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ABSTRACT

Limited water resources in addition to soil types and vegetation
resources are the most important economical and environmental

parameters in the studied area as a strategic target.

The present study aims to study the hydrogeological interaction
effects between groundwater and surface water in ElI Salam canal by
applying two groundwater flow models, the first for conditions before
construction of El Salam canal and the second for the conditions after

construction of El Salam canal.

The obtained results indicate that the hydraulic conductivity varies
between 5m/ day to 25m/ day, the diffusivity coefficient varies between
20000m? / day to 60000m® / day. The study before construction of
El Salam canal indicates a drop of groundwater levels ranging from about
0.5m to 5m through five years of prediction. The applied model indicates
changes estimates about 4.28 million cubic meters is reported for is the
hydrological year 1998/1999. The southern boundary (Gilbana fault)
contributes the groundwater storage by about 300000m3/year into the

Quaternary aquifer in the studied area.



The obtained results of the second model (after construction of
El Salam canal) indicate a rise of the groundwater level up to 6 m as well
as an expected development of water logging phenomenon in the studied
area. The water balance of the second model (after construction of
El Salam canal) indicates in an increase of groundwater storage and a

decrease of sea water encroachment and decrease of evaporation losses.



Acknowledgement

First of all, thanks to my GOD lord of the worlds, for all what i

have done in my life.

I would like to express my gratitaded to Prof. Dr. E. A. Korany,
Professor of Hydrogeology, Geology Department, Faculty of Science, Ain
Shams University, for the supervising this work, the continuous help and
encouragement in dealing with critical scientific issues and problems, and

through revision of the manuscript.

My deep appaciations are expressed to Prof. Dr. I. H.

Himida, Professor of Hydrology, Desert Research Center, for his

continuous superviion during the whole time of current work and through

revision of the manuscript.

| am deeply indebted with greatest heartful thank to Prof. Dr. S.

M. Abdel Mogheeth, Professor of Hydrology, Desert Research

Center, for suggesting the point of the research and critical advice.

Many thanks are due to Dr. E. El Tablawi, Researcher of

Hydrology, Desert Research Center, for leading the steps of work in



developing the mathimatical model and helping in accomphishment to

a full understanding of the hydrological and geological issue in this work.

Extended thanks to Dr. Nahla the help in ILWS, and to Miss

Wafaa Sabry for helpping in Excel.

Finally, I’wish to express my gratitude and appreciation to all my

family for their patience and continuous encouragement.



CONTENTS

SUBJECT PAGE
List of Tables i
List of Figures ii
INTRODUCTION
1.1 General Outlines 1
1.2 Objectives of the present work 6
1.3 Material and Methods 6
1.4 Previous Works 8
CHAPTER 1 : GIS AND DATABASE
1.1 GIS 16
1.2 GIS functions 18
1.3 Data Base 23
CHAPTER 2 : CLIMATIC, GEOMORPHOLOGIC AND
GEOLOGIC CONDITIONS
I1.1 Climatic Conditions 33
1.1 Air Temperature 34
1.2 Relative Humidity 34
1.3 Precipitation 39
1.4 Degree of Aridity 43
1.5 Wind Speed 44
1.6 Evaporation and Evaportranspiration 45
11.2 Geomorphologic features 49
2.1 Coastal Plain 49
2.2 El Tina Plain 49
2.3 Aeolian Sand Dunes 51
2.4 Mobile Sand Dunes 51
2.5 Salt Marshes and Sabkhas 52
11.3.Geological Setting 52
3.1 Pliocene Rock Units 54
3.2 Quaternary Rock Unit 56
11.4 Surface Hydrology System 57
4.1 El Salam Canal as a Surface Water System 57
4.2 Soil Properties and Infiltration Rates 59
4.3 Seepage along the Canal 63



