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ABSTRACT 

El- Qaa plain rises up to 200 m above mean sea level, sloping gently 

toward the south east of the Sinai Peninsula. It is characterized by young 

Tertiary and Quaternary alluvial sediments, sandstone, gypsum and 

limestone. Much of the alluvial sediments originated from the hills to the 

east, it covers an approximate surface of 6070 km2, which is estimated 10 % 

of the Sinai Peninsula, with a maximum length of 150 km approximately 

and a maximum width of 20 km. This research is aiming to detect the saline 

water bearing unit within the Quaternary aquifer in El-Qaa Plain area, using 

the vertical electrical sounding (VES) technique. This investigation based 

on measuring the electrical resistivity of the units with depth using the 

schlumberger array. In order to achieve the goal of this research, geological 

and geophysical studies have been executed, 30 VESes have been 

implemented with their processing and interpretation using Zohdy (1989) 

and WinSev (2004) programs. Several previous works have been collected 

and summarized. Hence four iso-resistivity contour maps, four cross 

sections, and top of saline water bearing unit contour map have been 

established. This study emphasizes the role of using the geoelectrical 

techniques in delineation of ground water quality in aquifers within such 

important areas. 

Key words: Vertical electrical sounding, saline water zone, quaternary 

aquifer, El-Qaa plain, Sinai  
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INTRODUCTION 

During the two last decades, there is a continuous demand for 

more and more water necessary in order to overcome the over-

increasing populations and the land expansion projects in Egypt. At 

present, the reclamation of desert areas requires the exploration of 

new water resources, where the rainfall is scarce and the available 

surface water are limited  So, the development of groundwater 

resource for desert reclamation projects are urgently needed in such 

areas which                                                   z 

                                                                    E 

within the southwest Sinai rift zone (Fig. 1). 
Many geological, hydrogeological and geophysical works have been 

carried out in parts of the study area (e.g., Geofizika 1963; Kamel and 

Fouad 1975; Webster and Riston 1992; Shendy 1984; Rizkalla 1985; 

Abdelrahman et. al. 1987; Tealeb and Riad 1987; Meshref and El-Kattan 

1989; Ibrahim and Ghoneimi 1992; RIWR and JICA 1999; Gorski and 

Ghodeif 2000; El-Shayeb 2001; Sayed et al. 2004; Leppard and Gawthorpe 

2006; El-Kelani et al. 1999 and 2003; Khalil  2009,  M. S. Youssef 2013.                    

 

Fig. (1): Location Map of the Study Area 
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Geomorphologically, the study area can be subdivided into three 

main categories (Fig.2);  

(1)The Eastern Mountain region, (2) the western Sedimentary Hill, and (3) 

the Central Plain. Geologically, the area ranges from Precambrian basement 

rocks to Quaternary deposits. According to  the surface geologic map 

(Khalil 1998; McClay et al. 1998), the Quaternary deposits cover the Sahl 

El Qaa basin and the western side of the studied area. Miocene-Oligocene 

sediments outcrop in the northern and eastern parts of the basin, while 

Eocene-Cambrian sediments confine the valley at the east and west sides of 

the area. At the north-eastern part of the studied area Pre-Cambrian rocks 

outcrop, (Sultan et al, 2009) (Fig.3). 

METHODOLOGY: 

The vertical electrical resistivity sounding technique using 

Schlumberger array was used for determining the geoelectrical 

parameters, 30 VESes were carried out for the study area (Fig. 1) 

using Syscal R1. At each VES location, the distance between the 

potential electrodes increased from 1.5 m up to 200 m while the 

current electrode separation was increased from 1.5 m up to 400 m 

and to 800 m.  By the beginning of the field survey, six vertical 

electrical soundings were carried out near to the available boreholes in 

the area of study for correlating the resistivity measurements with the 

lithological and hydrogeological information. 

