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ABSTRACT

The Quaternary sediments in the area between Wadi Qena and Wadi
Mathula represent an important aquifer both in the floodplain area and in the
desert fringes. The Nubian Sandstone rocks represent another aquifer, in which
has groundwater "exists under high artesian condition. All wells tapping these
rocks are flowing and have relatively high temperature water (47°C).

The potentiometric map reveals that the Quaternary aquifer, under the
floodplain area, has water level in the range from 65 to 70m (above sea level),
while it varies from 70 to 115m under the desert fringes and along the wadies. The
flow direction of groundwater is from the desert fringes to the floodplain areas.
The source of groundwater recharge is mainly from the irrigation system in the
Nile Valley and secondary from the underflow from the catchments areas of wadi
Qena and wadi El-Mathula which receive heavy rainfalls during winter months
every few years. The aquifers are discharged by pumping from the drilled wells
which used for irrigation purposes, as well as by seepage to the Nile River.

The groundwater salinity of the Quaternary aquifer varies from fresh to
brackish which has an average TDS value from 728 to 3308 mg/l. In the Nubian
Sandstone aquifer, the groundwater salinity ranges from 1531 to 2187 ppm.

- The water chemistry of the study area indicates that sodium ions represent
the main dominating cation, while chloride and sulphate are the main dominating
anions. The high concentration of these ions in the groundwater of the desert
fringes may be related to leaching processes of highly soluble minerals, which has
high effect in the geochemistry of the groundwater in its flow path.

The hypothetical salt combination revealed the presence of different salts
arranged in terms of their predominance as: NaCl, Na;SO4, MgSOy4, Ca(HCOs3),,
Mg(HCOs);, CaSOy4 , KCL and NaHCO:s.
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The suitable water for drinking includes all the groundwater of the
floodplain area, while the majority of the groundwater under the desert fringes is
unsuitable for drinking. The groundwater from the Nubian Sandstone aquifer is

slightly suitable for drinking.

According to the Sodium Adsorption Ratio (SAR) values, all groundwater
samples from the floodplain areas are suitable for irrigation and can be used for all
soil types. Under the desert fringes, 10% of the groundwater is suitable, 59% is
moderately suitable, 29% is fairly suitable and 2% is unsuitable for irrigation
purposes. All the groundwater samples from the Nubian sandstone aquifer are

moderately suitable for irrigation.

More effective monitoring programs are recommended to be installed, and
environmental impact assessment (EIA) studies are required by law for all new
major projects that can adversely affect the quality of groundwater. Projects prior
to the EIA requirement should be reviewed and, if necessary, modified. The
present study offers a valuable basis for land-use planning and sustainable
groundwater management in the studied area.

Keywords: floodplain area, the desert fringes, wadi Qena, wadi El-Mathula, water
suitability -
INTRODUCTION

The study area located to the east of the Nile; it is located within the
transitional zone between the Eastern desert and the Nile valley. It extends
between latitudes 25° 50' - 26° 33' N and longitudes 32° 40' - 33° 10' E and
bounded by two major wadies in the south valley region (Wadi Qena and Wadi El
Mathula), Fig.1. It is characterized by simple topography follows the regional
northwest slopes towards the Nile. The average ground elevation varies from
about 72 m above sea level in the western part (cultivated area) to about 126 m
above sea level in the eastern part with a gentle slope to the northwest.

* It covers a region that includes both the floodplain and the desert fringes which
extends to the downstream of the wadis. During the last decade, a strip of the
desert fringes has been reclaimed and irrigated completely with groundwater (Fig
2). In the near future, this area considers an important desert area for building new
settlements (new Qena city, new Qift city, new industrial areas, etc.) and for new
reclamation. These activities required a groundwater quality suitable for drinking,

domestic and agricultural purposes.
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Fig. (i): The location and the main landforms of the studied area

The sustainable use of water requires a thorough understanding of the local geology,
hydrogeology and hydrgeochemistry. Therefore the purpose of this paper is to study
the geology, hydrogeology and to analyze the major constitutes of the groundwater
from the different aquifers and to obtain a comprehensive picture of the quality of

the groundwater in the studied area.
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Fig. (2): Photographs showing new reclaimed areas (Desert fringes).

