i bl | |
@ ASUNET
dmalal) cila glaal) A8l




@ SU o
Wld\uu‘gh.did&u

Cunity il | ) Gl | o
@ ASU NET

Ao Sy 3258 385




e | o el |
@ ASUNET

dmalal) cila glaal) A8l

il i et

a8 g jSaall g (5 9S85 5
-

Lebiausi g L g a3 A1) Balal) O audied) Al sl
Sl il A ¢y 98 ) 3B 2DEY) oda e

Ll e oy ad8Y) oda Jadas
% 40-20 (A dyghygdasia 20 — 15 Gaduladan

To be kept away from dust in dry cool place of
15 — 25¢ and relative humidity 20-40 %




dmalal) cila glaal) A8l

ity |y Qe | S
@ ASUNET

FlL o,
i LAY




dmalal) cila glaal) A8l

ity |y Qe | S
@ ASUNET

Sloe Yl |
J—ed 55




CONTAMINANT TRANSPORT IN GROUNDWATER IN
THE PRESENCE OF COLLOIDS AND BACTERIA

By
Mohamed Aly El Kordy
B.Sc. in Civil Eng., Cairo University 2004

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

Al.-

FACULTY OF ENGINEERING — CAIRO UNIVERSITY
GIZA — EGYPT '
April 2008

&

A

3{3(*3/6.0 ,;






CONTAMINANT TRANSPORT IN GROUNDWATER IN
THE PRESENCE OF COLLOIDS AND BACTERIA

By
Mohamed Aly El Kordy
B.Sc. in Civil Eng., Cairo University 2004

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

IRRIGATION AND HYDRAULICS

Supervised by
Dr. Ahmed Emam Ahmed Hassan Dr. Hesham Bekhit Mohamed .
Associate Professor Assistant Professor
[rrigation and Hydraulics Department Irrigation and Hydraulics Department
Faculty of Engineering Faculty of Engineering
|
Cairo University Cairo University

FACULTY OF ENGINEERING - CAIRO UNIVERSITY
GIZA -EGYPT
April 2008



-~




CONTAMINANT TRANSPORT IN GROUNDWATER IN

THE PRESENCE OF COLLOIDS AND BACTERIA

By
Mohamed Aly El Kordy
B.Sc., Cairo University 2004

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

Approved by the

Examining Committee %

—

Dr. Ahmed Emam Ahmed Hassan, Thesis Main Advisor

Prof. Dr. Abdel Wahab Mohamed Amer, Menller

Prof. Dr. Ahmed Aly Hassan, Member @

FACULTY OF ENGINEERING — CAIRO UNIVERSITY
GIZA - EGYPT
April 2008







ACKNOWLEDGEMENTS

At the beginning and end, thanks to Allah

Working towards completing this document has been a great experience, and -one
which offered me the opportunity to interact with many people whose advice and

constructive criticisms have shaped up my approach to problem solving.

I wish to thank my supervisors; Dr Ahmed Emam and Dr Hesham Bekhit for their

guidance and patience. I appreciate the many chances they offered me to learn and

benefit,

My appreciation is due to the Department of Irrigation and Hydrauii.cs for offering me

the teaching assistantship to pursue my graduate studies.
Lastly, but by no means least, I would like to thank my family without whom this

work would have not been possible. Their endless support, encouragements and prayers is

a blessing.

iv






ABSTRACT

Colloids and Bacteria (microorganisms) naturaily exist in groundwater aquifers and
can significantly impact contaminant migration rates. During the past decade, a
significant effort has been devoted to studying separately either colloids- or bacteria-
associated contaminant transport, but the combined effect of both colloids and
bacteria has not been thoroughly explored. In addition, many of the previous studies
are restricted to one-dimensional analysis. In the present study, a conceptual model is
first developed to account for the different physiochemical and biological processes,
reaction kinetics, and different transport mechanisms of the combined system
(contaminant-colloids-bacteria). The mass balance equations are numerically solved
for two-dimensional groundwater systems using a third-order, total variance-
diminishing scheme (TVD) for the advection terms. The TVD scheme significantly
reduces numerical dispersion. The model is tested against experimental data and the
results are favorable. The model is used to investigate the effects of various reaction
rates and parameter values on the transport of contaminant in the combined system.
The model is also used to investigate the hypothesis of using colloids as retarding
agents in a bioremediation process. The analysis shows that the contaminant transport
is more sensitive to reaction rates that govern colloid transport than to those
governing bactetial transport. It is also found that accounting for biological processes
like bacterial growth and decay; bacterial chemotaxis, and bacterial lysing are
essential for a sucéessful bioremediation modeling. The model further illustrates that
using colloids with a high affinity to the soil particles factor can help immobilize
contaminant plumes and thereby can maximize the benefits of remediation efforts of

groundwater contaminated aquifers.






