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Abstract:

Bahariya oasis is a great syncline in the Egyptian Western Desert. Because of the overpopulation in Bahariya
oasis in the past 40 years, it is important to extract as much groundwater as possible to expand the agricultural
lands and fulfill people’s needs of water and crops. Being far away from the River Nile, it is very essential to
investigate the groundwater existence and its origin on it. The present study utilizes vertical electrical soundings
(VES'es) and time domain electromagnetic soundings (TDEM) to study the investigated area. The main
objective of this study is to give a detailed description of the main subsurface conditions of groundwater
existence, hydrochemistry, potentiality, and its depth and quality. Geophysical analysis and interpretation of
the obtained findings expose that the subsurface is composed of five geoelectrical layers with a clear general
slope from southwest towards the northeast. The fourth and the fifth layers are considered the two water
bearing formations; whereas the fourth layer is saturated with the fresh water that lies above the fifth brackish
water layer. By analyzing the samples of groundwater, it is found that they are geochemically homogenous. The
groundwater genesis belongs to Nubian sandstone aquifers system and mainly Na-Ca-SO4-Cl type. The findings
demonstrate that the study area has high potentialities of groundwater in two main Nubian Sandstone aquifers:
shallow fresh water and deep brackish water. The lithological and structural components have mainly no supply
in recharging and depending on pluvial waters storing. The geochemical characteristics of the groundwater of
the examined aquifers reveal meteoric water, which is a fresh to slightly brackish water. The moderately
groundwater salinity happens by silicate evaporation and weathering processes taking place in the Cenomanian
aquifers matrix. Furthermore, a good number of the samples of the examined groundwater are unsuitable for
human use. These samples are too adequate to poultry and livestock. In addition, the used hydrogeological
monitoring to this area shows high groundwater potentialities that will help in the upcoming development.
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I.  Introduction

Baharyia oasis is one of the well-known six large oases in the Western Desert. It is about 370 km far
from Cairo, the capital of Egypt. The investigated region is located between latitudes 27° 42' 52.39" and 28° 33'
29" N, and longitudes 28° 25' 37.53" and 29° 16' 49.38" E, and covers a siteabout2500 km? (Fig.1a). The present
study investigates the subsurface water content of Baharyia oases that are interpreted from geophysics and
geochemistry. Regionally, the investigated area includes three central topographic types involving hilly areas,
Syncline floor and Plateau surface (Fig. 1b) [1]. The hilly areas are formed of Upper Cretaceous rocks. They are
scattered within the syncline floor and have dissimilar shapes varying between conical shapes to flat tops. The
syncline floor, which is oval shaped, consists of Lower Eocene rocks [2]. The Plateau surface, which mostly
consists of Lower Eocene carbonates, surrounds the Oasis and its scarp which is found by the Upper Cretaceous
rocks [3]; [4];[5].

It is expected that the estimated drawdown of the El-Bahariya Oasis varies from 3 to 26 m with
minimum water distribution over the upcoming 25 years [6].

Many researchers are interested in this area, but they have either carried out studies on parts of it or
studied it in different ways, including geology, hydrology, well logging, and geophysics [7]; [8]; [9]; [10]; [11];
[12]; [6]; [13];[14].

Attraction researches are widely utilized as part of surveys of groundwater in which the structural
detection was the key objective (i.e., [15]; [16]; [17]; [18]). For the purpose of investigating the groundwater,
the electrical resistivity and electromagnetic tools, which utilize the VES and TEM techniques, are widely
employed owing to the high conductivity or low resistivity of groundwater but in separated parts of the oasis
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(i.e., [19]; [20]; [21]; [22]; [23]; [24]). Numerous groundwater studies are conducted in the Egyptian western
desert.

This research is distinctive in defining the impact of groundwater aquifers and its geochemistry on in
Baharyia oasis by using hydrological and geophysical tools. This helps in redrawing the groundwater aquifer
maps of Baharyia oasis.

