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 The majority of the current 1D geophysical inversion approaches depends on the direct 

and iterative interpretation methods. Because these approaches have a degree of non-
uniqueness and they will succeed only if an initial model already close to the best 

solution is available, the genetic algorithm (GA) approach is applied in this paper for 

optimal interpretation of the measured direct current (DC) resistivity data. In the present 

work, Tenth of Ramadan city was considered as a case study for application of GA to 

study the soil characterization using resistivity measurements. Thirty six vertical 

electrical soundings (VESs) were measured for characterizing the subsurface soils to a 
depth of about 25 m. The reliability of the results with application of GA approach is 

checked by comparing the inversion results with lithologic and borehole information. 

The 1D model generation using a GA represents an accurate and quick solution to 
image the subsurface resistivity distributions; the large number of forward calculations 

in GA increases the chance of acquiring the best model correspondence to the actual 

geological situation. The intrinsic resistivity values are presented in the form of maps, 
cross-sections and 3D visualized model to indicate the nature of the heterogeneity of 

the shallow subsurface. Interpretation of DC resistivity data demonstrates existence of 

near surface sandy clay barrier layer, affecting the development plan of this important 
urban community. A trend of decreasing resistivity is observed around oxidation ponds, 

indicating a wastewater percolation around such ponds. In addition, the heterogeneity 

of the shallow subsurface can be considered as the main reason of the fluid infiltration. 
These reliable results are, therefore, considered a key for further geophysical 

prospecting in monitoring the environmental impact of oxidation ponds and the near 

surface sandy clay layer. 
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INTRODUCTION 

 

The Direct current resistivity (DCR) method has long been used increasingly in hydrogeological, 

environmental and geotechnical field, which assists users in determining the distribution of subsurface 

resistivity [10,29,5,6,8,49]. The subsurface electrical resistivity structure is obtained by inversion of the data 

observed at the surface or boreholes. The geophysical inversion is a process to obtain geophysical model by 

inverting the survey data. The DCR inversion problem was investigated for the first time in the early 1930s. 

Two-dimensional (2D) inversion of direct current (DC) resistivity data has become a standard tool for shallow 

investigations [9,6,36,57,7]. However, 1D inversion is still a valuable source for evaluating the hydrogeological 

and soil characteristics of the subsurface sequence especially in semi-arid areas [4,14,21,35,39]. Most of the 

inversion techniques applied in geophysical exploration use the gradient and/or curvature deterministic methods 

that are calculated from the misfit between the measured data and the model response. Those methods have 

been successfully used to solve a wide range of complex inverse problems. Additionally, the deterministic 

methods provide very limited uncertainty information on the estimated parameters. The quality of such 

traditional inversions is often dependent on the initial model and thus is local rather than global. An 

unreasonable initial model may trap the inversion to local optima. In recent years, non-linear inversion methods 

have been introduced into resistivity inversion, such as the Artificial Neural Network (ANN) method [54], the 

Simulated Annealing (SA) method [56], and the Genetic Algorithm (GA) method [16]. Nonetheless these 

methods are mainly used in 1D or 2D inversion. 

Reclamation of desert lands is one of the most important strategic initiatives in Egypt, to convert portions 

of the unproductive desert areas to productive lads. Tenth of Ramadan city (Fig. 1) is a leading industry city that 

was constructed on the desert edges of the east Nile Delta area, Egypt, with the aim of creating a new urban area 
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to release the stresses affecting Cairo due to over population and development practices. The city suffers from 

many environmental and geotechnical problems, which are presented by raised soil water level in the central 

part of the city, increasing groundwater salinity in some drilled wells and existing of clay layer in lenses form 

that may act as a geological barrier in the city. To the NE of the city, domestic and industrial wastewater has 

been collected from the city and disposed in three oxidation ponds (Fig. 1). The city development is carried out 

in several gradual stages. In the early stages, the city expansion and reclamation process was started from the 

city center.  The current development activity is concentrated at eastern part of the city, where the oxidation 

ponds are present. This paper aims to apply the GA in the eastern part of Tenth of Ramadan city (Fig. 1) for 

mapping the subsurface layer distributions and characterizing the subsurface soil, including subsoil 

impermeable sandy clay or a cemented layer that could slow water movement through soil and thus limit 

infiltration. For this study, DC resistivity soundings were measured and distributed covering the study area. To 

check the performance of the applied GA approach, the inversion results will be compared with available 

lithologic and hydrogeological borehole information. Accordingly, we will attempt to introduce a new picture of 

heterogeneity over the investigated area.  