TOPOGRAPHIC FEATURES

In the study area, the landforms are mainly of sedimentary origin and can be
summarized as follows (Fig. 1): ~
2- The desert fringes of the Nile valley.
3- The calcareous structural platean.
4- The desert hydrographic pattern.
In the following a brief description of each feature is given.
1- The young alluvial plains (The Nile Floodplains)

The young alluvial plains form the cultivated lands bordering the stream of the
Nile River on the east and west sides. The young alluvial plains are almost flat
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and gently slope from south {o north with an average ground elevation of about 72
m above sca level. The surface of such plain is underlain by silt deposited
possibly during Neolithic times (said, 1981)

2- The old alluvial plains (the desert fringes of the Nile valley)

"These old plains fringe the Nile valley from both sides and exist as terraces
found at vary heights above the young alluvial plains. The average ground
elevation, above sca level, varies from about 72 m close to the floodplain area to
about 126 m castword with a gentle slope to the northwest. The terraces were
formed as a1 result of the aggradations and degradation of the Nile valley relative
o the custatic changes of the ultimate base level of the Mediterranean (Ball:
1939). In some localities, these terraces were removed by water erosion.

<

3- The calcaveous strecture plateau.

The plateau in Qena area is composed of Limestone. The River cuts it
Own stream through that plateau dividing it into two portions, one to east of the
river and (he other is 1o west, both of them are terminated with cliffs overlooking
the flood plain. The Eastern plateau has an irregular surface, and rises to more

than -+450 m.
4- The desert hydrog avhic patterns

These are natural drainage lines that have the shape of elongated deeply
incised depressions or gullies opened to the Nile valley. They cut the escarpment
of the calcareous plateau as dry wadis and constitute a portion of the hydrographic
pattern toward the Nile River e.g. Wadi Qena, wadi El Mathula and W. El Surai
(Fig. 1). The origin of the. = wadis is believed to be due to faulting, modified later
by erosion and deposition of young Quaternary sediments.

GEOLOGICAL SETTING

The study area is built up mainly of Quaternary sediments that bounded from the
east by the Lower Eocene limestone plateau (Fig. 3). Information about the
lithostratigraphic units of Upper Cretaceous - Lower Eocene exposures, along the
central part ol the Eastern Desert, is found in the work of Abd El Razik (1972)
and Said (1962, 1981, and 1990) Sandford (1929 and 1934).
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Fig. (3): Geological map of the studied area (after CONOCO, 1987)

The Quaternary deposits, which forming the main aquifer at the studied area, can
be subdivided into the following units according to Said's classification (1981),
figure 4:

i) Recent deposits (Qw): these deposits comprise unconsolidated sediments of
terrestrial origin represented by wadi filling and sand deposits. The wadi filling is
composed of gravels of different sizes with washed macrofossils and nummulitic
in sandy, limy and clayey matrix which is derived from the adjacent limestone
platean. Sand deposits are represented as sand drifts along the foot of the scarps,
and wind-blown sand sheets covering most of the slopes of the elevated plateaus.
ii) Neonile sediments (Q3): represent the last and extant river (the Neonile)
occupying the valley of the Nile that rests over the eroded surface of the Prenile
sediments with a marked unconformity. They are made up of the modern Nile silts
and fluvatile sands which belong to the Late Pleistocene and the Holocene.
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iii) The Prenile sediments (Q2): they outcropped in the southwestern part of the
studied area and obscured beneath the recent sediments (Qw) along the wadi
course (Fig. 4). They are represent by Qena Formation which is made up of cross
bedded fluvial sands and gravel with minor clay beds. It overlies the Late Pliocene
sediments (Madamoud Formation). The composite thickness of the formation
including the subsurface graded sands and gravel unit exceeds 70m.

