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ABSTRACT 
 

This study aims to evaluate the surface water as well as groundwater using hydrologic and geoelectric 
techniques and the degree of confirmation of both results.  The study area lies in the northwestern coastal zone. 
It comprises a group of hydrographic basins penetrating El Negila area (Abu Hesha, Haloba, El Tawela, El 
ElEnthely, El Shebiti and Wakal) the lithostratigraphic sequence ranges from Middle Miocene Marmarica 
limestone to Holocene wadi fill deposits. To achieve the object of study, the different hydromorphic parameters 
of the different hydrographic basins were determined and evaluated. Some of these parameters were used to 
assess the degree of flooding for all basins. Five geoelectrical layers (A1, A2, A3, B and C) were detected from 
the interpretation results of 19 Vertical Electrical Sounding (VES) stations and the constructed cross sections. 
The fourth geoelectric layer "B" which equivalent to Middle Miocene Marmarica limestone represents the 
water–bearing formation in the study area. The resistivity values of this layer generally decrease northwards due 
to the effect of sea water intrusion. This concept was ensured through the interpretation results of the Three-
Dimension geoelectric imaging model measured at the northern part of the study area where the resistivity 
values decrease gradually downwards. The high degree flooded basins (El Taweila and Enthily) were found to 
have the ideal optimum resistivity values for the water-bearing layer as these basins receive more surface water 
than the others due to some human activities as soil dams in these wadies have a role in seeping the flooded 
water to recharge the fractured limestone water-bearing. As the water-bearing layer has a nearly uniform 
thickness (16-21 m). The priority of drilling water wells depends mainly on the resistivity values of the water-
bearing layer. The best location generally exists in the southern parts of the study area. The salinity of the water-
bearing layer is expected to increase northwards. Therefore, constructing cisterns to store the flood and rain 
water is recommended in the middle and northern parts of the study area to save the fresh water needed for man, 
animals and other live stocks. For this respect, the suitability of two sits for cistern installation was tested using 
Two–Dimensional electrical imaging. The interpretation results of the measured data at these sites delineate the 
best sites and the recommendations for their construction.    

 
Key words: Hydrology, basin, morphometric parameters, flood, Vertical Electrical Sounding (VES), resistivity,  
                   2D &3D imaging, cistern 
 
Introduction 
 

El Negila area occupies a portion of the Mediterranean coastal zone. This area has excellent locality for 
land reclamation and tourism projects. Rain water is the main source of water for cultivation, but the amount of 
water is insufficient. Therefore, groundwater may become the most reasonable complementary resource that is 
capable to supply or at least to share the resource in providing the area with the needed water. Geoelectrical 
exploration techniques are useful for this purpose. Integration of geoelectrical and hydrological studies ensure 
providing better information about the geological and hydrological setting. The present study has been carried 
out with the main object of studying the morphometric characteristics of some drainage basins (Abu Hesha, 
Haloba, El Tawiela, El Enthely, El Shebiti and Wakal)  and delineating their potential to the surface water, 
evaluation of the flash flood hazard and detecting the promising drainage basins, delineating the conditions of 
the groundwater occurrence using geoelectrical techniques and finally, declaration to what degree there is a 
confirmation between the used different integrated techniques.       

The study area lies in the Mediterranean coastal zone west Matrouh city about 60 Km. It lies between 
latitudes 31º 21' 00" & 31º 30' 00" N and longitudes 26º 30' 00" & 26º 50 00" E (Fig.1).  
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Fig. 1: Location map of the study area and the geoelectrical measurements 
 

Regional geomorphology and geology: 
 
Geomorphologicaly,the northwestern Mediterranean coastal zone have been studied by many authors .The 

most important works were made by El-Shazly (1964 and 1972), El-Senoussi et al (1969), El-Shamy (1968), 
Selim (1969), Taha (1973) and Raslan (1995). The land forms of the north western coastal zone classified 
according to Raslan, 1995 into four categories. These are coastal plain, piedmont plain, structural plateau and 
hydrographic basin. The coastal plain varies from few meters to some kilometers along the Mediterranean coast 
which include beaches, coastal dunes, costal depressions salt marshes and sabakha, inland dunes and inland 
ridges. The piedmont plain is occupied by thick calcareous soils of fine deposits resulting from alluvial deposits 
of the many wadis. The structural plateau acts as major of the catchments area feeding the drainage line during 
winter time (Fig.2). Finally, the hydrographic basins in the study area well be given as rectangular pattern where 
the lithology is affected by jointing, linear structural fractures and faulting that cause the streams to be 
perpendicular to each other. Also, parallel pattern of hydrographic basin is found in the study area where the 
area is characterized by parallel topographic features (folds or faults) so it is found in the area where the cliff of 
the plateau is protrude directly to the coast carrying with it short small wadis parallel to each other such as Abu 
Hesha, El haloba, El Tawiela, El Enthely, El Shebiti and Wakal. 

Geologically, the northwestern coastal zone has been previously studied by many authors, Shata (1955 and 
1957), El-Shazly (1964 and 1972), Hammad (1966 and 1972), Mousa (1976), Sewidan (1978) and Said (1990) 
described the stratigraphy and sedimentology of different localities along Mediterranean coastal zone. On the 
other hand, Shata (1953), Said (1962), Abdallah (1966), El-Shazly et al (1969),Conoco (1989), the Egyptian 
general petroleum company (1987) and Said (1990) studied the structural setting of the area. Lithologically, the 
area of northwestern coastal zone is covered by sedimentary rocks ranging in age from early Miocene to Recent 
(Fig 3). The different stratigraphic units exposed in the area of study are summarized from older to younger in 
the Table No. (1). The Quaternary alluvial deposits cover the channels of the wadis. Many sets of joints are 
recorded along the wadis. These joints have NW-SE, E-W and N-S directions (Shata, 1955). 

 
Hydrometeorology: 

  
The area under investigation is characterized by mild climate. It graduates from a moderate coastal climate 

in the north to an arid-semiarid desert climate in the south. The mean monthly maximum air temperature is in 
summer (29.6oC. ) at August, while the mean monthly minimum air temperature is in winter (8.9 oC.) with mean 
average annual air temperature is 19.4 oC. The relative humidity is high in July (73%) and it is low in March 
(63%). The evaporation is very high. The average recorded value of pitch evaporation reaches to 2420 mm. / 
year. The wind speed ranges from (15.01 km/hr.) in October to (22.04 km/hr.) in January with annual mean is 
18.65 km/hr.  