 

 
 

Fig. 1: Location map of the investigated area showing the geophysical measurements, well location, oxidation 

ponds and the. Note that the pink color area (neighborhood residential nos 62 and 29) consists of many 

housing sectors named Mogawra (an architectural hub primarily for public and industry activities). 

 

Application of a Genetic Algorithm (GA): 

There are a great number of GA applications in geophysical literature after pioneering works of Stoffa and 

Sen [51] and Wilson and Vasudevan [53]. Among many others, Chunduru et al. [18], Sen and Stoffa [48], 

Başokur et al. [12], Fernaʹndez Alvarez et al. [25] and Jha et al. [34] have applied the GA to generate 1D or 2D 

resistivity models and Schwarzbach et al. [46], Yan et al. [55], Basokur and Akca [11] and Liu et al. [37] have 

published some GA applications for 2D and 3D electrical resistivity tomography (ERT). Besides electrical and 

electromagnetic methods, there are numerous GA applications in other geophysical methods. For example, very 

recently, GA has been used for crosswell seismic tomography [50], waveform inversion [58,52], inversion of 

multi-channel surface wave [13], core porosity and permeability determination [33], inversion of self-potential 

anomalies [30], reservoir permeability prediction [1] and density estimation from the seismic waveform data 

[41], and joint parameter estimation of magnetic resonance and vertical electric soundings [2]. 

GA is a search heuristic mimicking the process of natural evolution, which generates useful solutions for 

optimization problems using techniques inspired by natural evolution, such as inheritance, mutation, selection 

and crossover [31]. Although GA is not an optimization algorithm, it can be used as a parameter estimation 

method by picking out the best solutions (e.g. least misfit). GA is a flexible method that can be modified 

depending on the requirements imposed by the problem. The details of the algorithms can be found in Sen and 

Stoffa [47] and Chunduru et al. [18]. The genetic algorithms are inspired by Darwin's evolution theory that 

states: 
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1. Organisms must over-reproduce to ensure their survival. 

2. Some minor stochastic changes occur in the next generation. 

3. Better-adapted individuals will be successful and will be able to pass on their genes to following 

generations, leading to a very slow accumulation of useful properties. 

In order to simulate the above biological processes the genetic algorithm generates a population of random 

models, but is limited by a search space that restricts the possible candidate solutions. The number of the 

probable values for the parameters is decided by the interpreter. Here, the GA approach will be applied for 1D 

layered-earth model as described by Başokur et al. [12]. This method performs a stochastic search over the 

parameter space by using genetic rules for reproduction of new parameter sets. In the 1D implementation, the 

parameter search space is defined at the first stage and it progressively shrunk through successive generations. 

The first generation consists of randomly generated parameter sets corresponding to a chosen conceptual model 

(i.e. a model having the same number of parameters that describes a certain geometrical shape). In the 

subsequent generations, the parameters are modified by the crossover and mutation operations. The algorithm 

produces some equivalent solutions at final generation. A specific solution can be selected in view of other 

information (geology, borehole, etc.) and/or in accordance with the personal judgment of the interpreter, who 

takes into account the nature of the experiment. The GA updates the models in successive generations by the 

simulation of biological processes. The GA evaluates the fitness of the whole population against an objective 

function (misfit plus other constraints). A higher probability of survival chance is assigned to an individual 

model that satisfies the predefined objective function. Then, a probabilistic process is applied to select some 

models [11]. Finally, the GA locates some solutions in the neighborhood of global minimum, i.e., there is no 

guarantee that the method will lead to the global minimum but the probability is higher compared to classical 

methods. It operates inside a search space that can be defined independently for each parameter. The global 

minimum can only be traced if it is in the predefined search space. However, the lower and upper limits of 

search space can be sufficiently large to include global minimum but this cause to high computational time that 

is most important disadvantage of the method. Then, GA applications become more common by the increasing 

computer speeds. 

