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:   اٌٍّخض اٌعشثٟ

اللذ  ِثخشا  ِظبدس ا١ٌّبٖ اٌغٛف١خ ا٘زّبِب ٚاععب فٟ ِظش، ؽ١ش أطجؼ ٌٙب األ٠ٌٛٚخ ٌزىْٛ ِشوض اال٘زّبَ. 

رعزجش ِشىٍخ أزمبي اٌٍّٛصبد فٟ اٌخضأبد اٌغٛف١خ إؽذٜ اٌّشىتد اٌٙبِخ اٌزٟ ٌٙب رؤص١شا  ِجبششا  عٍٝ ٔٛع١خ 

ٞ رزعشع ٌٗ ِظش فٟ اٌغٕٛاد األخ١شح أطجؼ ثشىً ال ا١ٌّبٖ اٌغٛف١خ. وّب أْ اٌزضا٠ذ فٟ اٌزعذاد اٌغىبٟٔ اٌز

٠ظذق ٚعجت فٟ رؼخُ اٌّشىٍخ ٚخبطخ  فٟ ِٕطمخ دٌزب ا١ًٌٕ. ٔبلشذ اٌعذ٠ذ ِٓ األثؾبس اٌع١ٍّخ ٘زٖ اٌّشىٍخ 

ِٓ ٚعٙبد ٔظش ِخزٍفخ فٟ اٌغٕٛاد األخ١شح ؽ١ش اعزخذِٛا اٌعذ٠ذ ِٓ إٌّبرط اٌشل١ّخ ٌزّض١ً اٌخضأبد 

ع ٌّضً ٘زا إٌٛ  اٌخط١ش ِٓ اٌٍّٛصبد ، ٚرخزٍ  أٔٛا  اٌٍّٛصبد ؽجمب  ٌٍّٕطمخ اٌزٟ ٠زٛاعذ اٌغٛف١خ اٌزٟ رزعش

 ثٙب اٌخضاْ اٌغٛفٟ ٚوزٌه اٌعٛاًِ اٌج١ئ١خ اٌّؾ١طخ ثٗ. 

ً  ثعغ اٌجبؽض١ٓ ٘زٖ اٌّشىٍخ ثٛاعطخ إٌّبرط اٌشل١ّخ فٟ اٌزطج١مبد عٍٝ ٔظُ اٌخضأبد اٌغٛف١خ راد  ِض

َ آخشْٚ إٌّبرط اٌف١ض٠بئ١خ ٌٍغٛأت إٌظش٠خ ٚ فؾض ؽغبع١خ اٌّعبِتد اٌزٟ رثصش إٌطبق اٌٛاع  ، ٚاعزخذ

عٍٝ ع١ٍّخ أزمبي اٌٍّٛس. ٘زا اٌّمبي ٠عشع ثعغ األثؾبس اٌزٟ رٕبلش ِشىٍخ أزمبي اٌٍّٛس ٚو١ف١خ رّض١ٍٙب 

 ٍخ أزمبي اٌٍّٛس. ٚإداسرٙب ٌٍزؾىُ ف١ٙب ٚاٌزخف١  ِٓ آصبس٘ب، وّب ٠عشع اٌعذ٠ذ ِٓ األٔٛا  اٌّخزٍفخ ٌّشى

Abstract : 

 Lately, there is an interest in groundwater resources in Egypt. It has an advanced 

priority to be focused on. One of the most important issues that have a direct impact 

on groundwater quality is contaminant transport. The incredible population increase 

that Egypt is exposed to in the recent years has magnified the problem especially in 

the Nile Delta region. Many recent researches discussed the problem from various 

different perspectives. They conducted lots of models to simulate the groundwater 

aquifers exposed to such dangerous contamination. The types of contaminant differ 

according to the location of the groundwater aquifer and the environmental effects 

surround it. Some researches simulated the problem using numerical models for 

applications and huge aquifer system domains; others used the physical models for 

theoretical issues and to check the sensitivity of the parameters that affect the 
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contaminant transport mechanism. This article presents some of the researches 

disused the contaminant transport problem and how they simulated and managed it to 

control or mitigate its impacts. Moreover, it shows many different types of 

contaminant transport problems.   

Keywords: Contaminant transport; Groundwater; Physical modeling; Nile Delta 

aquifer; Numerical modeling.   