24° 28° 32° . 36°
32° iZ Mediterranean  Sea 4

' 3 Alexanderfa®""zp,
|8 K ,'"ll o

28°

24°

w4 ;s 2we w7 w8 29 0 1 w2 23

— Cross Section
0 37 Km n? VES & TEM Sounding
o Well

w300E 20450°E 00E

w0oN

[T

wooN

L LLURH L

450N

wn0E
Legend
[ Plateau surface Depression floor 57 Hilly areas.

Figure No. 1. a) The location map of the investigated region, b) Topographic types map, ¢) Geology map of the
investigated region showing the places of the old detected structures (after [3]).
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Il. GEOLOGY

Bahariya oasis, which is part of a large Syrian Arc belt in north western Desert ( [25]; [26]; [27]), is an
eroded anticline (length 115 km; width 45 km). This anticline is created through an extensional tectonic
followed by contraction tectonic. The extension phase coincided with the opening of the Neo-Tethys in Triassic,
while the first contraction matched with closing the Neo-Thetys and the merging of the Eurasian plate together
with the African-Arabian plate in Late Cretaceous [28].

Along EIl Bahariya Oasis, several lithological units range between Upper Cretaceous and Oligocen
[29]. The Nubian rocks signify the oldest uncovered sedimentary rocks [29]; [30]; [31]; [32]; [33]; [34]; [35];
[36]; [37]; [38]. Bahariya Formation (Early Cenomanian) forms floor and the isolated hills in the Oasis. It
consists of +170 m thick fluviatile sequences of sandstone and siltstone. El Heiz Formation (Late Cenomanian)
overlies Bahariya Formation at the scarp base. It is composed of ~ 30 m thick alternating sandstone and shale
with interbreded carbonate. ElI Hefhuf Formation (Campanian) crops out in the eastern and western edges of the
oasis and in some of the isolated hills. It basically consists of dolostone and sandstone with sandy clay
intercalations. Khoman Chalk (Maastrichtian) has 25 m thick and it consists of white massive chalk and chalky
limestone beds. The Middle Eocene is well exposed in the plateau and distinguished into Nagb, Qazzun and
Hamra Formation. They are made of white limestone, dolomitic limestone and chalky limestone rocks. The
Oligocene in the Bahariya is symbolized by extrusive basalt.

I11. Material And Methods

Vertical Electrical Sounding and Profiling

Vertical Electrical Sounding (VES) is the best helpful technique for groundwater investigation. All
types of resistivity measurements attempt to identify the change in the resistivity values in a vertical and
horizontal way. So as to attain one the basic goals of such a study, seventy six (76) VES stations are measured to
define the geoelectrical layers in the investigated region area, water bearing layers and the structures influencing
these layers. Direct current resistivity meter [39] is used to accumulate data-related field by utilizing
Schlumberger separation with current electrodes configuration whose length is 2000m. Near to the drilled wells,
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certain VES stations have been measured so as to compare the geoelectrical measurements with layers’
thickness, water-bearing layers’ depth and lithology’s succession [40]. So as to achieve the interpretation related
to the field data, the existing geological, hydrological and well information are utilized and modeled. [41] and
[42] software are used to attain the final model. Because of the interpretation data, a map is drawn to select the
preeminent location to drill new prolific wells and redraw the groundwater map of the investigated region.

Schlumberger configuration is utilized to measure seventy six (76) profiling stations to investigate
horizontal variants in the values of apparent resistivity at various depths and to identify the local structures in
the investigated region (Fig. 1a). The distribution of VES stations tries to cover the whole location of the
investigated region. The interpreted data are employed to draw clear maps to clarify the horizontal changes in
the apparent resistivity values at different depths.

Time-domain Electromagnetic Sounding and Profiling

The TEM survey utilizes [43] instrument in this research. The instrument detects the conducting
materials of underground through transmitting electrical pulses along cupper cable placed on the ground. This
instrument is distinctive because it has both receiver and transmitter in the same unit. In this study, the used
cupper cable loop has diameters100m x100m squares with a very short period of time as 0.23-0.37 milli.sec.

The seventy six (76) TEM sounding stations (Fig. 1a) are measured in the similar locations of VES
stations to support the interpreted data of the two surveys to approximately reach the final lithological and
Geoelectrical model [44]. ZONDTEMI1D [45] software has been utilized in the electromagnetic sounding
interpretation.

