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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 (47OC). 

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 1 15m 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 153 1 to 2 187 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: NaC1, NazS04, MgSO4, Ca(HC03)2, 
Mg(HC03)2, CaS04 , KCL and NaHC03. 
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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 
sunmarized as follows (Fig. 1): 
1- The floodplain of the Nile. 
2- The desert fringes of the Nile valley. 
3- The calcareous structural plateau. 
4- The desert hydrographic pattern. 
In the following a brief description of each feature is given. 
1- The young alluvial plains (The Nile ~loodplains) 

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 



xnd g c t ~ ~ l y  ulope from sotiit1 io north with an average gromd elevation of about 72 
rn abovc xx~ Icvel. I'he surface of such plain is underlain by silt deposited 
possibly c l ~ ~ r i ~ i p ,  Neolithic times (said, I98 1) 

2- 'lhc old ;~ll~tvial plains (the desert fringes of the Nile valley) 

'I'hcst. old plains fringe the Nile valley from both sides and exist as terraces 
I'oulld a[ \x13' heights above the young alluvial plains. The average ground 
elevalion, ; ~ l x ) ~ . e  sca level, varies from about 72 m close to the floodplain area to 
abo~~ t  120 111 castword with a gentle slope to the northwest. The terraces were 
f'oslncd as . I  I csult 01' t1-x aggradations and degradation of the Nile valley relative 
LO the cwil:ltic clliunges of the ultimate base level of the Mediterranean (Ball: 
1939). 111 sc )tiic* locali~ ies, these terraces were removed by water erosion. 

3- l'he c:~lc;t~wus str~:cturc plateau. c 

l'llc. plalea 11 in Qena area is composed of Limestone. The River cuts it 
Own strca~ti ~ l i l ~ u g h  that plateau dividing it into two portions, one to east of the 
river and llle orher is to west, both of them are terminated with cliffs overlooking 
the flood plai~i. 'l'hc Eastern plateau has an irregular surface, and rises to more 
than - 1  450 111. 

4- The deserl hydrog i111hic 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 calcareolls 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. I). 'llie origin of the. 3 wadis is believed to be due to faulting, modified later 
by erosion a~ ic l  deposition of young Quaternary sediments. 

GEOLOGICAL SETTING 
The study area is h i l t  up mainly of Quaternary sediments that bounded from the 
east by thc, I.ower Eocene limestone plateau (Fig. 3). Wormation about the 
lithostratigrapliic units of Upper Cretaceous - Lower Eocene exposures, along the 
central part oL' Llie Eastern Desert, is found in the work of Abd El Razik (1972) 
and Said (1 962, 198 1,  and 1990) Sandford (1 929 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 (QM~:  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 
plateau. 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. 
iij Neonile sediments jQ3): 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 Holoceni. 
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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 thicluiess of the formation 
including the subsurface graded sands and gravel unit exceeds 70m. 
iv) Paleonile/Protonile interval sediments (TpldQl): 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. ?'he 
Isawia Formation follows on top of Armant one and made up of massive rubble 
breccias, marl, clay and travertine. 
v) The Paleonile (TTplu), Madamowd 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) 



At the study area, the Quaternary sediments represent the main aquifer in bolh the 
floodplain and the desert ii-inge areas. Most of wells in the area are parfially 
penetrating this aquifer, where the total depth of these wells varies from 15n1 in 
the Nile floodplains (the traditional cultivated land) to 200 rn in the Desert li-ingcs 
(reclaimed areas), (Mahrnoud, 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 recent 
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 &ge, the Nubian Sandstone 
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 condit~ons (1-ig. 5). 

Tn the Quaternary aquifer, the depth to groundwater ranges liom 5.0 rn. to 40m. 
l'he hydrogeological data fiom the drilled wells (in Mar. 2008) is used for the 
construction of a potentiometric map of the Quaternary aquifcr (Fig. 6). The map 
shows that the Quatemary aquifer has water level ranges between 65 and 70m 
(above sea level) in the floodplain area, while it varies betwcen 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 flostp!sirt areas. 

The recharge to the aquifer is mainly fiom the irrigation system in the Nile Valley, 
Seconda~y source of groundwater recharge is the underflow fi-om the catchments 
areas of wadi Qena and wadi El-Mathula which receivvl 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 irllluences to wide extent 
the flow of the groundwater in the Quaternary aquifer, Kashcd et al (2006). 
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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 is 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 
tcmperature, where it reaches 47°C. The high tcmperature is related to the deep 
situation of this water, and its presence under high hydraulic pressure (artesian 
condi t~ons).  

