
 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

                        

 بسم الله الرحمن الرحيم

               
 

  
MONA MAGHRABY 



 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

 
 

 شبكة المعلومات الجامعية 
  توثيق الالكتروني والميكروفيلمال

 
MONA MAGHRABY 

 



 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

 جامعة عين شمس
 لكتروني والميكروفيلمالتوثيق الإ

 قسم
 عظيم أن المادة التي تم توثيقها وتسجيلهانقسم بالله ال

 علي هذه الأقراص المدمجة قد أعدت دون أية تغيرات

 

 يجب أن
 حفظ هذه الأقراص المدمجة بعيدا عن الغبارت

 

MONA MAGHRABY 



 

 

 

A Numerical Model for Simulating Deep Injection 

Wells 

 
A Thesis 

Submitted to Faculty of Engineering 

Ain Shams University in Fulfillment of the Requirement for M.Sc. Degree in 

Civil Engineering 

(Irrigation and Hydraulics Engineering) 

 

Prepared by 

Norhan Shaaban Abd El-Atty Khalifa El-Sharkawy 

B.Sc. in Civil Engineering, June 2014 

Faculty of Engineering, Ain Shams University 

 

Supervised by  

Prof. Dr. Iman Mahmoud El Azizy 

Professor of Hydraulics & Water Resources 

Faculty of Engineering, Ain Shams University, Cairo, Egypt. 

 

Prof. Dr. Mohamed Abd El-Hamid Gad 

Professor of Engineering Hydrology 

Faculty of Engineering, Ain Shams University, Cairo, Egypt. 

 

 

 

Cairo, 2021



 

 

 

A Numerical Model for Simulating Deep Injection 

Wells 

A Thesis 
Submitted to Faculty of Engineering 

Ain Shams University in Fulfillment of the Requirement for M. Sc. Degree in 

Civil Engineering 

(Irrigation and Hydraulics Engineering) 

 

Prepared by 

Norhan Shaaban Abd El-Atty Khalifa El-Sharkawy 

THESIS APPROVAL 

EXAMINERS COMMITTEE SIGNATURE 

Prof. Dr. Khaled Ismail Hamza                                     
Professor of Hydraulics & Water Resources  

Faculty of Engineering, El-Fayoum University            

. 

....................... 

Prof. Dr. Abd El-kawi Ahmed Mokhtar 

Khalifa                                            
Professor of Hydraulics & Water Resources  

Faculty of Engineering, Ain Shams University   

 

....................... 

Prof. Dr. Iman Mahmoud El Aziziy                
Professor of Hydraulics & Water Resources  

Faculty of Engineering, Ain Shams University 

 

....................... 

Prof. Dr. Mohamed Abd El-Hamid Gad      . 
Professor of Engineering Hydrology  

Faculty of Engineering, Ain Shams University  

 

....................... 

   Date: 27/9/ 2021 



 

 

Statement 

 
This dissertation is submitted to Ain Shams University, Faculty of Engineer-

ing for the degree of M. Sc. in Civil Engineering.  

 

The work done in this thesis was carried out by the author in the Department 

of Irrigation and Hydraulics, Faculty of Engineering, Ain Shams University.  

 

No part of the thesis has been submitted for a degree or a qualification at any 

other University or Institution.  

 

The candidate certifies that the work submitted is his own and that proper 

credit has been given where other people's work has been referenced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Date:  27 / 9 / 2021 

Signature:  Norhan Shaaban  

Name:  Norhan Shaaban Abd El-Atty Khalifa 

El-Sharkawy 



 

 

Researcher Data 

 

 

Name: 
Norhan Shaaban Abd El-Atty Khalifa El-

Sharkawy 

Date of Birth: 20
th

 August 1992 

Place of Birth: Cairo, Egypt 

Last Academic Degree: Bachelor of Science in Civil Engineering 

Field of Specialization: Civil Engineering 

University Issued the Degree: Ain Shams University 

Date of Issued Degree: June 2014 

Current Job: 

Demonstrator, Irrigation and Hydraulics 

Dept., Faculty of Engineering, Ain Shams 

University 

 

 

 

 

  



 

 

Acknowledgment 

Thanks to Allah for giving me such opportunity and experience, who is 

always beside me in every little detail in my life. I would like to thank 

Prof. Dr. Iman El Azizy for her kind encouragement, support and supervi-

sion. Then I would like to extend my deepest appreciation for being under 

the supervision of Prof. Dr. Mohamed Gad. I cannot find the words to 

thank him for his sincere help and support. Without the guidance and con-

tinuous help of my two supervisors, this thesis would not have been possi-

ble.  

 

Finally, I have to mention the important role of my lovely friends and fam-

ily members especially my father and my husband for their unlimited sup-

port and kindness. 

 

 

 



I 

ABSTRACT 

The growing tourism investments and urban developments at the 

coastal regions increased the demand on desalinated seawater, especially 

in the light of fresh water shortage. For the majority of Arab countries, wa-

ter desalination became a necessary sector. The number and capacity of 

desalination units have expanded considerably in the previous decades, 

particularly in the Gulf States. One of the main stages of desalination is 

selecting a proper method to dispose undesired brine, which is a by-

product from the plant, in a safe and economic manner to ensure the suc-

cess and continuity of the desalination process. One of the widely used 

methods of desalination brine disposal nowadays is using deep injection 

wells. The construction cost of these wells is relatively high. So the deci-

sion of using this method and its success in disposing the entire capacity 

of brine from desalination plants must be precisely studied prior to well 

construction in the early planning stages to assess the feasibility of injec-

tion. 

This thesis investigates the problem of pressurized injection of desali-

nation brine into deep aquifers by conducting a numerical modeling ap-

proach using SEEP/W software in order to simulate the pressure-discharge 

relationship in the injection well. The model is then validated using ob-

served data from in-situ injection test that was conducted in a coastal area 

at Zafarana region near the western coast of the Gulf of Suez in Egypt. 

 The results showed that the model could fairly explain the pressure-

discharge relation into the injection well. The validated model was also 

used to determine the effects of well design parameters on the desalination 

brine injection capacity. These parameters are the pressure of injection, 



II 

soil hydraulic conductivity, aquifer thickness, screen length, and well di-

ameter. Our initial assessment of the modeling approach indicates that the 

developed approach constitutes a valuable tool for the planning and as-

sessment of deep injection wells, this is important to assess and determine 

the injection feasibility early prior to well construction. 

 Finally, the thesis developed multiple design charts that can help en-

gineers in determining the brine injection capacity of wells. The injection 

capacity is represented in terms of the well design parameters. The study 

also introduced a non-linear regression model (power equation) that can be 

used as an alternative to the design charts. 
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