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he study area which is a real desert is, solely, depending on

the groundwater as the only source of development, where
neither surface water nor rainfall are available. This area is
characterized by two different physical systems of groundwater
oceurrence; the unconfined condition in Baris oasis, where the
water table is shallow and free, and the confined one in El
Kharga ousis, where the water is under artesian pressure. The
total energy contained in each of the water systems depends on
three components: pressure, velocity and elevation head and,
hence, affects greatly the water characteristics in such system.
The present work is a trial to differentiate between the physical
and chemical properties of groundwater exists under different
conditions in the middle part of the western desert aiming (o
understand the relationship between groundwater occurrence
and its quality. In Baris oasis (unconfined aquifer system), data
of 32 ground ~ater samples were collected and used lo assess
the water quality of the aquifer. The analysis reveals that low
dissolved oxygen (DO) values and high iron conlenls are
detected. Meanwhile, values of the oxidation-reduction (Eh)
potential show that the groundwater is in a reduction condition.
The groundwater salinity shows a general trend of increase
from northeast (El-Kharga) to southwest (Baris) with a fresh o
slightly fresh water classes. The study also indicates that the
groundwater in the area is of mixed origin, possibly pure
meteotic but occasionally affected by marine deposits. Analyses
of minor and trace constituents show that their concentrations
are in the acceptable limits for different uses, except for higher
iron and manganese concentrations, In El-Kharga oasis
(confined aquifer system), literatures show that the groundwater
is characterized by lower pH, DO, salinity, iron and manganese
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contenls bul higher Eh and (emperature as com

pared with (he
conditions in Baris vasis,
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As Egypt is a desert land, a great consideration is given to land reclamatiop
aclivities based on the available groundwater resources. Baris-E| Kharga
area (western desert), is one of these areas that have water polential for
agricultural plans, The only water resource in this area is the groundwater
supply from the so called Nubian Sandstone aquifer. The need of sufficien
quantities of high quality water in this area is a must, where the increase in
the content of some hazardous components is a serious problem. The
unplanned drilling of water wells: the mis-use of groundwater in irrigation
and the high concentration of iron and manganese in the water have
complicated the problems that affect the development activities in the stud

area. In the present study, 32 samples were collected from di

flerent water
points during November 2004 from Baris oasis, where two kinds of samples
were obtained:-

One liter samples were collected for major constituents determination,

while other samples were collected in 100 ml acid-washed polyethylene
bottles for heavy metal comtent.

The main issues that will be addressed by
physical and chemical properties of the
relationship in the study area, 2-
occurrence upon its quality,
groundwater in Baris and
quality point of view,

The Baris area is located at th
30° 307 10 30° 50" and latitudes 24°
about 900 km’(Fig, 1),
longitudes 307 30° to 30°
area of about 2000 km?,
Aquifer System

The Nubian Sandstone a
Kharga Oases, Nubian
sediments, (mainly sands
groundwater mass. The
formed by local infiliratj

this study include: |- the
groundwater and their mutual
the possible impact of the groundwater
3- the correlation between the shallow
the deep groundwater in El-Kharga from the

¢ western desert between longitudes
30" to 24° 50" covering an area of
Meanwhile, El-Kharpa oasis located belween
30" and latitudes 24° 15" 10 24° 45" covering an

quifer is the main water source in Baris-El
Aquifer is formed by predominantly continental
lone and shale layers), which contain an enormous
groundwater of the Nubian sandstone aquifer was

! on during the past wet periods. The aquifer attains a
thickness more than 400m below Baris and 1000 m below El-Kharga.

In Baris area, the Nubjan aquifer is unconfined and the depth 1o
groundwater varies from 25 10 40m from ground surface (Fig. 2). Further,
northward in El-Kharga oasis, the aquifer is overlain by impervious shales
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. discharge of wells in the area of study l:!ur-:rmm-.lg,
JHW:;:JF i:'lql:l‘.::l.llllur 50 }c:r:pluhahl;r due Lo the drup in the piezomeiric
essure of the confined aquifer, which caused by drilling of plenty of wells
and also by the exlensive npluimliun of deep wells. As a consequence of
this general drop of the hydrostatic pressure, the shallow wells stopped
flowing.
Concerning the age of groundwater in the western desert, Shata ef al
{1962 found that the water of Baris and Mahariq deep wells has an age of
about 25000 years ago. Using He/Ar method, Himida, (1967) estimated the

average age of about 541000 years for the decp groundwater in El Kharga

Oasis.
By using krypton (Kr) gas dubbed as “atom trap trace analysis”

(ATTA), the age of the groundwater in the Nubian Sandstone aquifer in the
Western Desert was found 1o be about 0.5 million years (Du et al. 2004).
Iydrochemical characteristics of the groundwaler

This work is based on the results of physical and chemical analyses of
32 groundwater samples collected from production wells in Baris area.
Collected water samples were analyzed for major and minor dissolved
chemical constituents (TDS, Ca®*, Mg™, Na*, K*, CO,*, HCOy, 50,7, CI., I
CBr, F, PO,", and §i0,). Other water samples were in-situ acidified for the
analysis of trace and soluble heavy and non metals including; A", B™,
cd™, Co®, Cr™, Cu™, total Fe, Mn™, Mo™, Pb™, §¢*, V', Zn**, and Se™.

