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  -لحل مشكلة غدق المیاه فى بعض المواقع ةجیوكهربی ةمساهم
 مصر -الصحراوى ةالاسماعلی ةطریق القاهر  ٣٥الكیلو 

كبر المشاكل التى تعوق التنمیة الزراعیة حیث تظهـر فـى الأمـاكن المنخفضـة علـى هیئـة سـبخات تتحـول مـع مـرور الوقـت أ المیاه منیعتبر غدق  :الخلاصـة

طحیة التــى تســاعد فــى إیجــاد الحلــول المناســبة للــتخلص مــن تجمــع المیــاه علــى ســتحتالو هــذه الدراســة هــى لفهــم الأوضــاع الجیولوجیــة  الــى بــرك و مســتنقعات.

للتعــرف علــى  كنمـوذج انمزرعتــالتنمیــة الزراعیـة فیهــا. و اختیـرت  تهــدد سـبلمنـه فــى منطقـة جمعیــة عرابـى التــى تقـع شــمال شـرق القــاهرة ممـا  اً و قریبــأالسـطح 

جســة  ةو لقــد تــم إجــراء استكشــاف جیــوكهربى باســتخدام إحــدى عشــر  ،ســباب هــذه المشــكلة وإیجــاد الحلــول المناســبة لهــا و یصــلح تنفیــذها علــى المســتوى الفــردىأ

هـذه المنطقـة برواسـب والتى لها نفس الظروف. وتغطـى  ةتطبیقه على المناطق المجاور  یمكن نموذجاً  هذه الدراسةتعتبر جیوكهربیة عمودیة بتوزیع شلمبرجیر. و 

 م.٧٧الى  ٣٨تتبع عصرى الثلاثى و الرباعى ویتراوح ارتفاع سطحها عن مستوى سطح البحر من 

تتكـون مـن تتابعـات لرواسـب الرمـل و الحجـر الجیـرى وتـداخلات   "C", "B" , "A“تحدیـد ثـلاث طبقـات جیوكهربیـه  عـناسفرت نتـائج التحلیـل للقیاسـات الجیوكهربیـة 

وتلعـب دوراً  ةمنفـذاوم.متـر و هـى غیـر  ٤,٥فضـة اقـل مـن منخ ةنوعیـ ةفـى المـزرعتین بقـیم مقاومـ "B" تم تحدید طبقات من الطین فى الطبقه الثانیه من الطین. كما

دل ذلـك علـى زیـادة رواسـب أساسیاً فى ظهور مشكلة غدق المیاه. وأظهرت القطاعات الجیوكهربیة زیادة فى قیم المقاومة الكهربیة النوعیة كلمـا اتجهنـا الـى أسـفل و یـ

فـى تلـك المـزارع أسـفرت عـن  آبـارارتفـاع فـى قـیم المسـامیة وقلـة فـى النفاذیـة. و توجـد محـاولات لحفـر  إلـىالرمل والحجر الجیرى و قلة تداخلات الطین و یؤدى هذا 

.م و تعتمــد هــذه المــزارع علــى میــاه ٨یصــل عمقهــا حــوالى  ةر وجــد حفــتم و لــم یختــرق طبقــة الطــین الســفلى وفــى المزرعــة الثانیــة  ١٠وجــود بئــر لا یتجــاوز عمقــه عــن 

ملوحـة تصـل و أوم . متـر  ١٢,٥  إلـى أوم . متـر واحـد المـزرعتین مـنالمیـاه فـى  سـطح غـدقترعة الإسماعیلیة تصل إلیها مـن خـلال خطـوط میـاه.  و یتـراوح عمـق 

 رى القریبـةالـمـن قنـاة  السـطحیة المـأخوذةلزراعـة الأشـجار. بینمـا ملوحـة عینـة المیـاه  ةجـزء فـى الملیـون و وهـذه الملوحـة صـالح٢٥٩٠میاه فى المزرعة الأولـى الـى ال

جــزء فــى الملیــون بینمــا عینــة المیــاه الســطحیة المــأخوذة مــن  ٣٠٠٠لحــوالى  تصــلفالثانیــة جــزء فــى الملیــون. أمــا ملوحــة غــدق المیــاه فــى المزرعــة  ٣٢٢منهــا حــوالى 

 .ملوحة المیاه ن ویعنى هذا انه كلما اتجهنا جنوبا تقلجزء فى الملیو  ٢٨١مضخة الرى تصل الى 

 وأ ٨و ٥ ةبحفر بئرین یدویین بمواصـفات خاصـة فـى التصـمیم عنـد الجسـ ”وبناءا على ما سبق من نتائج أمكن التوصیة لحل تلك المشكلة فى المزرعة الأولى

