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Abstract 
A detailed multi-temporal interferometric analysis was carried out at El-

Qantarah Gharb in the northwestern Ismailia District, Egypt. Ground instability 

issues, particularly land subsidence, are understudied in this area despite its 

significance. The study applies the advanced Small Baseline Subset 

Interferometric Synthetic Aperture Radar (SBAS-InSAR) technique to address 

this gap using Sentinel-1 SAR data from May 2017 to August 2022. The analysis, 

performed with GAMMA RS software, integrates ascending and descending 

orbit data to evaluate movement patterns comprehensively. The findings show 

significant westward displacement across the majority of the region, with a low 

rate in the south and more dynamic subsidence in the north, where velocities 

reach up to 10 mm per year. Localized subsidence was observed in western, 

central, and Suez Canal-adjacent zones, with descending geometries showing 

lower values due to observational dependencies. This research highlights the 

precision of the SBAS-InSAR technique for mapping and monitoring subsidence 

and uplift, offering critical insights into instable zones. The results support the 

development of targeted mitigation strategies to minimize risks, enhance 

structural resilience, and promote sustainable planning for the region’s 

economic growth. 

Introduction 
El-Qantarah Gharb area is situated in the 

northwestern region of the Ismailia District, west of 

the Suez Canal, and is geographically defined by 

latitudes 30° 42' 30" N to 30° 49' 31" N and longitudes 

32° 07' 00" E to 32° 19' 31" E (Figure 1). This 

strategically located area forms a critical part of 

Egypt's vision for sustainable development under the 

2030 Egyptian Sustainable Development Strategy. 

This strategy emphasizes three interconnected 

dimensions-economic growth, societal inclusion, and 

environmental sustainability, as outlined in the 

national voluntary review on the sustainable 

development goals [1]. 

Within this framework, the Suez Canal Corridor 

emerges as a cornerstone of national development, 

incorporating agricultural expansion, industrial zones, 

and establishment of modern urban communities. 

Given the scale and significance of these projects, 

expanding infrastructure and construction activities in 

this region necessitates precise and efficient site 

evaluation. Comprehensive multi-temporal 

interferometric and feasibility studies are imperative 

to ensure the successful implementation of these 

initiatives and to create opportunities for both 

national and international investors to participate in 

these transformative projects. 

Without up-to-date and accurate techniques to 

assess the soil conditions where major infrastructure 

projects are planned, various engineering issues may 

arise, including land subsidence, which can lead to 

structural cracks, collapses, and significant financial 

costs. An assessment of the different degrees of 

degradation in the investigated area has been carried 

out by integrating remote sensing, in particular, SBAS-

SAR interferometry techniques, as well as GIS, and the 

Global Assessment of Soil Degradation (GLASOD) 

approach. 

Mitigating the effects of ground instability in 

urban areas is a critical research field. One of the 

primary objectives is to predict this instability in both 

time and space, thus allowing for proactive measures 
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to prevent damage. Advanced technologies, such as 

Synthetic Aperture Radar (SAR), offer significant 

improvements in measuring displacement with 

millimeter-level accuracy. SAR, a satellite-based 

remote sensing tool, uses microwave radiation to 

capture both the intensity and phase of returned 

signals, providing detailed data that can be applied to 

urban planning. This data proves invaluable for local 

authorities and city planners in reducing risks 

associated with urban development and in designing 

more effective strategies for future city growth [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Location map of the study area. 

 

Particularly, the Small Baseline Subset (SBAS) 

InSAR technique [3]; [4], [5]. was employed to monitor 

and detect high-resolution ground displacement in 

the Qantarah Gharb area, using the Single Look 

Complex (SLC) format at the local scale, this technique 

achieved a spatial resolution of 5m*5m, providing 

detailed insights into ground movement. 

Despite the region’s strategic significance for 

future construction projects, there is a limited body of 

work on soil stability and ground instability in this 

area. The most relevant study utilizing SAR 

interferometry in ground instability monitoring in the 

present study area was conducted by [6]. This 

research focused on combining SAR data with 

geotechnical information to monitor ground 

instability across the Ismailia District, including the 

study area. Their findings indicated that ground 

instability in this region is primarily influenced by 

three factors: the depth to groundwater, the 

thickness of the clayey layer, and the soil's swelling 

potential. Areas prone to instability, such as El-Ferdan 

and Al-Mostaqbal, exhibited shallow groundwater 

levels, a thin clayey layer, and high swelling potential. 

