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ABSTRACT 
 

The present study deals will deal with the evaluation of groundwater potentiality by using Hydrogeological and 

Hydrochemical investigation tools. The area of study is located south of Wadi El-Natron depression, southwest of 

the Nile Delta and left the Cairo – Alexandria Desert Road. It extends in a WNW-ESE direction for about 90 km 

with an average width of about 10 km. As calculated by the present author Wadi El-Farigh depression has a 

catchment area of 1112.5 km2 enclosed between the contours of 120 m above sea level in the south and west and 4 

m below sea level in north center part. It lies between latitudes 30º 00' 00" and 30º 30' 00" N and Longitudes 30º 00' 

00" to 30º 50' 00", E. The area includes lands belonging to the two governorates of Behira and Giza. The low area of 

wadi El-Farigh depression is dominated by sand accumulation and rock fragment. The aquifer system is belonging 

to Moghra (Lower Miocene) and the analyzed water samples of the investigated area show fresh to brackish water. 

The T.D.S. for the analyzed water samples ranges from 252 ppm to 2572 ppm. The depth to water in Miocene 

aquifer varies from 49 m at the area close to El Rayah El Naseri to 176.88 m at high topographic areas towards the 

west. The total salinity of the Miocene aquifer (Moghra aquifer) varies from fresh to slightly brackish water. 

Keywords:  Groundwater-Aquifer- Nile Delta. 

 

I. INTRODUCTION 

 

The areas under investigation occupy a portion of the 

Western Nile Delta region (Fig. 1). It lies between 

latitudes 30º 00' 00" and 30º 30' 00" N and Longitudes 

30º 00' 00" to 30º 50' 00", E. It is considered as a 

depression of low relief (El-Tahrir gravel plan, Wadi El- 

Natron depression and Wadi El-Farigh Depression). 

 

The available studies are dealt with the geomorphology, 

geology, hydrogeology, hydrology and 

hydrogeochemistry. Shata (1947), (1953), and (1962), 

El Fayoumy (1967), Attia (1975) (1982), Picard (1955), 

Said (1962), Seanad (1973) & Omara and Sanad (1975), 

El Shazly et al., (1975), General Petroleum Company 

“GPC” (1977, El Ghazawi and Atwa, 1994), El-Abd 

(2005), Shafeek (2015). 

 
Figure 1. Location of  the study area 

 

The study of climatic conditions is of paramount 

importance for the study of geomorphological elements 

due to the impact of climate on the composition of the 

external factors. The current study is based on weather 
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station wadi El-Natrun as the nearest weather station for 

the wadi El-Farigh depression.  

- The average annual temperature of 21.5 º C and the 

average ranges between 17.3 ºC for the winter 

months and 25 ºC for the summer months, 

suggesting that depression moderate climate in 

winter and hot in summer. 

- Average annual wind speed (17.7 km / h), and this 

rate ranges between (16.3 km / h), and winter (19.1 

km / h) for the summer and recorded the highest 

speed of the wind during the year in the month of 

April (21.1 km / h), while the lowest speed of the 

wind in the month of January and December (15 km 

/ h) 

- The annual average relative humidity in the wadi 

El-Farigh depression 55%, ranging from 58% for 

the winter months and 52% for the summer months. 

- The monthly rate of evaporation ranges between 5.2 

mm / day (average month of January), and 14.1 mm 

/day (average month of June), and up the annual 

rate of evaporation of 9.4 mm day. 

- The annual average for the Rainfall that falls on the 

depression 3.5 mm. this quantity is of great 

significance to the emergence of depression and 

wadi El- Farigh, and suggest that the depression has 

arisen under moist conditions in ancient times was 

more rainfall than it is now, and maybe it happened 

in the Middle Miocene. 

- These aridity index results indicate typical desert 

conditions for the study area. Form all the main 

Hydrometeorology finding we can conclude that the 

study area is characterized by a hyper- arid climate. 