حفـر قنـاة صـرف حـول المزرعـة واسـتخدام میاههـا فـى رى الأشـجار  الثانیة فیمكن أسفل. و بالنسبة للمزرعة إلىلتصریف المیاه  ٦ ةتصمیم بئر حقن عند الجس

 كحل لهذه المشكلة بها. و بالفعل تم تطبیق الحـل الثـانى وهـو حفـر بئـر حقـن فـى المزرعـة الثانیـة ٣رقم  ةحفر بئر حقن عند الجس حولها أو اً التى تعمل كسور 

 .م٤الماء الى حوالى  و كانت النتیجة ایجابیة وأسفرت عن هبوط عمق سطح

ABSTRACT: Water logging is considered one of the great problems that suppressing agricultural development. It 
appears in the land as patches that change to lakes, with time, in some parts. The present study concentrates on the 
reasons of source water logging and suggesting solving methods. The study area at the kilometer 35 at Cairo - Ismailia 
desert road (i.e Orabi society) which suffered from this problem. The present study is carried out on two farms to solve 
this problem as a case study that can be applied in other areas. The geoelectrical technique such as Vertical Electrical 
Soundings (VES) is a suitable tool for this study. This area is occupied mainly by sedimentary deposits belonging to the 
Tertiary and Quaternary ages. The interpretation of the vertical electrical soundings led to detection of three 
geoelectrical layers “A", "B" and "C". Generally, these layers are composed of alternative sand, limestone and clay 
intercalation. It is noticed that the resistivity values of geoelectrical layers increase downwards in the two farms due to 
increasing in sand and limestone and decreasing of clay intercalation. There is a clay layer inside layer "B" in the two 
farms having low resistivity values (<1.5 to 4.5 Ohm.m). This clay layer is acting as impervious layer and plays a basic 
role to prevent the sewage or seepage water to pass downward causing phenomena of water logging. The depth to 
water (sewage or seepage water) in both farms ranges from 1.25 to 2.2m as interpreted from the Vertical Electrical 
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Sounding curves. The salinity value of water (sewage or seepage water) from test well in farm (I) is about 2590ppm. 
This water salinity is suitable for irrigation of some trees, while the salinity of surface water sample taken from 
irrigation beside farm (I) is 320 ppm. The salinity value of a test hole in farm (II) is about 3000 ppm, while the salinity 
of surface water sample taken from irrigation pump is 280 ppm. The clay contents in subsurface sediments have an 
effect on the salinity values. It is recommended for solving the phenomenon of water logging according to the 
geoelectrical results in the farm (I) to drill two hand dug water wells  with special casing  at sites of VES’es stations 5 
and 8 or drill a drainage well (injection well) at the site of VES No. 6 to inject water downward. Drilling a hole (main 
drainage) around farm (II) or drilling a drainage well at site of VES No. 3 is suitable solutions for this farm. According 
to this study, the applied solution of drilled injection well in the farm (II) reduces the water logging level for about 4m. 

INTRODUCTION
The reclamation desert lands have numerous 

geological and hydrological problems suppressing their 
development. One of these major problems is water 
logging appearing on the surface as patches changed to 
lakes with time in some parts and acts as a perched 
aquifer on the subsurface due to the presence of 
impermeable layer such as clay layer or lenses. The area 
around Cairo - Ismailia desert road is subjected to 
reclamation activities from investors and government. 
The area specially at kilometer 35 (Orabi Society), is 
suffered from this problem. The present study is carried 
out on two farms (I&II) to solve this problem as a case 
study that can be applied in other areas. These areas are 
irrigated by surface water coming from water line and 
sometimes well. The geoelectrical technique such as 
Vertical Electrical Soundings (VES) is a suitable tool 
for this study. It can be used to recognize the subsurface 
geological and hydrogeological settings affecting the 
sewage or seepage water in the area of study to solve 
the problem of water logging and defining the geometry 
of clay lenses (depth, thickness and its extension) which  
act as the main reason of this problem. In addition to  
find out whether there is a lateral and vertical change in 
the lithologic section from one place to another along 
the study areas. It can also be used to find out a better 
solution for dewatering or drainage sewage or seepage 
water that affects the surface layers and causes the 
problem of water logging. There are many attempts deal 
with the problem of water logging as Al Abaseiry 2012, 
Mostafa et al, 2009, Al Abaseiry et al, 2012 and Ayman 
et al, 2008. All trials concentrate on the reasons of 
source water logging and solving methods to suppress 
of its harmful effects. The reasons of this phenomenon 
related to geologic and hydrologic setting. The geologic 
setting related to sedimentary successions and structure 
also, hydrologic setting related to source of sewage 
water and different aquifers are clarified. The solving 
methods for water logging depend on getting rid of the 
source of sewage water. 