iv) Paleonile/Protonile interval sediments (Tplu/QI): this interval was essentially
one of great seismicity during which the climate was exceedingly arid. The
resulting sediments from this pluvial phase which were deposited over the eroded
surface of the Paleonile sediments were shared mainly into two formations
(Armant and Issawia formations). The Armant Formation constitutes the early part
of the hybrid Paleonile/Protonile interval and made up of conglomeritic deposit
that crop out along the foot slopes of the bounding cliffs of the valley and in the
delta of wadi Qena. Its thickness ranges from few meters to more than 40m. The
Isawia Formation follows on top of Armant one and made up of massive rubble
breccias, marl, clay and travertine. 4

v) The Paleonile (Tplu), Madamoud Formation: sediments belonging to the
Paleonile river system consist of a long series of interbedded red-brown clays and
thin fine-grained sand and silt laminae which crop out along the banks of the

valley.
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Fig. 4: Transverse geologic cross sections along Wadi Qena
(after Said, 1981 and Selim et al, 2007)
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HYDROGEUOLOGICAL SETTING

At the study area, the Quaternary sediments represent the main aquifer in both the
floodplain and the desert fringe areas. Most of wells in thc area are partially
penetrating this aquifer, where the total depth of these wells varies from 15m in
the Nile floodplains (the traditional cultivated land) to 200 m in the Desert {ringes
(reclaimed areas), (Mahmoud, 2005).

The Quaternary sediments are made up of successive layers of fluvial sands and
gravels with minor clay intercalations (Prenile, Qena Formation). In the floodplain
area, the Quaternary aquifer is capped with the Neonile silt and fine-grained sand
that constitutes the base of the cultivated lands, which is replaced by the rccent
sediments (Qw) in the desert fringes. Therefore, the aquifer system is under semi-
confined condition in the floodplain, but it is under unconfined condition in the
desert fringes. In some locations of the desert fringe, the Nubian Sandstonc
aquifer was detected by deep drilling actions. In the study arca. all wells tapping
the Nubian sandstone are flowing artesian wells with water of high temperature,
so the Nubian aquifer in this area has high artesian conditions {I'ig. 5).

In the Quaternary aquifer, the depth to groundwater ranges {rom 5.0 m. to 40m.
The hydrogeological data from the drilled wells (in Mar. 2008) is used for the
construction of a potentiometric map of the Quaternary aquifer (Fig. 6). The map
shows that the Quaternary aquifer has water level ranges between 65 and 70m
(above sea level) in the floodplain area, while 1t varies between 70 and 115m at
the desert fringes and along the wadies. Also the map indicates that the
groundwater flow is from the desert fringes to the floodplain areas.

The recharge to the aquifer is mainly from the irrigation system in the Nile Valley,
Secondary source of groundwater recharge is the underflow from the catchments
areas of wadi Qena and wadi El-Mathula which receive heavy rainfalls during
winter months each few years. The aquifers are discharging by pumping from the
drilled wells which are being used for irrigation purposes, as well as by seepage to
the Nile River. Generally, the relief of the studied area influences to wide extent
the flow of the groundwater in the Quaternary aquifer, Rashed et al (2006).

88



MH YDROGEOCHEMICAL ASSESSMENT OF GROUNDWATER AT THE AREA

—

Fig (5) Photos showimng the artesian
well tapping the Nubian sandstone
aquifer

Fig (6) Potentiometric map of the
studied area.

HYDROGEOCHEMICAL CHARACTERISTICS

In Mars 2008, a total of 101 groundwater samples were collected from the
Quaternary aquifer (88 samples from the desert fringes and 7 from the Nile
floodplain) and from Nubian aquifer (6 samples). These samples were analyzed to
determine the concentration of major ions (Table 1). The results of the chemical
analyses were used to understand the various possibilities for water recharge,
movement and mixing in the study area.