The Mediterranean coastal zone receives noticeable amount of rainfall especially in winter, and the rainfall 
in the coastal zone is usually confined to the coast but may extends few kilometers inland. Rainfall starts from 
October to March (93.3% of annual rainfall), while in summer season is almost dry. The average maximum 
monthly rainfall is recorded in both December and January (31.7 mm.), while the average minimum monthly 
rainfall is recorded in Jun (1.2 mm.). In general, about 190 mm. of rain falls on the coast and decreases towards 
the south. The annual mean of rainfall is 139.2 mm. (Masoud, M. H. Z., 2000). 
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Fig. 2: Geomorphological map (a) and the elevation map (b) of the study area based on topographic sheets and 
SRTM elevation data of the study area 

 
Basin characteristics: 

 
The area under investigation is characterized by dense, long and deep drainage lines compared with the 

other areas of the northwestern coastal zone. It comprises about 6 hydrographic basins (Fig. 4) which are 
summarized in Table (2). 

 
Morphometric analysis: 

 
The characteristics of each basin were determined through the analysis of morphometric parameters of the 

drainage system. The data used in this study is topographic maps (1:50,000) of the Egyptian Survey Authority, 
Shuttle Radar Topography Mission (SRTM), and geological maps (1:500,000) of Conoco1989. 

The calculated morphometric parameters were determined according to the definitions by Horton (1932 and 
1945), Melton (1957), and Strahler (1957 and 1964). The discussion of these parameters is as follows:  

 
Stream ordering (u): 

 
The quantitative analysis of the morphometric parameters was carried out according to Strahler) method 

(1964) of stream ordering classification. This has given a map of the complete stream channel network, which 
can be subdivided into individual lengths of channel or channel segments. The order of stream segments is given 
the symbol u; the number of segments of a given order has the symbol Nu. In the study area, the drainage 
pattern of the basins and all their sub-basins are dendritic. According to the Strahler’s method (1964), the stream 
orders vary from 3rd for Wakal Basin to 5th for El Enthely Basin. The stream orders of the basins revealed a 
direct relation with the area except for El Tawela basin that has an area less than the other basins. 

 
 
 
 
 
 
 
 

                             (a) 
                          (b) 



3247 
J. Appl. Sci. Res., 9(4): 3244-3262, 2013 

 

 
 
 
 
 

Fig. 3: Geological map of the study area (Conoco1989)         Fig. 4: Hill shade map of the study area 
 

Table 1: Exposed rock units of the study area 
Age  

Types of sediments Era Period 
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Beach deposits. 
Aeolian deposits. 
Alluvial deposits. 
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White oolitic limestone. 
Cardium limestone. 
Pink limestone. 
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Marmarica limestone Formation. 

L
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Moghra Formation. 

 
Table 2: Hydrographic basins of the study area 

No. Name of basin 
Length 
(Km) 

Watershed area 
(Km)2 

1 
2 
3 
4 
5 
6 

Wakal 
Garawla 
El ElEnthely 
El Shebiti 
El Tawela 
El Haloba 

21 
28.5 
31.6 

14 
10.4 

22 

26.5 
93.4 

160 
13.3 
13.7 
70.5 
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Stream length (Lu): 
 
The stream lengths for the studied basins and sub-basins were measured using ArcView program. Horton’s 

law (1932) of stream lengths supports the theory that geometrical similarity is preserved generally in the basins 
of increasing order (Strahler 1964). The total stream length of the basins ranges between 32.5 km (El Shebiti 
basin) and 366.6 km (El Enthely basin). The stream lengths revealed a direct relationship with the number of the 
streams, area, perimeter, and length of the basin. 

The stream length is hence an indicator of the relation between the climate, vegetation, and the resistance 
rock and soil to erosion. Under similar conditions, impervious rocks support a longer stream length, 
consequently higher drainage densities are observed than for permeable rocks. Arid and semi-arid regions show 
higher drainage densities than humid regions having the same geology, because of the flash flood and scarce 
vegetation in the former case. 

 
Basin perimeter (Pr), basin length (LB) and valley length (VL): 

 
The basin perimeter (Pr) is the length (km) of the curve that defines the surface divide of the drainage basin. 

It is considered as the determining factor for the circularity of the basin. It ranges between 29.8 km in El Tawela 
basin and 97.4 km for El Enthely basin.  

The basin length (LB) is the line dividing the basin into two halves from the mouth to the source. It ranges 
between 10.4 km (El Tawela basin) and 31.6 km (El Enthely basin). Basin length indicates the travel time of 
water especially, the flood waves passing through the basin. The travel time of El Enthely basin is greater than 
that of El Tawela basin. On the other hand, the valley length (VL) is the path length of the main stream from the 
source to the mouth. It ranges between 1.4 km (El Tawela basin) and 28.31km (Garawla basin). 

 
Relief (Rf), internal relief (E), slope index (SI %) and relief ratio (Rr): 

 
Basin relief (Rf) is an important factor in understanding the denudational characteristics, where “the 

landforms formed by the agents of denudation are identified as pediments, pediplains etc.,” (Sreedevi et al. 
2005).The relief is defined as the difference in elevation between the head and the mouth of the basin. The 
greater the relief the steeper the slope and hence the shorter the time of concentration. Tectonic uplift of the land 
surface increase relief. Relief in the studied basins ranges between 95 m (El Tawela basin) and 165 m for 
Garawla and El Enthely basins (Table No. 3).  The internal relief (E) is the difference in elevation in meter of 
points at 85% and 10% of length of the main channel from its mouth i.e. E= (E85-E10) in meters.  It ranges 
between 75 m (El Tawela basin) and 140 m (Garawla and El Enthely basins). The slope index (SI %) or main 
channel slope, is an indication for the channel slope from which an assessment of the runoff volume can be 
evaluated. It is defined as the relation between the difference in internal relief (E) and 0.75 of the valley length 
as: 
 

100)75.0( VLESI                   (1) 

 
Generally the area under investigation is characterised by low to medium relief and low topography, where 

the slope index (SI %) ranges between 0.007 % (Garawla basin) and 0.071% (El Tawela) with an average value 
of 0.021%. 