The study underscored the need for continuous 

monitoring of these regions, given the ongoing trend 

of ground instability, making it highly relevant to the 

application of the SBAS technique in the current 

research.  

 
Geology 

The area is primarily composed of Quaternary 

sediments, including sands, gravel, and occasional 

clay lenses [7] (Figure 2). [8] conducted an extensive 

study of the Late Pleistocene and Holocene 

lithofacies in the northeastern Delta, which includes 

the study area. The most recent Quaternary deposits 

consist of sand dunes, clay and sandy clay around 

sabkha deposits, Nile River sediments, and 

undifferentiated Quaternary materials such as gravel, 

alluvial deposits from river valleys, and beach sands 

with corals from the Mediterranean Sea.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Geological map of the eastern Nile Delta 

including the study area [43]; [44], [45]. 
 

Holocene deposits, including alluvial and fluvial 

sediments, are also present and have been 

transported and deposited by the rivers in the Nile 

Delta and surrounding regions. These sediments, 

typically a mixture of sand, silt, and clay, are often 

rich in organic matter [9]. In the northwestern part of 

Ismailia district, fluvial sediments, consisting of silt, 

sand, gravel, and clay up to 40 m. in thickness, are 

found along the Nile River valley [9]. Saline alluvial 

deposits, consisting of argillaceous and sandy 

sediments with soluble salts, are located in 

depressions and low-lying coastal areas [10]. 

Other types of alluvium in the region include 

poorly sorted gravel, sand, silt, and clay deposits from 

alluvial fans as well as deltaic deposits at the mouths 

of the Nile containing sand, silt, and clay. The alluvial 

fan deposits, formed by fluvial processes, were 

sourced from various upstream locations. The gravel 

content increases toward the base of the aquifer, 

indicating proximity to the source areas in the 

southern region [11].; [12]. 

The sabkhas in the Suez Canal region, described by 

[13], consist of sand, mud, organic matter, and 

calcium carbonate, which serves as a cementing agent 

in the study area. These flat formations, with reliefs 

ranging from 10 to 50 cm, form in arid climates and 

are influenced by factors such as rainfall and 

temperature. Although the surface of a sabkha is not 

a free-water surface, groundwater rarely exceeds a 

depth of 1.5 meters and flows toward the sea, being 

replenished by seawater [14]; [15].  

Tectonic activity plays a major role in shaping the 

geo-environmental characteristics of the study area 

through interactions between fault systems, 

geological formations, and tectonic movements. This 

influence is attributed to the area's location within the 
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Northern Nile Delta structural province. Subsurface 

fault groups are predominantly oriented in an E-W 

direction and are characterized by normal faulting, 

formed during the rifting of the African-Arabian plate 

from the Eurasian plate in the Late Triassic to Early 

Jurassic period [16]. Over time, these faults have 

undergone reactivation, resulting in the deformation 

of Upper Cretaceous and Tertiary rock formations 

[17]. At the surface, structural lineaments are 

primarily aligned in an NW-SE direction, with fewer 

features trending NNW-SSE. These alignments 

represent the northern extension of the Gulf of Suez 

graben [18], as portrayed in Figure (3). 

 
Data and methodology 

This study employed cost-free, open-access C-

band SAR data from the Sentinel-1 satellite 

constellation, provided by the Alaska Satellite Facility 

(ASF) DAAC platform, to perform interferometric 

analysis. A total of 157 Sentinel-1A images from the 

ascending pass and 135 Sentinel-1A and Sentinel-1B 

images from the descending pass, covering the period 

from May 2017 to August 2022, were analyzed, with 

Frame 95 (ascending) and Frame 491 (descending) 

highlighted. The Sentinel-1 satellites, developed by 

the European Space Agency (ESA) under the 

Copernicus Program, consist of Sentinel-1A, Sentinel-

1B, and Sentinel-1C, which enhance Earth observation 

with C-band SAR instruments operating at a frequency 

of 5.405 GHz. These satellites provide continuous 

imaging capabilities in all weather conditions, day and 

night, with single and dual-polarization modes for 

diverse applications [19]; [20]; [21]; [22].  

