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Recently, the demand for groundwater has been increasing with
population growth and irrigation practices. Owing to this growth,
Egypt's per capita freshwater will severely decrease. The Nubian
Sandstone Sandstone Aquifer System (NSAS) is the great aquifer that extends
through several countries and considered the promising potential aquifer

Hydrochemistry,
Nubian

,lé\q.mfe.r, in the area. Bahariya Oasis, located in a hypo-arid climate, is mainly
Irrigation dependent on groundwater extracted from the Nubian aquifer, which is
groundwater, considered the source for agricultural and development projects in the
physio-chemical oasis. The main aim of the present study is to help the decision-makers
parameters. in planning the new reclamation land in Bahariya depression. To achieve

this objective, 52 samples from different aquifers were collected and
analyzed to document the processes controlling the chemistry of the
groundwater in the (NSAS) and evaluate its quality for irrigation use.
Physio-chemical parameters of the collected samples were assessed to
estimate the processes that impacted the quality of groundwater. Major
ion concentrations of Na*, K*, Mg*?, Ca*?, SO,%, HCOg, CI', and NO5’
were calculated. A combination of irrigation groundwater indexes such
as sodium percentage (Na%), chloride content (CI’), total soluble salts
(TDS), and sodium adsorption ratio (SAR) provides guidance to
estimate the suitability of irrigation groundwater in Bahariya Oasis.
Except in some shallow aquifer locations, the obtained result was
referred to as the suitability of groundwater for irrigation.
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1. Introduction

Agricultural activity is considered one
of the main sectors of the economy in Egypt,
which is dependent on the water of the Nile
River. But with the increase of the
population, the reclamation of more lands
has become an urgent matter for the
government to face this increase. Therefore,
it is necessary to evaluate and monitor the
quantity and quality of the groundwater to
obtain the required results (Singh et al.,
2011; Adimalla and Li, 2019). The
government paid a lot of attention to the
desert, looking for alternative sources of
water.

Unmanagement of groundwater in the
studied area causes a lowering of water
level, which accelerates the reduction of
groundwater quality and soil degradation as
a result of soil salinization (EI Hossary,
2013; Masoud and El Osta 2016; Sharaky
and Abdoun, 2020).

The soil in Bahariya Oasis is
considered one of the most promising lands
in the Western Desert due to its location and
groundwater resources. The origin of the soil
in the depression is lithological and
anthropogenic. Soil quality degradation in
the depression is due to many factors (by
humans or even naturally) that accelerate
soil problems such as groundwater flow,
evaporation  of  near-surface  saline
groundwater, and phosphatic fertilizers in
the soil. These soil contaminations are more
effective than those of iron ore erosion
(Baghdady et al., 2018), as well as their
fragility and sensitivity to desertification, the
agricultural production improvement of
these new lands is sluggish and takes a long
time (Elwan and Khalil, 2018).

Bahariya Oasis is located in the central
part of the Western desert, including the
great groundwater supply represented by the
Nubian Sandstone Aquifer (NSAS). The
concentration of groundwater ions in arid
and semi-arid regions is controlled by
different factors such as rock water
interaction, weathering, structural setting,
dissolution, ion  exchange, chemical
fertilizers, and largely anthropogenic
activities (Singh et al., 2011; Adimalla and
Venkatayogi, 2017, 2018, Adimilla et al.,
2018). Therefore, it is essential to evaluate
the groundwater in Bahariya oasis aquifer to
detect the different factors that can degrade
the irrigation water quality.

In the present study, GIS and remote
sensing techniques (RS) were used to
estimate the zones of water quality and
polluted zones by generating distribution
maps (Jasrotia et al., 2018, 2019; Adimalla
and Taloor, 2020). Moreover, the study
provides information on the hydrochemistry
of the groundwater in the area to help the
decision maker in planning the new
reclamation land.