The relief ratio (Rr) has been introduced by Schumm (1956) and is described by the following equation : 
 

100)( LBRfRr                 (2) 

 
where Rf (m) is the difference in elevation between the highest and lowest points of the basin and LB is the 

basin length.It ranges between 0.005% (El Enthely basin), and 0.009 % (El Tawela basin) with an average value 
of 0.007% (Tab. 3).  The relief ratio controls the rate of conversion of potential energy to kinetic energy of the 
water flowing through the basin. Both Rr and SI are directly proportional to flooding and inversely to the time of 
concentration. 

The results show that the basins of low gradient like Garawla and El Enthely basins are subjected to long 
concentration times for surface runoff. Consequently, they show a better chance for high groundwater potential 
than other basins having higher gradients. 
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Bifurcation ratio (Rb): 
 
The bifurcation ratio is defined as the ratio between the number of streams of a given order (Nu) and the 

number of streams of the next order (Nu+1) as presented by the following relationship (Horton 1945): 
 

1Nu  NuRb                 (3) 

 
The bifurcation ratio for all basins has been determined by plotting the stream order (u) versus the 

logarithm of the number of streams (log Nu). This gives a straight line whose slope expresses the bifurcation 
ratio (Rb). The bifurcation ratio (Rb) is considered as one of the most important morphometric scale, which 
control the rate of discharge. The bifurcation ratio (Rb) tends to have relatively narrow ranges between 3 and 5 
(Smart,1972 and Kirchner 1993) except for the conditions of strong geologic control. Basins with Rb values 
greater than 3 reflect high mountainous dissected areas (Horton 1945). The bifurcation ratio shows a relation 
with the geometric shape of the basin (elongation and circularity) and this is reflected on the rate of discharge 
and time of concentration. 

Basins of high bifurcation ratios are elongated in shape that permit the passage of runoff over an extended 
period of time (long concentration times) thus, result in a higher chance for recharging the shallow aquifers. On 
the other hand, basins of low bifurcation ratios are circular in shape and allow the runoff to pass in shorter time 
(low time of concentration) forming a sharp peak.  In the latter case, dams should be constructed to control 
runoff. The bifurcation ratios for the selected basins in the study area were calculated and are summarised in 
Tables (3). They range between 2.77 (El Tawela basin) and 6.25 (Wakal basin) with an average 4.55. This wide 
variation may be attributed to relief ratio (gradient) and the slope index of the basins.  

The weighted mean bifurcation ratio (WMRb) was introduced by Strahler (1953) to give more 
representative bifurcation indexes, as follows:   



 


N

NuNuRbuRbu
WMRb

)1)(1(
            (4) 

Where Rbuis the bifurcation ratio of each stream order, Rbu+1 is the bifurcation ratio of the highest next 
order, Nu is the number of the stream of each order, Nu+1 is the number of streams of the next highest order and 

 N  is the total streams involved in the ratio.The values range between 3.85 (El Tawela basin) and 9.04 (El 
Shibiti) (Table No. 3). Generally, all the studied drainage basins have values greater than 3 except El Tawela 
basin; this means that all the basins have good chance for groundwater recharge except El Tawela basin has the 
ability for surface runoff accumulation. 

 
Stream Frequency (F): 

 
Stream frequency (F) has been defined as the ratio of the total number of stream segments of all orders 

within a given basin (ΣNu) to the total watershed area (A) of the basin (Horton 1945): 

A
K

i
NuF 




1
                 ( km-2)                           (5) 

High values of stream frequency tend to provide more possibilities for the collection of runoff water. 
Quantitatively, the stream frequency is one of the main effective parameters in the flood hazard assessment. 
Table (3) gives values of stream frequency (F) ranging between 1.73 km-2 (El Shibiti) to 2.18 km-2 (El Tawela 
basin) with an average of 1.92 km-2. Hence, El Tawela basin shows a higher possibilities of runoff water 
collection than Shibiti basin. 

 
Drainage density (D): 

 
Drainage density is one of the effective parameters in the evaluation of flood hazard where it is closely 

associated with erosion process, lithology, relief and vegetation. Horton (1945) defined the drainage density (D) 
as the total length of streams of different orders (ΣLu) divided by the basin area (A): 

 ALuD                (Km-1)                      (6) 

The drainage density expresses the closeness of the tributaries in the basin, thus reflects the type of the 
surface layer, its permeability and roughness. In general, drainage density expresses, quantitatively, the degree 
to which drainage is established in a basin. It therefore represents a more exact idea of the extent of the fluvial 
incision than expressed by terms as a well-drained or poorly drained (Horton 1932). The drainage density values 
were found to be of a wide range from 1 km-1 on erosion-resistant, permeable sandstone to 1000 km-1 on highly 
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erodible impermeable clays. Run-off production and peak flows increase markedly with drainage density in 
nature (Leopold et al. 1962). Gregory and Walling (1973) pointed out that the drainage density (D) is a sensitive 
parameter which in many ways provides the link between the forms attributes of the basin and the processes 
operating along stream courses. The drainage density of a basin is furthermore directly related to its texture ratio 
and indicates the balance between the erosive potential of overland flow and the resistance of surface soils and 
rocks (Morisawa 1985). The calculated drainage density values according to Horton’s method for the studied 
drainage basins, range from 2.29 km-1  (El Enthelybasin) to 2.55 km-1  (Wakal basin) with an average of 2.43 
km-1 (Table 3). The results of the studied drainage basins reflect limited variations between the values of 
drainage density, this due to the similarity of rock type of all the basins. 

 
Length of overland flow (Lo): 

 
It is defined as the distance (in km) that the surface water flows over the ground before it becomes 

concentrated in the drainage channel (Horton, 1945). It is expressed by the reciprocal of twice the drainage 
density (D):  
 

DLo 21                                        (7) 

 
Table No.  (3), shows that there is no significant difference between the lengths of the overland flow values 

of all basins and also between all sub-basins. These values range between 0.196 km (Wakal basin) and 0.218 km 
(El Enthely basin). This reflects that water concentrates faster in Wakal basin than in El Enthely basin. 

 
Basin shape index (Ish): 

 
This parameter describes the relation between the area and the length of the basin. The basin shape index is 

defined as the relation between the basin area (A) and the square of the basin length (LB), (Hagget, 1956):  
2

27.1 LBAIsh 
             

(8) 

 
The studied basins attain Ish values ranging from 0.076 (Wakal basin) to 0.203 (El Enthely basin) with an 

average value of 0.144 (Table No. 3). High values of Ish indicate an elongated basin network and in turn good 
chance for groundwater recharge while low values represent a more rounded configuration which led to more 
collection of surface runoff. 
 