The Shuttle Radar Topography Mission (SRTM), a 

collaboration between NASA and the [23], supplied 

digital elevation data with a resolution of 30 meters, 

freely available in GeoTIFF format via the USGS Earth 

Explorer platform.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3  Tectonics of the study area (based on [17], 

[6]. 
 

This data was corrected, void-filled, and 

geographically projected, ensuring global coverage for 

use in conjunction with SBAS interferometry in the 

study area [24]; [25]. For processing, GAMMA RS 

software, developed by GAMMA Remote Sensing 

Research and Consulting AG, was used on a Linux 

system. This advanced toolbox, with its SBAS 

interferometry module, enabled time-series analysis 

of surface changes and the creation of deformation 

maps [26]; [3]. The integration of these datasets and 

technologies facilitated detailed monitoring and 

assessment of ground instability El-Qantarah Gharb 

area. 

 
InSAR image processing 

The maps of both the ascending and descending 

movement rates (velocities) are displayed in Figure (4). 

Positive values, with cool colors, demonstrate 

movement towards the sensor, while negative values, 

with warm colors, demonstrate movement away from 

the sensor. The obtained results exhibit scattered 

displacement patterns, which can be primarily 

attributed to the presence of vegetation. This vegetation 

has passive impact on the coherence of the SAR images, 

leading to partial or complete decorrelation in certain 

blank locations. These blank regions indicate missing 

data, which is a direct consequence of the decoherence 

caused by vegetation in those areas. 

 

 

 

 

 

 

 

 
 

Table 1 Use " caption" format ftyle for table caption 

Heading Heading Heading 
xxxxx xxxxx xxxxx 

xxxxx xxxxx xxxxx 

xxxxx xxxxx xxxxx 

 

Figure 4 Sentinel-1 average LOS movement rate 
maps over the period from May 2017 to August 2022 
for ascending (a) and descending (b) acquisition 
geometries in the arid area in El- Qantarah Gharb area. 

Urban planning and management utilizing the 

Interferometric Synthetic Aperture Radar (InSAR) 

technique has proven to be an effective approach. 

Geospatial analysis through these methods has 

demonstrated success in predicting ground 

movement and identifying locations prone to 
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geotechnical issues. Specifically, Line-of-Sight (LOS) 

motion rates were analyzed in eight distinct areas of 

the study region for ascending acquisition and in five 

areas for descending acquisition, covering the period 

from May 2017 to August 2022 (Figures 5 & 6). The 

average LOS displacement rate maps, derived over five 

years for descending acquisition, highlight spatio-

temporal ground movement patterns in the arid 

region of El-Qantarah Gharb, along with the selected 

affected areas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 5 Average LOS displacement rate map over a 5-
year period for ascending acquisition geometry in the 
arid area in El-Qantarah Gharb area and selected 
distinct parts where spatio-temporal ground 
movements were detected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Average LOS displacement rate map over a 5-
year period for descending acquisition geometry in the 
arid area in El-Qantarah Gharb and selected distinct 
parts where spatio- temporal ground movements were 
detected. 

 
The maps of both the East-West (horizontal) and 

Up-Down (vertical) displacement rates (velocities) are 

displayed in Figure (7). In the up-down map, positive 

values, with cool colors, signify the ground surface is 

moving upwards over time, while negative values, with 

warm colors, in the vertical map denote the surface is  

 

subsiding downwards. Examining the east-west  

horizontal velocities, positive rates reflect eastward 

movement across the surface, while negative rates 

indicate westward motion. The maps identify nine 

distinct areas within the study region, both in the East-

West (horizontal) and Up-Down (vertical) displacement 

rate maps, as shown in Figure (8). 

Table (1) provides a summary of the East-West 

(horizontal) movement rates across nine distinct areas 

in the study region, detailing their corresponding 

locations. Negative values indicate westward 

movement, such as the Northernmost Sector with -

18.5 mm/year, while positive values reflect eastward 

motion, like the Suez Canal Bifurcation with +28.4 

mm/year. Table (2) summarizes the Up-Down 

(vertical) movement rates, where positive values 

represent upward movement (e.g., +9.1 mm/year in 

the Northernmost Sector) and negative values signify 

subsidence (for example: -22.9 mm/year near the 

Suez Canal Bifurcation). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 7 (a) Up-Down (vertical) and (b) East-West 
(horizontal) displacement rate maps over the period 
from May 2017 to August 2022 in the arid area in El-
Qantarah Gharb. 
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Figure 8 (a) East-West (horizontal) and (b) Up-Down 
(vertical) displacement rate maps over the 5- year 
time-span from in the arid area in El-Qantarah Gharb 
and selected distinct parts spatial and temporal 
patterns of ground motion were observed over the 
monitoring period. 
 