Physical properties of the groundwater .

According to the results of chemical analyses, the pH values range between 6.2 and
7. 5 which shows that groundwater 1s slightly acid to alkaline.
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The measured temperature of the water of the Quaternary aquifer was
natural of approximately 25°C, but the Nubian aquifer shows a slightly high
temperature, where it reaches 47°C. The high temperature is related to the deep
situation of this water, and its presence under high hydraulic pressure (artesian
conditions). ‘

The total hardness values range between 154 and 2152 ppm showing
general increase toward the desert fringes and decrease toward the floodplain arca.
The groundwater classes according to the total hardness are 3% moderately hard
water, 52% very hard water, and 45% lies in the range of excessively hard water
(Fig. 7). The predominance class is the very hard water, mainly at the studied
area.

0 Soft weater

0 Moderately
hard water

&= Very hard
weater

OE«ecessively
Hard water

Desent Fringes Flaadplain srea Pbisn Sardstone aoiter

Fig. (7): Graphical presentation of the total hardness of the groundwater at the
studied area. ‘

Higher values of EC (average of 5168) are recorded in the groundwater of
the desert fringes area indicating a longer residence time and less circulation of
the groundwater.

4 The distribution of TDS in the groundwater of the study area is presented
in Table 1. In the floodplain area, the TDS value is relatively low and ranges from
368 to 1026 mg/l with an average of 728 mg/l. The fresh character of the
groundwater of this arca may be related to its connection to water of the Nile
River directly or through the irrigation system.

The majority of the groundwater sampled from the desert fringes area show high
TDS values (Fig. 8), where there average values are 3308 mg/I in the Quaternary
aquifer and 1831 mg/l in the Nubian sandstone aquifer (Table 1). The high salinity
values of the Quaternary aquifer, under this area, may be related to dissolving of
natural salts from the host sediments and from soil during rains and irrigations
that percolate to the aquifer to increase its salinity. The moderate salinity of the
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Nubian sandstone aquifer (relative to the Quaternary aquifer) may be due to its
seasonal recharge by the rain water from fissures in the basement rocks of the Red
~Sea hills. A narrow strip to the western part of the desert fringes is subjected to
mixing and dilution from the fresh water of the floodplain sector. This led to the
lowering of the TDS of the Quaternary aquifer along this strip (TDS range between
1000 and 2000mg/1).
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Fig. (8): Salinity map of the groundwater at the studied area.
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Major ions concentration and distribution

The hydrochemical properties of groundwater samples collected from the studied
area are shown in Table 1. Most samples were from boreholes tapping the
Quaternary aquif@r at/the desert fringes area.

Under the flOodplam area, the chemical composition of the groundwater is
dominated by Sodium Na" and Bicarbonate ICO; (Table 1). The high
concentration of HCO5; = indicates the intense chemical weathering processes
taking place in this aquifer. Natural processes such as the dissolution of carbonate
minerals and of soil CO; gas could be a mechanism which supplies HCO; ~ to the
groundwater of the Quaternary aquifer.

Under the desert fringes, Na™ and CI” are dominant in the groundwater of
both the Quaternary and the Nubian sandstone aquifers (Table 1). In general, all
chemical constituents have shown an increase in their concentrations under the
desert fringes. The high concentration of these ions may be related to leaching
processes of highly soluble minerals, which has high effect in the geochemistry of
the groundwater in its flow path.

Sulphate (SQ4” ) is the next in abundance and constitutes an average of 138, 932
and 429 mg/] to the total ions in floodplain, fringes and the Nubian sandstone
water samples, respectively. In the studied area, the sources of sulphate include
the dissolution of sulphide minerals, rainfall and fertilizers.