The studied area lies at an average distance of 
about 35 km northeast of Cairo. It is closed to Cairo- 
Ismailia desert Highway as shown in Figure (1).  

It lies between Latitudes 30º 11' & 30º 15' N and 
Longitudes 31º 27' & 31º 31' E. The present study is 
carried out on two farms (I&II) lying in Orabi Society at 
about 7 km from Cairo-Ismailia desert road and about 
13km south of Ismailia Canal. The farm (II) lies south 
to the farm (I) and the distance between them is about 

5km. These farms suffer from water logging appearing 
as patches at different sites. 
GEOMORPHOLOGICAL, GEOLOGICAL AND  
HYDROGEOLOGICAL BACKGROUND 

The two farms (I&II) and surrounding areas have 
been investigated by many authors to delineate the 
geomorphological, geological and hydrological setting 
as follows: 
a. Geomorphological aspect: 

The area east of the Nile Delta slopes northwards 
and is characterized by several types of land forms (Fig. 
2). Different geomorphologic studies were carried in the 
eastern part of the Nile Delta, among them El Fayoumy 
(1968), El Shazly, et.al (1975), Hefney, et.al (1983) and 
Moussa, (1990).  According to El-Shazly, et.al (1975), 
the main geomorphic units within the area lies northeast 
Cairo city and its surroundings from north to south are: 
Gebel Umm Qamar, Gebel Al-Hamza ridge, Heliopolis 
Basin, El Khanka and Gebel Asfer dunes, drainage lines 
(Wadis) and Nile Flood Plain. 

The area of study includes two farms (I&II)  and 
lies on the low land of Heliopolis Basin having general 
slope southeastwards towards the Cairo-Ismailia desert 
Highway. The average of ground elevation ranges from 
38 to 77 m above the mean sea level. 
b. Geological aspect: 

The studied farms (I&II) and its surrounding are 
stratigraphically occupied mainly by sedimentary 
deposits belonging to the Tertiary and Quaternary. The 
Tertiary and Quaternary succession in the area has been 
discussed by several authors as Sadek, (1926), shukri 
and Akmal, (1953), Said, (1962), Said et.al., (1961), 
Sadek, (1965), El Fayoumy, (1968), Ismail et.al., 
(1968), Barakat et al., (1970), Soliman and Korany, 
(1972), El-Shazly, (1975), Youssef, (1980), El Badrawy 
and Soliman (1997), Hefny, (1983), El Ahwani, M.M, 
(1982) Helmy et.al., (1986), Helmy, (2002) and 
Zaghloul et.al., (1990). 

The surface exposures and the subsurface 
succession are shown in Figs. (3&4). The Tertiary 
deposits are composed of sand, gravel, clay with 
interbeds of limestone. These deposits are varied in 
thicknesses increasing toward the Nile Delta reaching to 
more than 1000m. The Pliocene deposits outcrop NE of 
Cairo along the margin of Umm Gidam gravely plain. It 
is composed of fine sand with streaks of clay wedging  
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eastwards (Ezz El-Deen, 1993). The Quaternary 
deposits about 200m. (Pleistocene and Holocene 
deposits) cover a great part of the area east of the Nile 
Delta. They are formed from sand and gravel with clay 
intercalations. Aeolian sands are widely distributed over 
a large part of the area in the form of sand dunes (El-
Khanka sand dunes) and sand sheets in the form of a 
huge accumulation of sand of about 120m thick. It must 
be noticed that the clay intercalation exhibited in the 
Quaternary deposits acting as reason of the water 
logging in the studied farms (I&II). 

Structurally, according to (Sadek, 1965) and (El-
Fayoumy, 1968) the area at southeast of the Nile Delta 
was affected by normal faults and few folds (Fig. 5), 
these faults striking in the E-W and NW-SE trends. 
c. Hydrogeological aspect: 

Several hydrogeological studies have been carried 
out in the eastern part of the Nile Delta that including 
the studied farms. These studies were discussed by 
Hefney et.al. (1983), El Dairy (1980), Kotb (1987), 
Mousa (1988), El Hadad, (1996), Ezz El Deen (1993), 
Hefny (1980), Sallouma, et. al. (1997) and Ahmed, et.al. 
(2006). The results of these studied refer to the 
Pleistocene and the Miocene aquifers forming the two 
main aquifers along the area east of the Nile Delta 
Geoelectrical field survey: 

