
""' . 
5 4-6 8 

VOL ;g: 

.. 

J_,~, ~)'-·~ ~ ~L.,~,, 

Sinai Development Study 
Phase I 
Final Report 

VOLUME v· 
WATER SUPPLl:ES AND COSTS 

SUBMITTED TO: 

THE ADVISORY COMMITTEE FOR RECONSTRUCTION 
MINISTRY OF DEVELOPMENT 
ARAB REPUBLIC OF EGYPT 

USAID GRANT NO. 263-0113 
MARCH, 1985 

PREPARED BY: . 
J ' JI 

jharold
Rectangle



1111111111111111r11m1~l[1~11n11111111111 
10026471 

SINAI DEV~LOPMENT STUDY, PHASE I 

FINAL REPORT ~ 

VOLUME V 

WATER SUPPLIES AND COSTS 

SUBMITTED TO: 

THE ADVISORY COMMITTEE FOR RECONSTRUCTION 
MINISTRY OF DEVELOPMENT 
ARAB REPUBLIC OF EGYPT 

MARCH 1985 

PREPARED BY: 

DAMES & MOORE 
IN ASSOCIATION WITH INDUSTRIAL DEVELOPMENT PROGRAMMES SA 



Volume I 

Volume II 

Volume II I 

Volume IV 

Volume v 

Volume VI 

Volume VII 

FINAL REPORT 

LIST Of VOLUMES 

A Strategy for the Settlement 

Managing Sinai's Development 

of Sinai 

An Economic Development and Investment 

The Land and the Environment of Sinai 

Water Supplies and Costs 

Settlement and Socia 1 Development 

Sinai Data Book 

ii 

Plan, 1983 to 2000 



VOLUME V 

WATER SUPPLIES AND COSTS 

i i i 



LIST OF FIGURES AND TABLES 

ACKNOWLEDGEMENTS 

1. 0 

1. 1 

INTROOUCTI ON . . . . 

WATER RESOURCES 

CONTENTS 

1.2 WATER USE AND FUTURE DEMAND I • 

COST ANALYSIS 

• I 

1. 3 

1. 4 PRELIMINARY SINAI WATER PLAN . • ••••• '?' 

1.5 ISSUES ...... . 

1. 6 RE CO MMEN DA TI ON S 

1.7 USE OF THIS VOLUME . 

2.0 

2.1 

WATER RESOURCES ASSESSMENT 

INTRODUCTION .. 

2.2 INDIGENOUS WATER RESOURCES . 
2.2.1 

2.2.2 

2. 2. 2 .1 

2.2.2.2 

2.2.2.3 

Rainfall 

Surface Water Resources 

Hydrographic Basins and Basin Areas in Sinai . 

Runoff Information ..... , ... 

Existing Dams i n Sin a i . . . . . . . . 

2.2.2.4 Conservation and Use of Runoff Water .. 

2.2.2.5 Future Regulation and Storage of Runoff 

2.2.2.6 Eight Potential Dams ........ . 

2.2.2.7 Potential for Small-Scale Runoff Water Conservation 
and Use .... . 

2.2.3 Groundwater Resources ......... . 
2. 2. 3. 1 

2.2.3.2 

2. 2. 3. 3. 

2.2.3.4 

2.2.3.5 

2. 2. 3. 6 

2.2.3.7 

2.2.4 

2.2.4.1 

Aquifers of Sinai 

Stratigraphic and Spatial Characteristics of 
Phanerozoic Aquifer Units , ... , . 

Yield and Quality Characteristics of the Aquifers 

Groundwater Flow Patterns 

Groundwater Conditions of the Quaternary Aquifer in 
the El Arish Area ..... . 

Groundwater Conditions in the El Qaa Plain . 

Existing Use of Groundwater 

Quantification of Existing Water Resources 

Water Balance Analysis ........ . 

i v 

• 

' ... 

iv 

Xi 

1-1 

1-1 

1-1 

1-2 

1-2 

1-2 

1-3 

1.-5 

2-1 

2 ... 1 

2-4 

2-4 

2-6 

2-6 

2 ... 11 

2-15 

2-16 

2-17 

2-19 

2-21 

2-28 

2-28 

2-34 

2-36 

2-45 

2-50 

2-55 

2-56 

2-57 

2-57 



2.2.4.2 Estimates of Groundwater Recharge for the Major 
Aquifers in Sinai . . . . . .. . ~ . . 

Groundwater Availability in Sinai ... . 2.2.4.3 

2.2.4.4 Groundwater Availability in Selected GAA's Anqlyzed 

2.2.5 

as to Maximum Drawdown 

Desalinization Options . . . . . . . . .. . ' . 
Introduction . . . . . . . . . . . . 

Description of Desalinization Processes 

Solar Desalinization ........ ~ . 
' . 

Process Selection • • • • • , • • • • p • 

' ' .. 

. ~ 2. 2. 5. 1 

2.2.5.2 

2.2.5.3 

2.2.5.4 

2.2.5.5 Future Desalinization Units for Sinai .. ' 

2.3 EXTERNAL WATER RESOURCES ..... . 

2 . 3 . 1 I n trod u ct i on , . . . . . . . . . . 

2.3.2 Potential External Water Sources 

The Nile and Drainage Canals . 

Cloud-Seeding Possibilities ... ' .. 
.. 

. ' 

2. 3. 2 .1 

2.3.3 

2. 3. 3.1 

2.3.3.2 

2. 3. 3. 3 

2.3.3.4 

Precipitation-Triggering Mechanisms 

Conditions Required for Cloud-Seeding 

Results of Israeli Cloud-Seeding Experiments 

Essential Meteorological Data Requireq for 

.. , .... 

Cloud-Seeding ...... . 

2.3.3.5 Tentative Assessment . 

3.0 WATER USE AND FUTURE DEMAND 

3.1 CURRENT USE OF WATER .. 

3. 1. 1 

3.1. 2 

Water Use . . . . . . . . 

Basis for Estimates ... 

. .. ' 

3.2 WATER DEMAND UNDER THREE ALTERNATIVE. STRATE GI ~S .. , .. ,. 

3 .2. 1 

3.2.2 

4.0 

4.1 

4.2 

4.3 

4.4 

4.4.1 

4.4.2 

Water- Use Projections . . . . . . . . . 

Water Requirements by the Year 2000 ..... . 

WATER-COST ANALYSIS 

INTRODUCTION . . . . 

GROUNDWATER DEVELOPMENT COSTS 

DESALINIZATION COSTS ..... 

COST OF IMPORTING NILE WATER . 

Nile Water by Pipeline 

Nil e Water by Can al . ~ . 

v 

. ' .. ,, .. 

2.-66 

2-68 

2-68 

2-71 

2-71 

2-74 

2-77 

2-79 

2-80 

2-81 

2-81 

2-81 

2-81 

2-85 

2-88 

2-88 

2-89 

2-89 

2.-90 

. 3-1 

3-1 

3-1 

3-4 

3-5 

3-5 

3-7 

4-1 

4-1 

4-2 

4-7 

4-9 

4-9 

4-14 



SURFACE-WATER DEVELOPMENT COSTS . ' . 4.5 

4.5.1 

4.5.2 

4.5.3 

4.5.4 

4.6 

4.7 

Rawafaa Reservoir . ' . 
El Daiqa Site ..... . • T • • 

Bir Lahfan Site ..... . 
Costs for Water Spreading and Runoff Farms . ~ 

COMPARISON OF WATER COSTS FROM DIFFERENT SO~RCES .. : . 

CONCLUSIONS . . . . . . . ~ . . . . . . . . . . . ........ 

5.0 

5 .1 

WATER PLAN . 

INTRO DU CTI ON 
5.2 WATER-SUPPLY DEVELOPMENT UNDER ALTERNATIVE D~VELOPMENT 

STRATEGIES ........ . 

5. 2. 1 Distribution of Water Demand . ~ 

5.2.2 Water Conservation and Reuse 

5.2.2.1 Improving Water-Use Efficiency . ' .. 
5.2.2.2 Water Reuse ........ . 

5.3 WATER MANAGEMENT .......... . 

5.3.l Functions of Sinai Water Management .. 

5.3.2 Organizational Structure . . . . . . 1 • 

5.3.3 Staffing . . . . . . . . . . . . . . .. 

5.4 GROUNQWATER MANAGEMENT/MONITORING PROPOSAL FOR SEL~CTED 
GROUNDWATER BASINS ............. . 

El Arish-Rafah Groundwater Management Agency 

. " .. 

5.4.1 

5.4.2 

5.5 

Groundwater Management/Monitoring in the El Aqq Plain 

IMMEDIATE AND NEAR-TERM WATER-SUPPLY INVESTIGATION PROJECTS 

5. 5 .1 

5.5.2 

5. 5. 3 

5.5.4 

5.5.5 

5.5.6 

5. 5. 7 

5.5.8 

Exploratory Well-Drilling and Testing Program . 

Geophysical Surveys in the El Arish-Rafah Ar~a 

. . . .. . 

Detailed Pipeline versus Canal Feasibility Studies for 
Co n ve ya n c e o f N il e Wat e r . . . . . . . . . . . . . 

Improvement of Meteorological Network ........ . 

Detailed Feasibility Study of Cloud-Seeding in Sinai 

Runoff-Gaging Stations ..... . 