Hydrochemistry

The hydrochemical characterization of the groundwater samples at Bahariya Oasis is evaluated using
major ions; K*, Na*, Mg*™, Ca™*, CI", S04 and HCO®.The chemical analysis data of 42 water samples (Table
1) are plotted on [46], [47], and [48] diagrams using [49]Software to identify water types and origin.

[48] diagram is a composite plot consisting of two ternary diagrams where the milliequivalents
percentages (e %) of the cations are plotted against that of anions. The data points in the two base ternary
diagrams are interpolated into square (combined field of Na™, K* and HCO3") of the main field which lies
perpendicular to the third axis in each triangle [50]. It shows the clustering of water quality and displays some
possible geochemical processes that may affect the water genesis [51].

[47] diagram provides a convenient way to present chemical composition of groundwater.

[46] diagram is a multifaceted plot wherein milliequivalents percentage (%) concentrations of major ions; K*,
Na', Mg**, Ca™, CI', S04 and HCO3 are plotted in two triangular fields, which are then projected further into
the central diamond field.

Relations between major cations and anions are determined using Pearson’s correlation (Table 2). A
high correlation coefficient (near 1 or -1) means a good relationship between two variables and its value around
zero means no relationship. More precisely parameters, which show that r > 0.5, are considered to be strongly
correlated [52]. The matrix (Table 2) shows strong positive correlation of TDS with Na*, CI', Mg*?, Ca*? and K*
(0.9, 0.88, 0.87, 0.797 & 0.75, respectively).

Table 1. Hydrochemical analyses of the collected groundwater samples, Bahariya Oasis, Western Desert, Egypt

sample EC TDS CATIONS ANIONS
No. (umohs/cm) (ppm) pH K Na© Mg™ ca cr SO HCOy
1 400 201 7.01 13.8 15.9 8.8 16.9 39.3 26.5 67.1
2 1820 1049 7.20 40.6 180.4 54.6 78.8 492.4 145.0 97.6
3 590 321 7.20 21.6 37.0 18.7 32.7 135.3 24.2 73.2
4 1860 1045 7.10 34.0 186.1 57.6 71.8 403.5 252.9 73.2
5 405 553 6.58 205 315 43.0 65.9 80.5 301.7 30.5
6 314 251 7.20 20.0 234 15.0 22.8 73.6 30.7 85.4
7 580 302 6.74 13.4 228 20.3 274 53.4 128.9 48.8
8 164 248 6.96 11.2 204 15.1 26.6 49.6 75.2 61.0
9 204 193 7.05 11.7 16.4 11.3 19.3 39.6 45.7 61.0
10 265 187 6.98 115 15.8 10.4 19.5 39.8 28.8 73.2
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11 214 186 6.90 13.4 15.8 10.6 18.4 40.1 28.0 73.2
12 312 186 7.13 141 16.7 10.2 16.4 40.7 28.5 73.2
13 83 192 6.91 16.0 18.4 10.6 175 43.3 29.1 73.2
14 250 233 6.80 10.4 28.3 11.6 18.6 58.6 42.6 73.2
15 440 256 6.98 12.5 18.6 16.9 2715 47.3 96.5 48.8
16 588 740 6.97 19.4 111.4 58.0 445 298.6 166.6 61.0
17 870 472 6.68 23.3 50.5 33.9 40.5 113.3 221.7 12.2
18 1063 604 6.36 215 57.8 48.3 49.2 130.6 305.7 12.2
19 316 225 6.48 12.3 20.3 111 18.8 33.0 19.4 122.0
20 392 248 7.01 12.6 23.0 15.2 23.8 59.6 65.0 61.0
21 338 199 6.74 145 16.7 12.1 21.0 38.6 43.8 67.1
22 210 254 6.64 12.2 22.7 15.3 23.5 56.3 75.4 61.0
23 308 226 6.60 11.9 20.1 145 22.4 479 60.1 61.0
24 405 246 6.52 13.0 18.1 16.1 23.8 45.2 81.7 61.0
25 742 421 7.80 23.1 63.1 25.6 24.6 179.9 30.1 97.6
26 210 204 7.10 14.4 16.3 12.9 16.4 37.1 36.1 85.4
27 155 199 7.19 12.8 151 12.7 17.3 35.9 38.8 79.3
28 694 446 6.92 27.2 49.8 33.6 325 123.9 84.0 122.0
29 361 237 8.05 19.2 27.8 11.6 15.0 31.1 17.0 134.2
30 1114 774 7.56 32.7 126.1 46.4 42.3 250.7 125.4 183.0
31 556 390 7.89 24.2 66.4 18.8 18.2 58.4 21.1 207.4
32 285 194 7.74 12.7 20.9 10.7 11.6 32.0 20.7 97.6
33 317 155 7.56 11.8 20.2 10.0 10.8 321 21.2 61.0
34 776 479 8.03 135 96.7 113 18.9 106.6 135 231.8
35 298 481 7.00 133 100.0 18.8 18.6 121.7 100.2 122.0