 

II. Regional Geomorphology 

 

The area under consideration is of Depression and low 

relief (El-Tahrir gravel plan, Wadi El- Natrun 

depression and Wadi El-Farigh Depression). The 

general land surface slopes gently to the northern and 

eastern directions. Landforms are classified into 3 

geomorphic units (Fig. 1.2). These geomorphic units 

from north to south are: 

 

The alluvial plains: The alluvial plains constitute one 

of the most striking land    features in the study area. 

These plains extend between Rosetta branch and the 

eastern fringes of MaryuIt tableland. They are classified 

into young and old alluvial plains.  

 

The structural plains: The structural plains occupy a 

wide area to the south and west of the old alluvial plain. 

It consists of a number of alternating structural ridges 

and structural depressions, reflecting the impacts of both 

the Lithologic and structural factors. Old gravel surface 

stretch for a long distance on the gentle slopes of the 

structural plain as well as the escarpment bounding 

Wadi El Farigh on the northern side. They are classified 

into structural ridges and structural depressions. 

 

The shifting sand: Drift sands and sand sheets cover 

wide portions of the old alluvial plains and the lowest 

parts of the large depressions. Also there are a series of 

long, narrow parallel elongate sand dunes known as El 

Heneishat sand dune chains. These chains extend 

southwards till the northern periphery of El Faiyum 

depression. 

 
Figure 2. Geomorphologic map of west Nile Delta, 

Egypt, (Compiled after different authors). 

 

III. Stratigraphy 
 

The study area is covered by extensive sedimentary 

exposures ranging in age from Late Cretaceous to 

Quaternary. In subsurface the sedimentary section has a 

thickness of about 4000 m resting on the basement 

rocks. The Late Cretaceous sediments have a localized 

occurrence on the crest of the complicated folded 

structure to the west of El Giza (Abu Rawoash 

anticline). Eocene and Oligocene sediments are of 

limited distribution in the environs of Cairo (Fig. 3) and 

(Fig.4). 

 

Miocene sediment: Miocene sediment is represented by 

El Moghra Formation, which covers the south and west 

of Wadi El Natrun and the area from Wadi El Farigh in 

the east to El Qattara depression in the west.  In Wadi El 

Farigh the thickness of Miocene sediments is about 150 

m, which is rapidly increases to about 900 m in the 

northwest direction, and the facies of Miocene become 

more marine in that direction. Moghra Formation is 

mainly composed of coarse sands, sandstone and clay 
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interbeds with vertebrate remains and silicified wood, 

which becomes gravelly at base. The concerned 

formation rests unconformable on basalt sheets in 

several localities at surface as well as in the subsurface. 

Basalt sheets are located at levels ranges from –767 m 

below mean sea level at the southwest of Wadi El 

Natrun to 158 above mean sea level at Qaret El 

Haddadin. It located at depths ranges from ground 

surface to 839 m.  They are located at different levels 

due to the effect of many faults in the form of horst-like 

and graben-like structures. Miocene lithfacies are Sandy 

gravel, gravelly sand, slightly gravelly sand and sand. 

Environments of deposition are different all over the 

Miocene aquifer from turbidity currents, fluvial and 

beach. The fluvial environments are the dominant 

environments.  

 

The heavy minerals assemblage of El Moghra 

sediments have been recycled from older sediments 

which supplies the highly stable detritus (ZTR) and high 

metamorphic and acid igneous rocks of the basement 

rocks of the Eastern Desert mountains through the 

Eonile river tributaries which drained the Red Sea 

mountains during the Miocene period  

 

Pliocene sediments: Pliocene sediments have a wide 

distribution in Wadi El Natrun depression and its 

vicinities; it is divided from base to top into Wadi El 

Natron Formation and El Hagif Formation. Wadi El 

Natrun Formation is classified into Muluk and El 

Solimaniya Members. 

 

Muluk Member is composed of dark grey clays with 

sand beds intercalation and restricted to the inner 

portion of Wadi El Natrun with exposed thickness of 

about 25 m at Quart El Muluk (type locality). However, 

the subsurface succession is composed of pyretic dark 

grey clays alternating with sand beds.  

