to the water-bearing formation. There are
some variations in the field curves due to the variations
in the depth of penetration of the water-bearing
formation and the presence of clay intercalations . The
curves of the H- type are mostly due to the effect of the
basalt sheet which is characterized by relatively higher
apparent resistivity.

The Quantitative interpretation: Provides the true
resistivities, depths and thicknesses of the geoelectrical
layers. These parameters become the main source of
information which can delineate the subsurface geologic
succession, structures and water-bearing formation, then
presented in the form cross section and different types
of maps. The VES curves were interpreted
quantitatively by constructing a model for each curve,
using the computer program RESIST, (Van Der Velpen
1988). It is a non automatic iteration method in which
the measured field data are compared with data
calculated from an assumed model. The models were
prepared with the aid of the collected data of some wells
near the VES stations. Figure (6) shows the
interpretation of VES No.34 beside well. In order to
reach an optimum correlation between the geoelectrical
layers and the geologic units, some successive
geoelectrical layers have been grouped together in one
layer. The resistivity of such layer is expressed in terms
of the average transverse resistivity (p¢) (Abd El
Rahman 1996), calculated as follows:

pe =3(p i*h)/ 3h; ..... i=1lton
Where;

pi is the resistivity of the ith layer,
h; is its thickness,

n is the number of layers

Legend
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Fig. (6): The interpretation of VES No. 34.
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The result of the quantitative interpretation of the
16 VES curves are listed in table (2). From these results,
three geoelectrical cross sections (Fig.l) were
constructed (A-A", B-B™ and C-C') covering the study

area (Figs. 7, 8 and 9). These cross sections together 3.

with well data show that the subsurface of the area is
vertically distinguished into six main geoelectrical
layers, illustrating the geoelectrical sequences, lateral
and vertical variation of the different layers and the
subsurface structures. The main common features and
observations are the following:

1. The first layer is the surface zone which extends

from the surface downwards to a depth varying 4,

from 2.5 m at VES No 34 to 20 m at VES No. 22
and has a resistivity ranging from 18 Ohm.m at
VES No. 30 to 366 Ohm.m at VES No. 24. The
wide range of resistivity may be due to change in

lithology from sand to sandy clay to clay. 5.

2. The second layer consists of several layers grouped
together in one layer. It has a thickness ranging from
113 m at VES No. 22 to 154 m at VES No. 35.

M.S.M. Barseem

This layer exhibits resistivity varying between 28
Ohm.m at VES No. 21 and 91 Ohm.m at VES No.
24, which corresponds to dry sand with clay
intercalation and gravel.

The third layer is nearly similar to the second layer
in lithological composition, where it consists of
sand and gravel. It represents the water-bearing
zone. The resistivity of this layer ranges from 24
Ohm.m at VES No.31 to 50 Ohm.m at VES No. 22
and thickness from 25 m at VES No 24 to 133 m at
well No. 14. The large variation in thickness may
be due to the effect of faulting.

The fourth layer consists of clay underlying the
water-bearing layer. It has a thickness ranging from
9 m at VES No. 30 to 24.4 m at VES No. 23 and
exhibits low resistivity ranging from 6 Ohm.m at
VES No. 31 to 18 Ohm.m at VES No. 29 Ohm.m..

The fifth layer has nearly a uniform thickness ranging
from 32 m. at VES No. 31 to 47 m at VES No. 27.
This zone has resistivity varying between 106 Ohm.m
at VES No. 31 and 928 Ohm.m at VES No. 24.

Table (2): Results of interpretation of the VES curves.

VES N Surface zone Dry zone Water bearing zone Clay zone Basalt sheet zone | sandy clay zone
[]
P h P h P h P h P h P
21 28.56 3.80 27.95 121.00 45.60 47.60 8.20 9.90 202.10 40.30 3270
22 20.31 20.10 53.92 113.00 50.30 40.70 8.80 9.10 166.90 32.80 17.40
*23 105.20 4.40 76.53 123.00 16.40 58.20 9.60 M4.40 200.40 39.00 68,50
24 366.08 1.60 90.86 128.90 41.30 24.80 13.80 9.70 927.80 30.90 10.60
25 27.67 3.80 30.98 137.60 49.30 55.00 8.80 9.30 202.90 36.80 23.70
*26 27.36 8.70 45.71 144.30 35.60 47.00 12.60 8.20 145.60 3720 27.70
27 §0.03 12.30 60.56 139.30 32.00 53.20 11.60 9.50 482.50 47.00 7.20
28 22,33 5.40 42.61 146.10 20.10 55.00 §.90 10.90 577.20 41.40 26.60
29 18.13 4.20 44.91 131.90 30.50 54.70 17.60 10.00 375.60 37.30 9.00
30 17.88 7.20 30.73 141.30 37.50 48.40 7.50 9.00 187.10 35.00 31.00
3 19.70 7.30 35.11 141.10 23.70 44.00 5.70 10.50 105.50 3210 16.50
32 45.08 870 61.29 135.40 54.80 54.80 9.00 9.00 155.30 36.10 19.90
33 37.25 4.10 72.38 135.40 44.50 49.80 7.80 §.10 217.00 43.60 4.70
3 35.92 2.50 41.44 145.4 47.40 58.90 740 20.00 770.70 42.70 21.90
35 56.99 270 63.71 154.60 49.50 54.50 7.00 10.00 279.80 39.30 35.30
36 44.93 2.90 57.19 152.80 31.20 52.90 4.30 11.10 237.90 34.20 3340
p_= True resistivity (Ohm.m.) h =Thickness (m.) *VES beside well
NW SE|
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It corresponds to the Oligocene basaltic sheet which
extends under the study area with gently undulated
upper surface. The relatively low resistivity of the
basalt at some VES stations is attributed to the
weathered and /or fissured nature of this sheet, in
addition to the possibility of water saturation.