Laboratory measurements were carried out by EC meter (Orion model
150A°), pH meter (Jenway model 3510), Mame photometer (Jenway model
PFP7), lon-selectivity meter (Orion  model  940),  uvivisible
spectrophotometer (Thermo-Spectronic model 300).  Atomic ahsarption
hydride system {Thermo-Electronics mode| Solaar MOQZ mermmened) Was Used
for Se determination and Plasma Opiical Emission-Muss Spectrometer
(Thermo Jarrell Ash model POEMS 1) was used for heavy mctals
determination. All the analyses were conducted according 1o the methods
adopted by ASTM, (2002). The results of the chemical analysis are
ilustrated in tables (1 and 2).

Analytical data of 38 groundwater samples from El-Kharga are from
the literatures, e.g. Shawky ¢f af, (2006) and El-Sheikh, (2007).
1. Physical characleristics of the groundwaler

The physical properties may change considerably within limited time
after sample collection due to the unstable nature of physical constituents in
groundwater. Therefore, immediate analysis in the field is required if
dependable results of these parameters are 10 be obtained. Among the
physical parameters that investigated and determined are; temperature, pl,
dissolved oxygen (DO) and oxidation reduction (redox) potential.
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TABLE (1), Results of the chemical nnalysis of groundwater samples in
Baris area.
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Eh = oxidation-reduction potential, EC = elecinical conductvity, TH = total hardness, PCO; =
partial COy, DO = dissolved oxygen, TDS = total dissolved salis, NCS = non-cyclic sulphate.
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i) Temperature

The temperature of groundwater is controlled by heat flow from the
carth’s interior and by chemical reactions in the aquifer system.

In Baris area, groundwater temperatures are ranged between 31.1
and 37.5 °C with a mean value of 33,8 °C. Meanwhile, in El-Kharga the
groundwater temperatures are varied from 33.7 to 43.4 °C with a mean value
of 36.8 °C. In general, the temperalure of groundwater varies greatly with
the aquifer depth and geological structures.

ii) pH

The hydrogen-ion activity in an aqueous solution is controlled by
interrelated chemical reactions that produce or consume .hydrogen ion.
Therefore, pH of the water sample can be affected by dissolved gases such
as; CO,, H,S and SO; as well as oxidation of dissolved ferrous iron. The pH
value of the groundwater in Baris area ranges from 6.9 10 7.8 with a mean
value of 7.4, On the other hand, lower pH values varied from 5.8 10 7.4 with
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- sa. On the other harg, ¢
7.1 were detected in El Kharga area. Or , the
ru:‘-::“u:r::ﬂunrrpn in El-Kharga water samples reflecting the influence

H,S gas exists in the groundwater,
W m“m' i?:&ﬂ:rr‘:ﬁciu of dissolved oxygen are common
ater. rimary source of dissolved oxypen in gn_‘.uundwalur is
ﬁ“m.;mi?:::;mf; 't]::: I||r|t.'-:I1.1r|:'ll.g1|:r« the aquifer (Hem, 1989). Winograd and
Robertson (1982) reported groundwater more than l[:'.ﬂ{llﬂ years old, that hag
traveled up to 80 km from their point of recharge and still rich in Oxygen.
Values for DO in water may be given in milligrams per liter or gs 5
percentage of saturation at the temperature of measurements. ()
concentrations in groundwater generally decrease over time as (he oxygen in
the water reacts with minerals. Hence, the abundance of higher DO
concentration In the aquifer system indicates groundwater recharge or the
lack of reactive minerals in the aquiler.
TABLE (2). Results of minor and trace conslituents of the groy ndwaler
samples in Baris area.
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Fig. (2). Representative wells showing: (A) Free water la‘hle condition in
Baris area, (B) Artesian water condition In El-Kharga area,
(after Shata, 1962)
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Field measurements of the DO concentration of the groundway,
samples in the study area varies from 0.7 to 1.9 mg/l with a mean valye of
1.5 mg/l. Meanwhile, at El-Kharga content in the groundwater nre decreaseq
lo be ranged from nil to 1.2 with a mean value of L'l.“5 mg/l. The higher
contents in the dissolved oxygen reflect the unconfined "free water table”
the study area compared with the confined condition in the north (Table 3),
iv) Oxidation-Reduction potential _ 1

he oxidation-reduction (redox) potential Eh is a numerical index of
the intensity of oxidizing or reducing conditions within a syslem expressing
in (mV). Positive potentials indicate that the system is relatively oxidizin
and negative potentials indicating that it is relatively reducing. Only few
elements are important in the natural redox system (e.g., Fe, Mn, 8, and C).