 

El Solymanya Member is composed of light green sand 

and sandstone alternating with shelly limestone and it is 

restricted to the periphery of Wadi El Natrun. It has 30 

thick at Ras El Solymanya (type locality). 

 

El Hagif Formation is mainly composed of thick white 

limestone beds intercalated with argillaceous sequence 

and it is restricted to the west of Wadi El Natrun 

depression. The thickness of El Hagif Formation ranges 

between 30 m and 40 m. 

 

Quaternary deposits: Quaternary deposits cover wide 

stretches of the study area and it distinguished into 

different types as deltaic deposits and crust, alluvial 

deposits, lagoonal deposits, salt marshes and sabkha and 

Aeolian deposits. The thickness of the Quaternary 

sediments varies from 350 m to 25 m, it increases in the 

areas close to delta and decreases in the area close to 

Wadi El Natrun. Lithfacies of the Quaternary sediments 

are Sandy gravel, gravelly sand, slightly gravelly sand 

and sand. The lithofacies of the Quaternary sediments 

varies laterally and vertically and it has a direct impact 

on its hydraulic parameters. The environments of 

deposition are different all over the Quaternary 

sediments from turbidity currents, fluvial and beach. 

The fluvial environment is the dominant.  

 

Structure: Folds, faults, unconformities and basaltic 

intrusions mainly affect the area of study. These types 

of structural elements are the most important factors 

controlling the groundwater conditions. 

 Folds: The area of study is mainly affected by two fold 

systems. 

-The NE-SW folds' system (Syrian Arcs); the most 

conspicuous fold is Abu Roash domal structure. 

-The NW-SE (clysmic) folds system; the most 

conspicuous folds are Wadi El Farigh and Wadi El 

Natrun anticlinal structure. 

Faults systems: The study area is mainly affected by 

three normal faults systems. These systems in 

decreasing order of abundance are as follows: 

- NW-SE (Clysmic) system 

- NE-SW (Aqaba) system. 

-E-W (Tethys) system. 

 

The investigated area is separated from the Delta basin 

by one or more step faults having an eastern 

downthrown. Such faults are responsible for the facing 

of highly permeable Quaternary deposits of the Nile 

Delta with older sediments due west, and consequently, 

a westward flow of the Nile water to the western old 

sediments. Also, an important principle fault trending in 

a NW-SE, running approximately parallel to Rosetta 

branch is strongly expected to separate the Delta basin 

from the area to the west. 
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Figure 3. Geologic map of west Nile Delta, Egypt, 

(Conoco, 1987). 

 
Figure 4. Structural map of Cairo-wadi El-Natrun area 

after (Shata, 1962). 

 

IV. The Hydrogeological Setting 

 

From the hydrogeological point of view, special 

emphasis is given to the following topics: 

Surface water system: The surface water system is 

mainly Rosetta branch, El Rayah El Beheri, El Rayah El 

Nasseri and smaller canals. Such water system is 

subjected to infiltration to the groundwater aquifers. The 

canals are cutting the Nile silt and sandy clay deposits, 

discharging their water into the cultivated land. 

 

Groundwater aquifers: The groundwater in the study 

area is mainly controlled by the geological conditions 

including lithology and geological structures. The main 

water bearing formations in the study area are:  

- The Quaternary aquifer 

- The Pliocene aquifer 

- The Lower Miocene aquifer (Moghra), and 

- The Oligocene aquifer  

 