 

The Area and Local Geology: 

Tenth of Ramadan city is located in the central southern part of East Nile Delta, Egypt (Fig. 1). It is located 

between latitudes 30
o
 15ʹ N and 30

o
 35ʹ N and longitudes 31

o
 50ʹ E and 32

o
 00ʹ E.  It is occupied by Tertiary and 

Quaternary deposits [44]. These deposits include Holocene Aeolian sand silt, fluvial deposits, gravel and clay 

intercalation and rest unconformably on the Tertiary deposits. The Holocene sediments attain a thickness of 

about 6 m, which show gradual increase in thickness to the north [19]. The Pleistocene old deltaic deposits 

composed of coarse sand with clay lenses and flinty pepples, which increase in thickness northwards and tend to 

be coarser with depth [22,45]. 

Based on observation of geological sections, the heterogeneity of the shallow subsurface layers can be 

considered the most important reason for the fluids percolation. The soil sequence in Tenth of Ramadan consists 

of graded sandy soil with clay and shale lenses of Pleistocene age [20]. Fig. 2 shows that the Quaternary 

subsurface soil consists of graded sandy soil with clay and shale lenses of Pleistocene age. The clay cap of the 

Quaternary deposits within the area is represented by intercalations and lenses of limited extent. The thickness 

of these clay intercalations varies between 1 m and more than 10 m. The clay cap shows lithological variations 

ranging from clay and silt at the eastern and north central parts, sand dunes at the northern to sandy facies to the 

south. The thickness and type of clay in the upper parts of subsurface are important factors for water infiltration 

speed and thus the vulnerability of underlying aquifers to pollution [17]. 

Hydrogeologically, the Pleistocene aquifer is characterized by unconfined conditions in the Tenth of 

Ramadan area [22,20]. The depth to groundwater varies from 60 m inside the city to 90 m in the wells along 

Belbies road, and the salinity ranges between 1000 and 3000 ppm [42]. The main sources of recharge to the 

aquifer are seepages from the Ismailia Canal. Discharge from the aquifer generally takes place as result of 

pumping for domestic and industry purposes. The Pleistocene aquifer represents the main groundwater aquifer 

in Tenth of Ramadan city and its surrounded area. It is a freshwater aquifer composed mainly of sand and gravel 

sands with clay intercalations [23]. These clay intercalations reach 50% in the west near the Nile Delta and 

decrease eastward and northward to 20% near the Suez Canal [22]. Ibrahim et al. [24] constructed a cross-

section (DD’) to reveal the subsurface aquifer system, where it was classified based on the lithologic-facies 

variation of the Quaternary aquifer (Fig. 3). It can be noticed that the water table becomes shallow close to the 

Ismailia canal and it becomes deeper (~70 m) towards the east direction (well E5), i.e., Tenth of Ramadan city.  
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Fig. 2: Local geology of Tenth of Ramadan city according to a drilled borehole [20]. 

 

 
 

Fig. 3: Hydrogeological cross-section (DD’) describing the lateral litho-facies of the Quaternary aquifer [24]. 

 

Resistivity Data Acquisition: 

DC resistivity meter-SAS300c (manufactured by ABEM Co) was used to collect the resistivity data. The 

survey was carried out using the Schlumberger configuration since it is usually designed to discriminate 

between electrical resistivities associated with lithological and/or hydrological characteristics [32]. In addition, 

it has a large probing resolving power and less affected by local heterogeneity. Thirty six DC soundings were 

distributed to cover the area of investigation with unequal spacing depending on the field conditions as shown 

in Fig. 1. The maximum spacing of half current electrode (AB/2) ranges from 100 m to 300 m, which was 

sufficient to achieve the study purposes. The measured parameter is the apparent resistivity, which is calculated 

from measured electrical potential, currents and electrode geometrical factors. The apparent resistivity values 

(measured as a function of horizontal electrode spacing) are in general different from the ―true‖ resistivity vs 

depth function. The subsurface resistivity value is equal to the true earth resistivity only if the earth is uniform 

