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Abstract

Water is life and the quality and adequacy of water is an essential
measure of the quality of life or rather the existence of life. The
management of water quality, or the protection of the aquatic ecosystem
in a broader sense, means the control of pollution. EI-Nobaria canal is
largely used for constant disposal of untreated agriculture effluents.
Consequently, water quality of the canal degrades particularly in the low
flow months.

El-Nobaria canal irrigates 1.076X10° feddans (451.535 ha). It is
one of the most important drinking sources of Alexandria and EIl-Behera
areas. Eight potable water intakes take their water from EI-Nobaria canal
and its branches, which suffer from pollution by agriculture drainage
water at seven locations (point sources). A 59% of such drainage water is
coming from EI-Nasr-3 main drain. This tends to cause a deterioration of
El-Nobaria canal water quality downstream EIl-Nasr-3 main drain outfall
feeding all potable water intakes and several branches locating
downstream km (52,960) on the canal.

In this study, four agricultural large catchments of El-Delengat
Ext. drain, EI-Bostan drain, EI-Nasr-3 main drain and EI-Nasr-1 drain are
studied. DRAINMOD/ DRAINMOD-N/ DRAINMOD-S combined
models have been tested at the field scale using the field data of 2006/07
& 2007/08 years to model the outflow discharge, salinity and nutrient
load. Finally, the models’ results from fields are integrated at each outlet
of the four catchments. Graphical and Six Statistical measures
comparisons are made between (Salinity, Nitrate and Total Nitrogen)
concentrations measured by DRI and integrating results at each catchment
level. Water quality models are water management tools used to diagnose
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water quality problems and the impact of various environmental
conditions. In this thesis, QUAL2K model inputs and characteristics of
the model are explained. Then, QUAL2K model has been calibrated and
validated on EI-Nobaria canal using the field data during summer of 2007
and winter of 2008, respectively. The study concerned on salinity (TDS),
NO;-N, DO, TN and pH along El-Nobaria canal's length. The quality of
El-Nobaria canal water has been investigated to estimate the impact of
drain discharged on its quality. The results show that EI-Nasr-3 main
drain and EI-Nasr-1 drain are highest pollution sources to El-Nobaria
canal. The results show also that both combined models and QUAL2K
represent the field measured data quite well.

A proposed drainage reuse scenario is presented in this study to
improve the water quality of EI-Nobaria canal. This thesis focuses on a
proposal plan to manage the drainage water of EI-Nasr-3 main drain and
El-Nasr-1 drain by intermediate mixing of their water directly into El-
Bostan canal at km (2.400) and EI-Nasr canal at km (0.700), respectively,
which serve agriculture uses only. The most suitable mixing locations are
chosen according to the design values of discharges, levels, and measured
salinities. The QUAL2K model is used to simulate water quality along El-
Nobaria canal's length for the proposed scenario. The results show that
TDS and NO3-N values decrease from 850 mg/l to 370 mg/l and from
4.96 mg/l to 3.91 mg/I, respectively. The simulation shows that values of
TDS and NOs3-N are lower than maximum permitted concentration of law
48 and drinking standards. This tends to cause an improvement of the
canal water quality especially at points of the potable water intakes. This
mixed water can be used as a safe drinking water abstraction source for
the present water drinking plants and the planned ones. The proposed

drainage reuse scenario is also found environmentally feasible.
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LIST of ABBREVATIONS

BADP = Bostan Agriculture Development Project
BCM/y = Milliard Cubic Meter per year = 10° m® per year
BOD = Biological Oxygen Demand

Ca = Calcium

Cl = Chloride

CO3 = Carbonate

COD = Chemical Oxygen Demand

DO = Dissolved Oxygen

DRI = Drainage Research Institute

DW = Drainage Water

DWIP = Drainage water irrigation project

DWR = Drainage Water Reuse

dS/m = Dece Siemens per meter = 640 ppm

EC = Electric Conductivity

EIA = Environmental Impact Assessment

EPADP = Egyptian Public Authority for Drainage Projects

ET = Volume of irrigation water to be consumed by crops
FAO = Food and Agriculture Organization of the United Nations
FW = Fresh Water