 
Fig.2: Geomorphological units of the study area 
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Fig.3: Geological units of the study area (After Sultan et al, 2009) 

 

The main purpose of the qualitative interpretation of the 

geoelectrical resistivity soundings is to determine the number of 

geoelectrical units in terms of thicknesses (or depth) and relative 

resistivities. This is done by plotting the field measured apparent 

   i  ivi y      "ρ "    i        -current electrode spacing (AB/2) and 

construction of the field curves (VES curves), which guide the 



A. G. Abd El_Hameed, El-Shayeb, H. M,  and  M. S. Youssef   

73 

 

subsequent process of quantitative interpretation. This step using 

ZOHDY (1989) in the beginning to determine the multiunit model, 

and the results was used as a base to inter the result model in another 

program (Winsev6 2004). Winserv6 program has several 

Characteristics to relate between the geological data and the 

geoelectrical data (Fig. 4a & 4b). 

RESULTS AND DISCUSSIONS 

The results reached from the interpretation of the individual 

sounding curve, were utilized to recognize the subsurface setup of the area. 

This was accomplished through the construction of geoelectrical cross 

sections (Fig. 5a, 5b, 5c & 5d).  

The cross sections illustrate that the study area has nine geoelectrical 

units their descriptions can explained as follows:- 

1- The top geoelectrical unit has high average resistivity values ranges 

between 5000 Ohm.m. to 200 Ohm.m. With average thickness 

equal 3 m., it consists mainly of weathered materials.  

2- The second geoelectrical unit has average resistivity values ranges 

between 75 to 100  Ohm.m. as a result of the intercalation of sand 

with clay with average thickness reachs 50 m., this unit is 

considered the top of the aquifer.  

3- The third geoelectrical unit has average resistivity values ranges 

between 100-150 Ohm.m. and consists mainly of medium grained 

sand but this composition shows some variations such as the 

increasing in the clay percentage in some locations. This unit is one 

of the main aquifer units and has average thickness of 130m. 

4- The fourth and fifth geoelectrical units which have average 

resistivity values range from 150 to 250 Ohm.m. and consists of 

medium to coarse grained sand and contain water, it considered the 

extension of the aquifer units, with thickness of 150 m. 

5- The sixth geoelectrical unit which is the separation unit between 

the fourth and the fifth according to the increasing in the grain size 

which causes increasing in the resistivity values up to 700 Ohm.m. 

with thickness less than 50 m. 
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6- The seventh geoelectrical unit which has average resistivity values 

ranges from 25 to 75 Ohm.m. and consists of sand contains water 

relatively higher in salinity correlated with the upper aquifer units, 

with average thickness 150 m. 

7- The eighth geoelectrical unit has average resistivity values ranges 

from 5 to 25 Ohm.m. and its composition is mainly of silt and clay 

with average thickness reach 180 m.. This unit considered as the 

bottom of the aquifer. 

8- The last and ninth geoelectrical unit which had the highest average 

values reached up to 5000 Ohm.m. and consists of the basement 

rocks.  The resistivity values changed in some locations according 

to the percentage of the unconformity weathered surface. 

  By representing the resistivity measurements for AB/2= 400 m. the 

contour shows narrow intervals which reflect the limited change in the 

values which are relatively high and represent the fresh water bearing units 

(Fig.6). 

The Iso-resistivity contour map at AB/2=800m. the map shows 

gradually decreasing towards the west which reflects the increasing of the 

thickness of the aquifer towards the east specially in the middle part in the 

plain (wells area) (Fig.7) 

Fig. (8) shows that the El- Qaa plain can be subdivided into the north, 

middle and south areas, separated by faults that affecting the ground water 

flow and the ground water quality which can be realized from the contour 

map of the base of the aquifer.  The map reveals that the most thickness of 

the aquifer appears in the middle part which refers to the highly productivity 

of the ground water (highly potential area). 