Hydrologic Studies on Small Basins • ft •• 

Evaluation of Potential Dam Sites 

APPENDIX A: ADDITIONAL WATER TABLES . 

AP PEN DIX B: RE FE REN CES 

vi 

4-16 

4-16 

4-17 

4-18 

4-18 

4-19 

4-24 

5-1 

5-1 

5-4 

5-6 
5 ... 7 

5-7 

5-7 

5-9 

5-10 

5-13 

5-13 

5-13 

5-13 

5-15 

5-16 

5-17 

5-18 

5-18 

5-19 

5-19 

5-20 

5-20 

5-21 

A-1 

B-1 



LI ST 0 F FIGURES 

Number 

1.1 ORIENTATION MAP SHOWING CONTOURS, FIVE SUBREGIONS AND 
GOVERNORATES .................... ~ . 1-4 

2.1 ANNUAL RAINFALL PROBABILITY CURVES FOR EL ARISH AND E~ TOR 2-7 

2.2 HYDROGRAPHIC BASINS~ ~XISTING DAMS AND POSSIBLE DAM SIT~S 2~9 

2.3 SCHEMATIC SKETCH OF A TYPICAL WATER-SPREADING SYSTEM. . . 2-23 

2.4 CANDIDATE AREAS FOR AGRICULTURE BASED ON WATER-SPREADING 
SYSTEMS . . . . . . . . . . . . . . . . . . . . . . . 2-25 

2. 5 AREAS OF POTENTIAL GROUNDWATER: QUARTENARY AQUI FER.S . . • 2-29 

2.6 AREAS OF POTENTIAL GROUNDWATER: MIOCENE, EOCENE AND MIDDLE 
CRETACEOUS AQUIFERS ........ r • , ••• , • • • • • 2-31 

2. 7 AREAS OF POTENTIAL GROUNDWATER: LOWER CRETACEOUS ~ND OLOER 

2.8 

2.9 

2.10 

2 .11 

2.12 

3.1 

4.1 

4.2 

AQUIFERS . . . . . . . . . . . . . . . . . . . . . . . . 2-33 

GEOMORPHIC GROUNDWATER AREAS .. 

RECHARGE AREAS FOR MAJOR AQUIFERS ••• 'I! ••• , 

LOCATION OF DESALINIZATION UNITS .. 

RECLAMATION AREAS PROPOSED IN THE WATER MAST~R PLAN (MINISTRY 
OF IRRIGATION, 1981) ............ , ...... . 

RECOMMENDED STRATEGY: PRINCIPAL AREAS OF IRRIGATED 
AGRICULTURE . . . . . . . . . . . . . . . . . . . , . 

EXISTING AND PLANNED DOMESTIC WATER SUPPLY SOURCES, AS OF 
DECEMBER, 1981 ........... . 

ANNUAL GROUNDWATER RUMPING COSTS . . . . . 

PROTOTYPICAL COST OF WATER FROM WELLS . . '. 

2-38 

2-47 
2- 72 

2-83 

2-86 

3-3 
4-5 
4-8 

4.3 ESTIMATED COSTS OF NILE WATER PIPELINES: 
(A) RELATIONSHIP OF CAPITAL COSTS TO PIPELINE CAPACITY AND 
(B) WATER COSTS (LE PER CUBIC METER) RELATED TO PIPELINE 

CAPAC I TY . . . . . . . . . . . . . . . . . . . . . . . . 4- 10 

4.4 FOUR MAJOR WATER CONVEYANCE SYSTEMS . . . . . . . . . . 4-13 

4.5 RELATIONSHIPS OF ESTIMATED NILE WATER COSTS TO PIP~LINE 

4.6 

CAPACITY, LE PER CUBIC METER DELIVERED TO VARIOUS 
LOCATIONS: 
(A) NILE WATER DELIVERED TO THE EL QAA PLAIN, THE EL ARISH-

BIR EL LAHFAN AREA, AND THE BALOZA-ROMANA-NEGILA AREA 
(B) NILE WATER DELIVERED TO TME WADI EL BRUK AND THE SHEIKH 

ZUWAYID-RAFAH AREAS .... , . . . . . . . . . . . . . 4-15 

GENERALIZED WATER-COST CURVES: NORTH COAST AREAS 
(A) BALOZA-ROMANA-NEGILA AREAS 
(B) SHEIKH ZUWAYID-RAFAH AREA ........ . . . . 4-20 

4.7 GENERALIZED WATER-COST CURVES: LOWER WADI EL ARISH ANO 
GIFGAFA AREAS 
(A) EL ARISH-BIR EL LAHFAN AREA 
(B) GI FGAFA AREA . . . . . . . . . . . . . . . . . . . . . . 4-21 

vii 



Number 

4.8 GENERALIZED WATER COST CURVES: WADI EL BRUK AND 
' I 

MIDDLE WADI EL ARISH 
(A) WADI EL BRUK AREA 
(B) MIDDLE WADI EL ARISH-WADI EL GAYIFA AREAS . . . . . . . . 4-22 

4.9 GENERALIZED WATER-COST CURVES: ABU RUDEIS AND EL QAA AREAS 

5.1 

(A) ABU RUDEIS-EL MARKHA-WADI SIDRI DELTA 
(B) EL QAA PLAIN . . . . . . . . . . ... 

RECOMMENDED STRATEGY: SCHEMATIC DIAGRAM OF 
MAJOR WATER CONVEYANCES . . . . . . . . . 

. . ' . . 4-23 

. 5-5 

A.l RELATIONSHIP OF ACTUAL EVAPOTRANSPIRATION TO THE 
REFERENCE RATE AND THE FREQUENCY OF RAINFALL 
(OR IRRIGATION) ........ · ............. , . ! A-32 

viii 



TABLES 

Number 

2-1 SUMMARY OF RAINFALL AND EVAPORATION DATA FOR STATlONS IN 
AND ADJACENT TO SINAI . . . . . . . ·. . . . . . . . . 2- 5 

2- 2 HY DROGRAPHI C BAS IN AREAS IN SINAI . . . . . . . . 2-10 

2-3 REPORTED FLOODWATER QUANTITIES FLOWING IN THE LOWER PART 
OF WADI EL ARISH . . . . . . . . . . . . 2-12 

2-4 ESTIMATED FLOOD FLOWS FOR BASINS IN SINAI 2-14 

2-5 DEFINITION OF WATER QUALITY GROUPS . . . . . 2 ... 40 

2-6 DEFINITION OF YI ELD GROUPS . . . . . . . . . 2-41 

2-7 SUMMARY OF WATER QUALITY AND YIELD DATA FOR WATER POINTS 
IN SINAI, BY GEOLOGIC UNIT ............. 2-42 

2-8 SUMMARY OF WATER QUALITY AND YIELD DATA FOR WATER POINTS 
IN SINAI, BY GROUNCMATER PROVINCE . . . . . . . . ~-44 

2-9 ESTIMATED GROUNDWATER RECHARGE FOR MAJOR AQUIFERS IN 
SINAI . . . . . . . . . . . . . . . . . . . . . . 2-48 

2-10 ESTIMATION OF PUMPAGE FROM WELLS IN THE EL ARISH AREA, 
FALL 1981 . . . . . . . . . . . . . . . . . . . . . . 2- 54 

2-11 ESTIMATED RAINFALL PARAMETERS FOR EACH BASIN AREA 2-58 

2-12 SINAI WATER BALANCE SUMMARY . . . . . . . . . . . . 2-61 

2-13 ESTIMATED TOTAL AVAILABLE GROUNDWATER FOR SE~ECTED 
AREAS . . . . . . . . . . . . . . . . . . . . . 2-70 · 

2-14 PLANNED OR POSSIBLE DESALINIZATION UNITS IN SINAI 2-73 

2-15 AVAILABILITY OF NILE WATER FOR THE FIVE RECLAMATION 
AREAS PROPOSED IN SINAI AS PART OF THE WATER MASTER 
PLAN OF 1981 . . . . . . . . . . . . . . . . . 2-84 

2-16 CAN DI DATE AREAS FOR IRRIGATED AGRICULTURE . . . . . 2-87 
3-1 SUMMARY OF ESTIMATED LATE 1981 WATER USE IN SINAI . 3-2 
3-2 UNIT IRRIGATION WATER DUTIES FOR THE NORTHEAST COAST 3-6 

3-3 POTENTIAL EVAPOTRANSPIRATION RATES FOR R~PRESENTATIVE 
AREAS IN SINAI .................. , 3-6 

3-4 ASSUMPTIONS REGARDING FRESHWATER REQUIREMENTS FOR 
TO URI SM . . . . . . . . . . . . . . . . . , . . . 3- 7 

3-5 ASSUMPTIONS REGARDING FRESHWATER REQUIREMENTS FOR 
INDUSTRIAL AND MINING ENTERPRISES . . . . . 3-8 

3-6 SUMMARY OF PROJECTED WATER REQUIREMENTS IN THE YEA~ 
2000, BY SUBREGION, FOR FOUR STRATEGIES . . . . . 3-10 

ix 



Number 

4-1 SINAI WATER RESOURCES AVAILABILITY AND ESTIMATED COST BY 
SUBREGION • . . • • . . . . • . . . . . . • . • • • . • 4-~ 

4-2 ANNUALIZED CAPITAL COSTS OF WELL CONSTRUCTION (LE) . . . • 4-6 

5-1 SINAI WATER DEMANDS AND PROPOSED J\LLOCATIONS OF NILE WATER, IN 
THE YEAR 2000, BY SUBREGION, FOR THE RECOMMENDED STRATEGY 
AND THREE ALTERNATIVES . • . . • . . • • • 5-2 

APPENDIX A: ADDITIONAL WATER TABLES . . . . . . • . . . . . . . . • A-1 

A-1 ESTIMATED WATER USE IN SINAI DURING LATE 1981, BY SOURCE A-2 

A-2 

A-3 

A-4 

A-5 

A-6 

INVENTORY OF DAMS IN SINAI . . . . . . ,. ... ' ..... 
POSSIBLE DAM SITES IN SINAI .....••.• --•••••.. 