CHAPTER 3 : GROUNDWATER HYROLOGY

General Outlines 68
I11.1Aquifer System 71
I11.2 Hydraulic Parameters of the Aquifer 78
I11.3 Groundwater regime before the construction of El Salam canal 80
I11.4 Groundwater regime after the construction of EI Salam canal 84
I11.5 Groundwater Recharge before the construction of EI Salam

canal 89
I11.6 Groundwater Recharge after the construction of El Salam

canal 91

CHAPTER 4: MATHEMATICAL MODELING AND MANAGEMENT

TECHNIQUES

IV.1 Conceptual Models. 95
IV.2 Design and Preparation of Groundwater Flow Model. 96
IV.3 Calibration and Running of the First Groundwater Flow

Model. 99
1- Hydraulic Conductivity. 103
2- Specific Yield. 104
3- Evapotranspiration. 104
4- Transmissivity Coefficient. 106
5- Diffusivity Coefficient. 106
IV.4 Hydrological Predication of the First Groundwater Flow

Model. 107
IV.5 Water Balance of the First Groundwater Flow Model. 110
IV.6 Calibration and Running of the Second Groundwater Flow

Model. 115
IV.7 Hydrological Prediction of the Second Groundwater Flow

Model. 118
IV.8 Water Balance of the Second Groundwater Flow Model. 121

SUMMARY, CONCLUSION AND RECOMMENADTIONS 128

REFERENCES 131
APPENDIX 1 137
APPENDIX 2 142

ARABIC SUMMARY



LIST OF TABLES

Page
Table (1): The details of the "Salam" database. 28
Table (2): Climatic Data at Different Meteorological
SEALIONS.....eecieeiieece e 35
Table (3): Relative Humidity as Calculates by EMA,
(1974 — 2001)....ceeieieieirceeeeeeie e 39
Table (4): Aridity scale of Emberger, 1955........c.cccccecveievinnen. 44
Table (5): The Calculated Amounts of Evaporation Rates from the
Open Water Bodies, (in the studied area) ................. 64
Table (6): Calculated Water Losses from El Salam canal, West of
Bir EI Abd, North Sinai, Egypt, ( Using Equation of
FAOL / UNESCO, 1967).....cccceiieivirernrereerierienns 66
Table (7): The Hydraulic parameters of the Quaternary aquifer in
the area of West Bir ElI Abd, North Sinai ................... 81

Table (8): Net Groundwater Recharge to the Qauternary aquifer
for the year 1999 (Before the construction EI Salam
CANAI....eiee e 84
Table (9): Net Groundwater Recharge to the Qauternary aquifer
for the year 2005 (After the construction EI Salam canal).... 88
Table (10): Net Groundwater Recharge to the Qauternary aquifer
for the year 2006 (After the construction EI Salam canal).. 88

Table (11): Calibration table ( Seclected Refernce point)................ 102
Table (12): Field measurements and predicted groundwater level. 110
Table (13): The Water Balance of the Quaternary Aquifer for the

Year of 1999 (10° M/ Year)......ccoovveeveveeeeeeeeeeresnen 111
Table (14): The Monthly Water Balance of the Quaternary Aquifer

for the Year 1998 — 1999 (10° m®/ month)................. 112
Table (15): The Water Balance of the Quaternary Aquifer for the

Year of 2005 — 2006 (10° m® / year).........couovvererernns 115
Table (16): Calibration table ( Selectedv Refernce Point)............... 116

Table (17): The Water Balance of the water bearing formation for the
Year 2005 — 2006 (10° m* / month) (after the construction
of El Salam canal)........c.ccooevviiiieieccceece e, 122
Table (18): The Monthly Water Balance of the Quaternary Aquifer
for the Year 2005 — 2006 (10° m*/ month).................... 123



Table (19): The Water Balance of the water bearing formation for the
Year 2011 (10% m* / month) (after the construction of
El Salam canal).......ccooeviiiiiiiii
Table (20): The Monthly Water Balance of the Quaternary Aquifer
for the Year 2011(10° m®/ month).........ccccoevvverrenenene.