Table 2. Correlation coefficient (Pearson’s correlation[54]) of different constituents, Bahariya Oasis, Western

Desert, Egypt
Variables EC TDS pH K+ Na+ Mg++ Ca++ Cl- SO4-- HCO3-
EC 1
DS 0.835 1
pH 0.004 0.010 1
K+ 0.787 0.749 0.000 1
Na+ 0.770 0.900 0.008 0.630 1
Mg++ 0.668 0.871 0.061 0.691 0.630 1
Cat++ 0.685 0.797 0.108 0.643 0.537 0.836 1
Cl- 0.783 0.880 0.000 0.694 0.877 0.723 0.679 1
S04-- 0.376 0.492 0.356 0.314 0.236 0.664 0.671 0.248 1
HCO3- 0.002 0.005 0.511 0.011 0.074 0.026 0.067 0.004 0.244 1

IV. Result and Discussion
Geoelectrical Layers
The gained field curves of (VES) and (TEM) are interpreted in a qualitative and quantitative way. The
qualitative interpretation gives initial exploration about variations in the values of apparent resistivity according
to the change in depth. Moreover, it is utilized to differentiate the various kinds of curves (David et al., 2018).
Comparison between the various kinds of curves can provide more data about the horizontal variations of a layer
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or a set of layers (Fig. 2 a, b, and ¢).

In VES, the change in resistivity values between sequence layers is measured by increasing the inward
electrical current (by increasing the distance between current and potential electrodes in geometrical way as in
Schlumberger configuration). So, the measured resistivity values points are affected by the integration and
accumulation of all the changes in the lithology of rock sequences through which the current passes,especially in
arid or semi-arid regions like Egypt, where the surface layers has high earthling (solid or variable soils) and high
temperature that affects the electrode connection to the ground. Thus, the deeper the depth is, the less the
measurement efficiency is found.

On the contrary, in TDEM method, electromagnetic wave doesn’t depend on the integration between
layers because (1) it measures the voltage with time at every isolated depth and the resistances of the surface
layers are not integrated or affect the measured data from other layers, (2) there are no electrodes that are
connected to the earth. So, TDEM can measure the resistivity values that represent the sequences of layers
except the surface layer (because of the high attenuation of electromagnetic waves in this surface layer).
Therefore, the deeper the depth is, the more accurate the measurements are detected.

The two methods support each other to avoid the weaknesses in each measurement. The VES method is
accurate in the shallow layers, and its accuracy decreases with the depth, while the TDEM method is accurate in
the deep layers and its accuracy increases with the depth. Therefore, the two methods are used to complete each
other to get the best model which represents the change in the resistivity values of successive layers. In addition,
both VES and TEM methods are the most useful and important methods in groundwater exploration.
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Figure No. 2. Example of the field curves interpretation data in the study area. (a) Interpretation of VES No. 20
by using [41], (b) Interpretation of VES No. 20 by using [42], (c) Interpretation of TEM No. 20 by using [45],
(d) Lithology of Well (29) near Station No. 20.