The total hasdncss values range between 154 and 2152 ppm showmg 
general increase toward the desert fringes and decrease toward the floodplain area. 
The groundwatcr classes accordmg to the total hardness are 3% moderately hard 
water, 52% very hard water, and 45% lies in the range of excess~vcly hard water 
(Fig. 7). The predominance class is the very hard water, mainly at the studied 
area. 
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Fig,. (7): Graphical presentation of the total hardness of the groundwater at the 
studied area. 

IIigher valucs of 1 X  (average of 5168) are recorded in the groundwatcr of 
the desert fringes area indicating a longer residence time and less circulation of 
the groundwater. 

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

The majority of the groundwatcr sampled from the desert fringes area show high 
TIIS valucs (Fig. 8), wherc there average values are 3308 mgll in the Quaternary 
aquifer and 1831 mgll 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 sed~ments and from soil during rains and irrigations 
that percolate to the aquifer to increase its salinity. l h e  moderatc 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 fnnges 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 2000mgll). 

Fig. (8): Salinity map of the groundwater at the studied area. 
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Ma.jor 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 aquifer a y h e  desert fringes area. 

[Jnder the flwdplain area, the chem~cal composition of the groundwatg- is 
dominated by Sodium Na+ and Bicarbonate IZC03- (Table 1). The high 
concentration of I-IC03 indicates the intense chemical weathering processes 
taking place in this aquifer. Natural processes such as the dissolution of carbonate 
minerals and of soil (XI2 gas could be a mechanism which supplies I--IC03 - to the 
groundwater of thc Quaternary aquifer. 

Under the desert fringes, ~ a '  and C1- are dominant in the groundwater of 
both the Quatesnary and the Nubian sandstone aquifers (Table I). In general, all 
chemical constituents have shown an increase in their concentrations under the 
desert fringes. The high conccntratlon of these Ions may be related to leaching 
processes of highly soluble minerals, which has h ~ g h  effect in the geochemistry of 
the groundwater In its flow path. 
Sulphate (sod2 ) is the next in abundance and constitutes an average of 138, 932 
and 429 mgll to the total ions in floodplain, fringes and the NubIan sandstone 
water samples, respectively. In the studied area, the sources of sulphate include 
thc dissolution of sulphide minerals, rainfall and fertilizers. 
Thus, the order of cations abundance in both floodplain and desert fringes is 
Na' > Ca2' > ~ g "  > K4. Among the anions, the order of their abundance in both 
the floodplain and the desert fringes are HC03 - > SO4 2- > C1- and C1- > SO4 2 -  > 
I-K07 -, respectively (Fig. 8). 
Groundwater genesis 
The hydrochemical parameters (rKIrC1, rNaIrC1, rMgIrC1, rCalrC1, and rS04/rC1.) 
arc 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 (Ovchlnnikov, 1955). In the study area, the values of these 
paramcters 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 ( (rK t !!!a) _I%), its value ranging between 0.098 and 2.86 that the 

rS04 
majority of the groundwater (60%) belonging to the surface and shallow meteoric 
water type, while the other are deep meteoric genesis. 
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Fig. 9 Graphical representation of variations in mean concentration of 
in the different aquifersthe chemical constituents 

rNa+rK/rCI 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 rNa-1 rKIrC1 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. 

IIypothetical salt combination 
The hypothetical salt combination of the groundwater samples revealed the 
presence of the following groups of most salt assemblages: 
- NaCl> Na2S04 > Mg(HC03)2 > Ca(HC03)2 - NaCl> Na2S04 > MgS04> 
Ca(I-IC03)2 
- NaCl> Na2S04 > MgS04> CaSO4 - NaCl> Na2S04 > 
Ca(HC03)2 > MgS04 
- NaCl> MgS04 > Na2S04 > CaS04 - Na2SOlI > NaCl> 
Ca(f-IC03)2 
- Na2S0,~ > Mg(HC03)2 > Ca(HC03)2 - Mg(HCO3)2 > Ca(HC03)2 > 
NaI-lCO3 
The hypothetical salt combination revealed the presence of different salts arranged 
ill terms of their predominant as NaC1, Na2S04, MgS04, Ca(HC03)2, Mg(HC03)2, 
CaS04, KCL and NaHC03 where the average of equivalent percentage is 50.13%, 
23.77%, 10.1 1 %, 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 (1 994). 

The trilinear diagram (Fig. 10) shows two hydrochemical facies: Na-HC03-SO4 in 
the floodplain area and Na-C1-SO4 in the desert fringes Quaternary and Nubian 
sandstone aquifers. 
Schoeller diagram (Fig. 1 I), 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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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 accord~ng 
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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Fig. (I  2): Groundwater suitability for drinking according to WHO, (1 996). 

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 (TM <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 

Q- According to the Soclium 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, 1 954). All The groundwater sampled 
fiom 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 manageinelit 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 salts. 
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 s m ~ l e s  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 reconiniended to be installed, and 
environmental impact assessment (ETA) 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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