Most of the electrical resistivity techniques require 
injection of electrical currents into the subsurface via a 
pair of electrodes planted on the ground. By measuring 
the resulting variations in electrical potential at other 
pairs of electrodes, it is possible to determine the 
variations in resistivity (Dobrin, 1988; Ozcep et al., 
2009; Alile et al., 2011). 
A conventional vertical electrical sounding (VES) 
survey is used for quantitative interpretation where the 
center point of the array remains fixed and the electrode 
spacing is increased for deeper penetration (Loke, 
1999). The ultimate aim of the resistivity survey is to 
determine the resistivity distribution with depth on the 
basis of surface measurements of the apparent resistivity 
and to interpret it in terms of geology or hydrogeology. 
It is necessary to interpret the soundings data taking 
parameters from other sources like geological and 
hydrological information into consideration (Kumar et 
al., 2007, Yilmaz, 2011). The present study deals with 
the shallow successive layers to recognize the reason of 
the water logging problem. 

The Schlumberger four electrodes array was used in 
carrying out the field measurements with a current 
electrode separation (AB) ranging from 400 to 600m. The 
“Terrameter SAS 1000” resistivity meter was used for 
measuring the apparent resistance with a high accuracy at 
different electrode spacing. For each of the sounding 
stations, the calculated apparent resistivity was plotted 
against the corresponding half the electrode separation 
(AB/2) on a bio-logarithmic scale (cycle 6.25cm). 

A total of thirteen Vertical Electrical Sounding 
stations (VES stations) are carried out in the study areas. 
Eight of them at first farm (I) and five at the second 
farm (II). Some of these stations were measured near to 
the test wells to estimate the geophysical parameters 
available for verifying the geoelectrical interpretation. 
The distribution of the sounding stations and the trend 
of geoelectrical profiles are shown in Figure (1). 

The topographic survey is carried out to determine 
the locations (latitudes and longitudes) of the sounding 
stations on that represent on the contour map of 
elevation values (Fig. 6) by using the GPS apparatus 
(Trimble type) contact with nine satellites. These maps 
shows elevation values ranges from 73 to 77m at farm 
(I) and in the farm (II) ranges from 38 to 47m. 
INTERPRETAION AND DISCUSSION OF 
RESULTS 

The sounding curves are interpreted qualitatively 
and quantitatively. The qualitative interpretation gives a 
rather descriptive analysis about the range of the 
measured resistivity values and the significance of such 
values, the approximate number of the geoelectrical 
layers and the relative physical relationship between the 
successive layers as reflected by the type of the 
sounding curves. The quantitative interpretation, on the 
other hand, involves the determination of the number of 
the geoelectrical layers as well as the true depth, 
thickness and resistivity of each layer.  
a. Qualitative interpretation: 

It includes comparison of the relative changes in 
the apparent resistivity and thickness of the different 
layers in the sounding curves as in Figure (7) for the 
two farms (I&II). It gives information about the number 
of layers, their continuity throughout the area or in a 
certain direction and it reflects the degree of 
homogeneity or heterogeneity of the individual layer. 
Qualitative interpretation of the field VES curves in the 
present study indicates the following: 
1- The general types of the sounding curves in the two 

farms (I&II) are characteristic by KQH and QQH 
types curve of three geoelectrical layers of high 
resistivity with depth due to increment of sand and 
limestone content (VES No.3) in farm (II). 

2- The variation in the resistivity values on the first and 
second cycles of the resistivity curves represents the 
surface and near surface variations. However, they 
reflect heterogeneity characterizing the first layers 
and the low values of resistivity reflect the presence 
of clay content. In going downwards on the curves 
(The third cycles) terminate with H type reflecting 
homogeneity and continuous aerial extension of the 
deep layers.  

3- From a visual inspection of these type curves, it is 
noticed that the resistivity of the clay lens has low 
resistivity and lying on different depth. These lenses 
play a basic role to prevent the sewage or seepage 
water to pass downward. 
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Fig. (1): The location map of Vertical Electrical Sounding (VES) stations 

and geoelectrical cross sections in the two study farms (I & II). 
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Fig. (2): Geomorphic map of the southeastern part 

of the Nile Delta (after El-Shazly et. al. 1975). 
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Fig. (3): Compiled stratigraphic columnar section in the southern part  

of Nile Delta (after El- Shazly et . al. 1975). 