Thus, the order of cations abundance in both floodplain and desert fringes is
Na'> Ca*" > Mg? > K'. Among the anions, the order of their abundance in both
the floodplain and the desert fringes are HCO3; = > SOy > S CI"and CI” > SO4
HCO; 7, respectively (Fig. 8).

Groundwater genesis

The hydrochemical parameters (rK/rCl, rNa/rCl, tMg/rCl, rCa/rC] and rSO4/rCL.)
are useful in comparing water from different sources and to define its genesis. The
standard values for sea water are 0.0181, 0.8537, 0.1986, 0.0385 and 0.103
respectively (Ovchinnikov, 1955). In the study area, the values of these
parameters are greater than the standard values of normal sea water indicating
meteoric origin of the groundwater.

The meteoric genesis of groundwater can be detected using the hydrochemical

parameter (K +rNa) -rCl ) jis value ranging between 0.098 and 2.86 that the
rSO4

majority of the groundwater (60%) belonging to the surface and shallow meteoric

water type, while the other are deep meteoric genesis.

92



HYDROGEOCHEMICAL ASSESSMENT OF GROUNDWATER AT THE AREA

Table (1): The results of the chemical analyses for the groundwater samples collected
from the Quaternary aquifer and from the Nubian sandstone aquifer (units in mg/1).

The Quaternary aquifer (Nile Valley desert fringes)

pH EC TDS | Ca™* | Mg~ | Na' | K | HCO3 | SO4~ | CI | SAR

7.0 | 57056 | 3651.6 | 146.4 | 108.1 | 10317 | 255 | 213.5 | 99890 | 11276 | 158

6.8 7071.0 45255 | 1643 ] 1159 | 1310.8 ] 27.9 1 217.8 | 13794 ] 1309.4 19.1
6.2 8731.8 55883 | 310.8 | 2154 | 1329.6 | 47.9 | 103.7 | 1603.8 | 1977.2 142

___S_"_‘ng;_)le No

17667 134146 | 8585.3 | 342.0 | 301.6 | 2407.7 | 73.8 | 1464 | 2346.1 | 29678 | 329
6.5 | 95442 | 61083 | 2739 | 190.2 | 16608 | 43.8 | 1403 | 1821.1 | 19782 | 189
63 8990.0 | 57536 | 2672 | 2124 | 15188 | 369 | 219.6 | 1661.8 | 18369 | 168
73 1 130654 | 83618 | 3153 | 281.6 | 2319.0 | 63.9 | 1037 123008 | 28785 | 229
6.9 | 120773 | 77295 | 3939 | 2540 | 2051.0 | 769 | 1525 | 228371 | 25190 | 198
"6.6 | 784090 | 53817 | 67.0 | 145.01 | 1720.7 | 369 1098 114000 | 18822 | 27.1
6.6 | 111038 | 71064 | 332.1 | 2043 | 1978.8 | 53.8 | 1708 | 2071.7 | 22949 | 211
64 | 757037 [ 36504 | 919 [ 72.0 | 1132.0 | 209 | 2969 | 10428 | 9939 | 215
62 | 97770 | 62573 | 2279 | 2038 | 1768.3 | 453 | 322.8 | 17032 | 19850 | 205
6.3 00651 | 5801.7 | 2458 | 190.8 | 1561.1 | 388 | 3135 | 17652 | 16864 | 182
6.8 | 39248 | 25118 | 725 | 65.4 | 7423 | 183 | 1769 | 646.0 | 790.5 152
1768 3780.1 | 24193 | 624 | 557 | 717.8 | 382 | 276.6 | 5123 | 7563 15.9
68 | 28931 1851.6 | 414 | 318 | 5549 | 138 ] 2745 | 5150 | 4203 15.8
70 | 23494 | 15036 | 421 | 332 | 393.7 | 13.8 [ 3558 [ 3369 | 3281 170