FW-DW = Mixed Water = Fresh water-Drainage water

GWT = Ground Water Table

Ha = Hectare

HAD = High Aswan Dam

HCO3 = Bicarbonate

IAS = Irrigation advisory service

IDR = Intermediate drainage reuse
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1P = Irrigation Improvement Project

K = Potassium

Km = Kilometer

L, = Leaching requirements

m>/sec = Cubic meter per second

MAR = Monthly Average Rainfall

MCM/day = Million Cubic Meter per day = 10° m® per day
meq/L = milli equivalent per liter = 10 dS/m

Mg = Magnesium

mg/L = Milligram per liter

MPN = Most Probable Number of bacteria

MSL = Mean Sea Level

MWRI = Ministry of Water resources and Irrigation
Na = Sodium

NARS = Nobaria Agriculture Research Station
NDGD = El-Nasr Drainage General Directorate
NIGD = EI-Nasr Irrigation General Directorate

NOs = Nitrate

NWRC = National Water Research Center

ow = Observation Well

Pathogens = Bacteria

PCM = Portable Conductivity Meter

pH = Negative Logarithm of hydrogen ion concentration.
PO, = Phosphate

ppm = part per million = mg/L = milligram per liter
PS = Pumping Station

PVB = Present Value of Benefit

PVC = Present Value of Cost



PVNB
PW
Q2K
Qpesign
SAR
SO,
SRLQC
SRP
SDW
TDS
UTM
WUAs
Zn

= Present Value of Net Benefits
= Potable Water Intake
= QUALZ2K
= Discharge of the drain at the proposed reuse location.
= Sodium Adsorption Ratio
= Sulphate
= Soil Research Laboratory and Quality Control
= Strategy Research Project
= Saline drainage water
= Total Dissolved Salts
= Universal Transfers Merkator
= Water Users Association
= Zinc



TABLE of CONTENTS

Page

ACKNOWLEDGMENTS [
Abstract i
LIST of ABBREVIATIONS \Y;
TABLE of CONTENTS Vii
LIST of FIGURES iX
LIST of TABLES X
CHAPTER 1: INTRODUCTION

1.1 OVEIVIEW...c.ovieceie ettt et etee st et ite e st ete et e st enbe e e enaaesrees 1

1.2. Problem Definition........cccooveiiiieiie e 2

1.3. Research ODbJectiVeS. ........ouiinii e

1.4, Methodology.......cooniii 4

1.5. Research Advantages...........covieiiiriinii e

1.6. Thesis CONLENTS. .. ..ottt 6

CHAPTER 2: LITERATURE REVIEW

2.1, INtrodUCTION. ...oei e
2.2. Egyptian Water RESOUFCES........oviviiriiiiiiiiieiieieee e 7
2.2. L NIlE RIVEI . ... 7
2.2.2.Drainage Water...........coooviiiiiii e

2.2.3. GrOUNAWALET . ... .ttt e
2.2.4. Rainfall.........ooo 9
2.2.5. Sewage water and industrial effluent............................ 12
2.3. River water quality problems and sources of pollution........ 13
2.3.1. Eutrophication................oooiii 14
2.3.2. General sources of pollution............ccccccovveiviviiie e, 15
2.4, NIEFALE. ...t et 16
2.4.1. Health Impacts of Nitrate Contamination....................... 16
2.4.2. Management Practices to Reduce Nitrate in Groundwater...17
2421 Rate. ... 17
2.4.2.2. Method/Placement.............cooeviiiiiiiiiiiiieeaene, 18
2.4.2.3. TIMING. ..ottt 18
2.4.2.4. FOrm/AdditiVeS. ........oovviiii i 18
2425 . THAQe. ..o 19