 
Fig. (4): Compiled geological map of the southeastern part  

of the Nile Delta (after El- Shazly et. al. 1975). 
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b. Quantitative interpretation:  
 It involves the determination of the number of 

the geoelectric layers as well as the true depth, thickness 
and resistivity of each layer. The computer programs 
"RESIST" (Van Der Velpen, 1988) and RESIX-PLUS, 
ver.2.39 (Interpex, 1996), are used for the quantitative 
interpretation of the Vertical Electrical Sounding (VES) 
curves. The initial model has constructed in view of the 
lithologic data of the existing test wells being available 
in the study farms (I&II). The available information 
about the regional and local geologic setting of the area 
is taken into consideration in assigning the lithology to 
the resulting resistivities. The interpreted data of each 
curve represent the geoelectrical layers with their 
corresponding thicknesses and resistivities. The 
geologic setting and relevant information are visualized 
and described in view of a number of generated 
geoelectrical cross sections crossing the concerned sites 
in different directions and contour maps. The detailed 
interpretation results of the geoelectrical resistivity 
sounding measurements in the two farms (I&II) are 
discussed as follows: 
1. The subsurface geoelectrical succession: 

The quantitative interpretation of the field curves 
of the two farms (I&II) revealed that the geoelectrical 
succession is formed of a number of layers being 
grouped together in three main layers.  

The first layer is surface layer "A" and the second 
is layer "B", while bottom layer is "C". Detailed 
description of these geoelectrical layers is as follows: 
i. Surface layer “A”: 

This layer represents the surface cover and has a 
wide range of resistivity varying from 6.6 to 253 
Ohm.m. (Farm (I)), and 2.1 to 114 Ohm.m. (Farm (II)). 
It is composed of sand, gravelly sand and clay. This 
wide range of resistivity is due to different composition 
whereas the low resistivity values reflect clay content 
and the effect of water logging. The thickness of this 
layer in the two farms does not exceed 2.5m.  
ii. Layer “B”: 

This layer in both farms (I&II) has resistivity 
values varying from 6 to 32 Ohm.m and its thickness 
ranges from 25 to 47 m. It is composed of sand, sandy 
clay, clayey sand and clay. According to the resistivity 
values, this layer can be differentiated into three parts 
(B1, B2 &B3). B1 is saturated with water and acts as 
perched aquifer. It was appeared as water logging on the 
surface of the two farms (I&II) as patches at VES No. 5 
& 6 in farm (I) and at VES No. 3 in farm (II).  B2 
consists of clay and shale and has a thickness ranges 
from 8 to 17m with low resistivity values (<1.5 to 4.5 
Ohm.m). This clay layer acts as impervious layer and 
plays a basic role to prevent the sewage or seepage 
water to move downwards causing the phenomena of 
water logging. B3 is saturated clay and sandy clay 
deposits.   

iii. Layer “C”: 
This layer consists of sand, clayey sand 

intercalated with limestone and shale in both farms 
(I&II) and saturated with water. It has a resistivity value 
varying from 17.2 to 51.7 Ohm.m in the farm (I) and 8.5 
to 20 Ohm.m in the farm (II). It must be noticed that the 
high resistivity values represents sand intercalated with 
limestone, while a low resistivity value is mainly 
corresponding to clay deposits.  

2. The geoelectrical cross sections: 
These sections illustrate the geoelectrical 

sequence, lateral and vertical variation for different 
layers along the profile direction. In the farm (I), two 
geoelectrical cross sections AA’ and BB’ in (NW-SE) 
direction are crossing the area (Fig. 1). In the farm (II), 
two geoelectrical cross sections A-A’ and B-B’ have 
been constructed (Fig. 1) in (SW – NE) and (NW - SE) 
directions respectively from the interpreted data of the 
soundings and the information from the available water 
points. Detailed description of the geoelectrical layers 
from top to bottom for two farms (I&II) can be 
described as follows: 
Farm (I): 

To avoid unnecessary repetition, the geoelectrical 
cross section would facilitate comparisons among these 
sections. Such geoelectrical cross sections (A-A’) and 
(B-B’) in NW –SE direction would complete the picture 
and determine the thickness and extension of the 
subsurface layers. The data of the geoelectrical cross 
sections such as thickness and resistivities of every layer 
along these cross sections are summarized in Table (1). 
The main observations and conclusions from these 
sections are: 
1- Generally, the geoelectrical cross sections (A-A’) and 

(B-B’) consist of three geoelectrical layers "A", "B", 
and "C" (Figs.8 & 9). 

2- The depth to water (sewage or seepage water) as 
recorded from the test well and the interpreted 
geoelectrical data ranges between 1.6m and 2.5m. 

3- The resistivity values of geoelectrical layers increase 
with depth due to the increment of sand and 
limestone contents and decreases of clay 
intercalation. 

4- The depth of clay layer ranges from 3 to 23m and it 
thickness varies from 8 to 17m. 

5- The brackish sewage or seepage water considered as 
the strategic water supply to the area and has a 
suitable saturated thickness reached up to about 17m.  