By representing the values of the upper surface of the unit which 

contains the highly saline water (Fig.9), it is clear that the depth to the high 

saline water is 50m. at the south part area as it appears at Ves 26 but its 

thickness decreases outwards in the middle and the north part above the 

base rock of aquifer, and the flow is toward the north which may affects the 

ground water quality in the middle part to reach between 800 and 1200 

ppm., especially in case of increasing the extraction from the wells and / or 

decreasing of the recharge which come from the wadies from the east 

mountains side. 
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Fig.4a: Vertical Electrical                         Fig.4b: Vertical Electrical  

             Sounding curves                                                  Sounding curves      

                                                                                 

DRAINAGE BASINS AND QUATERNARY AQUIFER RECHARGE 

Wadi Shadk and Wadi Maier are the main drainage basins which 

play the fundamental roles in the recharge process of the Quaternary aquifer 

in El-Qaa Plain, qualitative and quantitative analyses have been performed 

to indicate the contribution of these wadies in the recharge component to 

the ground water in El-Qaa Plain. 

The size of the drainage basin affects on the amount of water 

yield. The length, shape and relief affect on the water rate and 

sediment yield while, the character and extent of the channels is 

effected by the sediment availability and the rate of water yield from 

the drainage basin. 
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Table : Morphometric parameters of Wadies Shadk and Maier 

Morphometric parameter Wadi Shadk Wadi Maier 
Area , km2 144.123 215.22 

Basin Relief  (gradient) "R"   m. 2551 2336 

Relief Ratio "Rr"   m/km. 87.612 93.365 

Basin Length "LB" ,km 29.117 25.02 

main stream length "Vl" ,km 31.357 33.85 

Basin slope , m/km 81.269 93.44 

Max.stream slop m/km 76.384 69.01 

perimeter , km 81.423 89.858 

total.Nu 180 289 

total length of streams ,km 261.576 384.767 

Bifurcation ratio 3.414 3.900 

Width of watershed ,km 4.59 6.358 

Stream frequency"horton" , km-2 "F" 1.249 1.343 

drainage density"horton"  ,km-1"D" 1.815 1.788 

Ruggedness number "Rg" 4.629 4.176 

Circularity ratio  "Rc" 0.273 0.335 

Elongation Ratio "Re" 0.432 0.489 

Form factor "Rf" 0.169 0.344 

 i   i y        ― i‖ 1.077 1.35 

length of over land flow "Lo" ,km 0.275 0.279 

The results of these analyses are shown in the above table, the 

catchments of wadi Shadk and wadi Maier were identified from two 

topographic sheet of scale 1:100.000, it controlled mainly by the 

structures (faulting) of the Basement mountains rocks, and elongated 

in the direction perpendicular to the El- Qaa Plain; it drains rainfall 

water from high mountains of the Sinai ring in the east to the Gulf 

plain in the west. It is involving many different kinds of Igneous and 

Metamorphic rocks distributed in the area, the basin of wadi Maier 

lies on basement rocks but wadi Shadk has an extension in the 

sediment of El-Qaa Plain and the sedimentary materials in both 

wadies present along the streams until it reaches the pediment plan as 

Quaternary deposits toward the west part. The network is well 
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developed, high dens, and it cover almost the whole area. The 

drainage pattern along the high lands is coarse dendritic to sub-

dendritic and parallel to sub-parallel. And in the relatively low plains 

the dominant types are sub-parallel, braided and dichotomic. 
Generally, stream network of wadi Shadk and wadi Maier are mainly 

dendritic, sub-parallel and braided which may generate and maximize the 

runoff volumes, also affected by the sediment transport and the total time of 

concentration. (Fig.10). 

 

From a hydrogeological point of view and based on the hydro-

morphometric parameters, wadi Shadk and Wadi Maier are considered 

as moderately risk basins. 