6.2 10262.6 | 6568.1 | 267.2 | 237.8 | 17994 | 56.9 | 128.1 1838.3 { 22404 19.3

1727727089 | 17337 | 240 | 324 | 4973 | 1387| 4636 | 4065 |2960 | 136
72 7586.8 1655.6 | 240 | 308 | 4920 | 69 | 4270 | 3373 | 3376 | 157
74 22016 14090 | 287 | 246 | 4190 | 138 | 2379 13563 | 32838 39
773 | 20889 | 13369 | 624 | 467 | 3195 | 13§ | 2745 | 2431 [ 3769 74
71 28496 18238 | 468 | 329 | 5549 [ 38| 170.8 | 527.7 | 4769 152
747 731093 19900 | 508 | 357 | 5378 | 344 | 359.9 | 5273 | 4442 141
72| 26704 1709777 410 | 343 | 5099 | 138 | 2196 | 4632 | 4273 142
73 5533.3 | 35413 961 | 819 | 1029.6 | 55.0 | 3963 | 9413 | 9411 1876
6.9 36923 | 2363.1 | 42.8 | 519 [ 751.0 | 169 | 1642 | 6249 | 7114 183
75 1733526 | 21457 | 622 | 432 | 6408 | 13.8 | 2196 | 653.1 | 5131 153
6.9 28132 18004 | 62.8 | 387 | 5280 | 12.0 | 2252 | 416.7 | 516.1 129
74 37637 | 2088.5 | 528 | 49.7 | 6278 | 138 | 2318 | 529.6 | 5829 | 149
747741358 | 26460 | 664 | 525 | 8108 | 382 | 2472 | 5702 | 8617 | 180
74 33665 | 21545 | 708 | 438 | 5849 [55.0 | 347.7 | 5421 | 5103 135
6.7 2617.7 16753 | 65.6 | 41.0 | 4628 | 135 | 2557 | 4327 | 4040 1.0
63 23811 15230 | 414 | 315 | 4659 | 92 | 1664 | 3676 | 4419 133
6.4 3073.0 | 2542.7 | 62.2 | 485 | 7883 | 13.9 | 2035 | 7741 | 652.1 182
65 56440 | 36122 | 843 | 669 | 11236 | 19.1 | 2901 | 1076.6 | 9517 3232
6.8 7664.0 1704.9 | 480 | 32.8 | 5184 | 11.5 | 1847 | 4417 | 4678 | 141 |
6.8 37084 | 23734 | 525 | 516 | 7447 | 146 | 1947 | 601.7 | 713.6 175
73 33363 | 21480 | 508 | 453 | 6675 | 12.6 | 1847 | 5624 | 6247 16.4
7.3 7414.0 15445 | 654 | 515 | 3872 | 98 | 3355 | 353.0 | 3424 8.7
6.7 40948 | 2620.7 | 1096 | 685 | 7138 | 19.0 | 2535 | 6944 [ 7619 132
6.3 50466 | 32298 | 963 | 659 | 973.3 | 19.1 | 3245 | 890.1U [ 8605 187
6.8 52433 133557 | 113.7 | 1089 | 891.6 | 221 | 1952 | 1047.7 | 9765 143

7.2 1930.1 12353 | 454 | 340 | 3273 2730 89
6.9 34569 122124 | 595 | 524 | 6623 6239 151
50 | 38404 | 745797 625 | 519 | 7533 6963 170
6.7 S5TITS | 32713 | 842 [ 7T17717994% 8753 197 °
69 | T3S03 Y I TRl TS0 [ eTA 6343 | 153
69 | Aar7a7 [ 267IR | 882 730 | 427 _ 6815 142
6.8 | 32205 | 206117 561 | 438 | 6184 . . . 553.0 15.0
772 25278 T617.8 [ 507 (T 370 | 4819 [ 98 {1908 | 371.6 | 4759 12.5
T 728039 1179457 615 | 423 ['513.6 [ 1057 [ 2457 [461.7 | 4593 | 123
6.8 1855.5 11875 | 468 | 389 | 302.1 | 74 | 2379 | 3134 | 2411 79
6.7 1944 1244 | 340 | 276 | 3323 | 5.6 | 3304 | 3167 | 1973 103
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HYDROGEOCHEMICAL ASSESSMENT OF GROUNDWATER AT THE AREA