Farm (II): 
The geoelectrical cross sections (A-A’) and (B-B’) 

in the SW –NE and NW-SE directions would complete 
the picture in farm (II) and determine the thickness and 
extension of the subsurface layers. The interpreted data 
of the Vertical Electrical Soundings along five profiles 
are shown in Table (2). The main observations and 
conclusions from these results are as follows: 



GEOELECTRICAL CONTRIBUTION .... 73 

 
Fig. (5): Compiled structural map of the southeastern part of the Nile Delta. (El- Fayoumy, 1968).  

  

Farm (I) Farm (II)  
Fig. (6): Contour map of the elevation values for the two farms (I & II). 

1 10 100 1000
Distance AB/2

(m.)

1

10

100

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 5

1 10 100 1000
Distance AB/2

(m.)

1

10

100

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 4

1 10 100 1000
Distance AB/2

(m.)

1

10

100

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

.)

VES 3

1 10 100 1000
Distance ÂB/2

(m.)

1

10

100

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 2

1 10 100 1000
Distance AB/2

(m.)

1

10

100

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 1

1 10 100 1000
Distance AB/2

(m.)

1

10

100

1000

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 2

1 10 100 1000
Distance AB/2

(m.)

1

10

100

1000

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 1

1 10 100 1000
Distance AB/2

(m.)

1

10

100

1000

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 3

1 10 100 1000
Distance AB/2

(m.)

1

10

100

1000

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 4

1 10 100 1000
Distance AB/2

(m.)

1

10

100

1000

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 5

1 10 100 1000
Distance AB/2

(m.)

1

10

100

1000

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 6

1 10 100 1000
Distance AB/2

(m.)

1

10

100

1000

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 7

1 10 100 1000
Distance AB/2

(m.)

1

10

100

1000

A
pp

ar
en

t r
es

is
tiv

ity
(O

hm
.m

)

VES 8

Farm (I)

Farm (II)

 
Fig. (7): Vertical Electrical sounding curves of the two farms (I & II). 

 



M.S. Barseem et al. 74 

 

1- Generally, the geoelectrical cross sections consist of  
three geoelectrical layers "A",  "B", and  ”C”  (Figs. 
10 & 11). 

2- The depth to water (sewage or seepage water) as 
recorded from the drilled test well and the interpreted 
from the geoelectrical measurements ranges between 
1.25m and 2.3m.  

3- The resistivity values of geoelectrical layers increases 
downwards in the study farm due to increase in sand 
and limestone and decrease due to the presence of 
clay intercalations. 

4- The depth of clay layer ranges from 10 to 20m and its 
thickness varies from 7 to 18m.  

Solving the problem of shallow seepage water or 
dewatering the soil in the study farms (I&II) is based on 
the aforementioned results of geoelectrical exploration 
and main conclusions. This phenomena exhibited 
obviously at VES,es No 5& 6 in farm (I) and at VES 
No. 3 in farm (II) due to low topographic land and 
surface deposits. Also, capillary action is important for 
moving water which defined as the movement of water 
within the spaces of a porous material due to the forces 
of a adhesion, cohesion, and surface tension. 

Capillary action occurs because water is sticky 
water molecules stick to each other and to other 
substances such as organic tissues, and soil. The water 
logging has harmful effect on the surface water and soil. 
To reduce the effect of water logging, it must be known 
the boundary of clay layer especially depth and level 
that prevent water to infiltrate downward. The contour 
maps of both values (depth and level) of clay layer 
become more suitable. The depth contour map used to 
delineate the less thickness above the clay layer but the 
level contour map used to delineate the slope of the 
upper surface of clay layer. The suggested solutions in 
the study farms (I&II) are discussed as follows:  
Farm (I): 

A shallow well with a depth of about 10m reaches 
to the layer of clay in the farm (I) and having water 
salinity reaching 2590ppm. The salinity of irrigation 
water comes from water line is about 320ppm. The 
salinity increases due to clay content, substance of 
chemical fertilizer and evaporation. Already, the water 
logging appears in two sites at VESes No 5& 6. The 
results obtained from the contour maps (Figs. 12&13) of 
both depth and level of clay layer helped in suggesting 
solutions for the water logging problem in this farm as 
follows: 