LIST OF FIGURES

Page
Fig. (1): Planning image map of the El Salam canal project in the
northern part of the Sinai Penisula (after Hassan, 2002)........... 2
Fig. (2): Mixed water transported by the tunnel underneath the Suez
the SUBZ CaNal........ccoviiiiiiiie e 4
Fig. (3): Part of the up stream of El Salam canal project....................... 4
Fig. (4): Location Map of the Studied area............cccccvevevvevncieieenienn 5
Fig. (5): Topographic map of Ismailia (scale 1:25000) ..........cccceevvenee. 20
Fig. (6): Topographic map of Rommana (scale 1:25000) ..........c.cccoeuu... 21
Fig. (7): Topographic map of Port Said (scale 1:25000) ...........cccccvenes 21
Fig. (8): Collected Map of Port Said, Romman, Ismalia and Qatai
(Scale 1 :25000) ...ccveieieiiieiieieieee e s 22
Fig. (9): Map of the studied area (Scale 1 : 25000) ........cccccevvevverrrennn. 22
Fig. (10): Attributes of the Well Data base file ............................ 24
Fig. (11): Attributes of the Hydrological Data file ........................ 25
Fig. (12): Attributes of the Chemical Data file ............................ 26
Fig. (13): Attributes of the Water Level Datafile ........................ 27
Fig. (14): The start up form containing the main menu ....................... 30
Fig. (15): Sheet of BasiC data ...........ccccvveveeiieiieie e 30
Fig. (16): Sheet of Hydrological data ..............ccoovrininiiicicicc e 31
Fig. (17): Sheet of Chemical data .............cccoevieieiieiieie e 31
Fig. (18): Sheet of Water level data ...........ccoeoiiiiiiiiiiiccn, 32
Fig. (19): Printed output report Sheet ...........cccccvveveieieeieie e 32
Fig. (20): Mean monthly minimum and maximum temperatures
AL FAIA. ... 37
Fig. (21): Mean monthly minimum and maximum temperatures at Port
St 37
Fig. (22): Mean monthly minimum and maximum temperatures
AL ISMATTIA. ... 38
Fig. (23): Average Temp. In Summer and Winter Season at Ismailia,
Port Said and Faid...........cccoveieninee e 38
Fig. (24): Mean monthly rainfall at Port Said ...........ccccceoeiiniiiicnnnn 40
Fig. (25): Mean monthly rainfall at Ismailia ...........c..ccccoceivveiveininnne. 41
Fig. (26): Mean monthly rainfall at Faid ............cccovoeiiiininiie 41

Fig. (27): I1sohyetal Map Area West of Bir EI Abd ( mm / year) (for the
period 1945 — 1999) ... 42



Fig. (28): Contour map of Piche Evaporation Rate, West of Bir El Abd,

North Sinai (MM/YEAr)........ccoveveiieieeie e 46
Fig. (29): Mean monthly Evaporation rates at El Malease ................... 47
Fig. (30): Mean monthly Evaporation rates at Ismailia.............c...c....... 47
Fig. (31): Mean monthly Evaporation rates at Faid..............cc.ccceveneee. 48
Fig. (32): Mean monthly Evaporation rates at Port Said..................... 48
Fig. (33): Geomorphological Map of the Studied area ( Compiled

after EIWan et al, 1983 )......cccocevveviiiiiicie e 50
Fig. (34): Map Showing the major tectonic elements in the studied area,

(after Abu El Ata, 1973).....ccciiiiiieececeee e 55
Fig. (35): Location Map of El Salam canal project ( After North Sinai

Development Authority, 1997)........cccccecvvieiiiene i 61
Fig. (36): infliltration rates zonation map in the studied area( the data

after El Osta, 2000 and DRC, 2004)........cccccvevveveiverieseennn 62
Fig. (37): Well Location Map of the Studied area, West of Bir

El Abd, North Sinai, EQYpt......c.ccocevvveviiiiieee e 69
Fig. (38): Hydrogeological Cross Section A — A’ ( the data after

El Osta, 2000)......cccuiiiriiiiiieniinieniiseseeee e 74
Fig. (39): Hydrogeological Cross Section B — A' ( the data after

