A
(
(
(
¢
(
¢
¢
(
(
(
(

<

i
ACEACEACE AT AT A EAE A AT AT A A

XOX X<o

e O T

e O -

e O T—

e O J—

e O T

e O T

(O T

e O T

el O T

e O —

e O T—




@ - I ‘ - I ‘ - I ‘ - I ’ ‘0‘%‘0‘ Sy O — - O I— O I (O I Sty Sty Sty

O —

O I—

- O I—

Sy

) & ASUNET
Laalal) e glaall 48
A '

o &
ew

dl

L .4

*

3

$

wll§

*

il

Y A= »}@@o »}@@o »}@(40 »}@@o »}@@o »}@<<O>>%o >>©<<o »}@@o »}@@o>>%o>
o
0 i '

@<°>X><<°>X><<°>XX<°>X><<°>X><<°>X><<°>X><<°>X><<°>><><<°>X><<°>X><<°>

—l —Cl —l — —l —d et O T el O T el O T

e O T

el O T

e O —

e O T—




et

all gal sl 0 (sds

4 '

B
-

i

e .
i i

i ol Ball) ol el adily

g g
(=

kade iy

S A= »}@(‘o »}@@o »}@(40 »}@(40 »}@@o »}@@o »}@@o »}@(40 »}@@o »}@@o »}@@o -
0 i 'y 0

IRTER=TYY

.

o0

24 4o

3-3

* .
J»

-

et i |t ) Gl |

@ ASUNET

¢

o i

Sl o et G0 dl| g2 s DR K2

K
i
ACEACEACE AT AT A EAE A AT AT A A

:01 X<o

e O T

e O -

e O T—

e O J—

e O T

e O T

(O T el © T el O T

el O T e O T—




Y A= »}@@o »}@@o »}@(40 »}@@o »}@@o »}@@o »}%o >>©<<o »}@@o »}@@o »}%o —
A i A

%
ACEACEACE AT AT A EAE A AT AT A A

:01 X<o

e O T—




@ - I ‘ - I ‘ - I ‘ - I ’ ‘0‘%‘0‘ Sy O — - O I— O I (O I Sty Sty Sty

O —

O I—

- O I—

Sy

) A5 HIE'!'
Laalal) e glaall 48

ala
Jua

Y A= »}@@o »}@@o »}@(40 »}@@o »}@@o »}@@o »}%o >>©<<o »}@@o »}@@o »}%o —
0 )

ALWA AKL

@<°>X><<°>X><<°>XX<°>X><<°>X><<°>X><<°>X><<°>X><<°>><><<°>X><<°>X><<°>

—l —Cl —l — —l —d et O T el O T el O T

e O T

el O T

e O —

e O T—




-

MODELING OF THE MORPHOLOGICAL PROCESSES
IN THE NILE RIVER FOR NAVIGATION USES

by

ITossam El-Din Mohammed El-Sersawy

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillmeat of the
Requirements for the Degree of
DOCTOR OF PHILOSOPHY
[F1]

CIVIL ENGINEERING

EREAL

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
. GIZA, FGYPT
2001






-

MODELING OF THE MORPHOLOGICAL PROCESSES
IN THE NILE RIVER FOR NAVIGATION USES

by

Hossam El-Din Mohammed El-Sersawy

A Thesis Submitted to the
Faculty of Engincering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
DOCTOR OF PHILOSOPHY
mn

- CIVIL ENGINEERING

//RE M}u—&?;ﬂfc&

Under the Supervision of

Prof. Dr. M. M, Abou-Seida

Professor of Hydraulics and
Ex-Head of Trrigation & Hydraulics Department
Cziro University

Prof, Dr. M. Fawzy Hellwa Prof. Dr. M. Rafik Abdel Barry

Professor of Hydraulics Yice President of the National Waler

Cai TU‘W/ Rcsearﬂiﬁi

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
CGIZA, EGYPT
2001






MODELING OF THE MORPHOLOGICAL PROCESSLES
IN THE NILE RIVER FOR NAVIGATION USES

by
[tossam EI-Din Mohammed El-Sersawy

A Thesis Submitted te the
Faculty of Enginecring at Cairo University
in Partial Fulfilment of the
Requirements for the Degree of
DOCTOR OF PHILOSOPHY
in
CIVIL ENGINEERING

Approved by the
Examining Comm
e o Senchon
Pruf Dr. M. M. Abou-Seida, Main Advisor
Ex- Head of irrigation and Hydraulics Department
Faculty of Engineering - Cuiru University
............ ;ﬁéiﬁ:;i%‘.......--.......--..--..-.....-.1
Prof, Dr. M. Fawzy Hellwa Advisor
Professar of Oydraulics - Faculty of Engineering
Cairo University
Prof. Dr. Ahmed Moustafa EI-Khashab Member
Head of Irrigation and Hydraulics Department
r aculléz}, %eer@g {E;rn Tnjversity
Prof. Dr. M id Abou-Zeid Member

Minister of Water Resources and Irrigation
Egypt

FACULTY OF ENGINEFERING, CAIRO UNIVERSITY
GIZA, EGYPT
2001






ACKNOWLEDGMENT

‘The author wishes to express his deepest gratitude and sincercst appreciation to his
- superviser Prof. D, M. M. Abou-Seida, Irrigation and Hydraulics Depariment,
Faculty ol Engineering, Cairo University for his valuable advics, enthusiastic guidance

and contintous enceuragement that lead to the successfiol completion of this study.