SUMMARY OF INFORMATION ON GROUNDWATER AVAILABILITY AREAS IN 
SINAI . . . • . . . . . . . • . . . • . • • . • . . . . 

SUMMARY OF 1981 INFORMATION ON EXISTING OR PROPOSED WATER 
PIPELINES, PRIMARILY FOR DOMESTIC SUPPLY •.•.•. 

ESTIMATED WATER REQUIREMENTS FOR DOMESTIC PURPOSES, INDUSTRIES, 
MINING AND TOURISM IN THE YEAR 2000, BY SUBREGION, FOR THE 
RECOMMENDED STRATEGY AND THREE ALTERNATIVES ..•... 

A-7 PROJECTION OF FEDDANS LIKELY TO BE SUITABLE FOR IRR!GATED 
AGRICULTURE AND ESTIMATED YEAR 2000 WATER DUTIES, USING 
NILE WATER OR LOCAL GROUNDWATER, BY SUBREGION AND AREAS, 

A-6 

A-7 

A-8 

A-14 

A-16 

FOR THE RECOMMENDED STRATEGY AND THREE ALTERNATIVES . . . . A-17 

A-8 PROJECTED WATER SUPPLIES TO MEET DOMESTIC, INDUSTRIAL AND 
. TOURISM DEMANDS FOR PRESHWATt;:R BY THE YEAR 2000, FOR THE 

RECOMMENDED STRATEGY AND THREE ALTERNATIVES • . . . • . . . A-22 

A-9 WELL WATER OPERATIONAL MAINTENANCE COSTS (INCLUDING PUMPING) • A-23 

A-10 COST DETAILS ON PLANNED OR POSSIBLE DESALINIZATION UNITS IN 
SINAI • . . • . • • . . . . • . • . . . • . • . • . . • • . A-24 

A-11 ESTIMATED COST OF NILE WATER CONVEYED BY CANAL TO FIVE SINAI 
RECLAMATION AREAS INCLUDED IN THE WATER MASTER PLAN • . . . A-26 

A-12 RESULTS OF COST ANALYSIS FOR MAJOR PIPELINES P~ANNED OR UNDER 
CONSTRUCTION • . . . . • • . • . • . . . . • • • . . . . . A-27 

A-13 SUMMARY OF COSTS OF NILE WATER BY PIPELINE FOR THE RECOMMENDED 
STRATEGY AND TWO ALTERNATIVES •• ·. . • • . • . . • . . . . A-28 

x 



ACKNOWLEDGEMENTS 

Dames & Moore and their associates in Egypt for SOS-I, Industrial 
Development Programmes SA, would like to gratefully acknowledge the 
valuable assistance of several individuals and agencies in Egypt in 
the collection and evaluation of water resource information on Sinai. 
Most particularly, Dr. Abdou Shata, former Director of the Desert 
Institute, provided invaluable assistance in the collection of data and 
information sources and in the interpretation and evaluation of reports. 
Similarly, Engineer Ahmed Ali Kamal, former Minister of Irrigation, 
provided several important references and data sources on surfacewater 
resources. 

The Institute of t1Jater Resources, under the Water Research Center 
of the Ministry of Irrigation, provided a significant amount of data. 
Dr. Hassan Ibrahim, Director, and Dr. A. A. K. El Shinnawy were 
especially helpful in providing assistance on the technical aspects of 
the project and in sharing information obtained in the early stage of 
the Sinai water resources study initiated by the Institute in 1981. 
They provided data developed late in 1981 on the exact locations and 
elevations of tha major water wells at El Arish. 

The Desert Institute and individual staff members provided valuable 
assistance throughout the project in the area of water resources, as well 
as in the field of agriculture. Many publ i cati ans and reports from the 
Desert Institute library we re provided to the project team. We would 
like to express special thanks to Dr. Professors Kamal Farid Saad, 
Ibrahim Himida, and M. M. Shazly, as well as to the Director, Dr. A. 
Abdel Salem, for information on water resources. The Desert Institute's 
1981 fieldwork on the geology and hydrogeology of specific areas in 
Sinai is an important contribution in the assessment of water resources. 

Special appreciation is also extended to many other individuals in 
government agencies and private firms for their assistance in providing 
maps, aerial photos, or resource information on Sinai. These include 
Generals Sanaa Fat-Halla, Hassan Qandil, and Salah El Khatib of the 
Egyptian Military Survey Department; General Ali Fouad of the Engineering 
Corps; Dr. Mahmoud Abu-Zeid, Chairman of the Water Research Center; 
Mr. M. M. Seddik, Chairman of the General Organization for Research and 
Groundwater (REGWA); Mr. Gamal Hanno, Water Well Supervisor for The Arab 
Contractors; Dr. Mustafa Kamal El Ayuty of the General Petroleum 
Organization (GPO); Mr. Hussein Kamal of the Egyptian General Petroleum 
Company (EGPC); Mr. P. G. Provost of Mobil Exploration, Egypt, Inc.; and 
Mr. Paul Whincup of Layton Groundwater Consultants, Australia. 

xi 



WATER SUPPLIES AND COSTS 

1.0 INTRODUCTION 

This volume presents results of a water resources study done by 
Dames & Moore to assess the existing water-related data base for Sinai 
and to formulate a water development plan consistent with the Recommended 
Development Strategies for the peninsula. The followinq elements of 
the study' are presented in detail in this volume: 

1 Evaluation of each major water resource (Section 2.0) 

1 Estimation of current water use and future water demand 
(Section 3.0) 

• Cost analysis for each source of water (Section 4.0) 

1 Formulation of a preliminary, conceptual water plan for 
Sinai (Section 5.0). 

The data used to prepare this report include meteorological data, 
stratigraphic data on geologic formations, and data pertaining to 
wells and springs. This information is delineated in tables in 
Appendix A to this volume; still more detailed information can be 
found in Working Paper 33 and other papers in the working files 
of the Sinai Development Study - Phase One. 

1.1 WATER RESOURCES 

The existing indigenous water resources--rainfall, surface water, 
and groundwater--are identified and quantified, and desalinization 
options are reviewed. The availability of Nile water for use in Sinai 
is discussed, as is weather modification (cloud-seeding). 

1.2 WATER USE AND FUTURE DEMAND 

Current water usage and anticipated future needs are discussed 
with explanations of the bases for these estimates. Projected water 
use for the year 2000 is presented for each subregion and for 
domestic, agricultural, industrial, and tourism requirements under 
three alternative strategies. 

The agricultural sector, which is by far the greatest consumer of 
water within each of the strategies, is emphasized. Existing pipelines, 
as well as those under construction and proposed, are identified. Also 
identified are proposed areas of major land reclamation, based on the 
l~nc;L~g,11abi1Hy analysis in Volume IV. 

After completing an analysis of three alternative strategies, the 
Consultant developed a Recorrnnended Strategy. That strategy includes 
elements of the water systems described in the other three. It is 
costed as a part of the 11 Investment Plan 11 in Volume III. The water 
systems designed for the Frontier and Dispersed Strategies are potentially 
extensions of the Recommended Strateqy beyond 2000. Much of 
the data in this volume can be used in modifying or analyzing the 
water systems of the Recommended Strategy as described in Volume I. 
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1.3 COST ANALYSIS 

Analyses of costs are given for groundwater development, surface 
water development, desalinization, and importation of Nile water by 
both pipeline and canal. Estimated capital investment and operating 
and maintenance costs are given for the Dispersed and Frontier 
Strategies; corresponding costs for the Recommended Strategy are 
reported in Chapter 6 of Volume III, An Economic Development and 
Investment Plan, 1983 to 2000. 

Although lack of data makes it difficult to estimate the quantity 
and therefore the costs of all available surface water9 costs are 
computed for three locations. Water spreading and runoff fanns are 
discussed briefly. Comparisons of water-cost curves for the major 
water sources are presented for representative areas, and conclusions 
are given based on development costs and the quantity a·nd quality of 
water resources. 

1.4 PRELIMINARY SINAI WATER PLAN 

Recommendations are made for the management of present and 
future water resourcesD including developrnent9 conservation, and 
monitoring. The eshblishment of a Sinai Water Authority and its 
proposed organizational structure are outlined. 

Research projects are suggested and described. These include 
studies of groundwater potential, pipeline construction compared to 
canal construction, rainfall and runoff, cloud-seeding, and reservoir 
storage feasibility. Other specific projects concern upgrading the 
meteorological network, evaluating potential dam sites, well-drilling 
and testing, and performing hydrologic studies on small basins. 

1. 5 ISSUES 

In evaluating Sinai water resources and planning the optimal 
development and allocation of water supplies to promote development, 
certain issues have emerged that should be addressed. These include 
the fo 11 owing: 

• The need to provide management of all present and future 
water resources of the peninsula, so that the aims of 
development are promoted and, at the same time 9 water 
resources are conserved ~nd used efficiently. 