The sites of VES’es stations 5 and 8 are the first 
priority of solution and are recommended for drilling 
two hand dug water wells according to less depth of 
clay which reach to 4m. The type of suggested wells 
have an internal diameter of about 3m and a total depth 
of about 10m  or stops on clay layer. The wall sides of 

this well is about 50cm thick, covered with gravel back 
as illustrated in Figure (14a). The water logging 
(sewage and seepage water) will collected in the two 
hand dug wells. The collected water can be extract by 
discharge and used with the irrigation net around the 
farm to irrigate some wood trees around the farm. It can 
also collect this water in a reservoir and mix it with 
surface water (320ppm) to decrease the total salinity and 
then used the mixed water in irrigation. 
1. The second priority of solution is drilling a drainage 

well (injection well) at site of the VES No. 6 to 
depart or inject water downward. Although, the site 
of VES No.1 has the largest value of depth to clay 
layer reaching about 22m. and the value level records 
51m. with a large slope. It permits to collect more 
water but not recommended for building at this 
location. According to the above mentioned results of 
this study, the total depth of this well should be 50m. 
with internal diameter is about 10 inch. The whole 
well should be cased by screen 10” and making 
gravel back around the filter "Screen". Then, drill a 
hand dug well with the internal diameter about 3m 
and a total depth of less than 10m around the 
injection well (Fig. 14b) to collect the water and 
injected it under clay layer throughout the injection 
well in sand layer as mention above in previous 
lithological study. 

2. In view of geoelectrical study, the site of VES No.1 
is recommended for building due to the increase in 
sand and decreases of clay intercalation. 

Farm (II): 
This farm has a length of about 150m and a width 

100m. The water logging appears at the site of VES 
No.3. There is one water point as test well with water 
salinity reaching 3000ppm. The salinity of irrigation 
water comes from water line reaches 281ppm. This 
means that the salinity of water line decreases in the 
south direction. The contour maps (Figs. 15 &16) of 
both depth and level of clay layer make the picture more 
obvious for suggesting solutions to the water logging in 
this farm as follow: 
1. Drilling a hole (main drainage) around the farm with 

diameter of about (0.7m) and depth of about 2 m and 
drilling other hole or drainage in the central part of 
the farm. The central drainage must be connected 
with the main drainage as on Figure (17). This 
solution is preferred for small area and the water can 
be used twice for irrigation purposes. 

2. The second priority is drilling a drainage well 
(injection well) at the site of VES No. 3 to depart or 
injected water downward. The depth to clay layer at 
this site reaches about 10m. and the record level 28m. 
This site is more suitable to drill injection well where 
the depth to the groundwater in the main aquifer 
reaches more than 100m.  
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Table (1): Interpreted geoelectrical data in the farm (I). 

Cross  
section 

Trend and 
Length 

VES’es No and 
 wells included 

Geoelectrical Layers Resistivity and Thickness 

Layer “A” 
Layer “B” 

Layer “C” 
B1 B2 B3 

A-A’ NW-SE 
8,5,4 &2 

Test well 2 
6.6-96 Ω.m 

1.6-2.1m 
6.5 -16Ω.m 

2-4m 
1.1 -5.5Ω.m 

6-14m 
11.7 -12.5Ω.m 

12-20m 
17.2 - 25Ω.m 

------ 

B-B’ NW-SE 
7,6,3 &1 

 
9-253 Ω.m 

1-3.5m 
8.5-14Ω.m 

2-18m 
2.2 -4.4Ω.m 

10-12m 
9.6 -15.4Ω.m 

10-14m 
20 - 51.7Ω.m 

------ 

 
 

 
Fig. (8): Geoelectrical cross section AA’ in farm (I). 

 
Fig. (9) Geoelectrical cross section BB’ in the farm (I). 
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Table (2): Interpreted geoelectrical data in the farm (II). 

Cross  
section 

Trend and 
length 

VES’es No and wells 
 included 

Geoelectrical Layers 
(Resistivity and Thickness) 

Layer “A” 
Layer “B” 

Layer “C” 
B1 B2 B3 

A-A’ SW-NE 
1,5&3 

Test well 1 
2-114 Ω.m 
1.6-2.3m 

8−31Ω.m 
6.6-13.3m 

1.4−5Ω.m 
7.5-16.6m 

6−8Ω.m 
5-13.3m 

8.5-20Ω.m 
------ 

B-B’ NW-SE 2,5 &3 
4-45 Ω.m 
1.6-2.3m 

6−27Ω.m 
6.6-27.5m 

1−3.6Ω.m 
7.5-16.6m 

6−7.5Ω.m 
7.5-13.3m 

8.5-20Ω.m 
------ 

 

 
Fig. (10): Geoelectrical cross section AA' in the farm (II). 

 

 
Fig. (11): Geoelectrical cross section BB’ in the farm (II)  

hydroGEOlogical problems and Suitabile solution. 
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Fig. (12): Depth contour map of the clay layer in the farm (I). 
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Fig. (13): Level contour map of the clay layer in the farm (I). 
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(a) Hand dug well (b) Injection well 

Fig. (14): The design of proposed well in the farm (I). 
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Fig. (15): Depth contour map of the clay layer in the farm (II). 
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Fig. (16): Level contour map of the clay layer in the farm (II). 
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Fig. (17): The location of drainage pattern in farm (II). 

