NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N

=




=X

Y7
12

SN NN N NN NN NN AN N NN/

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

i el
@ ASUNET

4 '

5
*

* &

U

by edead]
he S

Ll

ds2
ol
.

€
MONA MAGHRABY

BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

oA DEAD DA ADEEADEDEAE AN EADE=

PR AR A A A A A A A A



BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

PORICE

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

A Balal) ¢ alial) 4l
b 9 i 38 daadall ol BY) ol o

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

il §
9
4y

»

okl e
o

<

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

PR AR A A A A A A A A

=




Cairo University

EXPERIMENTAL AND NUMERICAL INVESTIGATIONS
OF USING NANO-PARTICLES IN GROUNDWATER
REMEDIATION

By

Ahmed Shawky Mahmoud Mohamed Okasha

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
MASTER OF SCIENCE
in
Irrigation and Hydraulics Engineering

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021



EXPERIMENTAL AND NUMERICAL
INVESTIGATIONS OF USING NANO-PARTICLES IN
GROUNDWATER REMEDIATION

By
Ahmed Shawky Mahmoud Mohamed Okasha

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
MASTER OF SCIENCE
in
Irrigation and Hydraulics Engineering

Under the Supervision of

Prof. Dr. Ahmed Imam Hassan Dr. Mohamed Attia Mohamed
Professor Associate Professor
Irrigation and Hydraulics Department Irrigation and Hydraulics Department
Faculty of Engineering, Cairo University Faculty of Engineering, Cairo University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021



EXPERIMENTAL AND NUMERICAL
INVESTIGATIONS OF USING NANO-PARTICLES IN
GROUNDWATER REMEDIATION

By
Ahmed Shawky Mahmoud Mohamed Okasha

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
MASTER OF SCIENCE
in
Irrigation and Hydraulics Engineering

Approved by the
Examining Committee

Prof. Dr. Ahmed Imam Ahmed Hassan, Thesis Main Advisor
Professor of Hydrogeology
Faculty of Engineering, Cairo University

Prof. Dr. Ashraf Hassan Maheb Ghanem, Internal Examiner
Professor
Faculty of Engineering, Cairo University

Prof. Dr. Ahmed Aly Aly Hassan, External Examiner
Professor
Faculty of Engineering, Ain Shams University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021



Engineer’s Name:

Ahmed Shawky Mahmoud Mohamed Okasha

Date of Birth: 29/5/1993
Nationality: Egyptian
E-mail: ahmedshawkyokasha@cu.edu.eg -
Phone: 01025289235 4
Address: 26 El Taawon st, Maadi, Cairo, Egypt »
Registration Date: 1/3/2018
Awarding Date: w2021
Degree: Master of Science ' ?
Department: Irrigation and Hydraulics Engineering
Supervisors:
Prof. Dr. Ahmed Imam Hassan
Dr. Mohamed Attia Mohamed
Examiners:
Prof. Dr. Ahmed Imam Hassan (Thesis main advisor)
Prof. Dr. Ashraf Hassan Ghanem (Internal examiner)
Prof. Dr. Ahmed Aly Hassan (External examiner)
Faculty of Engineering, Ain Shams University
Title of Thesis:

Experimental and Numerical Investigations of Using Nano-particles in Groundwater
Remediation

Key Words:
Groundwater remediation; Zeolite nano-clay; Iron removal; Permeable reactive barrier;
Adsorption isotherm

Summary:

This study investigates the efficiency of using Zeolite nano-clay and silica sand in
the removal of iron from groundwater. The objective of the study was achieved through
a number of steps. Firstly, batch experiments are conducted to determine the right size
of silica sand to mix with nano-clay and their iron removal efficiency. Secondly, an
experimental model simulating permeable reactive barrier (PRB) is built to identify the
parameters that affect the removal efficiency and evaluate such effect (e.g., iron
concentration, head difference, contact time, nano-clay dosage and thickness of PRB).
Finally, a numerical contaminant transport model simulating nanoparticles’ effect on
contaminated groundwater is developed to obtain sorption isotherm coefficients. The
results indicated that increasing iron concentration 20-80 ppm and head difference 4-15
cm decreases iron removal efficiency 58-31 % and 54-51 %, respectively. The mix of
zeolite nano-clay and coarse silica sand improves iron removal efficiency specially at
high concentrations 58-85 % at 20 ppm and 31-76 % at 80 ppm. Furthermore, increasing
nano-clay dosage 1:30-1:15 slightly increases the removal efficiency about 6 %.
However, increasing the thickness of filter layer 10-25 cm significantly improves the
removal efficiency about 15 %. The MT3DMS numerical model included within the
Groundwater Modeling System (GMS) was used along with the different experimental
data to obtain reaction rate values for linear, Freundlich, and Langmuir isotherms.
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List of Symbols

Symbols:

C; is the initial concentration (mg/1)

Cr is the final concentration (mg/1)

% removal is the percentage removal efficiency

C is the adsorbed concentration (mg/g)

AH is the head difference (cm)

Ka is the distribution coefficient (L’M)

C is the solute concentration (mg/1)

Ky is the Freundlich constant (L*M™)

a is the Freundlich exponent (dimensionless)
K1 is the Langmuir constant (L’M™)

S is the total concentration of sorption sites available (MM™)
K is the reaction rate constant (T™)

Ky is the forward reaction coefficient

K» is the backward reaction coefficient
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