1 Uncertainties regarding the quantities and quality of 
groundwater and the quantities of surface runoff available 
derive from a lack of data on local aquifers and on rainfall 
and runoff. These uncertainties make it difficult to plan 
with confidence for the optimum use of these resources. 

e The deterioration of groundwater quality in certain areas 9 

particularly near El Arish. 
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1 The need to identify cost-effective systems of conveying 
Nile water in Sinai, including take-off points consistent 
with the location and areal extent of all those reclamation 
areas to be selected in the next few years. The optimum 
combination of canal- and pipeline-conveyed water should be 
selected. In certain locations, qroundwater use should be 
considered to supplement Nile water irrigation during peak use. 

• The financing of large Nile water conveyance projects. 
This issue includes obtaining the required loans for the 
capital investment of over two bi 11 ion ·pounds (LE), and cost­
recovery for water development projects, or recovery of the 
operation and maintenance costs. 

1.6 RECOMMENDATIONS 

1 The management of water resources of the Sinai 
Peninsula by an agency that would be guided by a policy 
board. The functions of the agency would include the 
following: 

monitoring and information collection and processing 

establishment and management of water allocations 

planning and implementation of new water-development 
projects 

-- maintenance of water-supply civil works 
enforcement of or compliance with allocations 

education in good water management techniques. 

Immediate establishment of a temporary agency for the El 
Arish-Rafah area to monitor groundwater trends and use in the 
area, and to establish and enforce pumping quotas. After the 
fonnation of the Sinai-wide water agency, this temporary 
agency would be absorbed into the larger one. 

1 Immediate implementation of research and investigative 
projects to extend the present information base on Sinai 
water resources--an essential support for rational planning. 
The fo 11 owing recommended projects (discussed in Section 
5.5) are listed in order of priority: 

Groundwater: 
- Exploratory well-drilling and testing program in 

areas with the greatest development potential 

- Geophysical surveys in the El Arish-Rafah area 

Nile water supplies: 
Prefeasibility studies comparing the use of large 
pipelines and canals for land reclamation in Sinai 

- Prefeasibility study of alternate ta~e-off paints 
for Nile and drainage water 
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Rainfall and weather modification: 
- Improvement of Sinai meteorological network 
- Prefeasibility study of cloud-seeding in Sinai 

Surface water: 
- Runoff gauging stations 

Hydrologic studies on small basins 
- Evaluation of potential large and small dam sites. 

1.7 USE OF THIS VOLUME 

Although this volume was prepared to be read as an integrated unit, 
chapters can be read separately. Readers interested in general issues 
and future plans, may wish to skim the detailed analysis in Chapter 2 
and begin more careful reading with Chapter 3. Chapter 2 presents data 
currently available on the water resources of the peninsula, while 
Chapters 3 - 5 are oriented more towards projected future requirements 
and their probable costs, policy issues, plans and projects. Some 
readers of the draft have found it preferable to read Chapters 3 ... 5 
first, for an orientation on future prospects, before studying the 
resource picture (Chapter 2) in detail. 

1-5 



2o0 WATER RESOURCES ASSESSMENT 

2.1 INTRODUCTION 

This section reports the results of the Consultant's detailed 
assessment of existing and potential water resources in Sinai, including 
local surface water, groundwater, planned desalinization, current 
importation of water, proposed transfers of Nile water (including 
drainage water from Delta irrigation systems), and cloud-seeding 
possibilities. This assessment was the essential first step in preparing 
a water resources strategy, even in preliminary form, and in formulating 
recommendations for the management of water resources. 

The assessment began in the final weeks of 1980, continued through 
1981, was initially reported on early in 1982, and was reviewed and revised 
during the first quarter of 1983. Most of the results are reported in 
this volume. However, some additional data, figures and maps developed in 
the course of the analysis are in Working Papers and other project files 
at the Ministry of Development. 

The evaluation of Sinai water resources relied primarily on data and 
information obtained from existing reports and from Government data 
files. Dames & Moore staff made four reconnaissance field trips to Sinai 
in 1981 to study geology, groundwater resources, and surf ace water 
potential. Information was obtained during these trips with respect to 
possible well-drilling sites and existing water pipelines. In addition, 
several dozen wells were inspected, and water level depths were measured 
and water samples analyzed for specific conductance and chloride content. 
Apart from such limited direct data collection, the majority of pertinent 
information on water resources consists of data and information collected 
by others, including that obtained by the Desert Institute during its 
field investigation from March to July 1981, as part of this contract. 

Considerable effort was expended in the identification, collection, 
and study of over 300 references relevant to the water resources of Sinai. 
A list of references is included at the end of this volume. The 
references consist of government reports (both Egyptian and Israeli), 
journal articles, books, well logs, data sheets from several agencies, 
LANDSAT images of Sinai, 1:50,000-scale aerial photos purchased from the 
Ministry of Defense, 1:50,000- and 1:100,000-scale topographic maps, 
1:250,000- and 1:500,000-scale maps of Sinai~ and a 1:500,000-scale 
geologic map. These references were studied in detail, and any data 
relevant to the stratigraphy, aquifers, and water quality cha racteri sti cs 
or surface water potenti a 1 of Sinai were recorded on data forms. For 
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example, stratigraphic information needed to characterize potential 
aquifers in Sinai was recorded by first noting the location of the well 
or exposed section measured. Information on the location and ground­
surface elevation of each well or exposed section, as well as the referen~e 
providing the stratigraphic data, are given in Tables 2-1 and 2-2 in 
Working Paper No. 33, Water Resources. The stratigraphic data were recorded 
for each location in the same form as presented in Table 2-3 of Working 
Paper No. 33. 

Detailed information on 716 water points is provided in Working 
Paper No. 34,. described below, and can be found in SIS-I project files. 
Each card provides data on only one water point. Not all known wells or 
springs in Sinai are included in this data base, but an attempt has been 
made to include all water points about which some important facts are 
known, such as the depth or thickness of aquifers, well yields, or water 
quality. Some of the water points inventoried are not operational today 
(e.g., some consist of oil exploration wells that have been subsequently 
abandoned), but are included because they provide valuable data about the 
aquifers. The data base on Sinai water points brings together most of the 
significant information that has been collected by various investigators 
in this century. Because of the hydraulic continuity of several of the 
aquifers between Sinai and Israel, some Israeli water points located in 
the Negev are included in the data base.* 

*Hydrogeologic information cards (Working Paper No. 34) provide the 
information source or reference for each major parameter or character­
istic. The number found under the "Info Source" column corresponds to the 
number given in parentheses in the left-hand margin of the reference list 
provided at the end of this volume. The 11 Year 11 column refers to the year 
of publication or issuance of the information source. In the column 
headed "Date" is given the date on which the particular measurement or 
sampling was performed, if known. 
For each of the major water point parameters, an attempt was made to 
assess the reliability of the data. In most cases, this was difficult, 
and for most of the data, a reliability of 11 311 ("probably reliable") was 
assigned--with 11 411 representing highly reliable data. When inconsis­
tencies or conflicting data were encountered, those data that appeared 
most reasonable and which were obtained from the most reliable data 
source were retained. 
Water points are grouped into 30- by 30-minute grid squares. Each grid 
square is assigned a number according to the scheme given in Plate 5-1 
(Data Map for Wells and Springs) of Working Paper No. 45, Preliminary Map 
Portfolio. The number of the grid square where each water point is 
located is entered on line 4 of the hydrogeologic information card. 
Within each grid square, water points are assigned numbers sequentially, 
as shown on Plate 5-L This number is entered on line 1 of the hydro 
geologic information card. Elsewhere in this volume, water points are 
referred to by their I.D. number, which con~ists of the grid number and 
the water point number, separated by a hyphen. For more information on 
the method of coding data onto these forms, see Working Paper No. 34 in 
the SOS-I project files. 
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The other primary data category for this sector comprises meteor­
ological data, particularly precipitation and evaporation data. Twenty­
three meteorological stations have been identified in and adjacent to 
Sinai. A summary of relevant data from their records is given in Table 
2-L* 

The stratigraphic data, hydrogeologic water point data, and meteor­
ological data make up the basic data base for evaluation of the ground­
water and surface water resources of the peninsula. Analyses relevant to 
the av a i1 ability of water resources are based on these data and, to a 
lesser extent, on information provided on the geologic and topographic 
maps. The overall accuracy and reliability of the data base are good, but 
there are always a number of uncertainties with these types of data 
because of problems inherent in fieldwork (e.g., difficulties in locating 
data points accurately and the uncertain reliability of information 
obtained from local inhabitants). 

In certain respects, the data base is inadequate for a reliable 
assessment of water resources. This is particularly true with respect to 
meteorological data, runoff measurements, and well data for the carbonate 
rocks. Given the several physiographic provinces of Sinai, the density of 
existing meteorological stations is inadequate, and for many of the 
stations data are available for only a few years. For example, rainfall 
data for the southern mountain region are available from the 
St. Catherine station for only a 3-year period. Moreover, data on daily 
rainfall, rainfall intensity, and certain other important rainfall 
parameters are not available for most of the stations. 