Table 1 The summary of East-West (Horizontal) 
movement rates and the corresponding sites. 
 

Site Location 
Average movement 

rate (mm/y) 
Motion 

1 
Northernmost 

Sector 
-18.5 

Westward 

(Negative) 

2 
Western 

Periphery 
-8 

Westward 

(Negative) 

3 Central Region -13 
Westward 

(Negative) 

4 
Southernmost 

Region 
-11.6 

Westward 

(Negative) 

5 
Central-Eastern 

Region 
-10.5 

Westward 

(Negative) 

6 
Suez Canal 

Bifurcation 
+28.4 

Eastward 

(Positive) 

7 
Central-Eastern 

Region 
-11.8 

Westward 

(Negative) 

8 
Near the Suez 

Canal 
-14.2 

Westward 

(Negative) 

9 
Western 

Periphery 
-12 

Westward 

(Negative) 

 

 

 
 
Table 2. The summary of Up-Down (vertical)  
movement rates and the corresponding sites. 

 

Site Sites 

Maximum 

movement rate 

(mm/y) 

Motion 

1 
Northernmost 

Sector 
+9.1 

Upward 

(Positive) 

2 
Western 

Periphery 
+6.5 

Upward 

(Positive) 

2 
Western 

Periphery 
-12.3 

Downward 

(Negative) 

3 Central Region +7.2 
Upward 

(Positive) 

4 
Southernmost 

Region 
+6 

Upward 

(Positive) 

5 
Central-Eastern 

Region 
+5.7 

Upward 

(Positive) 

6 
Suez Canal 

Bifurcation 
-22.9 

Downward 

(Negative) 

6 
Suez Canal 

Bifurcation 
+5.9 

Upward 

(Positive) 

7 
Central-Eastern 

Region 
+5.6 

Upward 

(Positive) 

8 
Near the Suez 

Canal 
+5.3 

Upward 

(Positive) 

9 
Western 

Periphery 
+7.8 

Upward 

(Positive) 
 

Discussion 
The analysis was carried out using the SBAS InSAR 

technique, and the results show varying rates of ground 
instability across El-Qantarah Gharb area. Where, some 
sites exhibite significant subsidence rates of up to -22.9 
mm/year, particularly near the Suez Canal, while others 
such as the northern part displays uplift rates reaching 
+9.1 mm/year. The sites which show a significant 
subsidence rate include the northernmost part (-18.5 
mm/year), western part (-8 mm/year to -12 mm/year), 
central part (-13 mm/year), southernmost part (-11.6 
mm/year), central-eastern part (-10.5 mm/year and -11.8 
mm/year), near the Suez Canal (-14.2 mm/year), and the 
Suez Canal bifurcation, which exhibited the highest 
instability with subsidence reaching -22.9 mm/year and 
localized uplift up to +5.9 mm/year. In agricultural and 
sabkha areas, uplift rates reached +9.1 mm/year in the 
northernmost part and +7.8 mm/year in the western 
part. 

The observed subsidence/uplift patterns are 

clearly affected by geological, hydrological, and 

anthropogenic factors. Geological factors include the 

presence of clay layers, intercalated with the 

subsurface soil section, which have high swelling and 

shrinkage potential. The study area primarily consists 

of Quaternary deposits, including sabkha deposits, 

Nile River sediments, and undifferentiated deposits 

like river valley alluvium and beach sands [9]. These 

formations, characterized by interbedded sands, silts, 

and clays, are prone to differential compaction and 

settlement, resulting in gradual subsidence over time 

(a) 

(b) 
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[27]. Clayey layers exhibit high plasticity and 

significant swelling potential due to their 

montmorillonite content, making them particularly 

vulnerable to instability [28]; [29]; [30]. 