Special thanks 1o Prot. Dr. M. Tawzy Hellwa, Faculty of Gngineering, Cairo
University and Prol. Dr. M. Rafik Abdel Barry, Vice President of the National
Water Rescarch Center (NWRC), for their advies and support throughuut the study.

Deepest gratitude and thanks to his excellency Prof. Dr, Mahmoud Abon-Zeid,
Minister of Water Resources and Linigaliun, for his unforgettable participation in
evaluating the contents of the thesis and fior his comments and advice as & memher af

the examining commitles.

Special thanks to Prof. Dr. Ahmed Al-Khashab, Head of Irrigation and Hydraufics
Departmen:, Facuity of Lngineering, Cairo University for his valuabie comments and

discussions.

The author would also like to thank Prof. Dr. Mohamed El Moattassem, ¢x. Vice
president of the National Water Research (NWRC), Prol. Dr. Ahmed Wahmy
Director of Nile Research Inctiture (NRY), National Wa'er Research Cenler (INWRC),
Dr. Tareh Abdel Aziz and Dr. Medhat Aziz for their support and valyable

discussions.

Finally, Twish to express my decpest thanks, gratitude, znd appreciation to my molher
and my wife for being so supportive, understanding, patient, and kind throughout the

tirg of the study.






N

TABLE OF CONTENTS

- ACKNOWLEDGMVENT

TABLE OF CONTENTS
EIST OF FIGURES
LISTr TARBLES

LIST CF $YMBOLS

LIST OF ABBREVIATION
ABSTRACT

CHAPIFR 1 INTRODECTION

1.1 General ... R
1.2 Problem Identification
13 Study Obectives .
1.4 OQOutling of the Study and WorkPan .. ... ...

CHAPTER 2 LITERATURE REVIEW

2.1 General
2.2 PRaver Nawigation . e
2.2 Factors Influencing River Navigation
2.2.2 - Design of Navigable Channels e
2221 ChanmneiDepth ...
4222  Channe Width ... ... ...
2223  Channel Ahgonment ...
23 Sedimentation Analysis of Navigable Channcls ... ..,
231 Shoaling of Navigatton Channel ... ... ... ...
232 Deseription of Shealing Problems :
233 Estimation o Seditment Transport in Streams o
2331  Special Studies Using [eld Data .
2332 Analvtical Amalysis ...
2333  PhwicalModels .0, .

2334 Numencal Maodels

1

1
vil
xi
xii
Xin

Hv

L O

e e Bt |

i0

12
12

-~

13

16
16

16
16
20



2.4 Overview of Numerical Models e
241 Applicazion of Two Dimensional Mndela .............
25 Geographic Informatior. System (GIS) and Hydraulic Modeling
251 Definition of Geographic Information System (GI1S) .. 23

252 Integration of GIS with Hydraulic Modeling ... .. 25

26  Anahsis Sedimentation Problems in Nevigabie Charnels ........ ... 7
2.6l General s . 27

262 Dredging 0 28

263 Training Stnictures TR 32
2631 Inkes U 32

26327  Revoimen: 35

2833 Cutoffs L 36

26554  Sediment Traps .. 36

27 Qwerview of Navigation Problems in the Nile River ... ... 36
271 River Momphology Studies 36

72 Navigation Bostlenecks Studies in the Nile River ... 3%
273 GIS Sample Application in the Nile Faver ... 40
28 SUIMIETY oot e e e e 41
CHAPTER 3 METHOROLOGY

il Seope of the Work o 42
3.2 Development and Formulation of the Madel ... 44
2.1 Model Selection ... PP 44
3z2 Model Description ... ... 44
3221  Overview of T S%’IE Modcl 45
3222 Overview of SED2ZD Model ... A7
3.23 Numerical Technigues ... e AR
324 Limiation of the Model ... ... .o 50

3.3 ModiEcalion of the Numerical Model . 50 '
3.3.0 Development of the BLD_ELEY Fmgram e 50
332 Development the Computer Program RUN-1 ... 33
3.4 Modeling System Operation ... L o e 53
3.5 Ceographic Information System {{135] e e 55

35 Dara Models e 56
3511 Vector a6
35172  Restar U 37 .

itl