Miocene aquifer covers a wide area south and southwest 

of Wadi El Natrun and it is mainly composed of coarse 

sands and clay lenses intercalation (Fig. 5). The 

saturated thickness of the Lower Miocene aquifer varies 

from 741 m in the western portion, 179 at K52 east 

Cairo-Alex. Desert Road and 16 m at Gebel Khashm El 

Kalb. Miocene aquifer has been deposited on the 

basaltic sheet at different levels; in the form of horst and 

graben-like structures.  The amount of groundwater 

stored in Miocene aquifer is about 25.9X10
9
 m

3 
and the 

amount of withdrawal which equals the drawdown in 

groundwater is about 0.036X10
9
 m

3
/year. This aquifer is 

under artesian conditions in the east and changes to 

water table aquifer towards the west. In Wadi El Natrun 

depression, where this aquifer is overlain by impervious 

Pliocene clay, the groundwater exists under confined 

condition. The ground water level in the Miocene 

aquifer varies between +8 m at the border with the Nile 

delta Quaternary aquifer to about –22.1 at the west. The 

high groundwater extraction allows the formation of the 

depression cones of pizometric levels.  Isotopes indicate 

that the main recharging sources for the Miocene 

aquifer are old Nile water (before the construction of the 

High Dam) and small contribution of the recent Nile 

water in the area beside El Rayah El Nasseri. The 

estimated C
14 

age is 16737 YBP. The old age confirms 

the presence of ancient recharge component 

accompanying the recent one. 

 

 
Figure 5. Distribution of different aquifers in the west 

Nile Delta area. 

 

The total thickness of the Miocene sediments is varying 

from 75 m in the northeastern portion to about 250 m at 

Wadi - El Natron, Regionally this thickness increases in 

northwest direction (El Ghazawi and Attwa, 1994). The 

saturated thickness of the Miocene aquifer (fig 6) is 

controlled by the prevailing structural conditions in the 

area. The maximum saturated thickness attains 

about 961 m, and thins out in the northeastern direction 

to reach about 27 m at the Khasm El Kalb area.  
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Figure 6. Saturated thickness contour map of the 

Miocene aquifer after Shafeek (2015). 

 

The southeastern boundaries of the lower Miocene 

aquifer are delimited by a set of faults with downthrows 

to the north where the Oligocene basaltic sheet is highly 

elevated (from + 150 m to + 30 m) above the regional 

potentiometric surface of the Lower Miocene aquifer 

(+2 m) (Fig. 7) accordingly, this aquifer is hydraulically 

connected with the underlying Oligocene aquifer. The 

northern boundary of Lower Miocene aquifer is 

bounded by many faults. South Wadi El Natron, this 

aquifer is bounded by NW- SE faults with their down 

throwing sides to the east where the Lower Miocene is 

uplifted in the front of the Pliocene aquifer. 

 

The depth to water in Miocene aquifer varies from 49 m 

at the area close to El Rayah El Naseri to 176.88 m at 

high topographic areas towards the west (Fig. 8). The 

groundwater level in the Miocene aquifer varies 

between +6 m at the border with the Nile delta 

Quaternary aquifer to about –33.8 at the west. The 

ground water level at El Qattara depression is about –60 

m below sea level accordingly, the groundwater flows 

to the west (El Qattara depression) with hydraulic 

gradient of about 20 cm/km (Hefny, et al, 1991). The 

groundwater in the Miocene aquifer flows westward. 

through Wadi El Farigh (Fig. 9). This movement is 

mainly controlled by an old burried Nile channels which 

divert groundwater flow towards Wadi El Natrun 

depression. There are two other groundwater flow 

directions one from the northeast (from Quaternary to 

Lower Miocene) and the second from southeast. High 

extraction rate along Cairo-Alexandria desert road and 

Wadi El Farigh allow the formation of the cones of 

depressions with high hydraulic gradient.  

 
Figure 7. Hydrogeological Cross Section E-E' after 

Al Abd (2005). 

 

The total amount of groundwater recharge from the Nile 

Delta aquifer is estimated to be in the rang of 50 to 

100x10
6
 m

3
/year  (RIGW/IWACO, 1990b). The amount 

of recharge was estimated using groundwater model as 

84x10
6
 m

3
/year (Diab, et al. 1992). The discharge of this 

aquifer is mainly through the extraction from wells and 

is relatively discharged into the Pliocene aquifer at the 

southern part of Wadi El Natrun (Gomaa, 1995). High 

extraction rate (20-30x10
6
 m

3
/year/Km

2
) was found 

along Cairo-Alexandria desert road (El Fakharany, 

1998). The extraction of large volumes of groundwater 

allow the formation of cones of the depressions of 

pizometric levels. Since the extraction rate are still 

increasing the lowering of water level and will continue 

in the future (RIGW/IWACO, 1990b). The 

environmental isotopes indicate that the main 

recharging source for the Miocene aquifer is the old 

Nile water before the construction of the High Dam 

with few contribution from recent Nile water in the area 

beside El Rayah El Naseri. The estimated age using C
14 

is 16737 YBP (Dahab et al., 1998) confirming the 

dominance of ancient recharge component.  