Circularity ratio (Rc), elongation ratio (Re) and sinuosity (Si): 

 
The circularity ratio (Rc) is defined, according to Miller (1953), as the ratio of the square circumference of a 

circle of equal basin area to the square of the basin perimeter (Pr): 
2

P4 rARc                  (9)  

 
Rc is a significant ratio, which indicates the dendritic stage of the basin. The calculated values of the 

circularity ratio for the studied basins range between 0.08 (Wakal basin) and 0.24 (El Haloba basin) with an 
average value of 0.16. This reflects the dominance of elongation character for all the studied basins except some 
basins tend to be more circular like El Haloba basin.  

The elongation ratio of a drainage basin expresses its planimetric shape and is calculated by dividing the 
diameter of a circle of the same area as given by the basin by the basin length, (Schumm 1956). 
 

)2(Re LBA                    (10) 

 
where A is the basin area, π  (Pi) is mathematical factor =3.14 and LB is the basin length 
The basin length (LB) is measured herein the following Cannon (1976) as the distance between the two 

most distant points in the given basin. It is known that the typical drainage basin of a tectonically active 
mountain range is elongate and that the basin shape may become progressively more circular with time after the 
cessation of tectonic activity (Davis, 1966).  

Table 3 show the elongation ratios for the drainage basins of the study area, which are generally less than 
unity and range between 0.28 (Wakal basin) and 0.45 (El Enthely basin) with an average value of 0.37. Thus, all 
the basins reflect low to moderate elongation. The elongation ratio is important for understanding the basin 
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hydrology and for the estimation of the flood hazards. Since, for a given rainfall event, the less elongated and 
more circular basins will generate a great peak runoff and faster travel velocities to the outlet (El Tawela and El 
Enthely basins).However Ish, Rcand Re are influenced by hydrologic characteristics of the basin such as flow 
and sediment yield. For example, the concentration time of flow towards the main channel is lower in circular 
basins than in elongated ones (Toy and Hadley 1987). Most of all the studied basins and sub-basins reflect an 
ideal case of elongation with high time of concentration, and hence high groundwater potentialities. 

The sinuosity (Si) is defined as the valley length (VL) to the basin length (LB) (Gregory and Walling, 1973): 
 

LBVLSi           (11) 

 
Si ranges between 0.14 (El Tawela basin) and 0.99 (Garawla basin), with an average value of 0.63 (Table 

No. 3). This reflects that El Tawela and El Enthely basins have the shortest travel time of water flow to the 
outlet, while the other basins have the longest travel time with good chance for groundwater potentials. 

 
Ruggedness number (Rn): 

 
The ruggedness number (Rn) as introduced by Melton (1957) is the product of drainage density (D) and 

relief (Rf), where both parameters are in the same unit. High value of ruggedness number occurs when both 
variables are large with steep and long slope. 
 

DRfRn .         (12) 

 
In the present study the ruggedness number has limited range variation and it ranges between 0.23 (El 

Tawela basin) and 0.39 (Garawla basin), with an average value of 0.33 (Table No. 3).These values of 
ruggedness number is low which indicates gentle slope of all the watersheds and moderate relief.  

 
Drainage texture ratio (Rt): 

 
Drainage lines are numerous over impermeable areas than permeable areas. Drainage texture ratio (Rt) is 

the total number of stream segments of all orders per perimeter (Pr) in km. of that area  (Horton, 1945). 
 

Pr NuRt       (Km-1)      (13) 

 
Smith (1958), classified the texture of the basins into coarse (<6.4 km-1), intermediate (6.4-16 km-1) and 

fine  (>16 km-1). The drainage texture ratio depends upon a number of natural factors such as climate, rainfall, 
vegetation, rock and soil type, infiltration capacity, relief and stage of development (Smith,1950). The soft or 
weak rocks unprotected by vegetation produce a fine texture, whereas massive and resistant rocks cause coarse 
texture. Sparse vegetation of arid climate causes finer textures than those developed on similar rocks in a humid 
climate. The texture of a rock is commonly dependent upon vegetation type and climate (Dornkamp and King, 
1971). Horton (1945) recognized infiltration capacity as the single important factor which influences drainage 
texture and considered drainage texture which includes drainage density and stream frequency. From Table No. 
(3), it is observed drainage basins are of coarse texture. 

 
Basin Width (W): 

 
Average width of the basin is determined by dividing the watershed area (A) by the basin length  (LB): 

 

(km)                  LBAW           (14) 

 
The calculated values for the average basin width of the drainage basins in the study area range between 

0.95 km for El Shebiti basin and 5.06 km for Enthley basin with an average value of 2.51 km as shown in Table 
No. (3). 
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Table 3: Morphometric parameters of the studied basins include measured and calculated parameters 

Basin Name No. Kc 
Snu
. 

SLu 
(km) 

A 
(km2.) 

Pr 
(km) 

LB 
(km) 

VL 
(km) 

Rf 
(m) 

E 
(m) 

Rb 
WMR
b 

F 
(km-2)

D 
(km-1)

Lo 
(Km) 

Ish Rc Re Si Sl % Rr % Rn 
Rt 
(km-1)

W 
(Km) 

Wakal 1 3 49 67.5 26.5 66.3 21 18.7 147 125 6.25 5.14 1.85 2.55 0.196 0.076 0.08 0.28 0.89 0.009 0.007 0.37 0.74 1.26 
Garawla 2 4 179 220.4 93.4 91.7 28.5 28.31 165 140 4.95 4.74 1.92 2.36 0.212 0.150 0.14 0.38 0.99 0.007 0.006 0.39 1.95 3.28 
El Enthely 3 5 328 366.6 160 97.4 31.6 10.5 165 140 4.22 4.50 2.05 2.29 0.218 0.203 0.21 0.45 0.33 0.018 0.005 0.38 3.37 5.06 
El Shebiti 4 3 23 32.5 13.3 43 14 10.0 115 90 4.47 9.04 1.73 2.44 0.205 0.086 0.09 0.29 0.72 0.012 0.008 0.28 0.54 0.95 
El Tawela 5 4 30 33.7 13.7 29.8 10.4 1.4 95 75 2.77 3.85 2.18 2.46 0.203 0.161 0.19 0.40 0.14 0.071 0.009 0.23 1.01 1.32 
El ElHaloba 6 4 125 174.2 70.5 60.8 22 15.4 140 120 4.67 5.18 1.77 2.47 0.202 0.185 0.24 0.43 0.70 0.010 0.006 0.35 2.06 3.20 