2. Study area

Bahariya Oasis is located in the center
of the Western Desert, between longitudes of
28° 35'and 29° 10' E and latitudes of 27° 48'
and 28° 30" N. The oasis covers about 2100
km? of the total area of the Western Desert,
with a slope from the south to the north and
has an elevation range from 73 m to 360 m
above sea level. It is located in an extremely
arid to semi-arid environment, characterized
by low annual rainfall with high evaporation
(Fig .1). The climatic conditions in Bahariya
Oasis are characterized by temperatures of
up to 37 C° during the summer and at least
10 C°.
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Fig.1: a) location map of Bahariya Oasis b) Topography of the area as shaded elevation derived from

SRTM with sampling sites of groundwater.
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Fig. 2. Geological map of Bahariya Oasis illustrating the main rock distribution, Compiled from field
work and correlations with the geological map of (EI-Akkad and Issawi, 1963; Moustafa et al.,

2003; Hamdan and Sawires, 2013).
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during the winter with a relative humidity
increase of 59% during the summer, which
contributes to further saturation of water
vapor and a decrease to 37% in the winter
(Boghdadi, 2012; Anber, 2015). Because of
the arid climate, the rain is gating scaring,
with an annual rate of 4.1 mm.

The soil ranges from sub mature to
mature sand and muddy sand. These soils
were inherited by physical weathering from
the sedimentary succession and basaltic
rocks that formed the depression's scarps.
The relative importance of these sources
differed according to soil type (Baghdady
and Gad, 2013). The soil sediments consist
mainly of sand granules, silt, clay, a low
amount of carbonate and very low content of
organic matter with clay loam and sandy
texture. Due to the dominance of sodium
cation and chloride anion, the soil represents
an increase in salinity. Bahariya soil is
classified as good, fair, or poor based on its
land capability, fertility, and water index
(El-Naggar, 2017).

3. Geology and Hydrology

The exposed exposures sediments in
the studied area are mostly upper cretaceous
to Oligocene in age. The Cretaceous
sediments range between (sandstone and
intercalation of clay and siltstone) and the
types of carbonate sediments (limestone,
dolomite, and chalk). The cretaceous
succession is capped by basalt flows,
dolerite sells, and dikes of Miocene age, as
indicated by the geological distribution map
of the Bahariya Oasis (Fig. 2). On the
depression's floor, the quaternary sediments
are represented by sand dunes, sabkha, and
Hummocks. The studied area form NE-
trending anticline fold related to the Syrian

Arc System, which is dissected by the
Bahariya mid dextral strike slip fault striking
ENE-WSW and several NE-SW and NW-SE
normal and reverse faults. Three phases of
structural deformation affected the exposed
Cretaceous and Eocene rocks in the
Bahariya region and led to the rejuvenation
of the deep-seated faults. These are (i) Late
Cretaceous to pre-Early Eocene deformation,
post-Middle Eocene deformation, and
Middle Miocene deformation (Moustafa, et
al., 2003).

The hydrological investigation
indicated that the closed, non-renewable
Nubian Sandstone Aquifer System (NSAS)
is the only groundwater source in Bahariya
Oasis. The aquifer covers a vast area, where
it covers about 2.2 million km?. They have a
presence in four countries, each with a
different area. In Egypt, 828.000 Km2
(38%), 376.000 Km? (17%) in Sudan, Libya,
760.000 (34%), and about 235.000 Km?
(11%) in Chad. In the oasis, it has an
average thickness exceeding 1880m with an
average transmissivity of 8.8x10° m?/s and
45x10° m/s of hydraulic conductivity
(Hesse et al., 1987; Sefelnasr, 2002), which
makes it a promising potential aquifer in the
studied area. It is classified into two
lithological units (i) pre-Cenomanian with
high porosity and permeability sandstone
and alteration of clay and shale. It has a high
level of fresh groundwater and low salinity
of 267 ppm (Salem, 2002; Hamdan and
Sawires, 2013; Anbar, 2015). (ii) two layers
of sandstone separated by an impermeable
clay layer of the lower Cenomanian with a
thickness of 240-410 m. There is another
water bearing strata in Bahariya Oasis
known as the Cambrian water bearing with a
thickness of 460 m that is fresher than other



horizons with salinity of about 120-200 ppm
and composed of clastic sediments and
carbonate complexes (marly and dolomite)
(Himida, 1964; Diab, 1972; Hamdan and
Sawires, 2013). This paper focuses on
assessing the characteristics of groundwater
extracted from the Nubian aquifer to assess
their suitability for irrigation purposes, using
52 samples and measured physio-chemical
parameters in Bahariya Oasis.