Introduction  

Water represents the only key for human life on the earth. Humans and all the 

creatures can't live without its existence. The freshwater percentage on the planet is 

only about 3% of the earth's water. The majority of the freshwater on the planet that 

can be used for drinking and agricultural works depends on surface water such as 

rivers, canals. The groundwater comes in the second –class of the important water 

resource. Groundwater is essential in the regions that suffer the shortage in the water 

existence. The arid and semi-arid areas seek to suffice all their water demand 

depending on such resources (Abdel-Shafy and Kamel, 2016). Nile Delta aquifer is 

considered the main aquifer system that the delta of Egypt can exploit. The aquifer is 

exposed to many dangerous contamination resources including Stalinization and 

solute transport problems. This may cause significant changes in the groundwater 

quality and the surface water as well. The aquifer supplied about 6.1 BCM as total 

annual groundwater extraction  (Negm et al., 2019). Nile Delta has a heavy 

agricultural works because of the high population density so that the water quality in 

decreasing with the existence of may pollution resources. Industrial activities, 

agriculture and domestic polluted effluents have the biggest share in the water 

contamination of the Nile Delta aquifer (Tourism, 2013). Moreover, the Nile Delta 

aquifer has a connection with the Mediterranean Sea in the north of Egypt; there is 

another danger where the salt water exists and the intrusion of salt water is probable 

especially with the continuous abstraction (Abdel-Shafy and Kamel, 2016; Mohamed 

El-Kiki, 2018).  

  

Contaminant transport case studies  

Some recent studies showed that the concentration of the parameters represents the 

water quality and heavy metals exceed the WHO standards for drinking water. Others 
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indicated that some regions became no longer fit for the agricultural activities (Negm 

et al., 2019). Zedan et al., (2013) investigated the groundwater pollution in the central 

region of the Nile Delta aquifer. The research depended on laboratory and numerical 

modeling to examine the distribution of the chemical contaminants in the shallow 

groundwater of the aquifer. The analyzed samples indicated that the contaminant 

transport is directly affected by the hydraulic properties and gradient of the flow and 

the most of the contaminant flows towards the northern-west direction of the region. 

On the other hand, Abo-El-Fadl, (2013) examined the possibility of groundwater 

contamination in the eastern region of the Nile Delta aquifer near Bahr El-Baker 

reservoir. 56 groundwater samples were analyzed and the results indicated that the 

salinity was high in the case study and because its location is very near from a 

contaminated surface water resource and there was a high possibility for contaminant 

transport in the region. (Zeidan, 2017) stated that the Nile Delta aquifer suffers the 

high concentrations of the Nitrate and it reached the critical levels and exceeded the 

standards for drinking water (0.5 mg/L). The research added that the contaminant 

flow is towards the northern west direction. The main contamination sources in the 

region are the sewage treatment plant's water, soil nitrogen and artificial fertilizers. 

Armanuos et al. (2016) conducted a statistical analysis of the groundwater quality in 

the western region of the Nile Delta aquifer. The research aimed to illustrate the 

factors that have direct impact on the groundwater quality in the region. The factor 

analysis was performed for 19 different parameters to examine the origin of 

groundwater pollution. The results indicated that the mineralization, mining and the 

salinity due to seawater intrusion are the first two factors cause the pollution. They 

are followed by the industrial and agricultural wastes.      

Negm et al., (2019); Negm, (2019); Nofal et al., (2015); Sakr et al. (2004) Sefelnasr 

and Sherif, (2014) and Zedan et al., (2013) mentioned that there is a danger threat the 

northern region of the Nile Delta Aquifer. The researchers discussed the problem 

from many different perspectives. Modeling and isotope analysis proved that the 

groundwater Stalinization ability is very high especially with abstracting the 

groundwater by intensive pumping rates and the problem need to be managed.    
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Contaminant transport mitigation  

Mansour et al., (2018) used two unequal sheet piles and a horizontal floor with no 

permeability at the surface as a trial to mitigate the contaminant transport and reduce 

its effect. A numerical model was created for two different cases; a solute transport 

considering the advection and diffusion and another one for only advection concern. 

The research used the analytical solution besides the laboratory experiments to verify 

the results of the numerical solution. The results indicated that the time of 

contaminant arrival is directly affected by the distance between the first sheet pile and 

the contaminant sources and the time reduced to the half by using two unequal sheets 

instead of only single one.    

Allam et al., (2019) examined how the inclined barrier walls can retard the 

contaminant movement through the porous media. The research depended on 

changing the barrier wall arrangement to examine the impact of using only single 

inclined one and two successive barriers with different inclination ratio. Moreover, 

the impact of the distance between the contaminant resource and the barrier wall on 

the migration time. A numerical model was built for that target. The results indicated 

that the inclination ratio has a major effect on the migration time.  
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