El Osta, 2000) ....coivieieiieieeie e 74

Fig. (40): Structual Contour Map, Top Surface of the Quaternary
Aquifer, West Bir El Abd, North Sinai, Egypt (the data after
El Osta, 2000) ....cooieieieieiiesie e 75
Fig. (41): Structual Contour Map, Bottom Surface of the Quaternary
Aquifer, West Bir El Abd, North Sinai, Egypt (the data after
El Osta, 2000) .....ocveieieieiese e 76
Fig. (42): Isopach Map of the Quaternary Water Bearing Rock units,
West of Bir EI Abd, North Sinai, Egypt (the data after El Osta,
2000) 1t 77
Fig. (43): Poteniometic Map of 1999 (' Before the construction of El
Salam canal), West of Bir EI Abd, North Sinai (the data after El

Osta, 2000).......c.eieieeieieiese e 83
Fig. (44): Potentiometric Map of 2005 ( after the construction of El

Salam canal), West of Bir ElI Abd, North Sinai...................... 86
Fig. (45): Potentiometic Map of 2006 ( After the construction of

El Salam canal), West of Bir EI Abd, Sinai ...........c..ccccoveneene. 87

Fig. (46): Graphical Model for the Hydrological Stresses of the
Quaternary Aquifer, West of Bir EI Abd, North Sinai.
(Applying the Procedure of ElTablawi, 2002)........................ 97



Fig. (47): Conceptual Model for canal seepage, West of Bir EI Abd, North
Sinai. (Applying model the Procedure of Lerner and Issar,

1990) .ttt 97
Fig. (48): The interconnection between Data Base, GIS and
MODEFLOW.... .ot 99

Fig. (49) : Groundwater Level contours of the Quaternary aquifer

(march, 1998) West of Bir EI Abd area, North Sinai, (after

the data of the groundwater level from EIl Osta, 2000) (befor the

construction of El Salam canal............ccccccovviviiiiieninn, 100
Fig. (50): Groundwater Level contours of the Quaternary aquifer

(march, 1999), Unsteady State Calibrated Run, West of Bir

El Abd, North Sinai (the data after EI Osta, 2000) .............. 101
Fig. (51) : Hydraulic Conductivity Coefficient Distribution Map of

Quaternary Aquifer (for the period march, 1999) (Unsteady

State Calibrated Run), West of Bir EI Abd, North Sinai....... 105
Fig. (52): Specific Yield Distribution Map of the Quaternary Aquifer

( Unsteady State Calibrated Run), West of Bir El Abd,

NOFN SINAT...c.veviiviiei e 105
Fig. (53): Hallophytes Plants, in El Tina Plain .........ccccooveviiiiieennn, 106
Fig. (54): Transmissivity Distribution Map of the Quaternary Aquifer,

(Unsteady State Clibrated Run), West of Bir EI Abd, North

SINAT cvveitieie ettt nna s 108
Fig. (55): Diffusivity Coefficient Distrbution Map of the Quaternary

Aquifer ( Unsteady State Calibrated Run), West of Bir

El Abd, NOrth Sinai........ccccooviiiiiiiiieiiee e 108
Fig. (56): Groundwater Level Contour Map of the Quaternary

Aquifer ( March 2005)West of Bir EI Abd, North Sinai....... 109
Fig. (57): Groundwater Level Contour Map of the Quaternary Aquifer

(March 2006), Unsteady State Calibrated Run, West of Bir

Abd, North Sinai (after the construction of El Salam canal)...117
Fig. (58): Groundwater Recharge Distribution Map (from El Salam

canal) of the Quaternary Aquifer, West of Bir EI Abd, North

SINAL EQYPL..ciieieee e 118
Fig. (59): Groundwater Level Contour Map of the Quaternary

Aquifer (March 2011), Unsteady State Cilbrated Run,

West of Bir EI Abd, North Sinai (after the construction

of El Salam canal)..........ccceeviiiii i 119
Fig. (60): Expected Rising Up of groundwater levels of the