 
Figure 4. Depth to Water Contour Map of the Miocene 

Aquifer (2015). 
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Figure 9. flow net map of the Miocene Aquifer 

 

V. Hydrochemical 
 

The chemical composition of groundwater also reflects 

the ecosystem function, so that it is important to detect 

any changes resulting from natural systems and or 

caused by development processes. For the assessment of 

the chemical composition of the groundwater in the 

study areas 46 water samples from 46 water points were 

collected from wadi El-Farigh as showing as Fig. (10). 

The total salinity of the Miocene aquifer (Moghra 

aquifer) varies from fresh to slightly brackish water. 

Local anomalies in water salinity are detected at the 

area East Cairo-Alex desert road, west El Rayiah El 

Nasseri and southwest Wadi El Natrun due to the over 

pumping rates, the presence of shallow clay lenses 

within the water bearing layers especially west El 

Rayiah El Nasseri and the low groundwater recharge. 

The total salinity ranges between 252 ppm and 2572 

ppm.  In Wadi El-Farigh the pH values vary from 7.11 

to 8.5. All PH values of the selected water samples lie in 

the range of alkalinity. 

 
Figure 10. Groundwater samples location map. 

 

The hypothetical salt combinations of selected water 

samples are distinguished into six main assemblages as 

shown in Figures (11). Palmar (1911) as follows: 

 Group 1: (Na+K) Cl, MgCl2, CaCl2, CaSO4, Ca 

(HCO3)2.  (Samples No. w1 and w9). 

 Group 2: (Na+K) Cl, (Na+K) SO4, MgSO4, Mg 

(HCO3)2, Ca (HCO3)2.  (Samples No. w2, w6, w8, 

w13, w32, w34 and w46). 

Group3:(Na+K)Cl,(Na+K)SO4,(Na+K)HCO3,Mg(HC

O3)2,Ca(HCO3)2.(SamplesNo.w3,w4,w7,w14,w15,w1

6,w17,w18,w19,w26,w27,w28,w29,w30,w31,w33,w36,

w37,w38,w39,w40,w42,w43,w44,and w45). 

Group4: (Na+K) Cl, MgCl2, MgSO4, CaSO4, Ca 

(HCO3)2.  (Samples No. w5, w10, w11, w21, w22, w24 

and w35). 

Group5:(Na+K)Cl,(Na+K)SO4,MgSO4,CaSO4,Ca(H

CO3)2.(SamplesNo.w12and w41). 

Group6:(Na+K)Cl,MgCl2,MgSO4,Mg(HCO3)2,Ca(H

CO3)2.(SamplesNo.w20,w23and w25). w23and w25). 

 

 
Figure 11. Palmer diagram showing the hypothetical 

salt combination of the analyzed samples no. (1-46). 

 

Hydrochemical Classification Using Sunil's Diagram 

(1946show that four water types represent the water 

samples of Moghra Aquifer as shown in Figure (12). 

These are discussed hereinafter. 

 

A – The Na2SO4 water type is a mixed water of 

meteoric genesis it is represented by samples nos. (2, 6, 

8,12,13,29,32,35,41 and 46) where (rNa/rCl) < 1 and 

(rNa/rK) - rCl/ rSo4  > 1, which reflect the hydrochemical 

composition if water samples and the hypothetical salt 

combination of this water and the hypothetical salt 

Combinations of this water are (Na+K) Cl, (Na+K) SO4, 

MgSO4, Mg (HCO3)2, Ca (HCO3)2. These 

hypothetical salt combinations represent a chemical 

formation of infiltrating water of meteoric genesis. 