(isotropic). The intrinsic resistivity values are controlled primarily by the pore water conditions and ionic 

content rather than the lithological variation particularly in the sedimentary succession [38,40]. Therefore, 

ambiguities in the interpretation may occur and it becomes necessary to correlate the sounding data with the 

observed borehole data. This enables assigning resistivity ranges to various lithologic units. Accordingly, DC 

sounding points were measured close to the ten boreholes at the study area, Fig. 1. The borehole data were used 

to formulate a good starting model for the inversion process to derive layered-earth models at the nearest 

soundings from these boreholes. Beginning from these reference soundings, the inverted section could be driven 

reasonably, reflecting the accuracy of the applied inversion technique. 
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Resistivity Data Inversion and Calibration: 

The traditional 1D resistivity inversion procedures were based on a linear filter algorithm which provides a 

fast and accurate direct problem solution for a wide range of models. However, the solutions obtained using this 

method often depends on the choice of initial values and thus local rather than global. Recently, a variety of GA 

have been proposed and developed to interpret the electrical and electromagnetic data [3,11,15]. Some genetic 

algorithms that use a 1D conceptual model for the interpretation of vertical electrical sounding data have been 

described by Başokur et al. [12] and Jha et al. [34]. In this work, the 1D inversion procedure was carried out 

using GA. The processing of soundings includes rejecting bad data points, which have abrupt resistivity 

changes compared to the surrounding points (i.e., the maximum angle of slope that the rising portion of a 

resistivity graph is greater than 45
°
). The number of layers was derived from the borehole information. Figures 3 

and 4 show the calibration examples between the interpreted resistivity layers of the selected soundings no. 1 

and 9, applying GA [12], and the corresponding borehole data. The number of layers was 5 and 6 for soundings 

1 and 9, respectively, with 30 m maximum depth. The crossover and mutation were fixed as 0.6 and 0.01, 

respectively. The population size and the number of generations were 200 and 70, respectively. In addition, the 

variation of mean and best misfits versus generation was illustrated (Figs. 4a and 5a). It can be noted that the 

smallest misfit at each generation cannot be reduced below a certain value. In addition, a good fitting between 

the measured and theoretical data can be observed at the best misfit value (Figs. 4b and 5b). The correlation 

between the final inversion results using GA and the borehole information are shown in Figs. 4c and 5c. 

Similarly, the other soundings were inverted using GA with the same number of populations and generations. 

This calibration reveals a good match of the interpreted resistivities of geoelectrical layers and the borehole 

information. The results of such calibration helped in construction of a resistivity spectrum for the investigated 

subsurface sequence (Fig. 6). Then, the interpreted soundings were used to produce three stitched resistivity 

sections in the study area. 

 

 
 

Fig. 4: Correlation between the interpreted resistivity layers and the observed borehole data at sounding 1 (for 

location, cf. Fig. 1); (a) variation of mean and best misfit versus generation, (b) a comparison between 

the measured and theoretical data at the best misfit value and (c) A comparison between the model 

response resulting from GA and the borehole information. 
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Fig. 5: Correlation between the interpreted resistivity layers and the observed borehole data at sounding 9 (for 

location, cf. Fig. 1); (a) variation of mean and best misfit versus generation, (b) a comparison between 

the measured and theoretical data at the best misfit value and (c) A comparison between the model 

response resulting from GA and the borehole information. 

 

 

 
Fig. 6: A resistivity spectrum of the interpreted subsurface geoelectrical zones, based on the borehole 

calibration. 

 

RESULTS AND DISCUSSION 

 

The purpose of geoelectrical 1D data inversion is to estimate the layer parameters, namely the thickness 

and resistivity values of each layer. The next step is to interpret the derived layer parameters in view of 

subsurface geology. Here the inversion results of DC sounding data using GA techniques were compared with 

the available borehole data to demonstrate the effectiveness of the applied inversion technique. To map the 

heterogeneities over the study area, the interpreted true resistivities and thicknesses from 1D resistivity models 

were interpolated using a kriging algorithm and are presented in the form of horizontal sections in y- and x-

directions (Fig. 7). At shallow depth (< 5 m), the near surface layer represents medium resistivity values (13-45 

ohm-m) at the western and eastern parts of the area investigated and around oxidation ponds 1 (for location see 