2.4.3. Point and Non-point Sources of Nitrate Contamination......19
2.4.4. Nitrogen CycCle........coiirii i 20

2.4.5. Fertilization Loading...........cooviiiiiiiii e, 22



2.5. Studies of DRAINMOD/ DRAINMOD-N/ DRAINMOD-S...... 24

2.6. Studies OF QUALZK . ......oiniiii e 29
2.7. Water POlICIES. ...t 32
2.8. Previous Studies on drainage water reuse......................... 33
2.8.1. Drainage Water Reuse Limitations...................ccc.eeene. 33
2.8.2. Practical Considerations of Drainage Water Reuse (DWR).35
2.8.3. New Modes for Expansion of Drainage Water Reuse........ 37
2.9. Management Practices on Drainage Water Reuse.............. 38
2.9.1. Management for crop production..................ocoeevennn.. 38
2.9.2. Management for water quality protection...................... 38
2.9.3. Drainage Water Reuse Guidelines...................cooeeeenen. 39
2.10. Drainage Water Reuse in EQypt............ccoooviviiiiiiininnn, 40
2.10.1. Official drainage reuse...........ccoveveiviiiiiiiiiiieienne.. 40
2.10.2. Unofficial drainage reuse.............coooveviiviiiiininnannnn.. 41
2.11. Classification of Drainage water in Delta........................ 41
2.12. Mixing (Reuse) Locationsinthe Delta........................... 43
2.13. Major projects for drainage water reuse in Egypt............. 43
2.12.1. El-Salam canal reuse project..............cccoviiiiieiiininn.n 43
2.12.2. EI-FOmoum drain reuse project.............ccoevveieniennn... 44
2.12.3. Effect of Irrigation Improvement Project (I1IP) on DW......44
2.14. Intermediate drainage reuse.............cooeevieriiiiienienannnn.. 45
2.15. CONCIUSION.....onii i 45

CHAPTER 3: THE STUDY AREA

3.1. Geography and Climate................oooiiiiiiiiii, 47
3.1.1. Location and Geography..........ccoovviiiiiiiiiiiiiiiienanss 47
3.1.2. Geological conditions...............cooiiiiiiiiie 48
3.1.3. Administration DiVISION...........c.coiviiiiiiiiiiiiieeea 48
3.1.4. General Climate and Rainfall..................................... 48

3.2. Meteorology and Hydrology.............cooviviiiiiiiiiien 50
3.2.1. Meteorology.......oovinriii i 50
3.2.2. Hydrology......cooviinii 51

3.3.Ground Water.........cooviuiiiiie e 51
3.3.1. Ground Water in EI-Bostan (1&2) and Sharqg El-Tarik
LT LS 51
3.3.2. Ground Water in the rest of area served by EI-Nasr-3 main
PN, e 53
3.3.3. Ground Water in Hares, Abo EI-Matameer and Hosh Isa area
AT BB, - ettt e 54

3.4. Irrigation and Drainage...........cccoviiiiiiiiii e, 55
S L IIgatioN. ... 55



3.4.1.1. Irrigation Water reSOUICES. .......oveueneeraniiienanennnnn. 55

3.4.1.2. Irrigation methods. ..........ocooeiiiiii 59
342, DraiNaQe. ... vttt e 59
3.4.2.1. Drainage System. .......c.ooviiiriiiiiiiee e 59
3.4.2.2. EI-Nasr-3 main collective drain system.................. 61
3.5.S0ilsand Land-Use.........ccooveiiiiiiiie e 62
3.5.1. Soil Characteristics of the upper agriculture layer (0-0.25)m
depthofthe Left Area..........cooiiiiiiii 62
3.5.2. Soil Characteristics of the Right area............................ 62
3.5.3. Land classification of the Left and Right Area.................66
3.5.4. Soil Classification of the Left area up to 30m depth......... 67
355, Land-Use. .. ..o 68
3.6. Agricultural Conditions.............ccoviiiiiiiiie 69
3.7. Chemical Analysis of Drainage water................. U 69

CHAPTER 4: DESCRIPTION of SIMULATION

MODELS
4.1, IntroducCtion.........oii i 70
4.2. DRAINMOD/DRAINMOD-N/DRAINMOD-S models........ 70
4.2.1. DeSCriPtioN. ....veei i 70
4.3. Water quality simulation -- QUAL2K
4.3.1. Review of Water Quality ModelsEiZEEiE 79
4.3.2. HistoryEiEiEiEeelieigigi...83
4.3.3. DeSCription. .....oovie i 84

CHAPTER 5: MODELS CALIBRATION and VALIDATION
5.1, INtroduCtioNn. ... ...ccooii i 93
5.2. DRAINMOD/DRAINMOD- N/DRAINMOD S models....... 94

