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ABSTRACT : Water-logging appearance in new urban areas has become one of the most environmental 

hazards. The purpose of this research is to understand the wastewater flow paths in desert lands. As a 

case study, the wastewater leakage problem in the northern part of Badr City, Egypt was investigated by 

applying remote sensing (RS) and direct current (DC) resistivity techniques. Regarding local geological 

conditions, the relation between subsurface structures, surface topography, and wastewater leakage 

appearance was delineated.  Modern GIS techniques were used to represent wetlands, streams, drainage 

networks, elevation, surface ponds, and other features. DC resistivity survey in the form of vertical 

electrical sounding (VES) was conducted to get an overview of the distribution of subsurface layers and 

structures (faults) considering the borehole and surface geological data. As a result, the general slopes, 

subsurface structure, and near-surface layers distribution play an important role in water seepage and 

water-logging on the ground surface. This study answers the question regarding the correlation between 

water-logging and surface/subsurface factors that control wastewater flow paths in desert lands. Further 

studies are needed to establish causal relationships and develop preventative measures. 

   KEYWORDS: Remote sensing; Direct current resistivity; water-logging 

--------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 14-12-2022.                                                                           Date of acceptance: 22-01-2023 

--------------------------------------------------------------------------------------------------------------------------- ------------ 

I. INTRODUCTION 

Every country seeks to decrease stress of overcrowded population in the capitals by putting roots of urbanization 

on barren lands. Consequently, Egypt has proceeded to take steps to solve the problem of overcrowded 

population around the Nile Valley, at the beginning of the last decade, in a variety of ways such as desert lands 

reclamation policy and the construction of new industrial and residential cities: such as the new administrative 

capital, new Alamein City and Badr City which consider our study area. However, increasing of urbanization 

counters various nature and human induced geological hazards such as: sand encroachment, pollution of natural 

sources like pollution of ground water and pollution of soil due to improper disposal of wastewater [1].To avoid 

these issues, effective planning is required prior to the establishment of industrial cities and new population 

concentrations. So, surface and near-surface geological structures, magnitudes and history of seismic events and 

distribution of surface and near-surface clay and/or shale layers are all elements that should be thoroughly 

investigated and evaluated. 

Wastewater leakage is one of the most complicated environmental issues in desert regions and new urban areas. 

This includes the influence of wastewater on soil, rock stability and groundwater quality [2]. Although 

stabilization pond systems provide dependable and low-maintenance treatment at a low cost for industrial and 

municipal wastes, poor design, operation and maintenance needs can have a harmful environmental impact 

through gully erosion and geological disaster [3]. Furthermore, wastewater leakage/evaporation near cities has a 

negative impact on public health and sustainable engineering approaches. To manage and solve the predicted 

geo-environmental problems connected with wastewater overflow and percolation surrounding wastewater 

evaporation and stabilization ponds, it is necessary first to understand the surface and/or subsurface elements 

that influence wastewater leakage and water-logging. 

Traditionally, geological and hydrogeological techniques such as soil studies, borehole drilling and water 

chemical analysis have been used to investigate the environmental consequences of wastewater overflow, 

particularly in new urban areas [4].These direct procedures, however, give only a limited comprehension and 

spatial information about wastewater flow pathways in dry environments. Remote sensing (RS) and geophysical 
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approaches, on the other hand, have been used to be useful diagnostic tools for studying the environmental 

concerns related to wastewater ponds/treatment since they are cost-effective, non-intrusive and rapid [5], [6] 

The current case study, Badr City, is one of Egypt's new communities and developed industrial cities. The 

industrial wastewater from around 195 leather factories (known as Rubiki Leather City) is improperly disposed 

of into stabilization pond sets and open evaporation ponds in the North-Eastern section of Badr City (Fig. 1). 

The efficiency of these ponds is dwindling due to hydraulic overloading and a lack of filtration. Based on field  

observations, wastewater seepage and water-logging have been observed in numerous locations, posing serious 

environmental hazards. 