Fig. 1), which corresponds to clayey sand. At 2.5 m depth, it can be noted that the clayey sand layer 

concentrates around the open surface drains, which is originated by the wastewater percolation form the open 

surface drains  and the uncased oxidation ponds towards east direction of the area (for location see Fig. 1). On 

the contrast, high resistivity values (>45 ohm-m) can be observed at the northern parts. At depth greater than 5 

m, a low resistivity value (<13 ohm-m) can be observed at the southwestern and northeastern corners 

corresponding to sandy clay layer. It can be noticed that the thickness of sandy clay layer increases towards the 
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west direction (> 15 m thickness). The low resistivity layer around oxidation ponds 1 (at 5 m depth) in the form 

of spots can be attributed to sandy clay layer and/or wastewater percolation. This reflects that the effect of the 

oxidation ponds is relatively limited. It is clear that the low resistivity layer rests over a medium resistivity 

layer, which corresponds to clayey sand. The high resistivity values (> 45 ohm-m) are dominant and can be 

observed at central and northwestern parts corresponding to dry sand and gravels. Eleraki et al. [21] showed a 

very low resistivity anomaly with ~17 m thick in the central part of Tenth of Ramadan city. These low 

resistivity values were attributed to the presence of saturated shale with saline groundwater. In addition, they 

observed an absence of shale and a dominance of high resistivity values in the western margin corresponding to 

sand and gravel sediments. According to our results, the low resistivity layer corresponding to sandy shale 

and/or sandy clay layer is represented in the form of lenses and doesn’t cover the Tenth of Ramadan city. The 

sandy clay layer (the violet color, 4 ohm-m to 7 ohm-m) is considered as remarkable layer to prevent the 

infiltration from soil water and oxidation ponds and their attached drains. 

 

 
 

Fig. 7: The resistivity distribution of near surface layers with different depths in the form of horizontal slices.  

 

Based on the correlation between resistivity sounding results and the geological borehole information, five 

geoelectrical sections were constructed (Figs. 8 and 9). From these sections, we can see the accuracy of the 

parameter estimation from one layer to another using the GA technique. Along these sections, a total of four 

geoelectrical layers can be identified. The first geoelectrical zone corresponding to the surface layer (Figs. 8 and 

9) is characterized by variable resistivities ranging from 17 to 1085 ohm-m, which corresponds to clayey sand 

and gravel. The wide range of resistivity values within this zone can be attributed to the local conditions around 
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the measuring soundings of the high heterogeneity degree as a result of variations in the grain size, as well as 

the presence of clay intercalations. The relatively lower resistivities indicate wet and fine sand and clay soil as 

result of agricultural and irrigation activities. The thickness of this layer increases at the northern and central 

parts of the study area (e.g., soundings 11and 29, see cross-section III’-III). On the other hand, this layer 

becomes thinner towards the western and southern directions than the central part.  

 

 
 

Fig. 8: Geoelectrical cross-sections along profiles I’-I, II’-II, and III’-III and their interpretation based on the 

available borehole calibrations. 

 

The inspection of the constructed cross-sections indicates that a high conductive (4-7 ohm-m) layer (second 

geoelectrical layer), which corresponds to sandy clay, is concentrated at the western and northeastern to eastern 

(cross Figs 8 and 9) parts of the study area; the extension of this layer increases to the west direction (cross-

section IV’-IV). The minimum and maximum thickness of this layer is ~ 2 m (cross-section III’-III, Fig. 8) and 

~ 15 m, respectively. Eleraki et al. [21] attributed the appearance of soil water accumulation to an impermeable 

layer existence at the central part of Tenth of Ramadan city. These perched water accumulations represent 

hazardous environmental and hydrogeological conditions and may affect the development plan of this important 

urban community. 

The constructed cross-sections (Figs. 8 and 9) indicate that the sandy clay impermeable layer is covered 

and overlaid by a medium resistivity layer (third geoelectrical layer) ranging from 12 ohm-m (e.g., sounding no. 