Redox potentials of the groundwater sumples from the area of study
were ranged from -113 to =51 mV with a mean value of <79.6 mV
indicating weakly reducing conditions (Beaucaire, 1987). Lower reducing

condition was found in the north with the values varied from =111 to -26
mV with a mean value of -63.3 mV.

TABLE (3), Comparison between the hydrochemical constituents of

groundwater in the unconfined (Baris) and confined (EI-
Kharga) aquifer systems.

Unconfined Conlined

Charactoristics Low High Mean Low High Mean
pi 69 1% 74 S8 1.6 70
Temperature (*C) 312 375 338 317 434 68
Eh {imV}) -113 -5 196 =111 -26 63
DO (mpM) 07 19 1.52 0 12 053
TDS (mg/1) 30313 6254 1952 177 512 3513
Fe img/l) 0l .46 23R 017 173 1l
Mn (mg/) 0.008% 0 022 004 0.1 0.17
i)y (m/l) 1 219 9.2 [ 343 97
T (mg/1) 114 260 165 [T 138 9l
B (/1) 0013 0 D69 0.031 ool 03 [T
PO, (mg) (] 058 014 0 D08 [ 012
1 {mg/l) ). DOy 0006 00006 0 00004 00015 0 0003
Br (mg) 042 I 65 (16 022 E 0 KS
F {mg/) 02 071 D4l 0.28 1.1 056
NCS 148 119 64,7 1] 59 115
% NCS 49 245 14 1] 16 37
PCO, 15x107 | 583107 | 347210° | 2678107 | 5865107 | 568510

Eh = oxidation-reduction potential, TH = 1o1al hardness,

DO = dissolved oxygen, TDS = total
dissolved salls, NCS = non-cyclic sulphate.

It is well known that the main source for Fe*
dissolution of Fe(Il)-bearin

siderite, and Fe**-bearin
biotite, glauconite and ¢l

in groundwater is the
g minerals like magnetite, ilumenite, pyrite,
g silicates, like amphiboles, pyroxenes, olivine,

+ ay minerals such as smectities and the reduction _uf
Fe-oxyhydroxides present in the sediments. So, a higher reduction potential

Egyptian J. Desert Res., 57, No. | (2007)
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measured may reflects a higher concentration of iron reduced into the
groundwater,

In this case the concentration of Fe in solution is so low that the
reaction: Fc“ +e *—_'_""F- et is very unlikely in groundwater, except for
oxidizing acidic environment. At that point, it may be considered that ferrous
iron is dominant in solution. Doyle {/968) has shown that the redox
potentials of natural waters often follow the Nernst equation for the ferrous
ionfferric hydroxide reaction according Lo:

Fe*' + 2H,0 ——>FeOOH + 30 + o

Fe* +3IH;0 " Fe(OH), + 3H' + ¢
With, Ehgy =Eo—0.18pH - 0,0592 loga(Fe™*)
Where, a = activity of ferrous ions and E, = 0.98 Vot

Figure (3) illustrates the relationship between Eh values measured in
the field and Eh values calculated with Nemst equation, The results show a
little variation between the two sets of data. There are two reasons for this
variation; lack of equilibrium between different redox couples in the same
water sample (Lindberg and Runnells, 1984) and/or analytical difficulties in
measuring with Pt-clectrode (Stumm and Morgan, 1981). The latter include
lack of electroactivily at the Pi-surface, as for Oy, mixing potentials, and
poisoning of the electrode. Since In our case, the only redox couple is
ferroustferric. Therefore, a slight poisoning may be caused as a result of the
precipitation of FeOOH on the Pt surface when the electrode is immersed in
an anoxic, Fe™ - rich sample because of O, adsorbed on the electrode
surface. In the lower Eh, the relatively higher deviation between measured
and calculated values could be attributed 1o the higher Fe™ concentration.