The aim of quantitative interpretation is to explain the geoelectrical parameters, which describe every
geoelectrical layer, such as thickness and true resistivity that show the encountered layers' spatial and vertical
distribution. The model data is based on the geology of the region, the geological column, resistivity values, and
some of the well logging records available in the region. The acquired geoelectrical parameters of the
measurements of the two sounding (VES and TEM) illustrate that the geoelectric sequence in the investigated
region contains five geoelectrical layers.

Eight geoelectrical cross sections have been drawn in order to identify the geoelectrical layers,
specially the water-bearing layers and their circulation in the region under investigation, and to localize the
structures that affect the geoelectrical layers. These cross sections intersect the investigated region in NE-SW
direction (AA’, BB’, CC’, and DD') and NW-SE direction (EE', FF', GG', and HH”). The following is a short
depiction of such geoelectrical successions from the upper layer to the lower layer (Figures 3 a - h,):

e The upper layer consists of Limestone plateau (middle to late Eocene). Its resistivity values range
between1235 Qm at VES 17 and 2355 Qm at VES 5; and its thickness varies from 2.0m at VES 33 to
80.0m at VES 5. This layer exists around the Bahariya depression in the northern and central parts and
disappears within the oasis and in the southern part of the investigated region.

e The second layer consists of Chalk (Early Maastrichtian). Its resistivity values vary from 835 Qm at VES
17 to 994 Qm at VES 32; and its thickness ranges between4.0m at VES 19and97.0m at VES 23.Its depth
varies from 110.0m at VES 18 to 238.0m at VES 69. This layer appears only around the Bahariya
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depression in the southeastern and southwestern flanks parts and disappears within the oasis and in the
northern part of the investigated region.
e The third layer consists of Sandy clay to shaley sand. The resistivity values of this layer rangebetweenl Qm
at VES 25and18 Qm at VES 71; and its thickness varies from 2.0m at VES 26 to 118.0m at VES 71. Its
depth ranges between -23.0m at VES 50 and 248.0m at VES 73. The clay and shale layers are acting as

capping layers covering the layers of water-bearing (Lithologic log of Well 29, Fig. 2d).

e The fourth layer consists of sandstone saturated with fresh water (Cenomanian Nubian Sandstone). This
layer’s resistivity values vary from 60 Qm at VES 76 to 144 Qm at VES 1; and its thickness ranges
between117.0m at VES 9and206.0m at VES 26. Its depth varies from 7.0m at VES 25 to 18.0m at VES 70.
This layer is considered the main aquifer of the groundwater in the investigated area.

e The lower layer consists of sandstone saturated with brackish water (Cenomanian Nubian Sandstone). In
general, its thickness increases in the direction of the northeast direction. Its resistivity values
rangebetween20 Qm at VES 60and45 Qm at VES 1; and its depth varies from -180.0m at VES 18 to

131.0mat VES 26.
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Overviewing the five geoelectrical layers, it is noted that the high resistivity values of the first layer are
situated in the northeastern part of the study area, while they decrease toward the middle parts (Fig. 4a). The
high thickness values of this layer are illustrated in the northeastern parts and in northern flanks of the
investigated region, and they decrease toward the middle parts (Fig. 5a), while the high values of the elevation
are located in the northeastern and northern parts of the investigated region and decrease toward the middle parts
of the investigated region (Fig. 6a).

In the second layer, the high resistivity values are located in the flank parts of the investigated region,
while they decrease toward the middle parts (Fig. 4b). The high values of thickness appear in the northwestern
parts of the investigated region, the low values of the thickness appear in the northeastern and southwestern
parts (Fig. 5b), while the high values of the depth are located in the eastern, southwestern, and northeastern parts
of the investigated region, they decrease toward the middle parts until reach its minimum values in the
northeastern parts of the investigated region (Fig. 6b).

The high resistivity values of the third layer are located in the central and southern parts of the
investigated region, while they reduce toward the outside parts (Fig. 4c). The thickness map of this layer
indicates that the high values are found in the central and northeastern and southern to southwestern parts of the
investigated region, these values decrease toward the northern, northeastern and northwestern parts of the
investigated region (Fig.5c). The great values of the depth are found in the northeastern and they reduce toward
the southwestern parts of the investigated region (Fig.6c).