The estimated losses from the two mentioned wadies which 

may contribute from the rain fall precipitated on the catchments areas 

of the wadies can be calculated   using the Soil Conservation Services 

(SCS equation) as follows: 

The SCS-CN method is based on the water balance equation 

(Mishra and Singh 2003). The method is based on the following three 

equations: 

 

P = Ia + F + Q                                 (1) 

Q/ P _ Ia = F/ S                               (2) 

I  =λ                                               ( ) 

Where P = total rainfall; Ia = initial abstraction; Q = direct 

runoff; F = cumulative infiltration excluding Ia; S = potential 

m xim m       i                   i  ;     λ=  .  (           v    ). 

Equation (2) uses the proportionality concept and equates the ratio of 

the actual direct surface runoff (Q) to potential maximum surface 

runoff (P) (or total rainfall) to the ratio of the actual retention (F) (or 

infiltration) to potential maximum retention (S). Coupling of Eq. (1) 

with Eq. (2) leads to the popular expression of the SCS-CN method: 

Q = (P _ Ia) 2 / (P _ Ia) + S        (4) 
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The potential maximum retention after runoff begins, S, is 

related to the soil and land use/vegetative cover characteristics of the 

watershed by the equation:  

S = (1000/CN) - 10                    (5) 
   Where S is in inch and CN is non-dimensional. The value of CN is 

derived from the tables given in the National Engineering Handbook, 

section-4 (NEH-4; SCS 1956) for the catchment characteristics such as soil 

type, land use, hydrologic conditions, and antecedent soil moisture 

conditions. By CN value estimation, Calculation of the Maximum retention 

after runoff begins (S) and the initial abstraction (Ia) which are considered 

the main component of the losses includes water captured by vegetation, 

depression storage, evaporation, and infiltration. For any P, this abstraction 

must be satisfied before any runoff is possible. 

CN for wadi shadk equal 65 but for wadi Maier equal 80 by substitution of 

these values in the equation no.5 the value of S will be 13.76 mm. for wadi 

Shadk and 6.35 mm. for wadi Maier, which yield 1983132 m3 for wadi 

Shadk and 1366647 m3 for wadi Maier.  These huge quantities of water 

have a respectable refraction of the infiltration to the ground water which 

can explain the salinity changes and the iso-apparent resistivity contour 

maps. 

CONCLUSION 

According to the above mentioned discussion of the results reached 

from the interpretation of the resistivity sounding measurements, it can be 

concluded that:  

1- The surface geoelectrical unit is mainly consists of weathered 

materials and the second geoelectrical unit consists of intercalation of 

sand with clay with average thickness reach 50m.,  this unit 

considered the top of the aquifer while, the third geoelectrical unit 

consists of medium grained sand with some variations like increasing 

in the clay percentage in some locations. This unit is one of the main 

aquifer units and has average thickness of 130m. 

2- The fourth and fifth geoelectrical units consist of medium to coarse 

grained sand containing water, it considered the extension of the 

aquifer units, with thickness of 150 m. while, the sixth geoelectrical 
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unit is the separation unit between the fourth and the fifth units and 

according to the increasing in the grain size which causes increasing 

in the resistivity values up to 700 Ohm.-m with thickness less than 

50m. 

3- The seventh geoelectrical unit consists of sand and contains water 

relatively higher in salinity correlated with the upper aquifer units, 

with average thickness 150m., while the eighth geoelectrical unit is 

consisted mainly of silt and clay and is considered the bottom of the 

aquifer. The last and ninth geoelectrical unit consists of the basement 

rocks and these values changed in some locations according to the 

percentage of the unconformity weathered surface. 

4- The El- Qaa plain can be subdivided into the north, middle and south 

areas, separated by faults that affecting the ground water flow and the 

ground water quality, also the most thickness of the aquifer appears in 

the middle part (the highly potential area).  

5- The maps depth to the high saline water is 50 m. in the near the 

southern part of the Gulf region, but its thickness decreases outwards 

in the middle and the north part as a result of the feed that comes from 

the valleys of the eastern mountains. 