Estimates of runoff flow for 4 years over the dam at Rawafaa on Wadi 
El Arish are the only available data on runoff quantities for any of the 
wadis of the peninsula. Therefore, in this report, estimates of runoff 
will rely on the results of studies made in similar terrain in other 
countries and on empirical formulae. 

With respect to the groundwater assessment, data on aquifer perme­
abilities and well yields are essentially lacking for the Middle 
Cretaceous, Upper Cretaceous, and Eocene carbonates, which are potential 
aquifers on the peninsula. As a result, estimates of well yields likely 
from these units are only rough approximations. An exploratory drilling 
program is, therefore, essential and should be incorporated into the next 
phase of investigation, as discussed in detail in Section 5.5. 

Available data confirm that most of the water currently used in Sinai 
is imported. There are pipelines and siphons under the Suez Canal at Port 
Said~ Qantara, Deversoir, Hamdi Tunnel, and El Shatt. Pipelines enter 
from Israel at Rafah and Taba, and tanker trucks and ships regularly 
deliver water. The pattern of importation was changing during the time of 
the study and is outlined in Table 3-1 of this volume. 

*Details can be found in Tables 2-4 and 2-5 of Working Paper No. 33, Water 
Resources .. 
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2.2 INDIGENOUS WATER RESOURCES 

2.2.1 Rainfall 

Of the 23 meteorological stations identified in and adjacent to 
Sinai, six are in Israel, four are in Egypt west of the Suez Canal, and 
the remaining 13 are in Sinai proper. Table 2-4 in Working Paper No. 33, 
Water Resources, gives the location, elevation, and years of record for 
each station, as well as the information source from which the meteor­
ological data were obtained. 

Of the 13 Sinai stations, the longest records are available for El 
Tor, Nakhl, and El Arish--with 48, 28, and 53 years of record, respec­
tively. However, continuous uninterrupted records are not available for 
Nakhl and El Arish. The stations with the shortest records are Sharm El 
Sheikh and El Maghara, each with a record of only 1 year. The only data 
available for the southern mountain region are those for St. Catherine-­
from 1934 to 1937. 

The average monthly rainfall data and Piche evaporation data were 
studied station-by-station.* These data include the average number of 
days each month when rainfall exceeds 0.1, 1, and 10 millimeters, as well 
as the maximum daily rainfall of record by month. A summary of the mean 
annual rainfall and evaporation data is given in Table 2-1. Analyses of 
detailed data indicate clearly that almost all of the rainfall in Sinai 
falls between October and May. Most of this is due to the low-pressur~ 
areas extending southward from the eastern Mediterranean at this time of 
year. 

An isohyetal contour map was prepared based on the mean annual rain­
fall given in Table 2-1. Another analysis showed contours of the average 
number of days per year with rainfall greater than 1 millimeter.** 

The central uplands and Southwest Subregion are the areas of lowest 
annual rainfall. In central Sinai, from the El Tih Plateau to Gebel El 
Maghara, mean annual rainfall ranges from 22 to 40 mm/year; along the 
southwestern coast, rainfall ranges from 10 to 22 mm/year. Rainfall is 
higher in the southern mountains (the 3-year average was 62 mm/year at 
St. Catherine), probably due to the orographic effect of the mountains. 
Northward and northeastward of Gebel El Maghara and Gebel El Halal, mean 
annual rainfall increases steadily, reaching 58 mm/year at Abu Aweigila 
and about 100 mm/year at El Arish. The increase in mean annual rainfall 
from El Arish to Rafah is particularly steep; Rafah has an average yearly 
rainfall of 304 mm/year. 

The average number of rainy days per year (greater than or equal to 
1 millimeter) ranges from 2 days at El Tor, 7 days at Abu Aweigila, and 

*See Table 2-5 of Working Paper No. 33, Water Resources,, 

**See Plates 3-2 and 3-3 of Working Paper No. 45, Preliminary Map Portfolio. 
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TABLE 2-1 

Summary of Rainfall and Evaporation Data for 
Stations in and Adjacent to Sinai 

No. Station 

1 Port Said 
2 I srnail i a 
3 Fayid 
4 Suez (old) 
4* Suez (new) 
5 Abu Rudeis 
6 El Tor (low) 
7 Sharm El Sheikh 
8 St. Catherine 
9 Ras El Naqbb 

10 E 1 Kunt il 1 a 

11 El Themed 
12 Nakhl 
13 El Hasana 
14 El Maghara 
15 El Arish 
16 Abu Aweigila 
17 El Quseirna 
18 Raf ah (high) 
19 Gazac 
20 Beershebac 
21 Shivtac 
22 Avdatc 
23 Eilatc 

Mean Minimum 
Annual Sea$ona l 

Rainfall Rainfall 
(mm) (mm) 

79.0 

37.7 

25.5 

24.7 

19.6 

21.5. 

10 .. 4 

23.8 

62.0 

27.7 
23.3 
29.0 

22.1 
27.9 
43.7 

99.7 
57 .. 8 
63.4 

304.1 
336.5 

195.0 

86.0 
83.0 

50 .. 0 

44.0 

Trace 

0.0 

0.0 

2.0 

0.0 

0.0 

10.0 

Trace 

25.0 

237.0 

42.0 

26.0 
25.0 
6,0 

3Measured with a Piche evaporator. 
bAirport near Ras Taba. 
cOutside Sinai. 

Maximum 
Seasonal 
Rai nf a 11 

(mm) 

165.0 

82.0 

52.0 

97 .o. 
76.0 

313 .0 

68.0 

77 .o 

214.0 

123.0 

497.0 
339.0 
153.0 

161.0 

98.2 

Maximum 
Daily 

Rai nf a 11 
(mm) 

58.0 
50 .. 8 

32 .. 4 

31.0 

49.6 

32.9 

37 .. 4 

20.4 

76.2 
15.0 

32.0 

142.0 

22.7 

32.0 

9.0 
59.0 

49.0 
24.2 
37.0 

84.2 
64.0 

Average 
Daily 

Evaporation 
(mm) a 

5 .. 3 
7.6 

9 .. 2 

1L5 

10.0 

9 .. 5 

11.4 

1L4 
4.6 

9.0 

4 .. 9 

7.9 

SOURCE: Derived from data in Tables 2~4 and 2-5 of Working Paper 
No. 33 in the SOS-I project files. Spec if i c references are 
provided for each of the data entries. The references are 
keyed by number to the reference list at the end of this 
volume. 
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18 days at El Arish to 35 days at Rafah. Analysis of the data shows 
that there is a direct relationship between the mean annual rainfall 
and the average number of rainy days. On the average, the greater the 
number of rainy days, the greater the annual rainfall, as one would 
expect. 

Annual averages are useful for certain long-term water balance 
evaluations, but the variability of rainfall from year to year and 
from storm to storm must be considered for the full assessment of an 
area's water resources potential. Desert areas such as Sinai are known 
to exhibit a greater variability of yearly rainfall than more humid 
regions. It is commonly held in Sin~i that the large floods or torrents, 
particularly on Wadi El Arish, occur about once every 5 years. Tables 
3-1 and 3-2 in Working Paper No. 33 provide year-by-year annual rainfall 
figures for El Arish and El Tor, respectively. While the magnitude of 
variation is greater at El Arish as a percent of the mean annual rainfall, 
it is apparent that the variability is greater at El Tor. Further 
analysis indicates that the standard deviation of the mean annual rain­
fall for those stations studied ranges from llmm/year at El Tor to 40mm/ 
year at El Themed. As a fraction of the mean annual rainfall, the 
standard deviation ranges from 0.38 at El Arish, 0.46 at El Quseima, 
0.74 at Nakhl, and 1.06 at El Tor, to 1.37 at El Themed. In general, 
it is seen that the lower the mean annual rainfall, the greater the 
year-to-year variability as a fraction of the mean. 

Diurnal mist and dew are sufficiently heavy in some high mountain 
valleys to be significant to the native flora and fauna and to support 
some economic grazing. The study found no data on this water source, and 
recommends that research be undertaken to learn more about its potential. 

Annual rainfall probability curves for El Arish and El Tor are 
presented in Figure 2.1. The greater slope of the line for El Tor indicates 
the greater degree of variability of annual rainfall there compared to 
El Arish. On the plot of the log of annual rainfall versus probability, 
the data points for El Arish fall roughly on a straight line, indicating 
that annual rainfall at El Arish tends to have a log-normal distribution. 
On the other hand, the data points for El Tor fall on a curve rather than 
a straight line; this was also true for plots on normal probability paper. 
Hence, annual rainfall at El Tor appears to be neither normally distributed 
nor log-normally distributed. 

2.2.2 Surface Water Resources 

2.2.2.1 Hydrographic Basins and Basin Areas in Sinai. For the purpose of 
this study, Sinai has been divided into 25 basin areas to facilitate the 
analysis of runoff potential and water balance characteristics. Later, for 
planninq purposes, these basins were grouped into subregions except for three 
"basins" (North Coast, Lawer El Arish and El Hasana-El Hema) which are split 
between Northeast and Uplands subreqions. For convenience in analysis, the 
largest basin, Wadi El Arish, is also subdivided into an Upper Basin and a 
Lower Basin, and the Upper Basin is subdivided in turn into smaller sub­
basins or tributary basins. 