Sandstorms are another significant geological 

factor which are greatly affecting the ground 

instability. These natural events, common in desert 

regions like the Suez Canal area, which led to 

transportion and deposition of large volumes of sand 

and dust. The deposition of these windblown 

sediments during sandstorms contributes to 

temporary ground uplift, as observed in areas like 

northwestern Ismailia [31]; [32]; [33]. Conversely, 

wind erosion in source regions causes surface 

lowering, creating a dynamic landscape of uplift and 

subsidence. 

Hydrological factors are represented by the 

fluctuations of the groundwater level and 

waterlogging causing structural disturbances. 

Waterlogging contribute to the land instability by 

increasing pore water pressure, which enhances 

moisture content and induces sediment compaction 

and consolidation([34]. Additionally, a continuous rise 

in groundwater level may result in liquefaction failure 

[35]. Also, fluctuations in the groundwater level can 

cause clayey layers to undergo swelling and shrinkage 

cycles, damaging infrastructure and buildings [36]. 

Excessive groundwater extraction near the Suez Canal 

leads to soil compaction and settlement, whereas 

groundwater recharge and salt accumulation in 

agricultural zones contribute to surface expansion. In 

agricultural zones, the accumulation of dissolved salts 

in sabkha areas contributes to soil compression and 

infrastructure damage. Sabkhas, or salt flats, further 

complicate ground stability. The accumulation of 

evaporite minerals and groundwater recharge in 

these areas can lead to subsidence, particularly in 

agricultural zones, causing damage to infrastructure 

and loss of coastal properties [37]; [38].  

Finally, the anthropogenic factors are exemplified 

by the human activities such as urban expansion and 

resource exploitation, particularly near the Suez 

Canal. Studies by [39], [40], [41], and [42] attribute 

subsidence primarily to the weight of modern and 

historical construction on these loose sediments, 

which compress over time. Additionally, canal 

construction and maintenance activities, including 

material removal or deposition, and groundwater 

extraction, influence local stress fields and exacerbate 

subsidence. 

On the other hand, stable areas include the south, 

where minimal movement rate (<5 mm/year) and this  

can be attributed to the presence of coarser sandy 

deposits that ensure relative stability. Similarly, the 

central and east-central regions show horizontal  

movement rates up to 5 mm/year, reflecting 

moderate stability which can be explained by the 

presence of mixed deposits with lower 

compressibility. 

The interplay of lithology, groundwater level 

fluctuations, aeolian processes, and human activities 

are effective factors on subsidence and uplift rates 

recorded by the SBAS-InSAR technique. Hence, it is 

strongly recommended to carryout a detail 

geotechnical investigation in the study area to 

evaluate the appropriateness of soil for construction 

and urban expansion. 

 

Conclusions 
This study highlights critical findings regarding 

ground instability in El-Qantarah Gharb area, where, 

some sites exhibits significant subsidence rates of up 

to -22.9 mm/year. Agricultural and sabkha areas 

display uplift rates reached +9.1 mm/year in the 

northernmost part and +7.8 mm/year in the western 

part. On the other hand, stable areas include the 

south, where minimal movement rate (<5 mm/year), 

the central and east-central regions which show 

horizontal movement rates up to 5 mm/year. 

The subsidence/uplift rates in the region are 

influenced by geological, hydrological, and 

anthropogenic factors. The highest rates of land 

subsidence are concentrated near the Suez Canal due 

to excessive groundwater extraction and construction 

activities that alter soil stress conditions, while uplift 

is observed in agricultural and sabkha areas, 

attributed to groundwater recharge and salt 

accumulation. Geological factors play a crucial role, 

with compressible clay-rich sediments increasing 

vulnerability to subsidence, whereas sandy deposits 

provide greater stability. Human activities, including 

infrastructure expansion and land use changes, 

exacerbate instability, necessitating improved urban 

planning and groundwater management.  

Although SBAS InSAR provides valuable 

movement data, further validation with GNSS and 

field surveys is required for enhanced accuracy, and 

future research should incorporate predictive 

modeling to anticipate long-term trends.  

The study underscores the need for integrated 

monitoring approaches and sustainable land 

management policies to mitigate risks associated with 

ground instability, ensuring long-term stability and 

resilience of infrastructure in the region. 

 

Funding sources 
This research did not receive external funding 
Conflicts of interest 

This research has no conflict of interest with other 

research and researchers 

 

References 
[1] National Voluntary Review on the Sustainable 

Development Goals, 2016. Input to the 2016 High-
level Political Forum (HLPF) on Sustainable 
Development, the Arab Republic of Egypt. 