Abbreviations 
No. = Number of basin and sub basin 
 

Measured parameters Calculated parameters 
kc = Order  of trunk channel 
Snu = Sum.of stream numbers 
Slu = Sum. Of stream lengths (km) 
A = Area of the basin (km2) 
Pr = Perimeterof the basin (km) 
LB = Basin length (km) 
VL= Valley length (km) 
Rf = Relief (m) 
E =Internal relief (m) 

Rb = Bifurcation ratio 
WMRb= Weighted mean bifurcation ratio 
F = Stream frequency (km-2) 
D =Drainage density by Horton method 
(km-1) 
Lo = Length of overland flow (km) 
Ish = Shape index 
Rc = Circularity ratio 
Re = Elongation ratio 

Si= Sinuosity 
SI %= Slope index 
Rr= Relief ratio 
Rn = Ruggedness number 
Rt = Texture ratio (Km-1) 
W = Basin width (km) 

NB: Calculation of morphometric parameters and Basins hazard degrees are performed using the computer programs “MORPHOMET” 
and “HAZARD” (Sewidan, 2000). 

 
To show the relation between the above surface hydrological view and the underlying subserface 

groundwater conditions geoelectrical study is given hereafter.  
 

Geoelectrical Studies: 
 
The fractures and secondary porosity of limestone that receive most of rainfall is considered as the main 

layer that revealed the groundwater in the study area. The geoelectrical resistivty survey has been conducted by 
applying the conventional (1D, 2D and 3D) methods. The resistivity meters (Terrameter SAS 1000) were used 
for the field geoelectrical measurements. The instrument directly measure the resistance (R) for each electrode 
separation with high accuracy. The topographic survey was carried out with the purpose of locating the 
sounding stations on the topographic map using the GPS and concluding the ground elevations. To study and 
explore the subsurface extension of the fractured zones 1D, 2D and 3D imaging techniques were used as the 
follows: 

 
Field work: 
 
A. The Vertical Electrical Sounding (1D): 

 
A reasonable coverage for the study area was reached by conducting 19 Vertical Electrical Soundings 

(Fig.1). The Vertical Electrical Sounding (1D) survey has been adopted with the purpose of determining the 
vertical and horizontal distribution of the sedimentary succession, the water-bearing layer and the thickness of 
the water-bearing layer. In order to verify the interpretation results, sounding station No.3 was carried out beside 
the existing wells to benefit from the lithological and hydrogeological data.  The Schlumberger configuration 
was applied in the present investigation, where the current electrode separation (AB) started from 2 m and 
increased successively to reach 1400m. The applied electrode separation is sufficient to reach a reasonable depth 
to explore the water-bearing formation. 
 
B. The two dimensional electrical imaging (2D): 

 
This geoelectrical imaging technique was used along two profiles. These profiles were chosen from the 

field observations (Fig.1) to test the selected sites for instalation of cisterns to benefit from the surface floods 
and rain water.  The Wenner array of electrodes was used. The two dimensional electrical imaging (2D) scans 
the distribution of the electrical properties of  subsurface layers in continuous image. Each profile is oriented in 
the (W-E) direction  and has a length of 72 m, which involves measuring a series of constant separation 
traverses (datum levels) with the electrode separation being increased with each successive traverse. The 
measurements continued successively to reach the last datum, which is represented by only one point with the 
largest electrodes separation (equals one third of the total length of the profile). The measurement process 
started in the present survey with a unit electrode spacing (a) equal to 3 m and increased in the following 
traverses to 2a, 3a,…., i.e. 3, 6, 9,……and 36 m. Electrical imaging or electrical tomography is a survey 
technique developed for the investigation of areas of complex geology where the use of resistivity sounding and 
other techniques is unsuitable (Griffiths and Barker, 1993). 
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C. The three dimensional electrical imaging (3D): 
 
This geoelectrical imaging technique was used along one profile (Fig.1) using the 3-D pole-pole survey to 

declare the condition of resistivity distribution horizontally and vertically with depth in the water-bearing 
fractured limestone. The pole-pole electrode configuration is commonly used for 3-D surveys, such as the E-
SCAN method (Li and Oldenburg 1992). The electrodes for 3-D surveys are normally arranged in a rectangular 
grid with a constant spacing between the electrodes (10 m). The length of the rectangle is 40 m. and its width is 
30 m. 
 
The interpretation and results: 

 
The field data of the Soundings have been interpreted qualitatively and quantitatively to delineate the 

subsurface sequence of the geoelectrical layers in the area of study. 
 

 Qualitative interpretation of Vertical Electrical Sounding: 
 
Qualitative interpretation includes comparison of the relative changes in the apparent resistivity and 

thickness of the different layers. It gives information about the number of layers, their continuity homogeneity 
or heterogeneity of the individual layers. The field curves of the Vertical Electrical Soundings are variable along 
the area of study. The resistivity values of the first and second cycles of the resistivity curves are characterized 
be HK, HKHK, K and QQ types representing the surface and near surface variationsaccording to (Bhattacharya, 
P. K. and Patra, H. P. 1968). However, they reflect the heterogeneity that characterizes the topmost layers. On 
almost all the VES curves, the last segment of the third cycle shows the same type (Q-type) which reflects low 
resistivity layer and the homogeneity and continuity of the deeper layer.  The northern VES curves as VES 15 
has the lowest resistivity values. This may back to the effect of sea water intrusion.  Representative examples of 
the field curves are shown in (Fig. 5). 
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Fig. 5: Examples of the resistivity sounding curves 

 
 Quantitative interpretation Vertical Electrical Sounding: 

 
The quantitative interpretation has been done to get a multiple layer model of true resistivity and thickness. 