In some cases, the basin areas represent basins drained by a single 
wadi or a single wadi system. This is the case for the El Arish Basin Area 
and the Gerafi, Feiran, Sidri, Baba, Gharandal, Sudr, El Hagg, El Giddi, 
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and Hegayi b Basin Areas. Most of the other basin areas are drained by 
more than one wadi. For example, the Umm Adawi Basin Area is drained by 
both Wadi Umm Adawi and Wadi Letih, and the Tayiba Basin Area is drained 
by Wadi Tayiba, Wadi Thal, and Wadi Waseiyit. The Was it Basin Area is 
drained by the main wadi--Wadi Watir--and also b~ a number of compar­
atively short wadis located between Nuweiba and E1lat, which empty into 
the Gulf of Aqabah. In addition, the Wadi Zeleqa subbasin, which appears 
to have no outlet, is also included in the Wasit Basin Area. 

Three of the basin areas have wadi systems that drain a portion of 
the basin area, but provide no outlet to the sea or to an adjacent basin. 
In such cases, rainfall, topographic, and soil conditions are such that no 
outlet has developed. Basin areas in this category are Umm Khisheib, 
Hegayib, and El Hasana-El Hema. The runoff accumulating at the lower end 
of these basin areas is disposed of solely by percolation and evaporation. 
Some investigators believe that the El Hasana-El Hema Basin Area drains 
into the lower basin of \iadi El Arish. While some underground seepage 
from the El Hasana-El Hema Basin Area may reach the lower Wadi El Arish 
Basin, there is no evidence from topographic maps and aerial photos to 
indicate that any wadi channels exist to carry surface runoff water across 
the basin boundary in that direction. In two of the basin areas--the 
north coast and northeast coast--no drainage system is presently in 
existence.* Hence, without any wadi-channeled runoff, rainfall on these 
two basin areas is disposed of by percolation and evaporation alone. The 
hydrographic basins of Sinai are shown on Figure 2.2 and listed in Table 
2 

The total land area of Sinai is estimated at about 61,000 square 
kilometers. Of this, the Wadi El Arish Basin, consisting of those portions 
of the upper and lower basins in Sinai, covers an area of about 19,050 
square kilometers, or approximately 31 percent of the area of the penin­
sula. Including the portion of the Wadi El Arish Basin outside Sinai, the 
total area of the basin is about 20,350 square kilometers. 

Saad, El Shamy, and Sweidan (1086) studied the basins of Sinai and 
determined that the El Arish Basin as a whole has a·drainage density of 

only 0.18 km- 1--significantly lower than that of most of the other basins 
of Sinai, with the exception of the Lahata, El Raha, El Giddi, and Hegayib 
Basins. The average for the basins draining to the Gulf of Suez or the 

Gulf of Aqabah is 0.29 km- 1 . Considering that the southern part of the El 
Arish Basin is believed to have a higher drainage density and consequently 
higher runoff than the average for the basin, these authors concluded that 
the northern part has a correspondingly lower drainage density, indicating 
the likelihood of a high degree of groundwater recharge. 

Topographic maps of central and north-central Sinai indicate the 
relatively low slope of the Wadi El Arish system in the area extending 
from Nakhl to El Arish. The average slope is estimated to be 4m/km. 
(1269) Moreover, three major natural controls in this wadi system 
are evident in the central part of the basin--at Gebel Kherim, Mitmetni, 

*With the exception of the relatively short Wadi Masagid in the North Coast 
Basin Area. 
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HYDROGRAPHIC BASINS, EXISTING 

G 

AN POSSI EDAM SI 

LEGEND 

HYDROGRAPHIC BASIN IDENTIFICATION 
NUMBER, REFER TO KEY FOR BASIN NAMES 

PORTION OF BASIN OUTSIDE 
SINAI PENINSULA 

EXISTING DAM, REFER TO KEY FOR DAM 
NAME.AND LOCATION 

POSSIBLE DAM SITE, REFER TO KEY FOR 
SITE LOCATION 

TO HYDROGRAPHIC BASINS-

IDENTIFICATION 
NUMBER BASIN 

1 .......... Upper El Arish 
1a ......... El Bruk 
1b ......... El Ruaq 
1c ......... El Aqabah 
1d ......... Geraia 
2 .......... Lower El Arish 
3 .......... Northeast coast 
4. . . . . . . . . . North coast 
5 .......... Hegayib 
6 .......... Iii Hasana - El Hema 
7 .......... El Gerafi 
8 .......... Wasit 
9 .......... Dahab 
10 ......... Kid 
11 ......... Umm Adawi 
12 ......... El Oaa 
13 ........ ·.Abu Durba 
14 ......... Feiran 
15 ......... Sidri 
16 ......... Baba 
17 ......... Tayiba 
18 ......... Gharandal 
19 ......... Wardan 
20 ......... Sudr 
21 ......... Lahata 
22 ......... El Raha 
23 ......... El Hagg 
24 ......... El Giddi 
25 ......... Umm· Khisheib 

-KEY TO EXISTING DAMS-

IDENTIFICATION 
LETTER 

NAME AND 
LOCATION 

A .......... Rawafaa Dam, Wadi El Arish 
B .......... Gudeirat Dam, Wadi El Gudeirat 
C .......... Perkins Dam, Wadi Sad 
D .......... Two Small Dams on Wadi Gharandal 
E .•.••..... Dam on Wadi Nefuz 
F .......... Dam at Wadi El Wadi, Wadi El Aawag 

(Destroyed) 
G .......... Dam on Wadi Shellal 

-KEY TO POSSIBLE DAM 

IDENTIFICATION 
LETTER LOCATION 

H .......... El Daiqa Gorge, Wadi El Arish 
I .......... Mitmetni Gorge, WadiEI Arish 
J .......... El Lahfan Gorge, Wadi El Arish 
K .......... Wadi El Hadira 
L. ......... Wadi Sudr 
M ......... Wadi Sidri 
N .......... Wadi Feiran 
0 .......... Wadi El Gerafi 

-NOTES-

Additional Information Pertaining to Hydrographic Basins 
may be found in Tables 2-2, 2-4, 2-11, and 2-12. 

FIGURE 2.2 
HYDROGRAPHIC BAS~NS, EXISTING DAMS 

AND POSSIBLE DAM SITES 



TABLE 2.-2 

Hydrographic Basin Areas in Sinai 

Bas in Area Subregion~/ 
( km2) 

1. Upper El Arish 16 305.E/ UP 
2 

a. El Bruk 3,345 UP 
b. El Ruaq 6 ,481 UP 
c. El Aqabah 2,839 UP 
d. Gerai a 3 ,641 UP 

2. Lower El Aris h 2 7 49S:./ , NE and UP 
3. Northeast coast 963 NE 
4. North coast 5,148 NE and UP 

5. Hegayib 1,680 UP 
6. El Hasana-El Hema 3,549 UP and NE 
7. El Gera fi 2 ,446 UP 

8. Was it 4,204 SE 
9. Dahab 2,684 SE 

10. Kid 1,355 SE 
11. Umm Adawi 964 SE 

12. El Qaa 3,904 SW 
13. Abu Durba 266 SW 
14. Fei ran 1, 717 SW 
15. Sidri 1,163 SW 
16. Baba 841 SW 

17. Tayiba 860 SW 
18. Gha randa 1 829 SW 
19. Wardan 1,569 SW 
20. Sudr 895 SW 
21. Lahata 603 SW 

22. El Raha 847 NW 
23. El Hagg 621 NW 
24. El Gi ddi 703 NW 
25. Umm Khisheib 4,641 NW 

TOTAL Approximately 61,00os!/ 

~/The Study Team defined five subregions for planning purposes. The 
boundaries of these subregions were based primarily, but not exclu­
sively, on the approximate boundaries of groups of hydrographic 

b/ basins. (See Figure 2.2, page 2-9.) 
- Total basin area includes an additional 45 square kilometers outside 

Sinai . 
. ~/Total basin area, including portions outside Sinai, is approximately 
d/ 4,000 square kilometers. 
- Sinai basin areas add to 61,507 square kilometers but are rounded to 

61,000 square kilometers in this report. 

SOURCE: The Consultant divided Sinai into 25 hydrographic basin areas 
for the purposes of this Study. Square kilometers were estimated 
by planimeter after basins were drawn on a 1:750,000-scale map. 

2-10 



and the northeastern end of Gebel El Halal. At the two latter locations, the wadi passes through significant gorges. At Mitmetni, the gorge separates Gebel s Tabaqet El Mitmetni and Tali at El Bedan. At Gebel El Halal, a sizable gorge--El Daiqa, through which the Wadi El Arish passes--separates Gebels El Halal and Dalfa. 

These natural controls limit the flow downstream during floods by effecting a degree of storage and water spreading in the wide wadi beds and flood plains upstream of the controls. This no doubt induces a certain amount of percolation into the wadi alluvium at those locations. It also implies that some of the water stored temporarily in these spreading areas will be 1ost through evaporation. The evaporation occurring after the· floods have passed, from the moist wadi bed and flood­plain soils, probably results in a concentr~tion of salts in the upper soil layers. This is evident at least in the Wadi El Bruk part of the basin, from soil analyses made in 1981 by the Des~rt Institute.(0267) Another effect of such natural controls is to reduce the silt load of floodwaters downstream of the control. The broad spreading areas upstream of these natural gorges thus serve as natural siltation basins. 