6. The last detected geoelectrical layer has a resistivity
ranging from 5 Ohm.m at VES No. 33 to 69
Ohm.m at VES No. 23. It consists of Oligocene
sandy clay and clayey sand. It represents the second
water-bearing layer. The base of this layer was not
reached as it represents the last member of the
geoelectrical succession.

7. The lithologic succession is affected by normal
faults. These faults affect the thickness of the
water-bearing formation above the basaltic sheet.

HYDROGEOLOGICAL SETTING

The water-bearing formations in the study area
were classified according to the geological and
hydrogeological information from the drilled wells and
the geophysical results into two main aquifers. The first
aquifer is the Lower Miocene aquifer known as the
Moghra Formation. It is composed of sand, sandstone
and interbeds. These sediments are overlain by the
Quaternary deposits e.g. aeolian sand and or nilotic
sediments and are underlain by the Oligocene basaltic
sheet (Abu Zaabal Formation). This aquifer is
considered to exist under semiconfined conditions. The
second one is the Oligocene aquifer which underlies the
basalt sheet and consists of sand, clayey sand and clay.
It is found to exist under confined to semiconfined
conditions. The geoelectrical cross sections revealed
that the two aquifers are hydraulically connected as a
result of faulting.

The data of the depth to water measured in the
wells and that obtained from the VES interpretation
have been used to construct a contour map for the depth
to water (Fig. 10). This map shows that the maximum
depth to water is 157.3 m at VES No. 35 in the
northwestern direction and the minimum value is 24 m
at VES No. 1 in the northeastern direction. Generally,
the depth to water slopes from east to west. The
direction of the groundwater flow can be detected from
the water level contour map (Fig. 11). From this map, it
is clear that the groundwater flow is generally from east
to west and northwest direction, the variation in flow
patterns is mainly attributed to the lithological
variations and the structural elements prevailing the
study area. Thus, it becomes necessary to illustrate these
variations in details as follows:

e Lithologic variation:

The clay lenses and clayey sand as impervious
layers, thus affecting hydraulic parameters such as
transmissivity, hydraulic conductivity and yield. The
estimation of sand and clay percentage within the water-
bearing layer at both the drilled wells and VES stations
becomes more useful according to Abd EI Rahman,

(1996). The sand percentage of the water-bearing layer
has been estimated by making use of true resistivity (p:)
of the water-bearing calculated at VES stations adjacent
to boreholes. The maximum true resistivity (py) With
the value of 47.4 Ohm.m at VES No. 5 adjacent to well
was found to correspond to a lithologic succession
consisting of 82% sand and 8% clay (calculated in terms
of sand and clay layers thickness). In order to estimate
the sand percentage at other VES stations, the product
pt | Py of water bearing at each VES station was
multiplied by 82 instead of 100, i.e.

Sand percent = py/ pg * 82

Py
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The clay percentage in the water-bearing layer can
be calculated by subtracting from 100. The maximum
clay percentage was found to be 71.6 % at VES No. 23
whereas, the minimum clay percentage was found to be
5.1 % at well No. 8. These data are represented by the
histogram of Fig. 12. These data were used to construct
the contour map of Fig. 13 to exhibit the effect of clay
lenses on the water-bearing layer. From this map, it is
clear that the western parts of the study area represent
the higher clay content in the water-bearing formation.
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Fig. (12): Histogram of the clay percentage in the water bearing zone

This is confirmed by the values of water salinity
obtained by Ahmed (2002) for the Lower Miocene
aquifer. The salinity of the Miocene aquifer increases
from east to west from 326.4 ppm at well No. 1 to 1587
ppm at drilled well No. 19. The low salinity of
groundwater of the Lower Miocene aquifer reflects
direct recharge from the great basin underlying Rosetta
branch of the Nile through fault.
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Fig. (13): Contour map of the clay percentage.
e Inferred Structure:

The other parameter that affects the hydrological
condition in the study area is the geologic structure
induced by faulting. The delineation of faults affecting
the basalt sheet certainly helps in recognizing the
hydrogeologic variations of the water-bearing layers.
The basaltic sheet has maximum resistivity values of
771 Ohm.m at VES No. 34 and minimum resistivity
value of (106 Ohm.m at VES No. 31 (Table No. 2). The
variation in the resistivity value is mainly attributed to
the weathered and fractured nature of the basaltic sheet

addition to the possibility that it is partially saturated
with water. The variation in depth to basalt from ground
elevation has been exhibited as a contour map (Fig. 14).
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Fig. (14): The clay percentage contour map.

This map shows that the depth to the surface of
basalt sheet increases from both the northeast and
southwest directions to the central parts of the study
area. The maximum depth to basalt sheet is 268 m at
drilled well No. 18 while the minimum value is 124 m
at well No. 2. The abrupt change in the depth to surface
of the basalt sheet is due to faulting. The level contour
map of the basalt sheet (Fig. 15) helped in deducing
some of these faults. It is clear from this map that the
central part of the study area lies at a higher level than
the surrounding parts. From the basalt level contour
map and the constructed geoelectrical cross sections
some faults can be detected as shown in (Fig. 16). From
this map, it is clear that six normal faults affect the
study area, striking NW — SE (F4, F5, F3 and F6), NE —
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SW (F2 and F1) directions. The throw of the faults F4,
F5, and F6 is towards the east while that of the faults
F2 and F3 is towards the west. The last minor fault F1
throws towards the south direction. These faults affect
the thickness of the water-bearing layer above the
basaltic sheet. The isopach contour map of the water-
bearing formation (Fig. 17) shows the variation in
thickness. From this map it is clear that the maximum
thickness ( 133 m) is at well No. 14 and the minimum
thickness (24 m) is at VES station No. 24. This map
shows a uniform thickness decreasing in the western
direction.

be concluded that the most promising area for drilling
wells tapping this layer is located at the eastern parts. The
less priority exists in the southwestern part.

Fig. (16): Inferred faults for the study area

According to the above discussion, sites where the
water-bearing layer has a lower clay percent (less
salinity), higher thickness and less depth to water would
be recommended for the drilling of new water wells, for
which the weighting factors of these parameters are 50%,
30% and 20%, respectively . For the construction of the
priority map of the water-bearing zone , the clay percent,
thickness and depth to water have been categorized
into four categories respectively (Table 3). From the
priority map of the water-bearing layer (Fig. 18), it could
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along the water bearing zone

CONCLUSIONS

From the results of the study, with the purpose of
delineating the impact of geoelectrical setting on the
ground water occurrence in the study area, the following
can be concluded:
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1. The geological succession consists of six layers as
derived from the interpretation of the sounding
curves VES stations and drilled wells information .
The first layer consists of intercalations of gravel,
sand, clayey sand and sandy clay. The second layer
consists of a thick dry zone formed of sand and clay
intercalations overlying third layer which is
composed of sand and represents the water-bearing
layer. The fourth layer represents the end of the
above layer which consists of clay. The fifth
member of the succession consists of the Oligocene
basalt. The last layer consists of water-bearing
Oligocene, formed of sandy clay.

2. The depth to water measured from the ground
surface at the sites of sounding stations and wells
ranges from 24 to 157.3 m. The water level lies at
about 39 m above sea level.

3. The thickness of the water-bearing layer ranges from
24 10133 m which generally decreases in the western
direction.

4. The presence of clay lenses and sandy clay affect the
hydraulic parameters (transmissivity, hydraulic
conductivity and vyield) of the water-bearing layer.
The calculated clay percentage at each VES station
and well shows that the western parts of the study
area have the higher clay content in the water-
bearing formation and, so the high salinity.

5. The Oligocene basaltic sheet is affected by six
normal faults that make large basin in the central
part of the study area.

RECOMMENDATION

According to the results of the above study, the
following recommendation can be made:

1. The priority map for the water-bearing layer of the
Miocene aquifer shows that the most promising area
for drilling water wells is located in the northern
part.

2. In the part of the area having less in priority of the
Miocene aquifer, it is recommended to penetrate the
hard basaltic sheet to reach the Oligocene water-
bearing layer although of less quality and expected
less discharge. The relatively best sites for well
drilling to reach this layer are at VES station (26, 35
and 36).

3. Well logging is important to define the accurate
boundaries of the sedimentary succession and to put
the suitable design of the wells to be drilled.

4. Pumping test is necessary to estimate the hydraulic
parameters of the saturated zones.

5. Itis strongly recommended that prior to any drilling
activity, a geophysical study should be conducted at
the desired sites.
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