The true resistivities are related to lithology according to the geologic information of nearby wells. Use was 
made of the computer programs developed by Van Der Velpen (RESIST, 1988) and IP1 Win v.2.1 (Moscow, 
2003). The layer boundaries were adjusted according to the available well data to increase the fitness between 
the obtained model and field data. Figure (6) shows the interpretation of the modeled resistivity sounding VES 
No. 3 beside well. The general geologic setting and relevant information (structural elements) are visualized and 
described in view of a number of generated geoelectrical crossing in different directions. The quantitative 
interpretation of the field curves as well as the constructed geoelectrical cross sections revealed that the 
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geoelectrical succession is formed of three units. Unit "A" represents the dry layers (layers A1, A2 and A3). 
Unit "B" represents the water-bearing layer. Finally, unit "C" equivalents to clay deposits. Information about 
these layers is given in Table. (4).  A detailed description of each layer from top to bottom as follows: 

 
1. The uppermost geoelectrical layer "A1" consists of a group of small layers. The transverse resistivity 

values of these layers show a wide rang of resistivities values (16 - 930 Ohm.m). These values correspond to  
dry wadi deposits ( sand, gravels and clay).  The low resistivity value within this layer is explained as due to the 
increase of fine sediments such as clay and silt. Generally, the resistivity of this layer decrease northwards. The 
thickness of this layer ranging from 1.5 to 38 m. 

2. The second geoelectrical layer "A2" shows resistivity values ranging from 2 to 7.5 Ohm.m. These 
values is equivalent to fine sediments such as silt with clay. The thickness of this layer reachs up to 8 m. 
Anomalous high resistivity value (15 Ohm-m) was detected at VES 13. This may due to intruded sand with clay 
at this site.  

 

Wadi deposits (A1)

Clay (A2)

Marly limestone (A3)

Fractured limestone  (B)
(water bearing)

Clay (C)

0
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  (m.)

Lithological description    Rho
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7.5

70

28.5
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Fig. 6: Interpreted field curve of VES No. 3 and borehole lithology  

 
Table 4: Resistivity, thickness and the corresponding lithological composition of the detected geoelectrical layers 

Layer No. 
Resistivity 
(Ohm.m) 

Thickness 
(m) 

Corresponding Lithology 

Dry unit (A) 
A1 16 – 930 1.5 – 38 Wadi deposits 
A2 2 – 7.5 1.7 – 8 Clay 
A3 24 – 169 1.9 - 42 Limestone to Marly Limestone  

B 5.5 – 65 16.6 – 20.4 
Fractured Limestone 
(Water bearing) 

C <1 – 4.9 ------- Clay 

 
3. The third geoelectrical layer "A3" has resistivity values ranging from 24- 169 Ohm.m corresponding 

to dry marly limestone to limestone of Pliocene respectively. This layer extends allover the subsurface of the 
area with a thickness ranging from 1.9 m to 42 m with a general decrease northwards. 

4. The fourth geoelectrical layer "B" has resistivity values ranging from 5.5 to 65 Ohm.m. These 
resistivity values correspond to saturated fractured Marmarica limestone of Middle Miocene age that acts as 
water-bearing layer. The lowest resistivity values were recorded at the extreme north. So, these values may back 
to the intrusion of sea water. The thickness of this layer is ranging from  16.6 – 21 m.  

5. The last layer "C" has resistivity values less than 5 Ohm.m. These resistivity values  correspond to 
clay deposits. The base of this zone was not reached in any of the measured soundings in the area.  

 
 In order to make the above mention description more illustrative, the geoelectrical parameters of the 

interpreted layers were used to construct two geoelectrical cross sections as shown in figures (7&8). One of 
these geoelectrical cross-sections AA` take the trend SW – NE and the other geoelectrical cross section BB' take 
the trend S – N. 

 
Groundwater Conditions: 

 
To evaluate the groundwater conditions, two items were taken into consideration. The first item concerned 

with the surface hydrology evaluation of the groundwater potential of the different basins. The second items 
concerned with the subsurface evaluation based on the geoelectrical results. 
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a. The  Surface hydrology evaluation:  
 
To evaluate the potentiality of the groundwater  of the studied basins in the light of the surface hydrology,  

the  flood hazard of the studied basins is considered. For this respect, nine morphometric parameters have a 
direct effect on the flood were chosen, and their relationship with the flash flood were analysed. These 
parameters are: watershed area (A), drainage density (D), stream frequency (F), shape index (Ish), slope index 
(SI), relief ratio (Rr), ruggedness ratio (Rn), texture ratio (Rt) and weighted mean bifurcation ratio (WMRb).  
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Fig. 7: Geoelectrical cross section AA' 
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Fig. 8: Geoelectrical cross section BB' 

 
All these parameters have a directly proportional relationship with the hazard morphometric parameters 

except for the weighted mean bifurcation ratio which shows an inverse proportion.   
A hazard scale number starting with 1 (the lowest) to 5 (the highest) has been assigned to all parameters 

(Fig. 9). The distribution of the hazard degrees for the studied drainage basins have been carried out as follows: 
 Determination of the minimum and maximum values of each morphometric parameter for all drainage 
basins and their sub-basins. 
 Assessments of the actual hazard degree for the all parameters which are located between the minimum and 
the maximum values depend on a trial to derive the empirical relation between the relative hazard degree of a 
basin with respect to flash floods and the morphometeric parameters. The equal spacing or simple linear 
interpolation between data points procedure was chosen. Assuming a straight linear relation exists between the 
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sample points, the intermediate values can be calculated from the geometric relationship (Davis 1975) and 
(Sewidan, 2000). 

 

1
)X-(X

)X-4(X
degree 

minmax

min
Hazard                                      (15) 

For the weighted mean bifurcation ratio (WMRb) which shows an inverse proportion, the hazard degree 
was calculated using the following equation: 

1
)X-(X

)X-4(X
degree 

maxmin

max
Hazard                                       (16) 

Where X is the value of the morphometric parameters to be assessed for the hazard degree for each basin, 
Xmin& Xmax are the minimum and maximum values of the morphometric parameters of all basins respectively.  

 The hazard degree for all basins is calculated by equations (15 and 16). 
 The summation of the hazard degrees for each basin represents the final flood hazard of that basin. 

These values range between 16.39 (El Shebiti basin) and 32.03 (El Tawela basin). 
The actual hazard degrees of each morphometric parameter for all basins are tabulated in Table (5).  
From the calculated values, one can classify the studied basins into three groups according to their hazards: 
i) High hazard group; This group includes El Tawela, El Enthely ,El Haloba and Wakal basins that 

shows a high hazard (4 and 5). 
ii) Medium hazard group; This includes Garawla basin  having a hazard degree of 3.  
iii) Low hazard group; This includes El Shebiti basin showing low degree (1).  
From the obtained results of the hazard degrees of the studied basins, it is found that the El Tawela and El 

Enthely followed by Wakal and El Haloba Basins have the highest degree (Fig. 9), and to acheive the  maximum 
exploitation for the flooded water to recharge the groundwater. So, some dams and dyks are very important to 
be constructed to infiltrate and recharge the shallow aquifer between the highest stream order. On the other 
hand, it is noticed that both medium hazard and low hazard groups have a good chance for groundwater 
recharge through the infiltration of runoff water (Garawla and El Shebiti basins). 