35) to 38 ohm-m (e.g., soundings no. 5 and 13), which corresponds to partially saturated fine to medium clayey 

sand with calcareous materials (cross-sections I’-I and IV’-IV). Further, it is obvious from the constructed 
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cross-sections that the third geoelectical layer (partly saturated clayey sand) existence is concentrated around 

the oxidation ponds and their open surface drains (for location, see Fig. 1). This reflects that there is a positive 

relationship between the third layer and the presence of sandy clay layer and/or uncased ponds and their open 

surface drains. Figure 8 (cross-section IV’-IV) shows an example of partly saturated clayey sand existence 

around the oxidation pond (sounding no. 17). In addition, the sandy clay layer appears at northeastern part with 

~10 m thick (sounding no. 9). Figures 8 and 9 shows that the sandy clay layer bounded from upper and lower by 

fine to medium clayey sand layer like pinch-out feature, which changes to sand at eastern part of the model. 

 The last fourth geoelectrical layer represents high resistivity values (> 40 ohm-m) corresponding to dry 

sand. This layer can be observed below the surface layer at the central and northern eastern parts of the study 

area as at soundings no. 14 and 26 (cross-sections III’-III and II’-II, respectively). On the other hand, it lies 

below the third geoelectrical layer at northeastern and southwestern parts. The fourth layer depth ranges from 3 

m (sounding no. 26) to more than ~22 m at sounding no. 13 (cross-section II’-II). 

 

 
 

Fig. 9: Geoelectrical cross-sections along profiles IV’-IV and V’-V their interpretation based on the available 

borehole calibrations. 

 

Figure 10 illustrates the inversion results in the form of a 3D solid model. The output 3D visualization 

thickness model was created using RockWork [43] program. The output 3D visualization model was computed 

using the inverse distance-anisotropic algorithm of the Rockworks software package. The anisotropic 

interpolation of thin beds such as clay intercalations allows mapping the geological sequence over many 

kilometers with sparse data observations [26,28,27]. The input data of this model was created by sampling of 

the true resistivities and depths of the subsurface layers at each measured sounding point which the sampling 

rate was fixed with depth. To produce a relatively fine mesh during the gridding process, the input gridding 

dimensions of 50, 50 and 2 m spacing (X, Y and Z, respectively) were applied. Figure 10 shows the vertical 

extension of the revealed subsurface layers. A shallow sandy clay layer (brown color) can be observed at the 

NE direction in a lens feature. On the other hand, the sandy clay becomes deeper and thicker at the W and SW 

directions. The clayey sand layer (blue color) disappeared at the N and the NE directions and reappeared at 
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depth 75 m at the SW direction. The dry sand layer (yellow color) can be observed at the whole area with 

different depths and become shallow at the central part.  

 

 
 

Fig. 10: 3D model visualization shows the vertical distribution of subsurface layers. 

 

Conclusions: 

The present work aims to apply GA on Schlumberger sounding data for characterization the near surface 

environmental status of soil in Tenth of Ramadan city, Egypt. From the comparison of the borehole data with 

the inversion results using GA technique, the following conclusions are drawn: 

1- The GA use some repeated runs with different starting models until the mean model remained 

unchanged. A large population size and a large number of generations can produce an acceptable inversion 

results by the genetic rules.   

2- The GA is an efficient and consistent approach to provide a detailed distribution of electrical resistivity 

to characterize the soil heterogeneity in semi-arid areas; the excellent and high quality inversion results making 

the GA feasible for environmental studies with eliminating the dependence of an initial model. 

3- By comparing the interpretation results with the available borehole, the application of GA demonstrates 

a single optimal solution with high convergence speed and relative favorable results; the parameter search space 

of GA is defined at the first stage in view of available borehole information. 

4- The obtained results have added extremely useful information at a detailed scale that usually not 

practiced during geological investigations. The 1D inversion results reveal lithological changes in short 

distances within the soil caused by the percolation of wastewater around the oxidation ponds and their open 

surface drains. Accordingly, the existence of such ponds is a main contamination source affecting the soil.  

5- An impermeable subsurface sandy clay layer can be observed in the surveyed area. This indicates that 

great care must be taken when designing the disposal system to prevent wastewater seepage within the high-risk 

pollution zone that may affect the city development.  

6- Future investigations including electrical resistivity tomography (ERT) and geotechnical analysis is 

recommended to study the environmental impact of the oxidation ponds and to identify the engineering 

properties and infiltration capacity of the impermeable sandy clay layer. 
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