 

 
Figure 1: Location map of the study area. 

The integration of geographic information system (GIS) technology and remote sensing (RS) data has been 

developed quickly during the previous few decades. Fortunately, GIS and RS are widely used in ordinary 

people's everyday lives, where these two exceptional technologies are valuable for location decision making and 

have been implemented in various types of research scenarios [5], [7]. 
Indeed, the qualitative and quantitative parameters acquired from RS and GIS data can be used to identify 

geoenvironmental hazards and mange wastewater. As a result, geological investigations may be combined with 

multi-GIS data layers to analyze and manage wastewater seepage in arid and semi-arid regions [8]  

Geophysical studies are being conducted with the visual inspection of high-resolution RS images and detailed 

geological analysis. The DC resistivity in particular has been preferred and successfully employed to solve a 

wide range of technical and geo-environmental challenges [9]. Furthermore, the DC resistivity approach can be 

employed to connect surface hydrogeological phenomena with subsurface structural elements. So, DC resistivity 

survey in the form of Vertical Electrical Sounding (VES) was used to show the near surface lithologic 

heterogeneity and subsurface structure by correlating sounding points results with each other and with the 

nearest boreholes. From integration between RS and VES data we could precisely detect the factors controlling 

wastewater seepage paths and water-logging. 

The study seeks to provide a systematic method for studying and assessing the existence of waterlogging and 

wastewater seepage in arid environments. Consequently, a wise plan can be built to reduce similar damage in 

the future if we understand the elements involved. 

 

 

II-Local geology. 

Our research site was regarded to be a part of the Cairo-Suez district, which is characterized by complicated 

tectonic setting. According to [10], the structural framework of the Cairo-Suez area is dominated by two 

primary sets of faults directed E-W and NW, both of which are of the same age. Also, the stratigraphic column 

of the study area comprises a sequence of Miocene rocks at the base, followed by Pliocene deposits and overlain 

by Quaternary clastics (Fig. 2). 
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Figure 2: Structural map of Cairo-Suez district shows the orientation of main faults modified 

after[11]and Composite stratigraphic section of the study area modified after [12] 

According to [13] the Miocene deposits, which come first at the stratigraphic column in the study area, is 

divided into two units: marine and non-marine unit. The marine Miocene is made up of sandstone, shale and 

sandy limestone, whereas the non-marine unit is made up of unstratified sand and gravels. The eastern part of the 

study site, as shown in figure (2), is dominated by Pliocene deposits, which are represented by Hagif Formation. 

This formation is formed of shallow marine succession (30 m thick) of thick Limestones alternating with shales 

and shaly sandstone [14]. Quaternary clastics come at the top of succession in the form of sands and gravels. 

III-Materials and Methods 
Remote Sensing (RS) 
The geological and structural settings were collected from real field observations, available map 

resources, and other sources, in addition to the remote sensing (RS) data given by high-resolution Google Earth 

(GE) images. A high-quality Digital Elevation Model (DEM) was used to improve the accuracy of topographic 

variation detection. The various hydrographic characteristics of drainage basins have been widely extracted 

from available (DEM) via sequential processing steps in various GIS applications. Traditionally, the 

hydrological modelling tools in ArcGIS are used to construct the flow paths (i.e., drainage networks) that are 

spatially interconnected all the way through the (DEM) matrix from upstream to outlet each unit cell (i.e., pixel). 

In general, the processing stages attempt to specify the flow directions of each cell into surrounding ones, and 

the resulting grid is then used to estimate the arbitrary upstream flow contributing areas for each cell, which is 

known as flow accumulation [15].Then we can clearly determine the relation between wastewater seepage and 

topography variation in the study area. 