4. Materials and Methods

In April 2019, a random distribution of
groundwater samples was collected for
parameter measurements and evaluations of
groundwater for various purposes, as well as
to estimate the direction of flow and head
pattern of water. 40 groundwater samples
from a deep aquifer were collected at
indicated depths of 760-1170 m, while 12
shallow aquifer samples were collected at a
depth range of 250-498 m. To avoid
contamination, the well was pumped for a
few minutes, and the samples were talked
about using a 1-L polyethylene bottle. The
samples were transported for chemical
laboratory analysis.

Immediate measurements of some
parameters were done in the field using a
hand-held collection device to avoid any
change in groundwater properties such as
electrical conductivity (Ec), total dissolved
solids (TDS), temperature (T), and pH.
Using a Hach Direct Reading /2000
Spectrophotometer, iron concentration (Fe*?)
was estimated in the field. The standard

analytical methods were followed for
groundwater analysis to determine the
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concentration of major cations (Na‘, K,
Ca*?, and Mg and major anions (CI,
HCO3, and SO4?). As well as Mn** and
NO3z were  measured. The field
measurements were checked in the lab and
charge balance errors for ion concentration
were calculated for quality assurance (Table
1). The ArcGIS 10.5 was used to extract and
visualize  distribution maps for the
investigated groundwater quality parameters
in the study area.

4.1. Determining of sodium adsorption
ratio (SAR)

The SAR was estimated using the
following equation

Na*
SAR= ——
|'£T|1"'z+.-'|-I'5|"'z
) 2
(concentration of cations in milliequivalent

per liter)

4.2 Determination of Sodium Percent

(Na%o)

Sodium is considered one of the most
important cations that should be taken into
consideration in the classification of
groundwater for irrigation and agricultural
activities. A classification proposed by
(Wilcox, 1955) is based on sodium
percentage which can calculate using the
following equation:

Na + K

Na% = x 100
= CatMgtNatK

All concentrations in meg/I
The obtained result of Na% values
represented in (Table 2).
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Table 1: Summary of statistics of the hydrochemical parameters of the shallow and deep aquifers, Units of the ion
concentrations in mg/l: Min= Minimum, Max=Maximum, St.dev=Standard deviation.

Shallow aquifer Deep Aquifers
Variables Min Max Mean St. dev Variables Min Max Mean St.dev.
TDS 147.9 1740  455.32 434.015 TDS 133 354 189.35 50.58
EC EC
296 3530  916.16 881.28 267 708 379.97 98.91
(uS/cm) (uS/em)

TC 26.1 32 28.48 1.487 TC 29 474 37.43 5.88
pH 5.74 6.76 6.225 0.329 PH 5.61 6.97 6.24 0.325
Ca 7.67 128.7 34.62 33.898 ca 6.07 _— 105 3377

Mg 9.84 196.1 39.11 51.59
Na 20.08 33469 7157 84.804 Mg 6.3 2621 122 4.001
K 11.47 158.29 39.6 40.58 Na 11.56 57.2 31.76 9.72
HOC; 28 56 37 8.31 K 6.93 26.17 15.43 5.281
SO, 29 825 182.42 236.611 HOC, 6 98 46.93 21.661
cl 49 728 146.83 188.13 SO, 9 81 30.2 18.14
cl 27 126 61.33 20.951

NO, 0 5.72 2.05 2.19
NO3 0 9.24 4.43 2.24

Fe 0.19 21.5 5.63 6.804

Fe 0.1 7.2 2.65 1.67

Mn 0.37 49.01 7.26 14.31
Mn 0.12 2.93 1.15 0.604

Table 2: Water classification based on sodium percentage (Na%).