It can be concluded that the El Arish Basin differs significantly from most of the basins that empty into the Gulf of Suez or the Gulf of Aqabah. First, because of its generally low gradient, low drainage density, and the natural controls, the El Arish Basin can be expected to have a lower runoff yield per square kilometer of catchment area, at least as measured at the lower end of the basin. Secondly, because of the presence of the natural controls on Wadi El Arish, the average sediment load of floods on the wadi, as measured on the lower part of the basin, should be significantly less than would b~ expected from floodwaters in the wadis draining to the Gulf of Suez or the Gulf of Aqabah. 

2.2.2.2 Runoff Information. There are no accurate data on large basin runoff in Sina L Estimates have been mad~ of tot a 1 flood quantities occurring at Rawafaa Dam on the lower Wadi El Arish (north of Gebel El Halal) for 1948, 1950, 1951, and the 1965/1966 season. Qualitative descriptions of the size of the floods on the wadi, from 1925 to 1945, have been made by Government officials. This information is provided in Table 2-3. From this table, it would seem that if a "strong" flood can be 
equated with a quantity of about 20 x 106 cubic meters or greater, a "strong 11 flood on the lower Wadi El Arish could be expected every 2 to 4 years. There seems to be a relatively poor correlation between the annual rainfall at El Arish and the size of the flood, as shown in Table 2-3. 

Because of the paucity of runoff data for the large basins of Sinai, it is necessary to estimate potential runoff yields and flood flows for the major wadis by means of empirical formulae. Estimated flood flows for the basins of Sinai have been computed using empirical formulae reported by Finkel (0403), which were derived from inves~igations of runoff in basins on the Israeli side of the Araba Valley. 
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a 

b 

Date 

Oct. 1925 

Dec. 1928 

Dec. 1930 

Oct. 1931 

Dec. 1933 

Oct .. 1935 

Oct. 1937 

Oct. 1938 

Octo 1940 

Dec. 1942 

March 1943 

Jan. 1945 

1945 

1948 

1950 

1951 

1953 

1954-1964 

1965/1966 

1967-1974 

1975 

1976-1979 

1980 

TABLE 2-~ 

Reported Floodwater Quantities Flowing in the 
Lower Part of Wadi El Ari sh 

Magnitude of 
Flood (Torrent) 

"Very strong" 
11Strong" 

"Strong" 

"Medium" 

"Strong" 

"Strong" 

"Very strong" 

"Medium" 

"Medium" 

"Strong" 

"Weak" 

"Very strong" 

7 days continuous flow at Mitmetni 

21 x 106 m 3(b) 

18 x 106 
m 3(b) 

-3 x 10
6 

m
3(b) 

-800,000 m 
3 

(c} 

Information missing 

>l x 106 m 3(b) 

Information missing 

"Large flood" at El Arish 

Information missing 

"Large flood" at El Arish 

Annual 
Rainfall 

at El Arish 
(mm) 

114 

64 

110 

69 

82 

37 

123 

126 

94 

98 
121 

87 

127 

45 

126 

193/63 

Observed by Dr. A. Shata. 

At Rawafaa dam. 

cThe quantity reaching Wadi El Arish from Wadi Hareidin. 

Reference 

1268 

1268 

1268 

1268 

1268 

1268 

1268 

1268 

1268 

1268 

1268 

1268 

(a) 

1037' 1350 

1037 

1037 

1350 

1350 

1265 

1265 

SOURCE: Derived from Government data. See references cited above. 
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Peak flood flows (Qmax), in cubic meter? per second, are estimated by the equation: 

Q = Ki A0.67 max Eq ( 1) 

and, the volume of the annual flood (V)~ in 1,000 cubic meters~is given by: 

v _ K A0.67 - 2 Eq (2) 

where, A is the area of the basin in square kilometers, and K1 and K2 are constants depending on the probability of occ~rrence (0403): 

Probability of Occurrence 
Ki K2 in a Given Year 

( 80% 0.01 0 .168 ) 
( 10% 1. 58 26.5 ) 
( 2% 4.3 72.2 ) 

Finally~ the duration (D) of e~ch expected flood flow (in hours) can be estimated by: 

D = vL i 4 I Qmax • Eq ( 3 ) 
Table 2-4 shows that peak flood flows range from 0.1 to 7:7 m3/sec 

at a probability of 80 percent and from 55 to 3,310 m3/sec at a proba­bility of 2 percent. Average flood durations range from 19 to 33 hours at a probability 80 percent, and from 44 to 78 hours at a probability of 2 percent. As indicated in Table 2-4, flood flows are pelieved to be dissipated by infiltration into wadi beds, flood plain deposits or sand dunes before reaching the sea in seven of the basins, including Hegayib and Umm Khisheib. Some of the information in Table 2-4 compares favorably with that given in Table 2-3. For example, Table 2-3 indicates that flood 
volumes of approximately 21 x 106 cubic meters and 18 x 106 cubic meters were reported for the Lower Wadi El Ari sh in 1948 and 1950 respectively. These values correspond closely with the flood volume estimates at a probability of 10 percent, given in Table 2-4~ for the Upper Wadi El Arish 
Basin (17.6 x 106 cubic meters) and for the entire Wadi El Arish Basin 
(20.4 x 106 cubic meters). 

Potential runoff yields on an average annual basis have been com­puted for each Sinai basin area py mean$ of three other empirical formulae. This estimation was carried out as a part of the water balance analysis, and the results are presented in Section 2.2.4. · 
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TABL~ 2-4 

Estimated Flood Flows for Basins in Sinai 

Estimated Estimated Average 
Peak Flood Flow Flood Volume Flood Duration 

(1113/sec~a (m3 x 103}a (hr}a 
Area 

1!9-:.. Basin ~ Pao PIO 3-- Pao plO 
--r-

P2 Pao plO 

Entire Wadi El Arish, 
subtotal 19,055 7.7 1,220 3t310 130 20,400 55,600 33 

1 Upper Wadi El Arish, 
subtotal 13:§~~ 6.7 1,~~g 2,~~g 110 17.600 48,,000 33 66 

la El Bruk n Jg' 6,090 16,690 28 57 
lb El Ruaq 6,481 3.6 570 1,540 60 9,490 25,800 30 60 
le El Aqabah 2,839 2.1 330 890 35 5,460 14,900 28 56 
ld Gera1a 3,641 2.4 380 1,050 41 6,460 17,600 28 57 

2 Lower Wadi El Arish 2,749 2.6 410 1,110 44 6,870 18,700 28 58 
3 Northeast Coastb 963 1.0 160 430 l7 2,650 7,200 25 50 
4 North Coastb 5,148 3.0 480 1,320 52 8,130 22,100 29 59 

5 Hegayibb 1,680 1.4 230 620 24 3,840 10.500 26 53 
6 El Hasana-El Hemab 3,549 2.4 380 1,030 40 6,340 17,300 28 57 
7 El Geraf i 2,446 1.9 290 800 31 4,940 13.500 27 55 

8 Was it 4,204 2.7 420 1,150 45 7,100 19,300 29 58 
9 Dahab 2,684 2.0 310 850 33 5,250 149300 27 56 

10 Kid 1 ,355 1.3 200 540 21 3,320 s.100 26 52 
11 Umm Adawi 964 1.0 160 430 17 2,650 1.200 25 50 

12 El Qaa 3,904 2.5 400 1,100 13 6,750 18,400 28 58 
13 Abu Durba 266 0.4 67 180 7 1,120 3,000 22 45 
14 Feiran 1,717 1.5 230 630 25 3,900 10,600 26 53 
15 Sidri 1,163 1.1 180 490 19 3,.000 8,200 25 51 
16 Baba 841 0.9 140 390 15 2,400 6,600 25 50 

17 Tayiba 860 0.9 150 400 15 2,500 6,700 25 50 
18 Gharandal 829 0.9 140 390 15 4,400 6,500 25 50 
19 Wardan 1,569 1.4 220 600 2J 3,670 l0,000 26 53 
20 Sudr 895 0.9 150 410 16 2,500 6,900 25 50 
21 lahata 603 0.7 120 310 12 1,930 5,300 24 48 

22 El Raha 847 0.9 140 390 15 2,430 6,600 25 50 
23 El Haggb 621 0.7 120 320 12 1,970 5,400 24 49 
24 El Giddib 703 0.8 130 350 14 2,140 5,800 24 49 
25 Umm Khisheibb 4,641 2.9 450 l,230 48 7,580 20,700 29 59 

a11 P80
11 refers to a probab1lity of 80 percent, 11 P10

11 refers to a probability of 
b 10 ~ercent, and 11 P2

11 refers to a probability of 2 percent.. 
Bas~ns wher~ flood flows are dissipated by infiltration into wadi beds, flood­plain depos1ts, or sand dunes before reaching the sea. Indicated flood flows 
and flood volumes for these basins are more hypothetical than actual. 

SOURCE: Based on empirical equations reported by Finkel (0403) for the Araba Valley. 
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78 

76 
65 
70 
64 
66 

67 
58 
68 

61 
66 
64 

67 
64 
60 
58 

66 
52 
61 
59 
57 

58 
57 
61 
58 
56 

58 
56 
57 
67 



Vair and Lavee (1485) reported on results of simulated rainfall on 
experimental plots along the Gulf of Aqabah, between Nuweiba and ~ilat. 
The work was done on six talus slopes, with rock consisting of granite/ 
schist, magmatic dyke, sandstone, or limestone. The ~ize of the 
controlled plot portion of each slope r~nged from 70 to 140 square meters. 
Simulated rainfall--ranging from 4 to 12 millimeters and at intensities 
from 0.2 to 1.2 mm/min--was ~pplied three times to each plot. The average 
runoff coefficient ranged from 7 percent on the coarse sandstone talus 
slope and 20 percent on the limestone slope to 25 percent on the granite/ 
schist or dyke rock talus slopes. The authors found that some of the 
runoff differences shown are due less, to different lithology than to 
differences in the particle size distribution of the talus itself. They 
conclude that under talus slope conditions, and other things being equal, 
the gr~ater the 050 (median particle size) of .the upper gravelly layer, 
the greater the runoff yield. 