Vertical Electrical Sounding (VES) Method 
The VES data were measured at 20 points (Fig. 3) along straight survey lines, as feasible, taking into 

account our field observations, local geology, surface features and analysis of satellite images. The ground 

contact resistance was often low because of the presence of wastewater seepage. Because of its higher lateral 

resolution, Schlumberger array was chosen to gather sounding data for mapping regional subsurface layer 

distributions and structures throughout the study area. [16]. 
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Figure 3: Location map of VES points, oxidation ponds and water-logged soils. 

 
 

The resistivity data have been acquired in this area using Syscal Pro instrument. The field 

measurements were carried out by application of the standard Schlumberger electrode configuration with current 

electrode spacing varying logarithmically from 2 meters to 600 meters. The maximum electrode separation (AB) 

was 600 meters. The measured (apparent) resistivity values have been analyzed to determine the true 

geoelectrical parameters (resistivity and thickness) of subsurface layers. The VES data were analyzed by 

IPI2Win software which is capable of solving electrical resistivity prospecting 1D forward and inverse problem 

for the commonly used arrays with a big resistivity contrast. The forward problem (Forward Modeling) is solved 

using the linear filtering. The filters are tested thoroughly and the filtering approach implementation provides 

fast and accurate direct problem solution for a wide range of models, covering all reasonable geological 

solutions.    

The inverse problem (Inversion) is solved using a variant of Newton`s algorithm of the least number of 

layers or the regularized fitting minimizing algorithm using Tikhonov`s approach for solving incorrect 

problems. Priory information on layers, depths and resistivities can be used for regularizing the process of the 

fitting error minimizing. The inverse problem is solved separately for each sounding curve. 

 

Ⅳ-Results and discussion 
Remote Sensing 

As mentioned before, the main purpose of our research is to understand the main factors that control 

the wastewater seepage in the new urban areas. The digital elevation model (DEM) was inspected to assess the 

relationship between geomorphology, topography and paths of wastewater in barren lands. As shown in figure 

(4), the ground surface elevation of the study area is ranging from 177 to 217m. The highest elevations are 

concentrated at the southern part of the study area and the elevation decreases towards the north. Also, from 

DEM we extracted the flow paths (i.e. drainage networks) to determine the main streams in the area of study 

(Fig. 4). 

It can be noticed that the main water-logging appears at lowlands and correspond to the stream 

directions (i.e. north and north-western trends) which prove that, water seepage is controlled by topography and 

slopes in the study area. Figure (4) also shows that the wastewater flow pathways are mostly linear. As a result, 

there is a strong need to better understand the subsurface geological parameters that govern the wastewater flow 

pathways in such arid area. 
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Figure 4: High resolution digital elevation model (DEM) with extracted streams and location 

of water-logged. 
 
VES Results  

The interpretation task is the determination of the presence of layers of material of common resistivity. 

Both curve matching and analytical procedures can be used to identify the presence of resistivity layering (eg. 

vertical, horizontal, or dipping beds). In this study, the computer program “IPI 2WIN 1-D” was used to calculate 

the final earth resistivity model, see table 1. The justification of the final model is controlled by calculating the 

Root-Mean-Square error (RMS-error) between the measured and calculated resistivity values.  

The final output of the inversion process is a set of multi-layer models each of them describes the 

electrical resistivity behavior at its respective location. Selected examples of the 1D models are shown in figures 

(5, 6, 7 and 8). These models were used to construct 2D stitched cross sections (Fig. 9). 

 

 
Figure 5: The inversion results of VES point 9 and its correlated lithologic column. 
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Figure 6: The inversion results of VES point 7 and its correlated lithologic column. 

 
Figure 7: The inversion results of VES  point 5 and its correlated lithologic column. 

 
Figure 8: The inversion results of VES point 19 and its correlated lithologic column. 