In order to study the different factors that may affect the value of Eh,
a slatistical analysis was made for the physical and chemical constituents of
the groundwater from the area of study. A regression equation between the
dependent variable (Eh) and the independent wvariables; TDS, pH, Fe,
lemperature, DO and 5i0; was made as follows:

Y =-=11156+0.019X; = 334X, = 6.21X; + 0.916X, + 27.98Xs + 0L 16X,
[1.304) {0.487) (0.37) (2.87**) (0.66} {2.89**] (0.68)
Where; Y = Eh, X;= TDS, X; = pH, Xy = Fe, X4 = Temperature, Xy = DO,

X = S5i0;, Correlation coefficient (R%) = 0.73, Significant (F) =

11.42, * Significant (P < 0.05), ** Highly significant (P < 0.01)
The equation shows that both Fe and DO have significant effect on the
dependent variable (Eh), as both variables have high ratios; they are
significant at the level of 1%. The R? value of 0.73 points 1o the fact that the
mentioned variables explain about 73% of the variance of Eh, meanwhile,
the significant (F) value of the model that reached 11.42 points 1o the overall
significance of the model. The coefficient of (Fe) factor that reached -6.213
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points to a generally decreasing auitude which means ”]M EVETY unj)
increase in Fe leads to a decrease in Eh by 6.213 (i.c. the increase in s,
concentration, decreases the oxidation-reduction potential, gy these
conditions, and the groundwater is in a reduction process), Ir{ contrary,
reverse behavior is found for the el'l'c:_t of D{}Iun Eh, as it follows
generally increasing attitude where any increase in DO value leads 0 an
increase in Eh value by 27.98 (i.c., in lower DO value, the groundwater is jp
a reduction condition and by increasing DO values, the Eh values increase
going lo oxidation conditions).

=120 =
o.”
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Fig. (3). Correlation between measured and calculated Eh (mV) in Baris

ﬂrEa L]

The above mentioned

results were confirmed by the correlation
coelficients between Eh, TDS,

pH, Fe, temperature, DO and Si0; (Table 4).
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TABLE (4). Correlation coefficlents between difr
processed from groundwater erenl constituents

l'.:! ns rll Fe Temp (111 8if),
010591 |
01847 D0252 1
07592 03408 -0 1508 |
00607 0 6480 00l 0 17TRS I
0, 7704 01892 O 170m 063 0 1504 1
$i0; 0,179 0 0909 03861 047 0.5 02218 !

Eh = oxidation-reduction potential. TDS = total dissolved, DO = dissolved oxygen salts

2, Chemical characteristics of the groundwater

The groundwater chemical characteristics and their distribution in the
studied area are discussed under the following Lopics:
i- Total salinity

In Baris area, the total salinity of the groundwater samples varies from
about 303 mg/1 (well no. 7) 1o 625 mg/l (well no. 31) with a mean value of
395 mg/l, reflecting a fresh water type (Chebotarev, 1955). Figure (4) shows
TDS contour map of the groundwater in the studied area from which it can
be seen that the high value of TDS at the southern parts is 620 ppm and
decrease rapidly to the northern parts of the study area.

Fresher groundwater type was found at the north (El-Kharga) than at
the south (Baris) as water salinity is ranged from 177 to 512 mg/l. with a
mean value of 293 mg/l.

Statistical analysis was made to figure out which of the major cations
and anions are affecting TDS values in both areas. Form which it can be seen
that in the unconfined zone Na®, CI" and SOy"are the most affecting ions, and
this convert to be Na* and HCOy' in case of the confined zone.

Concerning the chloride-sulphate relationships in the waters, the
caleulated values of CI/SO; ratio are not very meaningful. However, if it is
assumed that all sulphate in excess of that expected on the basis of CI/SO,
ratio of 7.2 for sea water is of “non-cyclic sulphate”, a very coherent picture
EMerges.

It can be observed form the calculated Noncyclic Sulphate (NCS) =
SO, (mg/l) — CI (mg/l)/7.2, that it ranged from 14.8 to 119 mg/l with a
mean value of 64.7 mg/l and from 0 mg/1 to 59 mg/l with a mean value of
11,5 mg/l in case of the unconfined and confined zones, respectively. The
results also show that 17% of the samples in the confined zone have 0 NCS,
i.e., having only cyclic sulphate.

NCS represents from 4.9 to 24.5% of the TDS values with a mean
value of 16% in the unconfined aquifer. Meanwhile, it represents from 0 to
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16" with a mean value of 3.7% in case of the confined aquifer (Fig. §),
Gienerally, the values of the caleulated NCS increase ns the salinity of the
proundwater increases. Therefore, the data of NCS reveals that; in he
unconfined zone, groundwater s mostly affected by terrestrial source (such
as gypsum and anhydrite),
ii= Total hardness

In Daris area, the value of the total hardness (T.H) in the groundwater
is ranged from 114 to 269 mg/l with a mean value of 165 mg/l as CaCoO,,
65% of these samples are moderately 1o hard water while 35% are classified
to be very hard according 10 Durfor and Becker {1964}, 56% of the samples
show permanent hardness rather than temporary hardness.
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Fig. (4). lso-Salinity contour map of the groundwater In Baris oasis.