The Nubian sandstone aquifer

Sample No | pH EC TDS | Ca™ | Mg™ | Na* | K' | HCO3 | SO4~ Cr | SAR
D1 71 | 23929 | 15315 | 59.5 | 36.7 | 4328 | 124 | 229.1 | 3225 | 4385 | 109
D2 67 | 27551 | 1763.2 | 401 | 340 | 519.0 | 169 | 280.6 | 4464 | 4262 | 146
D3 70 | 29766 | 1905.0 | 585 | 412 | 5780 | 129 ] 2196 | 382.0 | 6129 | 142
D4 7.0 | 25318 | 16203 | 622 | 434 | 4494 | 102 | 2587 | 3633 | 4332 | 107
DS 74 | 34177 | 21873 | 57.8 | 490 | 6738 | 141 | 219.1 | 4678 | 7056 | 158
D6 7.2 3091.7 1978.7 | 62.2 46.3 5709 | 109 | 2435 592.4 452.5 13.4

__Average 7.0 2861.0 1831.0 | 56.7 41.8 5373 | 129 | 241.8 | 4290 | Si1.5 | 132
Minimum 6.7 2392.9 15315 | 40.1 34.0 4328 | 10.2]| 219 3225 426.2 10.7
Maximum 7.4 3417.7 21873 | 622 49.0 6738 | 16.9 | 2806 592.4 705.6 15.8
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. 9 Graphical representation of variations in mean concentration of

in the different aquifersthe chemical constituents

rNa+rK/rCl also give an indication about the genesis and origin of the
groundwater. In marine or sea water it ranges between 0.85 and 0.87, while in the
meteoric water it is more than unity. The calculations of rNatrK/rCl ratio reveal
that it ranges between 1.06 and 4.02. According to these calculations, it is clear
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that all the collected groundwater samples from the study area are of meteoric
origin.

Hypothetical salt combination

The hypothetical salt combination of the groundwater samples revealed the

presence of the following groups of most salt assemblages:

“NaCl > Na,SO, > Mg(HCO3), > Ca(HCOs), - NaCl > Na; SO > MgSOs>
Ca(HCOs),

- NaCl > Na,SQ,4 > MgSO4> CaS0O, - NaCl > NapSO4 >
Ca(HCO3); > MgS0Oqy

- NaCl> MgSO,4 > Na2S04 > CaS0Oy - Na,SO,4 > NaCl >
Ca(HCO3)2

- Na,SO4 > Mg(HCOs), > Ca(HCO3), - Mg(HCO3); > Ca(HCO3), >
NaHCO4

The hypothetical salt combination revealed the presence of different salts arranged
in terms of their predominant as NaCl, Na;SO4, MgS04, Ca(HCO3),, Mg(HCO3),,
CaSO,, KCL and NaHCO; where the average of equivalent percentage is 50.13%,
23.77%, 10.11%, 7.9%, 3.78%, 2.89%, 1.1% and 0.32% respectively.

Hydrochemical genetic classification

The groundwater samples in the investigated area interpreted and classified by
using Trilinear diagram of Piper (1944) and Schoeller’s diagram (1962), using
UN. GWW software program (1994).