6- Groundwater  quality in the middle part reach between 800 and 1200 

ppm.  and the quality decreased especially in case of increasing the 

extraction from the wells  and / or decreasing of the recharge which 

come from the wadies from the east mountains side. 

 

RECOMMENDATIONS 

From the present study the following recommendations can be given: 

1-    p   i  i     y             p      iv        i           ’  i    i  

the central part, with implementing of highly effective management of 

the aquifer in order to conserve the resource. 

2- Increasing the possible recharge amount coming from the wadies in 

the study area establishing the artificial structures in order to increase 

the time of concentration of the runoff which lead directly to permit 

the water to percolate towards the ground water. 
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Fig. 5a: Geoelectrical cross section A-A1 

 
Fig. 5b: Geoelectrical cross section D1-D 
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Fig. 5c: Geoelectrical cross section E - E1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5d: Geoelectrical cross section C- C1 
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(Fig.6): Iso-Resistivity Contour Map of the AB/2=400m 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

(Fig.7): Iso-Resistivity Contour Map of the AB/2=800m 
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(fig. 8): contour map of the bottom of the aquifer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Fig.9): Iso-Resistivity Contour Map of the Upper Surface of the Saline Unit 
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(Fig.10): the drainage net work of wadi shadk and wadi maier 
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تحذيذ ًطبق الويبٍ الجىفيت فً الخساى الحذيج هستخذهب الجسبث الجيىكهربيت 

 هصر -سيٌبء  –الرأسيت بسهل القبع 
 

 جبهعت هذيٌت السبداث –أحوذ جوبل الذيي عبذ الحويذ هعهذ الذراسبث والبحىث البيئيت 

 جبهعت الوٌىفيت-كليت العلىم  –رئيس قسن الجيىلىجيب  -حسي هحوذ الشبيب 

 وزارة الوىارد الوبئيت والري -هحوذ صبلح شبهَ  
 

ماع ٔ خضؼد ذهك انمٛاساخ ظسح ظٕٛكٓشتٛح نرغطٛح يُطمح سٓم ان 03ذى اظشاء ػذد 

نهرؽهٛم انكٛفٗ ٔانكًٗ ٔاسفشخ انُرائط ػٍ ٔظٕد ذسغ ٔؼذاخ ظٕٛكٓشتٛح، الأنٗ سطؽٛح ذركٌٕ 

يرش، ذهٛٓا 0يرش ٔسًك ٚضٚذ ػٍ  /أوِِِِِِِِِِِِِِِِ 0333 – 033يٍ انؽصٗ ٔانشيم تمٛى يمأيّ ذرشأغ تٍٛ 

يرش ٔذؼرثش /أو 033انٗ  50ٍ ٔؼذج ذركٌٕ يٍ انشيم انًرذاخم يغ انطٍٛ تمٛى يمأيح ذرشأغ تٛ

انعضء انؼهٕٖ يٍ انخضاٌ انعٕفٗ، ايا انٕؼذج انصانصح انرٗ ذركٌٕ يٍ انشيال انًرٕسطح انؽعى تمٛى 

ٔذؽرٕٖ ذهك انٕؼذج  يرش 003إنٗ  033يرش ٔسًك ٚرشأغ تٍٛ /أٔو 003 - 033يمأيح يا تٍٛ 

ػهٗ  يٛاِ لهٛهح انًهٕؼح، ذركٌٕ انٕؼذذاٌ انشاتؼح ٔانخايسح يٍ ؼثٛثاخ يٍ انشيم تًمأياخ كٓشتٛح 

يرش ٔذؼرثش ْزِ انطثماخ ْٗ طثماخ انخضاٌ انعٕفٗ انًؽرٕ٘ ػهٗ /أو 503إنٗ   003ذرشأغ تٍٛ 