[2] Rosen, P.A.; Hensley, S.; Joughin, R.; Li, F.K.; 

Madsen, S.N., Rodriguez, E., & Goldstein, M., 2000. 



Journal of Petroleum and Mining Engineering 27(1)2025                                                                                                         DOI: 10.21608/jpme.2025.360426.1227 
 

Page|91 

Synthetic aperture radar interferometry. Proceedings 

of the IEEE, 88(3), 333-382. 

[3] Berardino, P.; Fornaro, G.; Lanari, R. & Sansosti, 

E., 2002. A New Algorithm for Surface Deformation 

Monitoring Based on Small Baseline Differential SAR 

Interferograms. IEEE Transactions on Geoscience and 

Remote Sensing, 40(11), 2375–2383, 

doi:10.1109/TGRS.2002.803792. 

 [4] Lanari, R.; Mora, O.; Manunta, M.; Mallorqui, 

J.; Berardino, P. & Sansosti, E., 2004. A Small Baseline 

approach for investigating deformation on full 

resolution differential SAR interferograms. 

Geoscience and Remote Sensing, IEEE Transactions, 

42, 1377 - 1386, doi: 10.1109/TGRS.2004.828196. 

[5] Lanari, R.; Casu, F.; Manzo, M.; Zen, G.; 

Berardino, P.; Manunta, M. & Pepe, A., 2007. An 

Overview of the Small Baseline Subset Algorithm: a 

DInSAR Technique for Surface Deformation Analysis. 

Pure and Applied Geophysics, 164(4), 637-661, doi: 

10.1007/s00024-007-0192-9. 

[6] Seleem, T.A.; Hegazi, A.M. & Zaki, A.M., 2022. 

Integration of historical synthetic aperture radar (SAR) 

and geotechnical data for monitoring ground 

instability: a case study of Ismailia District, Egypt. 

Arabian Journal of Geosciences, 15(1). 

doi:10.1007/s12517-021-09142-4. 

[7] El-Fawal, F.M., 1992. Sedimentology of the 

quaternary southwest of Ismailia and its 

chronostratigraphy, west of the Suez Canal; pro. 3rd. 

conf. Geol. Sinai develop. Ismailia, 3, 141-152. 

[8] Coutellier, V. & Stanley, D.J., 1987. Late 

Quaternary stratigraphy and paleogeography of the 

eastern Nile Delta shelf. Marine Geology, 77, 257–

275. 

[9] Said, R., 1962. The geology of Egypt. Elsevier. 

[10] El-Sankary, M.M., 2002. Geological, 

sedimentological and radioactivity studies of the 

quaternary sediments, El-Kharga Depression, 

Western Desert, Egypt, Ph.D. Thesis, Ain Shams Univ., 

Cairo, Egypt. 

[11] Abdelwahab, S.; El-Sayed, E.; Sallam, A.; 

Chandrajith, R. & El-Sayed, M., 2018. Contribution to 

the Ground Water Hydrology of the Quaternary 

Aquifer in West Ismailia Area, Egypt. Journal of 

Geoscience and Environment Protection, 6,134-158. 

[12] Zaghloul, E. A.; Abdeen, M.; Elbeih, S. & 

Soliman, M., 2020. Water logging problems in Egypt’s 

Deserts: Case study Abu Mena archaeological site 

using geospatial techniques. The Egyptian Journal of 

Remote Sensing and Space Science, 23(3), doi: 

10.1016/j.ejrs.2020.06.003. 

[13] El-Omla, M.M., & Aboulela, H.A., 2012. 

Environmental and Mineralogical Studies of the 

Sabkhas Soil at Ismailia—Suez Roadbed, Southern of 

Suez Canal District, Egypt. Open Journal of Geology, 

2(3), 165-181, doi: 10.4236/ojg.2012.23017. 

[14] Akili, W., 1981. On Sabkha Sands of Eastern 

Saudi Arabia. Proceedings of the Geotechnical 

Problems in Saudi Arabia Symposium, Riyadh, 11-13 

May 1981, 775-793. 

[15] Sanford, W. & Wood, W., 2001. Hydrology of 

the Coastal Sabkhas of Abu Dhabi, United Arab 

Emirates. Hydrogeology Journal, 9(4), 358-366, doi: 

10.1007/s100400100137. 