The trilinear diagram (Fig. 10) shows two hydrochemical facies: Na-HCO3-SO, in
the floodplain area and Na-Cl-SOy in the desert fringes Quaternary and Nubian

sandstone aquifers.
Schoeller diagram (Fig. 11), reveals a high of sodium, chloride and sulphate ions

which indicates that the dominant salts, in the studied area, are sodium chloride
and sodium sulphate.
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Fig. (10): Piper trilinear diagram for the
groundwater samples in the study area.
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Fig. (11): Schoeller diagram
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dwater samples in the study arca

GROUNDWATER QUALITY

1- Groundwater suitability for drinking and domestic uses:

Fig. 12 shows a comparison between the chemical analysis of the collected water
samples and the maximum acceptable concentration for drinking water according
to the World Health Organization (1996). According to this figure, the
groundwater quality of the study area can be classified as follow:

1- Suitable water for drinking includes all the groundwater at the floodplain areas,
while the groundwater from the Nubian Sandstone aquifer is slightly suitable.

2- The majority of the groundwater under the desert fringes is unsuitable for

drinking.
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3500 ; _
3000 B Nubian o1 Desert f.
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1000

Fig. (12): Groundwater suitability for drinking according to WHO, (1996).

According to the degree of hardness, classified in terms of calcium carbonate
concentration (Ayers et al, 1994), two water categories can be distinguished.
Water can be used for laundry purposes (TH <180ppm), as some of the water
sampled from the floodplain area. The second category is water of TH > 180ppm
that can't be used for domestic use. They include all the wells of the desert fringes

area and of the Nubian aquifer.

2- Groundwater suitability for irrigation purposes

a- According to the Sodium Adsorption Ratio

The SAR values of the Quaternary aquifer show that all of the groundwater
sampled from the floodplain areas is suitable for irrigation and can be used for all
soil types. Under the desert fringes 10% of the groundwater is suitable, 59% is
moderately suitable, 29% is fairly suitable and 2% is unsuitable for irrigation
purposes (the US salinity laboratory staff, 1954). All The groundwater sampled
from the Nubian sandstone aquifer is moderately suitable for irrigation.

These results indicate that the majority of the groundwater in the studied area is
moderately suitable and can be used for irrigation of sandy soils with good
permeability. The unsuitable water can be used for soils with adequate drainage,

special management and using plants with good salt tolerance.
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Fig. (13): Graphical illustrations for the groundwater suitability for irrigation, Qena area.

CONCLUSIONS

Hydrogeological and hydrochemical investigation was conducted on the
‘Quaternary and the Nubian sandstone aquifers in the area between W.Qena and
W. El Mathula, Upper Egypt.

High values of EC and TDS, associated with wells at the desert fringes
area, are documented which may indicate a longer residence time and less
circulation of the groundwater. This, in turn, led to dissolving natural salts from
the host sediments and soil during rains and irrigations, then percolating to the
aquifer and increasing its salinity.

The water chemistry of the study area indicates that sodium ions represent

the main dominating cation, while chloride and sulphate are the main dominating
anions. High chloride (and sodium) concentration can also result from dissolution
of soil and rock minerals and/or evapotranspiration of the irrigation water
resulting in the concentration of saits.
The geochemical composition of groundwater in the studied area indicates a direct
relation between the lithology and relative abundance of ions. For instance,
groundwater from the desert fringes has high dissolved solids, whereas sandstone
rocks yield water with moderately low dissolved solids. Groundwater from the
floodplain area has low dissolved solids due to the continuous recharge of fresh
water from the Nile River through the irrigation conveying system.

Groundwater from the floodplain area has low salinity and SAR values;
therefore water is suitable not only for drinking and domestic purposes, but also
for agricultural uses. Most of groundwater samples related to the desert fringes
exceed the limits of drinking water for major constituents according to the
international standards. The majority of these waters are moderately suitable for

irrigation purposes.
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More effective monitoring programs are recommended to be installed, and
environmental impact assessment (EIA) studies are required by law for all new
major projects that can adversely affect the quality of groundwater. Projects prior
to the EIA requirement should be reviewed and, if necessary, modified. The
present study can provides a valuable basis for land-use planning and sustainable
groundwater management in the studied area.
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