 

Figure (9) shows a stitched resistivity section, representative to the study area, travelling between the 

position of the oxidation ponds and the observed water-logged soils at the research site. Water-logged soils are 

clearly concentrated on the low to medium resistivity layers (20 Ohm-m), which are correlated with 
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impermeable to semi-impermeable Pliocene shale and shaly sand, respectively. Furthermore, the borehole 

information and surface geological data were used to verify the VES data interpretation. The faults map and 

satellite image lineaments were used to link the inferred structure, i.e., faults, on the produced geoelectrical 

section which is connected to the observed geoelectrical layers displacement. As a result, water-logging and 

wastewater flow pathways are connected with the existence of near-surface, low permeability, Pliocene strata 

and the downthrown side of faults in the southeastern and northwestern regions of the research site. 

 

 

Figure 9: Stitched resistivity section based on VES data inversion results calibrated with 

surface geological and borehole data showing that the paths of wastewater flow around the 

oxidation pond are controlled by surface topography, faults, and subsurface layers 

distribution. 
 
 

VES No Layer-

1 

Layer-

2 

Layer-

3 

Layer-4 Layer-5 Layer-6 Layer-

7 

Layer-

8 

1 

Resistivity 30 22.4 11.7 25 5.14 30 3.37  

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene Shaly sand. Pliocene 

Shale. 

Pliocene 

Shaly sand. 

Pliocene 

Shale. 

 

4 

Resistivity 10.1 80.5 24.8 115 14.5    

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Non-Marine 

Miocene 

shaly sand. 

Non-Marine 

Miocene 

Gravelly sand 

Non-Marine 

Miocene shaly 

sand. 

   

 

5 

Resistivity 11.1 4.44 36.2 20.1 3.7 15   

Rock 

name 

Surface layer 

(Sand, 

Gravel, and 

Clay). 

Pliocene 

Shale. 

Pliocene Shaly sand. Pliocene 

Shale. 

Non-Marine 

Miocene 

shaly sand. 
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6 

Resistivity 33.1 137 20.6 2.96 22.5    

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene 

Shaly sand. 

Pliocene 

Shale. 

Non-Marine 

Miocene shaly 

sand. 

   

 

7 

Resistivity 63.1 22.7 217 19.4 137 12.7   

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Non-Marine 

Miocene 

shaly sand 

Non-Marine 

Miocene 

Gravelly sand 

Non-Marine 

Miocene 

shaly sand 

  

 

8 

Resistivity 3.24 72 16.2 3.73 13.2 66.7 12.9  

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene 

Shaly sand. 

Pliocene 

Shale. 

Non-Marine 

Miocene shaly 

sand. 

Non-Marine 

Miocene 

Gravelly sand 

Non-Marine 

Miocene 

shaly sand. 

 

 

9 

Resistivity 2.75 242 24.9 4.34 14.4 51.4 17  

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene 

Shaly sand. 

Pliocene 

Shale. 

Non-Marine 

Miocene shaly 

sand. 

Non-Marine 

Miocene 

Gravelly sand 

Non-Marine 

Miocene 

shaly sand. 

 

 

10 

Resistivity 32 106 34 25 6 13 48 12 

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene 

Shaly sand. 

Pliocene 

Shale. 

Non-Marine 

Miocene 

shaly sand. 

Non-Marine 

Miocene 

Gravelly sand 

Non-Marine 

Miocene 

shaly sand. 

 

11 

Resistivity 7.46 55 9 5 18 2 18  

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene Shale. Pliocene 

Shaly sand. 

Pliocene 

Shale. 

Non-Marine 

Miocene 

shaly sand. 

 

 

12 

Resistivity 9.4 4.86 84 11 26 9   

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene 

Shale. 

Pliocene 

Shaly sand. 

Pliocene 

Shale. 

  

 

13 

Resistivity 6.64 1.89 4 14 1 19   

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene 

Shale. 

Pliocene 

Shaly sand. 

Pliocene 

Shale. 

Non-Marine 

Miocene 

shaly sand. 

  

 

14 

Resistivity 28 7 1 33 10    

Rock 

name 

Surface layer 

(Sand, 

Gravel, and 

Clay). 