 



GEOELECTRICAL CONTRIBUTION .... 79 

 

According to the above mentioned results of this 
study, the total depth of this well should be 100m, with 
an internal diameter of about 10” inch. The whole well 
should be cased by screen 10”inches and making 
gravel back around the filter “Screen”. Then, drill a 
hand dug well with an internal diameter of about 3m 
and a total depth of less than 5m around the injection 
well (Fig.18) to collect the water and inject it under 
clay layer throughout the injection well. 

3. The above suggested solutions for this farm can be 
merged together by drain the collected water in the 
hole drainage around the farm (II) into the injected 
well at VS No.3. 

The applied part in this study:  
The second suggested solution was performed in 

the farm (II) for solving the problem of water logging 
based on the geoelectrical results. The drainage well 
(injection well) was drilled beside site of VES No.3 
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Fig. (18): Design of the proposed well in the farm (II). 

 

1- Type of drilling :Rotary                   

2- Purpose of drilling: Injection 

3- Height of well mouth abave ground surface: 1m

4- Type of well: Injection well

5- Well depth   :   100m

6- Hydrogeological data:
            A) Geological Age    : Miocene deposits
            B) Lithological Type : Sand, gravel and clay
            C) Depth to water      :   51m

 
Fig. (19): Design the injection well and electrical log with lithological description  

at VES No. (3) in farm (II). 
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(Fig. 19) with reversed casing to achieve the purpose. 
The result exhibited drawdown of depth to water from 
80cm to 4.6m and it can be notice the sound of the fall 
down of water inside the injected drilled well.  Due to a 
little of finance possibilities no model of solutions 
problem of water logging preformed in farm (I). 

CONCLUSION AND RECOMMENDATION 
The present study deals with agriculture farms 

suffered from a water logging problem. Geoelectrical 
techniques have been used to recognize the subsurface 
geological and hydro-geological settings affecting the 
sewage or seepage water in the area and to solve this 
problem. The geometry of clay lenses (depth, thickness 
and extension) plays a basic role in this problem. This 
study concentrates on two farms (I&II) as a case for 
solving this problem and can be applied in the other 
surrounding farms. 

The results obtained from the interpretation of the 
vertical electrical resistivity sounding revealed that the 
subsurface successions in the two farms consist of three 
main layers ("A", "B" and "C"). The surface layer "A" is 
composed of sand, gravely sand and clay and layer "B" 
is composed of sand, sandy clay, clayey sand and clay 
or shale. The layer (B) can be differentiated into three 
parts; the upper one is saturated with water but the 
bottom one is dry and the middle part consists of clay 
separating between them. The layer "C" consists of 
sand, clayey sand and intercalated limestone with shale 
and saturated with water. The depth to water (sewage or 
seepage) in both farms ranges from 1.25 to 2.2m as 
from interpreted Vertical Electrical Sounding curves. 
The salinity values of water logging in farm (I) is about 
2590ppm. This water salinity is suitable for irrigating 
some trees, while the salinity of surface water sample 
taken from irrigation line beside farm (I) is 320 ppm 
(fresh water). The salinity value in test well of farm (II) 
is about 3000 ppm, while that of surface water sample 
taken from irrigation pump in the farm is 280 ppm 
(fresh water). Vertically, it is noticed that the resistivity 
values of geoelectrical layers increase downwards in the 
two farms due to the increase in sand and limestone and 
decrease of clay intercalation. There is a layer of clay or 
shale inside layer "B" in the two farms which has low 
resistivity values (<1.5 to 4.5 Ohm.m). This clay is 
acting as impervious layer and plays a basic role to 
prevent the sewage or seepage water to pass downwards 
causing the phenomenon of water logging.  

It can be recommended for solving the 
phenomenon of water logging according to the 
geoelectrical results in the farm (I) by drilling two hand 
dug water wells  with special casing  at sites of VES’es 
stations 5 and 8 or drilling a drainage well (injection 
well) at the site of VES No. 6 to inject water 
downwards. Drilling a line drainage around the farm (II) 
or drilling a drainage well (injection well) at site of VES 
No. 3 are suitable solutions for this farm. Generally, 
water logging can be prevented or reduced by applying 
the following procedures:  

• Using the drop irrigation method or other advanced 
irrigation methods in the new reclaimed lands, 
instead of flood irrigation method. 

• Applying suitable biological drainage system in the 
logged areas by cultivating high consumptive plants 
e.g. acacias, etc.  

• Using the drainage water in cultivating trees for 
wood or plants for organic fuel or decorating plant. 

• The treatment of the drainage water and transfering 
it to the arid area may be a suitable solution. 

Finally, the individual trials for solving the water 
logging problems must be organized by the government. 
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