The results also show that the total and permanent hardness increase
with increasing water salinity, meanwhile, temporary hardness increase “'}""
decrease of water salinity. This is may be attributed 1o the effect of leaching
and dissolution of salts leading 1o an increase in hardness with particular
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importance 1o the effect of NaCl concentration (effect of ioni

increasing the solubility of Ca® and Mg® in gmf.m :anll::., 'E’;‘;;:{i‘l‘:ﬂg;’;‘
Frecze “"d. Cherry (1979) and Hem, (1989). This does not exclude longer
residence time of the groundwater and cation exchange processes.

The obtained ratio for the percentage of T.H. 1o the value of TDS, is
316.7% representing the permanent and temporary salts in the groundwater,
This result reveals that 63.3% of the increase in the water salinity is due to
the increase in soluble salts (NaCl and Na,S0,) while 36.7% of the increase
is due to the permanent and temporary hardness (MgCl;, CaCly, MgSO..
CaSO., Mg(HCO)); and Ca(HCO,);). This is confirmed by the salt
assemblages (I, 11, IIT and IV)

While, all samples in the south (Baris) are classified 1o be from
moderately to very hard samples; with 56% of the samples showing
permanent rather than temporary hardness, most of the groundwaler samples
in the north (El-Kharga) are found 1o be moderately hard (T.H. ranged from
60 to 138 mg/l, with a mean value of 91 mg/l) with the disappearance of
permanent hardness.

Partial pressure of carbon dioxide (PCO,) in groundwaler

The computed PCO; values in the groundwaler are ranged between
1.5x10” 1o 5.83 x10" with a mean value of 3.47 x107 in Baris and betwecn
267 x10" to 9.86 x10° with mean value ol 5.68 x107 in El-Kharga.
Although these values sugpest closed system conditions in both zones (PCO,
:c more than that in the earth’s atmosphere 0.32 x 10" bars), the higher
values in El-Kharga reflecting more disequilibrium condition with the

atmospheric CO; in this zone (Fig. 6).

Freguency distributlon T

(A) (B)

100 10

&
Ho g b

ia
0 T

3

=

el |1}
40 H

:
0 [ 0
0 . L 10 15

ki &0 b 120
ppm

ppm
Fig. (5). Frequency distribution % of NCS In: Unconfined aquifer
(Baris), Confined aquifer (El-Kharga)
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ifi- lon dominance
Concerning the ion dominance in the groundwaler for Baris arey,
four sequences are recognized; ;
Group I: CI>S0, >HCOy>Na*>Ca’*>Mg™, in 53% of samples.
Group 1I: CI'>HCO,>S0, 7Na'>Ca’*>Mg™, in 47% of samples.

6

g F

=
¥

PCO, ( X107)
Tk

[ &
I

0 [ |

Atmosphere  Unconfined zone  Confined zone

Fig. (6). The mean values of PCO; in the unconfined and conflined
aguifers with regard to earth's atmosphere.

Group Il indicates the intermediate stage of hydrochemical evolution
of the groundwater, Thus, 47% of the groundwater samples exhibit a less
advanced stage of mineralization where the metasomatic sequence is; Cl
=HCO,>50,". This is may be due to leaching and dissolution of marine and
continental deposits.

Group 1 reflects an advanced stage of hydrochemical evolution, where
the metasomatic sequence is; CI'>50,">HCO; (53%). Waler Iypes in all
groups are CI-Na indicating that all groundwaters are of meteoric ongin and
affected by continental events.

Meanwhile, the ion dominance in the groundwater for El-Kharga ared
shows lwo groups:

Group 111 : HCOy>CI'> SO "and Na®> Mg**> Ca™, in 82% of samples.
Group IV : HCO,>Cl'> 50, 7and Na">Ca ':-:-Mgi‘. in 18% of samples.

While the ion dominance reflects an intermediate and advanced stages
of hydrochemical evolution with all the samples has C1-Na type in Baris, this

converted to be an indication of the initial stage of evolution in El-Khargd
wilh HCOy-Na type in 100% the samples.
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iv- Hypothetical salt assemblages

;\cc!.1rd1ng to the chemical aspects mentioned in the jon dominance,
the following groups of salts assemblages are formed in the groundwater of
Baris arca as follows:

Assemblage L NaCl, Na:S0, MgS0,, Mg(HCO,).. Ca(HCOy); (22 % of
samples).

Assemblage 1I: NaCl, NSO, MgS0,, CaSOi Ca(lCOy); (22% of
samples).

Assemblage 1T: NaCl, MgCls, MgSOs. Mg(HCO3):, Ca(l1COy); (12% of
samples).

Assemblage 1V: NaCl, MgCl;, MgS0., CaS0,. Ca(HCO,); (44% of
samples).

Assemblages 1 and IT which represents 44% of groundwater samples,
reflecting the effect of leaching and dissolution of terrestrial salts
(continental facies) (El-Sayed ef al. 2001). The presence of two bicarbonate
calts in assemblages I and 111 reflects the effect of old rain waler on the
groundwater.