Value Range classification deep samples Percentage %  Shallow  Percentage %
(Wilcox, 1955) samples
<20 Excellent - - 1 8.33
20-40 Good 1 2.5 1 8.33
40 -60 Permissible 30 75 9 75
60 -80 Doubtful 9 225 1 8.33
>80 Unsuitable - - - -
Total 40 100 12 100

Table 3: suitability of groundwater in Bahariya Oasis according to total dissolved solids according to Ayers (1975)

TDS Quiality Shallow aquifer Deep aquifer
<480 No problems All samples except 51, 50, 45 (75%) All samples (100%)
480 - 1920 The problems increase Samples 51, 50, 45 (25%) No samples

> 1920 Problems become severs ~ No samples No samples




5. Results and Discussion
5.1. Irrigation groundwater quality

5.1.1. Total concentration of soluble salts
(TDS)

The activation of weathering and
leaching processes in the soil and hosted
aquifer rocks lead to an increase in ion
concentration in groundwater (Singh et al.,
2013; Rawat et al., 2018). In the arid climate
of Bahariya Oasis, the increasing rate of
evaporation accelerates the accumulation of
salts in the root zone, influencing osmatic
pressure (Modi, 2000; Rawat et al., 2018).
Therefore, the salinity in irrigation
groundwater should not exceed 2000 mg/I
(FAO, 2006; Rawat et al., 2018).

According  to  (Ayerss, 1976)
classification and distribution map of the
studied area (Table 3), (Fig. 3). The majority
of shallow aquifers (75%) have no problems,
and about (25%) of shallow groundwater
samples suffer from problems with salinity,
while all samples from the deep aquifer are
suitable for irrigation where salinity values
are below 480 mg/I.

5.1. 2. Chloride content

The sensitivity of crops to chloride
content varies from plant to plant. Some
factors accelerate the toxicity of chloride,
such as sprinkler irrigation systems, where
the chloride accumulates in the leaves of
plants, which damage their tissues and make
them dry. It also effects the infiltration of
soil, where it increases total salinity in soil.
The chloride ion does not occur naturally as
well as the most soluble anion in water. The
main source of chloride ions in groundwater
in Bahariya depression is from the leaching
and dissolution processes of sedimentary
rocks in the aquifer.
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Km . > 1920

Fig.3: Zoning map for TDS for shallow aquifer

According to the distribution map of
groundwater samples (Table 4), (Fig. 4a.b)
most shallow and deep aquifer samples
(41.66% and 67.5%, respectively) can be
used without any problems, while the rest of
the deep and shallow groundwater reflect
moderate  injury (50% and  32.5%,
respectively). Only one sample showed a
high concentration of chloride, which led to
severe problems.

5.1.3. Sodium percentage (Na%o)

The suitability of groundwater for
irrigation can judged based on sodium
content Na%. Sodium is considered one of
the most important cations that should be
taken into the classification of groundwater
for irrigation and agricultural activities.
sodium accumulated affects the permeability
of the soil and the crop vyield (Batarseh,
2017). According to Wilcox classification
the groundwater can classified to 0 < %Na <
20% excellent water, 20 < %Na < 40% good
water, 40 < %Na < 60% permissible, 60 <
%Na < 80% doubtful, and 80 < %Na<100
unsuitable (Table 2). Moreover, the Wilcox
diagram shows the relationship between
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Table 4: Classification of irrigation water according to chloride content (Cf. Ludwick et al., 1990; Bauder et al.,

2011)
. . Shallow aquifer
Quality Effect on crops Deep aquifer samples samples
Generally safe for all plants 3,6,7,9,11,12,13,14,15,17
<70 ,18,19,21,22,24,26,27,29 43,48,49,52,36
,31,33,34,35,36,37,38,39,40
Sensitive plants usually show 1,2,4,5,8,10,16,20
70-140 slight to moderate injury ,23,25,28,30,32 42.44.41.50
141-350 Moderate tolerant_ plants No samples 45,46
usually show slight to
substantial injury
> 350 Can cause severe problems No samples 51
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Fig.4: Zoning map of chloride content a) shallow aquifer and b) deep aquifer



Hydrochemical Evaluation of Groundwater for Irrigation in the Arid Regions,

29’3;3.‘? 287300
2600 __/

8 il
§ (29°00°E

5 b e S
200N /f@/‘a-u"N “: Shallow Aquifers
3 g Na%
v I <20
a) 20-40
40-60
0 5 10 20 60 - 80
— - 1Km Bl >80

Bahariya Oasis Outskirts, Western Desert, Egypt 107

OGE ™ se300N

25°00E _/
N - <

7 £ 1
whSSa T 7 B

3
20 4 2R, g
siel fo 2’1?:]‘:‘8 293.03-‘ i
23" B 034 |
o !_5’2:.?:“1314‘2-“,9 3{3’ 4
PG 7

s ® Deep Aquifers
y Na%

3
’/‘ v r . <20
4 b) 20-40

y 40 - 60
0 5 10 20 60 - 80
- . Km B > 50

Fig.5: Zoning map of sodium percentage a) shallow aquifer and, b) deep aquifers.

salinity hazard (expressed via the EC value
in mS/cm) and sodium content in water
(expressed as Sodium Ratio, Na%) (Salifu et
al., 2017).