[16] Abdel Aal, A.; Price, R. J.; Vaiti, J. D. & 

Shrallow, J. A., 1994. Tectonic evolution  

        of the Nile Delta, its impact on sedimentation 

and hydrocarbon potential. 12th.  

        EGPC, Egyptian General Petroleum 

Corporation Conference, Cairo, 1,19–34. 

 [17] Hussein, I.M. & Abd-Allah, A.M., 2001. 

Tectonic evolution of the northeastern part of the 

African continental margin, Egypt, J. Afr. Earth Sci., 33, 

49-68, doi: 10.1016/S0899-5362(01)90090-9. 

[18] Hegazi, A.M., Seleem, T.A., & Aboulela, H.A., 

2013. The Spatial and Genetic Relation between 

Seismicity and Tectonic Trends, the Bitter Lakes Area, 

North-East Egypt. Geoinformatics & Geostatistics: An 

Overview, 01, doi: 10.4172/2327-4581.1000106. 

[19] Desnos, Y. L.; Borgeaud, M.; Doherty, M.; 

Rast, M. & Liebig, V., 2014.  The European Space 

Agency’s Earth Observation Program. IEEE Geoscience 

and Remote Sensing Magazine, 2(2), 37-46. 

[20] European Space Agency (ESA), 2022. 

Sentinels. 

https://www.esa.int/Enabling_Support/Operations/S

entinels. This refers to the main ESA website page 

about the Sentinel satellite missions: 

https://www.esa.int/Enabling_Support/Operations/S

entinels. 

[21] Attema, E.; Bargellini, P.; Edwards, P.; Levrini, 

G.; Lokas, S.; Moeller, L.; Rosich- Tell, B.; Secchi, P.; 

Torres, R.; Davidson, M.; & Snoeij, P., 2007. Sentinel-

1: The Radar Mission for GMES Operational Land and 

Sea Services. ESA Bulletin, (131),10-17. Retrieved 

from: 

http://www.esa.int/esapub/bulletin/bulletin131/bul

131a_attema.pdf 

[22] Potin, P.; Rosich, B.; Miranda, N. & Grimont, 

P., 2016. Sentinel-1 Mission Status. Procedia 

Computer Science, 100, 1297-1304. doi: 

10.1016/j.procs.2016.09.245. 

[23] National Geospatial-Intelligence Agency 

(NGA), 2023. SRTM Data. Retrieved from: 

https://www.nga.mil/ 

[24] NASA, 2023. Shuttle Radar Topography 

Mission. Retrieved from: 

https://www2.jpl.nasa.gov/srtm/ 

[25] United States Geological Survey (USGS)., 

2023. SRTM Data Availability. Retrieved from: 

https://earthexplorer.usgs.gov/. 

[26] GAMMA Remote Sensing AG, 2023. Retrieved 

from: https://www.gamma-rs.ch/software. 

[27] Phien-wej, N.; Giao, P.H. & Nutalaya, P., 2006. 

Land subsidence in Bangkok, Thailand. Engineering 

geology, 82(4), 187-201. 

[28] Mitchell, J.K., 1976. Fundamentals of soil 

behavior. Wiley, New York. 

[29] Burmister, D. M.,1950. Principles and 

Techniques of Soil Identification. Proceedings, Annual 

https://www.esa.int/Enabling_Support/Operations/Sentinels
https://www.esa.int/Enabling_Support/Operations/Sentinels
http://www.esa.int/esapub/bulletin/bulletin131/bul131a_attema.pdf
http://www.esa.int/esapub/bulletin/bulletin131/bul131a_attema.pdf
https://www.nga.mil/
https://www.gamma-rs.ch/software


Journal of Petroleum and Mining Engineering 27(1)2025                                                                                                         DOI: 10.21608/jpme.2025.360426.1227 
 

Page|92 

Highway Research Board Meeting, National Research 

Council, Washington, D.C., 29, 402–434. 

[30] Chen, F.H., 1988. Foundations on Expansive 

Soils. 2nd. Edition, Elsevier Science Publications, New 

York. 

[31] Algamal A. A., Fayed H. A., Mahmoud M. & 

Aly M. H., 2020. Reliable FSO system performance 

matching multi-level customer needs in Alexandria City, 

Egypt, climate: sandstorm impact with pointing error. 