B – The NaHCO3 water type water of meteoric water is 

represented by samples nos. 

(3,4,7,14,15,16,17,18,19,20,26,27,28,30,31,33,34,36, 
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37,38,39,40,42,43,44 and 45). These samples are 

characterized by (rNa/rCl) < 1 and (rNa/rK) - rCl/ rSo4 

<1 which reflect a meteoric origin. 

C - The CaCl2 water type is represented by two water 

samples nos. (1, 9) where (rNa/rCl) > 1and rCl - 

(rNa/rK) / rMg 9 < . This reflects an old marine origin. 

That is confirmed by the higher salinity of the two 

samples of about 1895 ppm.  

D - The MgCl2 water type is represented by rest of the 

water samples which are characterized by the ratio of 

(rNa/rCl) > 1and rCl - (rNa/rK) / rMg 9  >  .These  water 

reflect a marine water origin. Their hypothetical salt 

combinations are (Na+K) Cl, MgCl2, MgSO4, Mg 

(HCO3)2 and Ca (HCO3)2. These salts represent the 

chemical formation of normal composition of sea water.  

 

According to the U.S. Laboratory Salinity diagram 

(1954), the groundwater samples of Moghra aquifer 

system are of low sodium hazard and fall in the fields 

C2-S1 and C3-S1, where S1 is low sodium water, C2 is 

moderate salinity water which is good for soils of 

medium permeability for most plants, and other sample 

lies in the C3-S2, C4-S2, C3-S3, C4-S3and C4-S4 field. 

From Classified as groundwater in terms of sodium 

absorption ratio method U.S. Laboratory Salinity 

diagram (1954), it clear that the samples lie near the 

medium salinity water, which is satisfactory for plants 

having moderate salt tolerance on soils of moderate 

permeability with leaching. The samples fall in fields 

C3-S3, C4-S3and C4-S4 high to vary high sodium hazard 

and salinity water. Figures (13), 

 

 
Figure 12. Sulin’s graph for genetic classification of the 

groundwater samples of the Moghra aquifer. 

 

 

Figure (13): Diagram for use in interpreting the 

analysis of irrigation 

water. Adapted from U.S. Laboratory Salinity staff 

(1954). 
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VI. Conclusion 

 

The ground water in wadi El- Farigh is available from 

an aquifer system belonging to Lower Miocene times 

(Moghra aquifer.).  The total thickness of the Miocene 

sediments is varying from 75 m in the northeastern 

portion to about 250 m at Wadi - El Natron, Regionally 

this thickness increases in northwest direction  The 

depth to water in Miocene aquifer varies from 49 m at 

the area close to El Rayah El Naseri to 176.88 m at high 

topographic areas towards the west The groundwater in 

the Miocene aquifer flows westward. through Wadi El 

Farigh. This movement is mainly controlled by an old 

buried Nile channels which divert groundwater flow 

towards Wadi El Natron depression. 

  

The total salinity of the Miocene aquifer (Moghra 

aquifer) varies from fresh to slightly brackish water. 

The total salinity ranges between 252 ppm and 2572 

ppm.     In Wadi El-Farigh the pH values varies from 

7.11 to 8.5. All PH values of the selected water samples 

lie in the range of alkalinity. 

 

According to the U.S. Laboratory Salinity diagram, the 

groundwater samples of Moghra aquifer system are of 

low sodium hazard and fall in the fields C2-S1 and C3-S1, 

where S1 is low sodium water, C2 is moderate salinity 
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water which is good for soils of medium permeability 

for most plants, and other sample lies in the C3-S2, C4-S2, 

C3-S3, C4-S3and C4-S4 field. From Classified as 

groundwater in terms of sodium absorption ratio U.S. 

Laboratory Salinity diagram clear that the samples lie 

near the medium salinity water, which is satisfactory for 

plants having moderate salt tolerance on soils of 

moderate permeability with leaching. The samples fall 

in fields C3-S3, C4-S3and C4-S4 high to vary high sodium 

hazard and salinity water. 
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