Some groundwater samples (12%) are characterized by assemblage
salt T1l (fresh water type). This assemblage represents the meteoric origin of

water which confirmed by the presence of Mg(HCOu):-
Assemblages 1 and 11 are dominated by rNa/rCl ratio mare than unity

and the presence of Na:SO, salt indicating meteoric water. While the
assemblage I1I is considered ns transitions slage between assemblages 1 and

V.
44% of the groundwater samples are characterized by assemblage IV

regardless of total sulinity (Freeze and Cherry, 1979). This assemblage
represents an advanced stage of chemical development reflecting the effect
of marine salt pollution (marine facies groundwater types) with possible
contribution of cation exchange phenomenon resulting from the presence of

the clay intercalated with the Nubian sandstone aquifer.
The hypothetical salts show two assemblages in El-Kharga area:

Assemblage V: NaCl, Na:S0u, NaHCO,, Mg(HCO;):, Ca(HCO;): (B6 of

samples).
Assemblage VI: NaCl, Na,S0;, MgS0;, Mg(HCO;)2. Ca(HCO,): (14% of

samples).

Therefore, groundwater in El-Kharga is characterized by the
presence of three bicarbonate salts in 86% of the samples and two
bicarbonate salts in 14% of the samples. Therefore, an early stage of
evolution was found in the El-Kharga, meanwhile, the four hypothetical salt
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blages in Baris reflects to a greal extent the effect of marine deposits
assem
pollution.
v- lon rafios

lon ratios are important for possible determination of the urigin.u:‘
groundwater and various processes contributing in  water quality
development. The significance of these ratios in the concerned areas can be

evaluated as follows (Table 5):

Sexlium-Chloride ratio (riNa*/rCl) . .
The values of (rNa*#Cl') for most groundwater samples in Baris

(72% of the total samples) and in 38% of samples In El-Kharga are less than

values of seawaler (0.87). The decrease in the concentration of Na' ions may

be attributed to the adsorplion of sodium ions on the fine argillaceous
sediments. Meanwhile, 28% and 62% of the groundwater samples in Baris

and El-Kharga areas, respectively has the values of (fiNa*/rCI) more than |
that of seawater, reflecting meteoric and deep meteoric waler recharge with a |
great extent in confined aquifer (El-Kharga) rather than unconfined (Baris),

TABLE (5). Comparison between ion ratios of groundwater In (he |
unconfined (Baris) and confined (El-Kharga) aquifers,

=

Unconfined Confined
9 novics Low | Migh | Mean | fLow | High | Sean |
frVa*friT) 54 119 B 0 46 249 12
(¢S50, iriY) 01y (E [TE] 0.02 nEs 028
| (rCa” ey 07 1] 13 041 194 RS
(rCEA IO 0T ) 16 1K 1M 0.4 I 93 01l
Na'/K* 15 47 14| 05 51 D)

Sulphate-Chloride ratio (rSO//rCl )

The mean values of (eSOPNCI) ratio increase as the salinity of
groundwater samples increases in both areas. This means that the solubility
of sulphate mineral components gradually increased in the hydrochemical
composition by moving towards the recharge area. The values of (SO, /tCl
) are more related 1o the value of rainwater (0.5), which reflected the
meteoric rainwaler origin of groundwater,

Calcium-Magnesium ratio (rCa’ Mg’

In most of investigated groundwarer samples in Baris area, Ca™
cxc‘.:.-e‘ds Mg™ (regardless of water salinity). On the other hand, Mg®* exceeds
Ca™ in most groundwater samples in El-Kharga. So, the data reveals that;
groundwater in the unconfined aquifer is mostly affected by terrestrial
;?c":;'-‘ﬂ (such as gypsum and anhydrite) confirming the results obtalned from

Meanwhile, the values of (rCa**/tMg™) are more related to the value

ul‘_r:.:inwm::r in both areas (2.16), which also reflects the meteoric rainwater
ongin of groundwater,
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Chloride-Bicarbonate and Carbonate ratio (rCl/({HCO;+CO;"

_ Sim::lﬂuﬂ. (1946) and Todd, (1959) categorized gr;undw:lir according
to this ratio as follows: normal good groundwater (less than 1), slightly
Eﬂ“lﬂm‘nﬂ‘ﬂd Wfllﬁr {mDI‘I: Ihﬂn I and less than 1)' mmi:ra[ely contaminated
water (2-0), seriously contaminated water (6-15) and high[ty contaminated
water (more than 15). The values of (rClI/r(HCOy+COy7) ratio in the
groundwater samples at Baris are ranged from 1.6-2.8, which is less than that
in scawater (220) and more than rainwater (0.68). These values reflect
slightly to moderately contaminated water, and that the groundwater in this
area have meteoric water origin probably affected, to less extent, by traces of
marine deposits.

lon ratios also show a better groundwater quality in the north (El-
Kharga) as the values of rCI/r(HCOy+CO,") in 82% of the samples are less
than 1 and between 1-2 in 18% of the samples.