Optical and Quantum Electronics, 52(1), 349. 

doi:10.1007/s11082-020-02468-5. 

[32] Lebedev, A.O.; Lebedeva, M.P. & Butsanets, 

A.A., 2021. Could the accident of "Ever Given" have 

been avoided in the Suez Canal? In International 

Conference on Actual Issues of Mechanical 

Engineering (AIME 2021), Journal of Physics: 

Conference Series, 2061(1), 012127. 

doi:10.1088/1742-6596/2061/1/012127. 

[33] Labib, A.; Saati, A. & Yunusa-Kaltungo, A., 

2023. Learning from Failure by Using a Hybrid Model 

Technique: The Suez Canal Incident. doi: 

org/10.2139/ssrn.4481786. 

[34] Terzaghi, K., Peck R.B. & Mesri, G., 1996. Soil 

Mechanics in Engineering Practice. 3rd. Edition, John 

Wiley and Sons, Inc., New York.  

[35] Seed, R.B.; Cetin, K.O.; Moss, R.E.; Kammerer, 

A.; Wu, J.; Pestana, J.; Riemer, M.; Sancio, R.B.; Bray, 

J.D.; Kayen, R.E. & Faris, A., 2003. Recent advances in 

soil liquefaction engineering: a unified and consistent 

framework. Keynote presentation, 26th Annual ASCE 

Los Angeles Geotechnical Spring Seminar, Long Beach, 

CA. 

[36] Millogo, Y.; Hajjaji, M.; Ouedraogo, R. & 

Gomina, M., 2008. Cement-lateritic gravels mixtures: 

microstructure and physical properties of lime-clayey 

adobe bricks. Construction and Building Materials, 22, 

2386-2392. 

[37] El-Shazly, E.; Abdel Hady, M.; El-Shazly, M.; El-

Ghawaby, M.; El-Kassas J.; Salman, A. & Morsy M., 

1975. Geological and Ground Water Potential Studies 

of El-Ismailia Master Plan Study Area. Academy of 

Scientific Research and Technology, Cairo, 45. 

[38] Ramadan, F., 1984. Sedimentological Studies 

on the bottom Sediments of the Suez Canal. M.Sc. 

Thesis, Faculty of Science, Zagazig University, Zagazig, 

185. 

[39] Funiciello, R.; Heiken, G. & De Rita, D., 2006. I 

Sette Colli: Guida Geologica a Una Roma Mai Vista; 

Raffaello Cortina Editore: Milano, Italy. 

[40] Stramondo, S.; Bozzano, F.; Marra, F.; 

Wegmuller, U.; Cinti, F.R.; Moro, M. & Saroli, M., 2008. 

Subsidence induced by urbanization in the city of 

Rome detected by advanced InSAR technique and 

geotechnical investigations. Remote Sensing of 

Environment, 112, 3160-3172. 

[41] Manunta, M.; Marsella, M.; Zeni, G.; Sciotti, 

M.; Atzori, S. & Lanari, R., 2008. Two-scale surface 

deformation analysis using the SBAS-DInSAR 

technique: A case study of the city of Rome, Italy. 

International Journal of Remote Sensing, 29, 1665-

1684. 

[42] Delgado, B.; Jose, M.; Foumelis, M.; Stewart, 

C. & Hooper, A., 2019. Measuring Urban Subsidence 

in the Rome Metropolitan Area (Italy) with Sentinel-1 

SNAP-StaMPS Persistent Scatterer Interferometry. 

Remote Sensing. 11. 10.3390/rs11020129. 

[43] CONOCO, 1987. Geological Map of Egypt, 

Scale 1: 500,000, Nile Delta, NH-36; Egyptian General 

Petroleum Corporation: Cairo, Egypt. 

[44] Research Institute of Groundwater (RIGW)., 

1992. Hydrological map of Egypt- Nile Delta, 1: 

500,000. Unpublished internal Rept., Research 

Institute for Groundwater, Ministry of Public Works 

and Water Researches, El Kanater, Cairo, Egypt. 

[45] Khalil, M.M.; Tokunaga, T.; and Yousef, A.F., 

2015. Insights from stable isotopes and 

hydrochemistry to the Quaternary groundwater 

system, south of the Ismailia canal, Egypt. Journal of 

Hydrology, 527,555-564. 

 

 

 

 

 

 