In the fourth layer, the high resistivity values are located in the flank parts of the investigated region,
while they reduce toward the central part (Fig. 4d). The high values of thickness appear in the northwestern
parts of the investigated region, these values decrease toward the southwestern parts (Fig. 5d), while the high
values of the depth are located in the western, southwestern, and northwestern parts of the investigated region
and they decrease toward the middle parts. Some low values appear in the northeastern parts of the investigated
region (Fig. 6d).

The high resistivity values of the fifth layer are cited in the northern, southwestern and southern parts
of the investigated region, while they decrease toward the northeastern parts (Fig. 4e). The depth map of this
layer shows that the high values are located in the western, southern, southwestern, and northeastern parts and
they decrease toward the northeastern parts of the investigated region (Fig.6e). The ranges of the resistivities
and the corresponding thicknesses of the geoelectrical layers are illustrated in table no. 3.

Resistivity in Ohm-meter
Figure No. 4. The Iso-resistivity contour map of the five geoelectrical layers over the study area, (a) True
resistivity contour map of the first geoelectrical layer, (b) True resistivity contour map of the second
geoelectrical layer, (c) True resistivity contour map of the third geoelectrical layer, (d) True resistivity contour
map of the fourth geoelectrical layer, (e) True resistivity contour map of the fifth geoelectrical layer.
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layer, (e) Thickness contour map of the fifth geoelectrical layer.
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Figure No. 6. The Depth contour map to the upper surfaces of the five geoelectrical layers in the study area, (a)
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surface of the second geoelectrical layer (c) Depth contour map to the upper surface of the third geoelectrical
layer (d) Depth contour map to the upper surface of the fourth geoelectrical layer (e) Depth contour map to the

upper surface of the fifth geoelectrical layer.
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Table 3: The ranges of the resistivities and the corresponding thicknesses of the geoelectrical layers

L ) Thickness range (m)
Geoelectrical layers Resistivity range (Ohm-m) Lithological description
Minimum Maximum | Minimum | Maximum
First layer (surface) 1235 2355 2 80 (mli_(;mgsttgrll;tslégecaeune)
Chalk
Second layer 835 994 4 97 (Early Maastrichtian)
Third Layer 1 18 2 118 Sandy clay to shaley sand
Sandstone saturated with brackish water
Fourth layer 60 144 7 18 (Nubian Sandstone)
. Sandstone saturated with brackish water
Fifth layer 20 45 B B (Nubian Sandstone)

Hydrochemical Characteristics
Durov (1948) diagram

Based on the classification of [54], the majority of the forty two samples are located at the center of
the square indicating that there is fresh recent recharge water exhibiting simple dissolution or mixing with no
dominant major anion or cation (Fig. 7a).

Schoeller (1977) diagram

Geochemistry of groundwater is discussed by means of its major ions. Plots of collected samples in
epm are presented in Figure 7b. The relative tendency of ions shows that Na* is the dominant cation in about
74% of the samples while CI" is the dominant anion in about 57% of the samples.

Piper (1944) diagram

The subdivisions of diamond-shaped field (Fig. 7c) indicate the hydrochemical facies in forty two
water samples. From the [46] tri-linear diagram, it is apparent that the majority of the samples (57%) belong to
mixed Ca-Mg-Cl water type (Class 3) demonstrating that such water samples may result from multiple mineral
dissolution or mixing of two chemically distinct groundwater bodies. Only 17% of the samples belongs to Ca-Cl
water type, where concentrations of sulfate, chloride, magnesium and calcium exceed 50 % of the total meg/I.
Figure (7c) is about the plots of the analyzed groundwater samples in the investigated region.

