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ABSTRACT

Kotb Gamal Ibrahim Mochammed ' SUSTAINABLE DEVELOPMENT AND MANAGEMENT
CF WATER RESOURCES IN ARID REGIONS CATCHMENTS’ Unpublished Doctor
of pPhilosophy dissertation, Ain Shams University, Faculty of
Engineering, Cairc, Egypt.

Water strategy is a part of the political direction of a
country. Water is the resource, product and source of influence to
economic, social and ecological development of a country, and it is
essential for preserving life. It is a strategic resource for any
development because reserves are very limited.

IDENTIFICATION OF THE PROBLEM

Water problems in arid and semi-arid regions stem primarily from
rapidly rising water demands. This regions are highly wulnerable to
drought and their sensitivity to this phenomenon increases with
increaging aridity and it begins to face serious water shortage and the
limited of water resources could meet the needs of the population in
these regiomns. The rapid growth of population and socio-economic
development seems to be overwhelming the technological capability to
supply it, and further the cost of supplying water to water-short aresas
is increasing. Under such conditions water resources management could
alleviate existing and potential water supply problems.

As a result of high population growth rate and substantial improve-
ment in the standard of living in most of the countries and extensive
socio-economic development. Management of water resources should be
comprehensive and flexible in order to accommodate social and economic
changes, and to promote the allocation of water on a competitive basis.

An integrated management of surface and groundwater resources of
wadi basins could reduce water intrusion and lead to a sustainable
development. Besides in the arid regions the direct use of flood water
for groundwater recharge is small compared to the amount of available
surface runcff. Under the 1limited water resources, the optimum
utilization of water resources is wvital.

SCOPE AND OBJECTIVE OF THE THESIS
This Thesis describes the supply and demand characteristics of the
water management system in W. Feiran area in order to provide an insight

into the various problems that may occur.

1-Develop a generalized strategies for sustainable development of arid
lands watershed through management of their water resources;

2-Evaluate various water resources, i.e. rainfall, snowfall, and

groundwater for optimal and sustainable utilization and management
techniques of available water;

11
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31-Optimize use of rainfall and uncontrolled flow by increasing water
conservation, provide flood protection and promote groundwater;

4-develop a software package in order to have the flexibility of
incorporating both aspects and objectives involved in watershed
management, and to advise the decision makers about the best solution.

In order to achieve the optimum use of water resources and the
congervation of water, water resources master plan will be required to
translate the overall waLer targets into programs, and enable their
impacts on Socio-economic development goals to be examined and reviewed.

To achieve the main purpose of thig thesis, it is necegsary to describe
the supply and demand characteristics of the water management system in
the study area. Also the different watershed management aspects should
be discussed in order to provide an insight into the various water
management problems that may occur and to yield a solution for these
problems. This management tool have Etwo parts. The first is the
agssessment procedure, in which the various water resources are assessed.
The second is a management strategy formulation, which enables practical
management options to be identified and considered once the effects have
been assessed.

Under local conditions enough water igs not available in wadi Feiran
area to meet the various demands. Since both supply and demand vary.
problems do occur in certain dry periods. These problems may be related
to the limited availability of surface water or groundwater, Or to bad
gquality of available water.

W. Feiran area is characterized by jow rainfall amounts and by the
occurrence of flash floods, so there is need for a better control of
flood water and it is important to capture and use a significant part of
the flow before it becomes brackish and saline.

METHQD OF PRESENTATION

The introduction is followed by a review of the relevant watershed
management and characteristics, national plans and strategies of water
and decision support system literature in CHAPTER 2. CHAPTER 3 shows
detailed description of the study area, including information about
climatic, geomorphology and topography, soils and lands, geology.
hydrogeology, hydrology. economic activities, infrastructures and social
services. CHAPTER 4 reviews literature on previous geological,
geophysical,hydrgeologicalstudiesandhydrologicalcharacteristics,and
the hydrologic model used to develop potential runcff estimates for
Feiran basin. Assessment of potential water resources and developed
precipitation-runoff and recharge equations are provided in CHAPTER 5.
Water plan and management is discussed in CHAPTER 6. Cost water analysis
for groundwater and surface water is provided in CHAPTER 7. Develop new
software model, evaluation of the decision supporting system and
multicriteria decision making analysis are discugsed in CHAPTER B.
conclusions and recommendations are presented in CHAPTER 9 and CHAPTER
10, respectively. I8

Central Library - Ain Shams University



TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS . . . . . . . . . . . . « . . . . . .. I
ABSTRACT L 5
TABLE OF CONTENTS ., . . . . . . . ., . . . . . « . . . .1V
LIST OF FIGURES . . . . . . . . . . . . . . . . . . . .wvIIT
LIST OF TABLES L . IX
CHAPTER 1: INTRODUCTION . . . . . . . . . . . . P
1.1 General 1

1.2 Historical Background -

1.3 Identification of the Problem . . . . . . . . . &

1.4 Scope and Objective of the Thesis , . . . . . . 9

1.5 Method of Presentation . . . . . . ., . . . . . .11
CHAPTER 2: WATERSHED MANAGEMENT . ., . . . . . . . . . . . 12
2.1 Introduction ., . . D