ٕٖ انٕؼذج انعٕٛكٓشتٛح انسادسح يرش ذؽر 003يٛاِ لهٛهح انًهٕؼح ٔ ٚثهغ سًك انطثمرٍٛ  أكصش يٍ 

يرش ْٔزِ انٕؼذج غٛش يًصهح فٗ كم /أو 533ػهٗ ؼثٛثاخ كثٛشج يٍ انشيال تًمأيح كٓشتٛح 

انًُطمح ٔذركٌٕ انٕؼذج انعٕٛكٓشتٛح انساتؼح يٍ انشيم انًؽرٕٖ ػهٗ يٛاِ يانؽح َسثٛا تًمأيح 

ٓشتٛح انصايُح فرركٌٕ يٍ انسهد يرش،   ايا انٕؼذج انعٕٛك/أو 50انٗ  00كٓشتٛح ذرشأغ تٍٛ 

يرش، ذأذٙ تؼذ رنك انٕؼذج انعٕٛكٓشتٛح الاخٛشج /أٔو 00إنٗ  0ٔانطٍٛ تًمأيح كٓشتٛح  ذرشأغ تٍٛ 

 يرش يًا ٚذل ػهٗ ذكَٕٓا يٍ صخٕس انماػذج./أٔو 0333نرؼطٙ لشاءاخ ػانٛح أكثش يٍ انًمأيح 

شذق ٔٔادٖ يٛؼش فٙ ػًهٛح اكذخ انذساساخ انًٕسفٕيرشٚح يساًْح اؼٕاض صشف ٔادٖ 

إػادج ذغزٚح انًٛاِ نهخضاٌ انعٕفٙ انؽذٚس تسٓم انماع ٔأضؽد خشائط ذسأٖ انًمأيح نهخضاٌ 

انعٕفٗ تًُطمح انذساسح اٌ انخضاٌ انعٕفٗ تسٓم انماع ذى ذمسًّٛ انٗ شلاز يُاطك شًال ٔٔسط 

ٛا َؽٕ انغشب ٔذمم َؽٕ انششق ٔظُٕب ٔرنك تسثة انفٕانك تانًُطمح، كًا اٌ انًمأيح ذُالص ذذسٚع

ٔخاصح فٙ انعضء الأٔسط فٙ )يُطمح اٜتاس( ٔاٌ اكثش سًك نطثمح انًٛاِ انعٕفٛح ٚظٓش فٙ انعضء 

 الأٔسط انز٘ ٚرًٛض تإَراظٛح ػانٛح يٍ انًٛاِ انعٕفٛح.

ٔ  033ذرشأغ َسثح الايلاغ انزائثح تانًٛاِ انعٕفٛح فٙ انعضء الأٔسط نرصم إنٗ يا تٍٛ 

ضء فٙ انًهٌٕٛ. ٔذضداد فٗ ؼانح صٚادج الاَراض يٍ اٜتاس أ فٗ ؼانح لهح انرغزٚح انرٙ ذأذٙ ظ 0033

يٍ الأٔدٚح يٍ ظٓح انعثال انششلٛح،  نزنك َٕصٗ  تإٚماف ؼفش اٜتاس الإَراظٛح نهًٛاِ انعٕفٛح فٙ 

ػهٗ انًٕاسد، كزنك انعضء الأٔسط، يغ ذُفٛز إداسج فؼانح نهغاٚح نطثمح انًٛاِ انعٕفٛح يٍ أظم انؽفاظ 

لاتذ صٚادج كًٛح انرغزٚح انًًكُح انماديح يٍ انٕدٚاٌ فٙ يُطمح انذساسح ػٍ طشٚك إَشاء 

 انؽٕاظضالاصطُاػٛح انرٗ ذؼٛك ؼشكح انًٛاِ ٔذؼًم ػهٗ صٚادج انرششػ َؽٕ انًٛاِ انعٕفٛح.

 