5.2.1. Model mputs and collected field data .94

5 2 1 5 Irrigation data/2EigEigk
5.2.1.6. Sallnlty data. ..., 99




CHAPTER 6: DISCUSSIONS of RESULTS

B.1. INtrodUCTION. ..ot 119
6.2. Results and DiSCUSSIONS. .........c.vviiiiieeiiieeeeeae e 121
6.2.1. Results of DRAINMOD/ DRAINMOD-N/ DRAINMOD-S

MOTEIS. ..o 121
6.2.2. Results of QUAL2K model (Water quality of EI-Nobaria
CaNAl). ... 126
6.3. Proposed SCENArio..........coviviiriieie e 132
6.4. Design of the drainage water reuse locations................... 138
6.5. Field Measurements............ooovvieiiiiiiiiieeiceeeean 141
6.5.1. Salinity Measurementson Canals.............................. 141
6.5.2. Procedure of Measuring Canal Water levels.................. 141
6.5.3. Procedure of Measuring Drain Water levels.................. 141
6.5.4. Results of Water levels.............ccoooviiiiiiiiiiiniennn. 141
6.6. Average Water Quality Index (AWQD).............oooiint, 143
6.7. Water treatment ponds..............ccooiiiiiiiiiie 145
6.8. Environmental Analysis..............ccooviiiiiiiiiiiii 146
6.8.1. Impacts of the Proposed Intermediate Drainage Reuse
PIOJECT . . et 146
B.8.2. EIAMALIIX.....etiei i 149
6.8.3. Suggested Mitigation Measures for Negative Impacts...... 150

CHAPTER 7: CONCLUSIONS and

RECOMMENDATIONS
7.0 SUMMANY ..t e 152
7.2. CONCLUSIONS. ... 152
7.3. RECOMMENDATIONS. ..., 155
REFERENCES...........o 157



APPENDICIES
APPENDIX (A) : Ground surface levels and ground water levels maps
Of El-Bostan 1,2 and Shark El-Tarik areas and
Classification of Drainage Water in Delta
APPENDIX (B) : Soil and water analysis in the study area
APPENDIX (C) : guidelines of water quality for irrigation
and Environmental guidelines for crop production
APPENDIX (D) : Index values for some used elements of soil
and water factors
APPENDIX (E) : Location of borings and geological sections
in the study area
APPENDIX (F) : Crops, Fertilizers, Soils, Weather, Average water
Quality Parameters and Catchments of the four
drains (El-Delengat Extension drain, EI-Bostan
drain, EI-Nasr-3 main drain and
El-Nasr-1 drain)

ARABIC SUMMARY

W >

C



List of Figures

Page
Figure (2-1): Annual water releases downstream HAD during the period
1968-2008......c.ciiiiiie i e e e e 10
Figure (2-2): Drainage reuse and drainage outflow to the sea in the
Nile Delta during the period 1984/85 to 2007/08............ 11
Figure (2-3): Monitoring Locations in Nile River and its branches....... 12
Figure (2-4): Monitoring Locations in the Nile Delta.......................13

Figure (2-5): Schematic presentation of the integrated three-zone
approach to Conceptualize the increasing nitrate
occurrences in groundwater [9].........ccooiiiiiiiiiiinnns 22
Figure (3-1): The Study area served by EIl-Nobaria canal and its
branches........ccoooiii i 49
Figure (3-2): A schematic sketch of EI-Nobaria canal, its main branches,
Potable water intakes and drain outfallsoniit ................ 53
Figure (3-3): Catchments of Four drains used in DRAINMOD model..63
Figure (3-3): Plan showing the irrigation and drainage network in the
SEUAY Ar€a.....eeie it iie e e ee v ee e e ene e ene. . 04
Figure (3-4): Schematic plan of EINasr-3 main drain system............65
Figure (4-1): Procedures of DRAINMOD application with refinements
[56] "D HDA G, . T3
Figure (4-2): QUAL2K segmentation scheme....................eee e 87
Figure (4-3): Conceptual representation of a stream........................88
Figure (5-1): Measured electric conductivity values from 27/8/2001 to

147212003, e e 2. 104
Figure (5-2): Measured electric conductivity values (dS/m) from
27/8/2001t0 14/1/2003.......ccvi v viiieiiee e eennnn. 105

Figure (6-1): Model calibration results for NOs-N, TDS, and TN........124