 
Table 5: Hazard degrees of the effective parameters of the study basins 

Basin name 
Basin 
No. 

Hazard degrees of the effective parameters 
Sum. 

Basin hazard 
degree A WMRb F D Sl Ish Rr Rn Rt 

Wakal 1 3.171 4.312 2.626 2.212 1.000 3.173 1.581 5.000 3.001 26.076 4 
Garawla 2 1.358 4.005 2.040 5.000 1.143 1.000 2.818 4.616 1.288 23.268 3 
El Enthely 3 5.000 4.496 3.686 1.000 1.690 5.000 1.000 4.655 5.000 31.527 5 
El Shebiti 4 1.000 1.000 1.000 3.470 1.333 1.308 4.059 2.216 1.000 16.385 1 
El Tawela 5 1.011 5.000 5.000 3.722 5.000 3.636 5.000 2.000 1.666 32.034 5 
El ElHaloba 6 2.550 3.970 1.380 3.869 1.234 4.388 2.168 3.884 3.148 26.591 4 

 
b. subsurface geoelectrical evaluation: 

 
To evaluate the subsurface groundwater conditions in the light of the geoelectrical results, the interpretation 

results of the VES stations as well as the hydrogeologic data of the drilled wells in the study area was used. 
These results revealed that, the groundwater occurs in the geoelectric layer "B". This layer is equivalent to the 
fractured Marmarica limestone. The depth to the top of the water-bearing layer generally increases southwards. 
It ranges from 5.2 m in the northern part to about 82 m in the southern part (Fig. 10). The level  to the top 
surface of the water-bearing layer varies from +3.4 m above sea level in the northern part to about + 21 m above 
the sea level in the southern part (Fig.11). This layer has nearly uniform thickness where, its thickness ranges 
from 16 to 22 m (Fig. 12). The maximum thickness was detected at the southwestern part of the study area. The 
resistivity values of this water-bearing layer vary from 5.5 Ohm-m in the northern part (VES 14) to 65 Ohm-m 
in the southern part (Fig.13) with a general decrease northwards. The decrease of resistivity value northwards is 
owing to the increase of salinity of groundwater where the Total Dissolved Salts (TDS) was measured for the 
drilled well beside VES 14 attaining a value of 6500 ppm. On the other hand, the Lower bottom of the water-
bearing layer "B" has a level of – 16 m below the sea level at the northern part to +2 m above sea level in the 
extreme southern part (Fig. 14). As the most of the water-bearing layer lies below the sea level in the northern 
and middle parts so, the sea water intrusion has the most effect role in decreasing the resistivity value. This 
effect gradually decreases southwards. 
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Fig. 9: Geology and flood hazard classification of the study area 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10: Depth to water contour map 
 
As the resistivity values decrease northwards therefore, distribution of resistivity value with depth 

northwards is of a great interest. The interpretation results of the 3D model using inversion process  (loke, 1998) 
in the northern part  is presented  as horizontal and vertical slices. The horizontal slices (Fig. 15a) indicate that 
the subsurface conditions show the gradual decrease in resistivity values of the water-bearing layer from about 8 
Ohm-m in the first slice (depth 0 -7m) to about 3 Ohm-m at the third slice (depth 15.1-24.3 m) due to the effect 
of sea water intrusion. The high resistivity values in the southeastern and southwestern corners of the first layer 
(0 -7 m. depth) due to dry wadi fill deposits. On the other hand, the relative high resistivity values at the same 
corners in the second layer (7-14 m. depth) may due to the low fracture size at these sites. The lowest resistivity 
value at the fourth layer (24.3-35 m) due to clay deposits saturated with saline water. The resistivity value of the 
vertical slices (Fig. 15 b) revealed that the resistivity values decrease northwards and and eastwards because the 
sediments size decrease towards the downstream direction. 

The maximum resistivity values of the water-bearing layer were recorded at VES nos. 11, 12& 13 (55, 62 
and 65 Ohm-m respectively, Fig. 13) in wadiEl Enthely and VES nos. 2, 9 and 10 (61, 61 and 56 respectively) 
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in Wadi El Tawela. These values may be owing to the decrease of salinity of the groundwater at these sites due 
to the presence of some dames along these wadies that slow down the movement of flooded water giving a 
chance to recharge the fractured water-bearing limestone. Therefore, the confirmation between the hydrological 
and geophysical methods gives reliable information for the decision makers.   
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Fig. 11: Water level contour map of the top water-bearing layer "B" 

 

1
2

3

4

5

6

7

8

9

10

11

12

13

14 15

16
17

18
19

0 1 2 3km.

Scale

Mediterranean Sea

26 39' 26 45'

31
27'

161718192021

Thickness (m.)

 
 
Fig. 12: Isopach contour map of the geoelectricallayer"B" 
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Fig. 13: Iso-resistivity contour map of the geoelectrical layer ''B'' 
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Fig. 14: Water level to the bottom of the water bearing layer "B" 

 
The priority of drilling water wells is based generally on the resistivity values and thickness of the water-

bearing layer. As the water-bearing layer in the investigated area "geoelectric layer "B" has a nearly uniform 
thickness therefore, the resistivity values are the controlling factor for locating these priorities. Based on these 
values (Fig.13), the best sites are located generally in the southern parts of the study area and the priorities 
decrease northwards as the resistivity values decrease. The first priority is represented by VES nos. 2, 9 and 10 
inWadiEl Tawela and VES nos. 11, 12 and 13 inWadiEl Enthely followed by VES nos. 4 and 19 inWadi Abo 
Hesha and Wadi El Shebiti respectively.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15: Three-D obtained model from the inversion of Pole-pole survey 
 
Interpretation the results of the tested sites for cisterns instellation: 

 
As the resistivity values decrease northwards, consequently, the salinity of the water-bearing layer  "B" 

increases. Therefore, installation of cisterns in the northern and middele parts of the study area is recommended 
to benefit from rains and floods water. Storing these water is needed for man, animals drinking and livestocks of 
Bedwein people. For this respect, two sites were chosen and tested through Two Dimensional electrical imaging 
measurements. The resistivity changes along the vertical and horizontal directions can be more accurate using 
the 2D model. For the interpretation of the imaging data, use was made of the computer program RES2DINV, 
ver 3.4 written by Loke (1998). It is a Windows-based computer program that automatically determines a two-
dimensional (2-D) subsurface resistivity model for data obtained from electrical imaging surveys (Griffiths and 
Barker 1993).  