2.2 Watershed Characterlstlcs D

2.3 National Plans and Strategies . . . . . . . . . 14
2.3.1 Physical Aspects . . . . . . . . . . ., . 14

2.3.2 Economic Aspects . . . . . . . . . . . .15

2.3.3 Flood Control . . . . . . . . . , . . . .15

2.3.4 Surface Water Storage . . .. . . . . . . 186

2.3.5 Soil Management ., . . .. . . . . . 18

2.3.6 Artificial Groundwater Recharge P e

2.3.7 Groundwater Management .+ . . . . . . . 18

2.4 Decision Support System (DSS) . . . . . . . . . 18
2.4.1 Data Subsystem . . . . . . . . . ., . . .21

2.4.2 Models Subsystem . . . . . . . . . . . .21

2.4.3 Dialog Subsystem . . . ., . . . . . . . .21

CHAPTER 3: SITE DESCRIPTION . . . . . . . « « « . . . . . 22
3.1 Loecation . . . e e e e e e 22

3.2 Climatic Features .. T

3.3 Topography and Gpomorphology e e .. ... .. 24

3.4 Soils and Lands . . . . . . . . . . . . . . . .29

3.5 Geology . . . . . . . . . . . . . . . . . .. .1

IV

Central Library - Ain Shams University



3.6 Hydrology

3.7 Hydrogeology and Hydrochemstry
3.7.1 Fractured Basement Rock
3.7.2 Lower Cretaceous Sandstones
3.7.3 Quaternary Deposits

1.8 Representative Catchment Approach

3.9 Water Balance Analysis

[PURRVE TN VSR Y R UV I O+ IV

.10 Population -
.11 Economic Bctivities
.11.1 Agricultural
.11.2 Mining
.11.3 Industry
.11.4 Tourism . Lo e
.12 Infrastructures and Soc1al Services

3.12.1 Roads

[UWI VS IR Ve

CHAPTER 4: PREVIOUS STUDIES ON STUDIED AREA e e

.12.2 Water Supply .o
.12.3 Health Care and Services
.12.4 Ruin and Cultural Properties

4.1 Previous Geological Studies

4.1.1 General

4.1.2 Lake Deposits
4,.1.3 Structures
4.2 Geophysical Studies
4.3 Hydrgeological Studies

4.3.1 General

4.3.2 Well Inventory

4.3.3 Groundwater Level

4.3 .4 Groundwater Quality
4.4 Hydrological Characteristics

4.4.1 Introduction

4.4.2 Precipitation

N N N N S
[ N N

4.

2.

O N NN

~ e W

1

Rainfall Pata

Snowfall Data

Rainfall Losses .

Snowfall Data Analysis

Rainfall Data Analysis -
Combined Snowmelt and Rain Losses
Rainfall -Runoff Model

Central Library - Ain Shams University

34
36
36
36
39
42
44
45
46
46
46
46
46
47
47
47
48
49

50

50
50
56
59
62
65
65
73
74
74
78
78
80
80
83
84
85
94
94
95



CHAPTER 5: ASSESSMENT OF POTENTIAL WATER RESOURCES .. 97
5.1 Introduction R 97
5.2 Indigenous Water Resources 28

5.2.1 Rainfall 98
5.2.2 Snowfall L . 99
5.2.3 Burface Water Resources . 100
5.2.3.1 Drainage Basins of the area 100

5.2.3.2 Runoff Analysis 100

5.2.3.3 Rainfall-Runoff Relatlonshlps 106

5.2.3.4 Estimation of the Runoff 109

5.2.4 Groundwater Resources 110
5.2.4.1 General 110

5.2.4.2 Water Table Condltlons 111

5.2.4.3 Groundwater Flow Patterns .o 111

5.2.4.4 Variation of Groundwater Levels 113

5.2.4.5 Hydraulic Parameter of the Aquiferl1l3

5.2.4.6 Groundwater Extraction 115

5.3 Groundwater Recharge 116
5.3.1 General . 116
5.3.2 Different Technlques of Recharge Estimatellé
5.3.3 Groundwater Balance Analysis 118
5.3.4 Precipitation-Recharge Equation 121

5.4 Water Balance Analysis for Feiran Basin 122

CHAPTER 6: WATER PLAN AND MANAGEMENT ., ., . . . . . . . 126
6.1 Introduction . 126
6.2 Groundwater Management 127
6.3 Surface Water Management 128

6.3.1 Precipitation Enhancement 129
6.3.2 Evaporation Reduction 130
6.3.3 Rainwater Harvesting 130
6.3.4 Floodwater Harvesting 133
6.3.5 Artificial Recharge 134
6.3.6 Future Outlook 138

CHAPTER 7: WATER COST ANALYSIS v e e e e e e e . 140
7.1 Introduction . 140
7.2 Groundwater Development CosL 142

VI

Central Library - Ain Shams University



7.3
7.4

CHAPTER 8:

s T o v e e - & S Qe o)
AU W

CHAPTER 9:

gurface Water Development Cost
Conclusions

MULTICRITERIA DECISION ANALYSIS (MCDA) .

Introductiocon .

Multiobjective Analysis

Deterministic Optimization Model
Multicriteria Decision Analysis (MCDA}
Multicriteria Decision Analysis Evaluation
Summary

CONCLUSIONS . . . . « « « « « « & =« « =

CEAPTER 10: RECOMMENDATIONS . . . . . . =+ -« .« - -

REFERENCES . . . « + « + ¢ o« o & 4« s & = o o =+ s =

APPENDIX

- T T

Central Library - Ain Shams University

144
147

148
148
148
152
154
154
156
157
162

166

173

VII