Sodium-Potassium ratio (Na*/K*)

The ratio of Na/K (in mg/l) is very important, since it points out the
extent to which leaching of shally deposits rich in adsorbed Na takes place.
K ion concentration in the groundwater of both areas derived from the
alteration of the acidic granitic rocks highly enriched with K-feldspars. The
values of Na/K are varied from 1.5 to 4.69 with a mean value of 2.41, and
0.5 to 5.7 with a mean value of 1,79 in the unconfined (Baris) and confined
(El-Kharga) aquifers, respectively. The constant values of K ions in Baris
and El-Kharga areas (mean values of; 26.6 and 26.8, respectively) point out
1o that the increase in No/K is due to the increase in Na ion concentration.
Therefore. the increase in Na/K ratio in the unconfined aquifer may be
attributed to leaching and dissolution of deposits rich in Na jons.

Chemical classification
For the classification of the chemical data, samples are plotted on

Piper's diagram (Fig. 7). In general, fresh groundwater samples will land
near the area labeled as “f resh™ while pure seawater will plot near the “sea™
label, Water that results from conservalive mixing (mixing without ion
exchange reactions) between the fresh water and seawater would plot along
the line labeled “mixing™. Also, leaching may occur between fresh
groundwater and aquifer with marine conditions.

Thus, ion exchange reactions will often occur between the
groundwater and the aquifer materials, which alter the chemical composition
of the water. This change in chemical composition results in a deviation
from the conservative mixing line on the Piper's diagram, moving the point
upward into the upper portion of the diamond during leaching with the
aquifer material, and downward toward the lower portion of the diamond

during freshening.
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So, Piper's diagram suggested that leaching and dissolution of freq),
water with marine deposits mostly affect the groundwater sumples in Darig
oasis. Meanwhile, fresh water type is found in case of El-Kharga oasis.

These results suggested that the energy of the groundwater plays an
important role in the differentiation between chemisiry of the unconfingg
and confined waters. As in case of unconfined aquifer, groundwater is 2
“free water table” i.e., in dynamic state, having high energy 1o move up and
down, therefore, can interact easily with aquifer matrix. But in case of
confined aquifer, groundwater is in static condition having low energy lo
move and therefore, low possibility to interact with aquifer matrix,

Minor and trace constituents in the groundwater

For a better judgment on the water quality, a complete analyses for
minor and trace constituents of the groundwater samples in Baris area were
made. These include halogens (Br, I and F), phosphate, silicate, boron and
all the available heavy metals (AL, Cd*, Co™, Cr™*, Cu®*, Mo, Pb*, S,
Mn™, total Fe, V*, Zn™, and Se*), The results of these analyses are
summarized in table (2), from which the following can be conducted:

The concentrations of Br and I in the samples are less than that of
scawater (Br = |72 and I' = 0.48 mg/1). The very low concentrations of these
elements (average; Br' = 0.66 and T = 0.00069 mg/l) indicating meteoric
origin of the groundwater samples.

Fluoride on the other hand has a chemical behavior different to that of
the other halogens, and some of these differences are evident in its behavior
in natural water (Hem, 1989). It is almost all tied up in rock minerals, and
only a small percentage of the total is contained in scawater, Therefore, the
existence of fluoride jons may be due to leaching and dissolution with rock
riches with fluoride minerals, The concentration of fluoride is varied from
0.21 to 0.71 mg/l with an average value of 0.41 mg/l.

Phosphate concentrations are ranged from 0.01 to 00,58 mg/l with an
average value of 0.14 mg/l indicating very low contents of such constituents
in the groundwater,

A very low concentration of boron content ranged from 0.013 1o 0.069
mg/l (with an average value of 0.03] mg/l) is found in the groundwater
samples.

On the other hand, the concentration of the above constituents did not
show a significance change in the north part (El-Kharga). s

The concentrations of A1™, Cd¥, Co®, Cr*, Cu™, Mo¥, Pb™, S**"
v, Zn*, and Se® in both areas are very low; generally bellow the
acceptable limits for pollution according to WHO guideline,

The concentration of silicate in the groundwater samples is varied
from nil up 10 23.9 mg/l with a mean value of 9.2 mg/l in Baris. Meanwhile,
a slightly higher concentration of silicate was found in El-Kharga (Si0:
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ranges form nil 10 34.3 mg/l with mean value 9.7 mg/l). The mineralogical
composition of the materials in contact with the groundwater is the most
important [actor controlling the amount of silicate in water. Therefore, the
higher :unccntraliun of silicale found might be attributed to that the
groundwater is in equilibrium with clay minerals, some amorphous silica and
siliceous rock-forming minerals. Also, the higher silicate in El-Kharga may
be due to the higher temperature of the confined aquifer rather than the
unconfined one.