The interpretation results of the 2D imaging of the first profile (Fig. 16) revealed that the total section from 
the surface up to a depth of about 10 m consists of wadi fill deposits and has resistivity values ranging from 
more than 1181 Ohm-m to 25.5 Ohm-m  with a general decrease downwards. These resistivity values 
correspond to gravells boulders, sand and fine sediments (silt and clay). Therefore, installation of any cistern 
along this profile must be sealed well  to forbid the seepage of the stored rains and floods water.    
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The interpretation results of the 2D imaging of the second profile (Fig. 17) revealed that the upper layer 
beneath electrode of 24 m to 60 m has resistivity values range from 6 to 12 Ohm-m. These values correspond to 
clay and silt deposits. Its thickness ranges from 2 to 5 m. Beneath this layer the resistivity value increase 
gradually downward up to resistivity value of 37 Ohm-m. This resistivity value correspond to sand deposits. 
This location is unsuitable to construct a cistern due to the the surface layer is impermeable and can not seep the 
surface water downward. On the other hand, The first layer beneath electrodes distance from 9 m to 21 m has 
resistivity values ranging from 16 Ohm-m to more than 765 Ohm –m . These values correspond to clayey sand 
to gravells deposits. This layer has a thickness of about 4 m. This layer is followed by a low resistivity layer (6-
12 Ohm-m). This layer corresponds to clay and silt. These deposits extends up to depth of 9 m. Therefore the 
best site for installation of a cistern along this profile exists between the electrode locations of 12 and 24 m. The 
penetrated depth of the cistern dose not exceed 9 m. where the low resistivity layer forbids the seepage of the 
stored water.  

 

 
 
Fig. 16: True resistivity 2D imaging of the first profile 

 

 
 
Fig. 17: True resistivity 2D imaging of the second profile 

 
Conclusions And Recommendations: 

 
El Negila area is penetrated by a group of main basins termed Abu Hesha, El haloba, El Tawela, El Enthely, 

El Shebiti and Wakal. The morphometric parameters of each basin are determined through the drainage analysis. 
These parameters include stream ordering, stream length, basin perimeter, basin length, valley length, relief, 
internal relief, slope index, relief ratio, bifurcation ratio, stream frequency, drainage density, basin shape index, 
circularity ratio, elongation ratio, sinuosity, ruggedness number, drainage texture ratio, ruggedness number and 
basin Width. Nine of these morphometric parameters were used to determine the degree of the flooded basin. It 
was found that, El Tawela and El Enthely followed by Wakal and El Haloba Basins have the highest flood. 
Therefore, construction of dams at these sits can increase the rate of recharge for the shallow groundwater 
aquifer. 

To deduce the relation between the surface hydrological view and the true underlying subserface 
groundwater conditions geoelectrical study was carried out. 19 Vertical Electrical Soundings measured  in a 
gride form. Some of these soundings was carried out beside water wells to benefit from its data in interpretation 
process. Five geoelectrical layers (A1. A2, A3, B and C) were detected from the interpretation results and the 
geoelectrical cross sections. These layers correspond to wadi fill. clay, dry limestone, water-bearing limestone 
and clay respectively. The resistivity of the water-bearing limestone "geoelectrical layer "B" decreases from 65 
Ohm-m at the southern part of the study area to 5.5 Ohm-m at the northern parts with a general decrease 
northwards. This decrease in resistivity value is owing to the effect of sea water intrusion. 

The maximum resistivity values at the soundings nos. 11, 12& 13  in WadiEl Enthely  (55, 62 and 65 Ohm-
m respectively) and soundings nos. 2, 9 and 10 inWadi El Tawela ( 61, 61 and 56 Ohm-m. respectively). These 
values may be due to the effect of decreasing the salinity of the groundwater at these sites due to the effect of 
the recharging of the fractured water-bearing limestone via the initiative soil dams constructed by 
Bedweinpeople  along these wadies. So, the accumulation between the hydrologic and geophysical techniques 
gives confidence results for the future development plans. 

As the thickness of the water-bearing layer has nearly a uniform thickness (16-22 m), therefore, the 
resistivity values have the immance role in locating the priority of drilling water wells in the investigated area. 
Based on this concept the first piriority for drilling water wells is a generally, lies in the southern parts of the 
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study area. These priorities are represented by VES nos. 2, 9 and 10 inWadiEl Tawela and VES nos. 11, 12 and 
13 inWadiEl Enthely followed by VES nos. 4 and 19 inWadi Abu Hesha and Wadi El Shebiti respectively.  

As the resistivity of the water-bearing layer "B" decreases northwards and consequently the salinity 
increases, So installation of cisterns to store the water of rains and floods  in the middele and northern parts is 
needed to meet the requirments of man, animals and the other live stocks. Two sites were tested for cistern 
installation through Two-Dimension geoelectrical imaging measurements. The interpretation results of the 
measured data revealed that, the first site consists of wadi fill deposits. So installation of a cistern at this site will 
collect the surface flooded and rain water. On the other hand, The surface layer in the eastern parts of the second 
site consists of fine sediments(silt &clay) that may forbid the seepage of water downward to be collected. But, 
the western part of the second site contains sand layer in the surface followed by clay layer Therefore, the 
western part of the second site is suitable for installation of a cistern inverse the eastern part.    

In conclusion, the southern part of the study area is suitable for drilling water wells as a complementary 
source of surface irrigation to the rain water especially, in winter season. 

It is recommended by the following steps to achieve the maximum benefits in the study area: 
-Installation of dykes in the upstream of the mostly flooded basins in the study area (WadiEl Tawela, and 

WadiEl Enthely, followed by WadiWakal and WadiEl Haloba) to recharge the fractured limestone aquifer. 
- The drilled wells in the middle and northern parts of the study area extends below the water surface to 

10m and 5 m. respectively to avoid the increase of salinity due to the sea water intrusion. 
- Installation of cisterns in the middle and northern parts of the study area is necessary to benefit from the 

surface flooded and rain water to save the requirements of man, animals and other live stocks in these parts. 
- Agriculture development must restrict to the southern parts of the study area. The cultivated plants must 

be of the lowest consuming water and bear dryness types.   
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