The diagram  characterizes  the
suitability of water for irrigation in several
grades, namely excellent to good (I), good to
permissible (IT), permissible to doubtful
(IlT), doubtful to unsuitable (IV), and
unsuitable (V) (Adimalla et al., 2020). The
result obtained from the studied area
revealed that (58.33%) of shallow aquifers
and all deep groundwater samples (100%)
belong to excellent to good irrigation water,
while the rest of the shallow groundwater
samples belong to good to permissible water,
except for the sample unsuitable for
irrigation and agricultural activity (Fig. 5a.b)
(Fig.6a and b). according these obtained
results the groundwater in Bahariya Oasis
suitable for irrigation water especially from
deep wells.

5.1.4. Sodium adsorption ratio (SAR)

Soil structure is affected by increasing
the concentration of some cations in
irrigation water. One of these effects is
reduced permeability and infiltration of soil.
This phenomenon occurs in some soils that

have sodium imbalances in irrigation water
relative to the concentration of calcium and
magnesium ions, where sodium can replace
both ions as the following:

Na* + Ca*? (Clay)............ Na* (Clay) Na* +Ca™
Na' + Mg*? (Clay)............ Na® (Clay) Na*+ Ca*

The most common quality factor used
to measure the concentration and
replacement of sodium relative to calcium
and magnesium is the sodium adsorption
ratio (SAR).

SAR is a more reliable parameter used
for determining the effect of all cation
concentrations on sodium which has
accumulated in the soil, as well as measuring
alkali/sodium hazard to crops as well as the
extent to which soil adsorbs it, so one can
easily evaluate the quality of the
groundwater for agricultural activity.

The classification of irrigation water
represented in the graph has salinity hazard
on the X-axis and sodium hazard on the Y-
axis depending on electrical conductivity
and SAR, respectively. The majority of
shallow groundwater samples (58.3%) and
all samples from deep aquifers (100%)
belong to class (C2 — S1), which means that
water is suitable for irrigation with low
salinity and medium SAR. Class (C3- S1)
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has (33.3%) shallow aquifer samples, which
refer to high salinity and cannot be used in
Bahariya Oasis, where it does not have a
drainage system but is suitable for sodium
hazard. Only one sample from the shallow
aquifer in the north part of the oasis is
suitable for irrigation, and that is because it
has a high salinity of > 2250 and a medium
sodium hazard (Fig.7a and b).As seen from
the comprehensive chemical parameters and
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5. Conclusion

The hydrochemical analysis carried
out on the collected groundwater samples in
the arid and semi-arid environments of
Bahariya Oasis in the Western Desert is to
be compared with the world standard limit
inferring to water quality for irrigation
purposes. Groundwater in the studied area is
suffering from an increase in trace elements
such as iron Fe*? and manganese Mn*2. The
leaching process and interaction of
groundwater with hosted aquifer sediments
play a role in increasing the concentration of
ions in water. Most groundwater samples in
the area are suitable for irrigation purposes,
except for a few locations. The US Salinity
Laboratory diagram revealed that the
majority of shallow groundwater samples
(58.3%) and all samples from deep aquifers
(100%) belong to class (C2 — S1). Class (C3-
S1) has (33.3%) shallow aquifer samples,
which refer to high salinity, which requires a
good drainage system. Other irrigation
indexes such as sodium percentage, chloride
content, and total salinity of groundwater
show no problems, except for some shallow
wells. It is recommended to develop a
strategy for groundwater management in
Bahariya Oasis, especially since it has a
promising potential aquifer represented by
the Nubian sandstone aquifer (NSAS).
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