Groundwater in Baris has slightly higher concentration of Mn®* and a
higher concentration of total Fe, Manganese contents ranged from 0.008 to
0.35 mgfl, while that of iron is from 0.1 10 6.5 mg/l. The higher
concentration of iron may be attributed to the inleraction between
groundwater and minerals of aquifer matrices, which leads to the release of
soluble iron ion. Iron presents in igneous rocks, sulfide minerals (pyrite) and
oxides minerals (magnetite). In sandstone iron oxide, carbonate and
hydroxide are often present in the cementing material in acceptable
percentages. Iron is present in the form of oxide carbonate and sulfide in
shales and as a minor impurity in most carbonate rocks. In addition 1o
solution from such natural sources iron may be added to groundwater from
contact and/or corrosion with well casing, pump parts, piping and other iron
objects that may be in contact with the water.

The concentration of manganese and iron is generally low in El-
Kharga (mean; 0.17 and 1.1 mg/l, respectively) compared with Baris. This is
confirmed by the higher Eh values found in the north (El-Kharga) rather to
the south (Baris). Meanwhile, concentrations of 8.1 and 32.1 mg/l for
manganese and iron, respectively, are detected in Genah area (located in the
border between the two areas), These higher concentrations arc followed by
a higher sulphate content (320 mgfl) and lower pH value (5.8), revealing a
source of pyrite located in El-Kharga. Thus, the reduction of this pyrite in
the aquifer will followed by higher iron concentration, also, when pyrite is
oxidized, as the groundwater reach the atmosphere, higher sulphale
concentration and lower pH will be found.
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CONCLUSION

In the present study, the physical and chemical characteristics ol the
groundwater are used to differentiate between the groundwater under
unconfined aquifer in Baris oasis and the groundwater under confined
system in El-kharga oasis in the Western Desert of Egypt. Groundwater In
the unconflined aquiler is characterized by:

l. Relatively low temperatures (mean value; 33.8°C), low Eh (mcan value;
-79.6 mV), low PCO; (mean value; 31.47x10") and low silicales (mean
value; 9.2 mg/l).

2. High pH (mean value; 7.4), high DO (mean value; 1.52 mg/l), high
salinity (mean value; 395.2 mg/l), high NCS (mean value; 64.7 mg/l),
high iron (mean value; 2.38 mgfl) and high manganese (mean value;
0.22 mgfl).

3, Classified according to TH to be from moderately to very hard samples;
with $6% of the samples showing permanent rather than temporary
hardness.

4. lon dominance, hypathetical sall assemblage and ion ratios  show
intermediate and advanced stages of hydrochemical evolution of the
groundwater with Cl-Na water type suggesting the cffect of leaching und
Jissolution of fresh water with marine deposits mostly affecting the
groundwater in this aquifer.

5. According to Piper's dlagram groundwater is classified os sccondary
salimily.

Meanwhile, the confined aquifer is characterized by:

I. Relatively, high temperatures (mean value; 16.8°C), high Eh (mean
value: -63 mV), high PCO; (mean value; 5.68x10™") and high silicates
(mean value; 9.7 mg/)

2. Low pHl (mean value; 7.03, low DO (mean value; 0.58 mg/l), low
salinity {mean value; 251.3 mg/l), low NCS (mean value; 115 mgfl),
low iron (mean value; 1.1 mg/1) and low manganese {mean value; 0.17

mg/1).
3. Classified according to TH to be moderately hard with the disappearance

of permanent hardness. |
4. lon dominance, hypothetical sult assemblage and ion ratios show initial

stage of hydrochemical evolulion of the groundwater with HCO;-Na

water type suggesting fresh water in this aquifer.
5. According to Piper's diagram groundiater is classified as primary
alkalinity.

Also, better groundwater quality was found in El-Kharga rather than
Baris, as the groundwater in both areas has melteoric origin, but it is mostly
highly affected by leaching and dissolution with marine and continental
deposits in Bans.
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f the groundwater whicl
ults may be attributed to energy 0
. o r:j;n the chemistry difference between the unconfined

i ant rul
plays an impor In the unconfined aquifer, groundwater has a "free

fined waters. d aqu
Et:c:?;‘h;c' i.c. in a dynamic state, having high energy to move. Therefore,

groundwater can readily interact with dissolvable salts. This leads to specific

characteristics of the unconfined aquifer. : . |
But in case of confined aquifer, groundwater is almost in static
condition having low energy to move and therefore, low possibility to

interact with aquifer matrix. Therefore, groundwater has better quality,
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