Pliocene Shale. Pliocene 

Shaly sand. 

Pliocene 

Shale. 

   

 

15 

Resistivity 331 81.6 18.8 54.4 15    

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Non-Marine 

Miocene 

shaly sand. 

Non-Marine 

Miocene 

Gravelly sand 

Non-Marine 

Miocene shaly 

sand. 

   

 

16 

Resistivity 10.7 17.7 2.48 8.62 76.2 19.5   

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene Shale. Non-Marine 

Miocene 

Gravelly 

Non-Marine 

Miocene 

shaly sand 

  

 

17 

Resistivity 46.1 30.4 8.84 1.9 13.4 102   

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene Shale. Non-Marine 

Miocene shaly 

sand 

Non-Marine 

Miocene 

Gravelly sand 

  

 

18 

Resistivity 41 5 16 6 30 162   

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene 

Shaly sand. 

Pliocene 

Shale. 

Non-Marine 

Miocene shaly 

sand. 

Non-Marine 

Miocene 

Gravelly sand 

  

 Resistivity 58.9 102 30.6 5.83 16.3 64.7 8.33  
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19 Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene 

Shaly sand. 

Pliocene 

Shale. 

Non-Marine 

Miocene shaly 

sand. 

Non-Marine 

Miocene 

Gravelly sand 

Non-Marine 

Miocene 

shaly sand. 

 

 

20 

Resistivity 5.39 21 6 42 25 7 26 83 

Rock 

name 

Surface layer 

(Sand, 

Gravel, and 

Clay). 

Pliocene 

Shaly sand. 

Pliocene 

Shale. 

Pliocene Shaly sand. Pliocene 

Shale. 

Non-Marine 

Miocene 

shaly sand. 

Non-Marine 

Miocene 

Gravelly sand 

 

21 

Resistivity 813 39.3 5.71 26 78 11.8   

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Non-

Marine 

Miocene 

shaly sand. 

Non-

Marine 

Miocene 

Gravelly 

sand 

Non-

Marine 

Miocene 

shaly sand. 

  

 

22 

Resistivity 52.6 13.1 100 29 5    

Rock 

name 

Surface layer 

(Sand, Gravel, and Clay). 

Pliocene 

Shaly 

sand. 

Pliocene 

Shale. 

   

 
Table 1. summary of Vertical Electrical Sounding results 
 

Ⅴ CONCLUSION 
As a case study, RS and VES data were used to evaluate the occurrence of wastewater leaks in a semi-

arid new urban environment. Wadies, streams, drainage systems, elevation, surface ponds and so on were 

displayed using modern GIS techniques. The DEM-related extracted drainage systems revealed a substantial 

association between the wastewater flow paths and the main drainage lines over the research site. It meant that 

the occurrence of surface wastewater leakage is related to general slopes. 

 In order to analyze land aspects within a RS framework, DC resistivity measurements were taken in the 

form of VES data to provide us with overview of subsurface layers and structure distribution which play a vital 

role in controlling wastewater seepage and water-logging on the surface.  

 The inversion results of the measured VES data revealed that the appearance of wastewater seepage 

was correlated with near-surface soil heterogeneities and subsurface structures (faults). As a result, wastewater 

leakage occurs along drainage paths (i.e., lines) that are converged in structural controlled depressions related to 

faults downthrown. Furthermore, wastewater accumulates above an impermeable near-surface layer, which 

forms ponds and surface seepage. This impermeable layer is mapped using DC resistivity results as shown in 

(Fig. 10). 

 The integration between GIS, RS and geophysical approach provides a helpful strategy to monitor, 

evaluate and understand the factors that control wastewater seepage and water-logging at desert lands. With this 

understanding, the bad effects of wastewater in the new urban areas can be mitigated. 
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Figure 10: contour map, shows the distribution and depth of shale bed in the study area. 
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