Evaluation for agriculture uses

The Na or alkali hazard is expressed in terms of sodium adsorption ratio (SAR). The SAR values <10 is
classified as excellent for irrigation. Values 10-18 are moderate and >18 are hazardous [55]. The relation
between SAR and salinity (Fig. 7d) for the analyzed 42 groundwater samples reveals that all the samples have
SAR less than 10 can be used for irrigation on almost all soils with no risk of the appearance of harmful
exchangeable sodium levels. About 83% of the samples are located in S1C1 and S1C2 fields indicating that this
water is suitable for irrigation for many crops. Only 17% of the samples is located in S1C3 field indicating that
this water has EC>750 umohs/cm. So, they can be used to irrigate moderately sensitive crops. Figure (7d) is
about the classification of the examined water samples for irrigation, based on [56], in the study area.

Groundwater Potentiality

According to the estimated depth to groundwater in 42 drilled wells (Fig. 1b), the investigated region is
divided into three parts of potentiality: high, medium and low. The highest values are found in the middle of the
investigated region, surrounded by the middle values, while the low values are found in the rest of the region
(Fig. 8a). The groundwater flow direction in the investigated region, measured from collected samples, takes
direction of SW-NE. The three major points are located in the northern part of the investigated region indicating
high salinity, due to high withdrew and intercalation of clay lenses in these places (Fig. 8b). This shows that the
solved salts increase with the direction of groundwater flow from south-west to north-east.

Figure (8a) is about the groundwater potentiality of the investigated region. Figure (8b) is about the
direction of groundwater flow according to the salinity contour map in the investigated region.
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Figure 7. (a) [48] diagram of the groundwater samples, Bahariya Oasis, Western Desert, Egypt. (b) [47]
diagram of groundwater samples, Bahariya Oasis, Western Desert, Egypt. (c) Plots of the analyzed groundwater
samples, Bahariya Oasis, Western Desert, Egypt, on [46] tri-linear diagram. (d) Classification of the examined
water samples for irrigation, based on [56]), Bahariya Oasis, Western Desert, Egypt.
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Figure No. 8. a) The groundwater potentiality of the investigated region, b) the direction of groundwater flow
according to the salinity contour map in the investigated region.

V. Conclusion
By interpreting the geophysical measured data, it is clear that the subsurface of the investigated region
consists of five geoelectrical layers interrupted by many structures. The surface layer consists of central to late
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Eocene limestone plateau. Its thickness varies from 2.0m to 80.0m. This layer is located around the Bahariya
depression in the north and middle parts only and disappears inside the oasis and in the southern part of the
investigated region. The second layer consists of Early Maastrichtian chalk. Its thickness ranges between 4.0m
and 97.0m. This layer appears only around the Bahariya depression in the south east and south west flanks parts
and disappears within the oasis and in the north part of the investigated region. The third layer consists of Sandy
clay to shaley sand. Its thickness varies from 2.0m to 118.0m. This layer is acting as capping layers covering the
layers of water bearing. The fourth layer consists of Cenomanian Nubian Sandstone saturated with fresh water.
Its thickness ranges between 117.0m and 206.0m. This layer is considered the main groundwater aquifer in the
investigated area. The lower layer consists of Cenomanian Nubian Sandstone saturated with brackish water. In
general, its thickness increases in the south west direction. Its depth varies from -180.0m to 131.0m.

Most of the 42 groundwater samples, which are collected from the investigated region, shows that new
recharge water exists; the matter that reveals that there is humble dissolution or mixture with non-dominant
major anion or cation. The corresponding trend of ions illustrates that Na+ is the main cation in about 74% of
the samples while CI- is the main anion in about 57% of the samples. Obviously, (57%) of the samples belongs
to mixed Ca-Mg-Cl water type, indicating that these water samples may possibly arise from various mineral
dissolution or the mixing of two chemically separate groundwater layers. (17%) of the samples refers to Ca-Cl
water type, in which the concentrations of S, Cl, Mg and Ca are over 50 % of the whole meqg/I.

It is possible for the entire samples that have > 10 SAR to be used for irrigation on just about the entire
soils with no risk of the presence of dangerous levels of exchangeable sodium. About (83%) of the samples has
EC<750 umohs/cm, indicating that this water is appropriate for irrigating many normal crops, whereas (17%)
has EC>750 pumohs/cm, indicating that this water is appropriate for irrigating reasonably sensitive crops.
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