Evanar i, Shanan, and Tadmor ( 0384) report on results of runoff 
measurements on eight small wqtersheds on a research farm at Avdat in the 
Negev. Measurements were made from 1960 to 1967--during which time the 
annual rainfall ranged from 26 to 190 millimeters. Seven of the water­
sheds were sma 11, ranging in size from 1 to 7 hectares. The average 
annual runoff coefficient for these seven watersheds ranged from 1~2 to 
13 percent over the same 7-year period. The annual runoff coefficient for 
the largest watershed (345 hectares) ranged from 0.4 percent for the year 
of the lowest rainfall to 8.6 percent for the year of the next to highest 
rainfall. The authors• conclusion is that the larger the watershed, the 
smaller the runoff yield (in millimeters). Based on these measurements 
and on controlled runoff experiments, they further conclude that under 
those Negev conditions, lands of relatively low slope with little stone 
cover produce the greatest runoff yield. These results are important for 
comparable parts of Sinai, where runoff may be effectively conserved and 
used on a small scale for cultivation or livestock. 

2.2.2.3 Existing Dams in Sinai. Seven dams in Sinai are mentioned in the 
literature. Details on these dams are provided in Appendix Table A~2. 
Three are masonry dams--Rawafaa Dam, Ein Gudei rat Dam, and Perkins Dam. 
(1268) Rawafaa and Wadi Nefuz (near Feiran Oasis) are currently silted 
up. The dam built at El Wadi, north of El Tor, has been washed away. 
Ein Gudeirat is masonry and badly damaged. The locqtions of seven 
historic dams are shown on Figure 2.2, along with sites proposed but not 
yet verified for future development. 

Of the seven dams, Rawafaa is the most interesting from several 
points of view. An arched masonry dam located on'Wadi El Arish, about 
52 kilometers south of El Arish town, it was built in 1946 and reportedly 
had an initial capacity of about 3 million cubic meters.(1350) References 
(1268) and (1350) report that the dam is silted up; however, Taha (1350) 
also provides data indicationg that the· dam was reduced in capacity from 

3.03 x 106 cubic meters in 1949 to 2.94 x 109 cubic meters in 1958--

equi valent to an average loss of capacity of only lQ,000 m
3
/yr. Assuming 

that the useful life of the reservoir would end if its capacity dropped to 

1 x 106 cubic meters, and assuming an average siltation rate of 10,000 m
3
/yr., 
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it would appear that the reservoir should have a useful life up to the 
year 2150! The loss of capacity, estimated by Taha, may be considerably 
lower than actual, simply because the measurements appear to have been 
taken just behind the dam, where the sediment buildup is not likely to be 
as great as in the "delta" at the head of the reservoir. Cl early, more 
information is needed to recon~ile these conflicting sources. Careful site 
inspections with surveyed measurements are recommended as soon as possible. 
Some of the reservoir capacity probably remains, in which case plans sho~ld 
be made for the most effective use of the reservoir water. 

In addition to the problem of siltation, the Rawafaa reservoir 
experienced, or is experiencing, both evaporation and seepage losses. 
Severa 1 investigators have noted the presence of we 11-fractured Eocene 
limestone underlying the reservoir. This could lead to high seepage 
losses if the sediment has not been deposited thickly and uniformly enough 
over the entire reservoir area. The problem of seepage and evaporation 
losses from such reservoirs is discusseq in Section 2.2.2.5. 

202.2.4 Conservation and Use of Runoff Water. Several methods have 
traditionally been employed in Sinai to store or conserve runoff water for 
use as drinking water and for agriculture. In many areas, cisterns are 
being used to collect and store water for 1 ivestock and domestic use. 
Ci sterns are presently used at El Feteh at Gebe 1 El Maghara. Three 
kilometers west of El Hasana, "haraba" have been created in small caves in 
the mountains.(0233) These are of varying sizes, but average about 
100 cubic meters in capacity. Inlets have been made in the roofs of the 
caves, and covers are provided for the inlets. The haraba fill up with 
runoff water during storms. Th~ person or family who constructed the 
inlet and cover is the owner, and they generally padlock the cover shut 
when the haraba is not in use.(0233) With good rainfall periods, the 
water collected in a haraba can last a family for up to 1 year. 

The Bedouin families in Sinai make use of floodwaters for agri­
culture. In many areas, the 1 and in the wadi beds is p 1 owed and 
cultivated after the first rains of a season. This is the practice, for 
example, in Wadi El Hasana (at a location about 7 kilometers southwest of 
El Hasana town), and in Wadi El Arish, 3 kilometers northeast of Nakhl. 
The crops grown include barley, corn (maize), tomatoes, watermelons, 
sesame, grapes, pomegranates, and olives.(0233) 

In many cases, the Bedouins have constructed spreader dykes in the 
wadi beds, and cultivation is then carried out just upstream of the dyke. 
These are known locally as "El Oqum" and consist of low earthen or stone 
dykes. ( 1269) The effect of the dykes is to s 1 ow the passage of water 
downstream by spreading and storing some runoff water. At the same time, 
sediment is deposited behind the dykes and deve 1 ops into re 1 at i ve ly 
fertile agricultural soil. Frequently, before the dykes are stabilized 
by the substantial deposit of sediment, they are damaged or totally 
destroyed by floods and have to be rebuilt.(1269) In early 1982, there 
was a Government plan to construct three earthen dykes across Wadi El 
Hasana.(0233) A bar of blown sand reportedly serves as a natural spreader 
dyke in Wadi Abu Hagar, a tributary to Wadi Wardan, near Gebel Khoshira. 
The Bedouins reportedly cultivate beans, wheat, and other cereals behind 
thi$ f~ature.(0890) _ 
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Sixty-two areas containing spreader dykes were inventoried by 
studying 1955-to-1956 aerial photographs obtained from the Egyptian 
Military Survey Department.. Each of these areas generally includes 
several spreader dykes. Of the 62 areas, 40 are located on the Wadi El 
Arish Basin. A list showing spreader dykes areas in Sinai, is qiven in 
Data Entry WA-SU-4 in Volume VII.* In addition, there are other areas 
containing spreader dykes that could not be identified on the photo­
mosaics. For example, earthen dykes have been constructed by the Bedouins 
north of El Rawafaa on the lower Wadi El Arish.(1037) 

2.2.2 .. 5 Future Regulation and Storage of Runoff.. Traditionally, one 
thinks of public supply or irrigation, groundwater recharge, flood 
protection; electrical generation, or a combination of these as possible 
reasons for dam construction. 

The supply of runoff water is too sporadic and irregular over the 
entire peninsula to think of constructing dams for hydroelectrical 
generation. At the present time, it would seem that the need for flood 
protection, by itself, is not sufficient to justify dam construction. The 
value of existing roads, bridges, and buildings likely to be damaged or 
destroyed by floods does not appear to justify a large expenditure for dam 
construction and maintenance in any area of Sinai. The flood wall at El 
Arish town, along the edge of Wadi El Arish, was designed to provide 
protection for the present level of development. There is certainly a 
need in many areas of Sinai for water for public supply and irrigation. 
But at what locations can sufficient quantities of water be stored, to be 
conveyed to the point of use at a reasonable cost? The answer, of course, 
requires an extensive analysis of each potential dam site, including: 

Expected yield from its catchment. 

Size of reservoir appropriate for the expected inflow sequence. 

Expected firm yield or release rate from the reservoir. 

Estimated cost of dam construction and of conveyance of water 
to the point of use. 

Certain problems--typical of arid areas--are anticipated with any 
dam project in Sinai. They can be summarized as follows: 

Runoff-producing storms occur so infrequently that most or all 
potential reservoirs will be dry part of the time. 

Areas downstream of a dam will be deprived of normal wadi flow 
for cultivation and groundwater recharge. 

Seepage from the bed of the reservoir may inqeed recharge an 
aquifer, but the aquifer may be one from which the groundwater 
cannot be conveniently or economically retrieved. 

Evaporation losses are likely to be high, particularly in the 
summertime, and will result in a major loss of water from the 
reservoir. 

*Locations are mapped as "1955-56 agricultural sites 11 in Plate 6-5 of 
Working Paper No. 45 in the SOS-I project files. 
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Siltation of the reservoir is likely to occur at a rapid rate 

due to the relatively barren catchment areas found in arid 

regions. 

With regard to areas downstream of a dam, it is important to assess 

the effects of dam construction on the use of wadi runoff. Local inhab­

itants, living a f~w to several kilometers downstream of a potential dam 

site~ may depend on annual or biannual floods for cultivation of their 

crops and, indirectly, for groundwater recharge for their wells. If the 

plan is to supply reservoir water to communities farther downstream of 

these inhabitants, they could be completely bypassed and their livelihood 

threatened due to the absence of seasonal flooding. 

Reservoir siltation is a serious problem in any arid environment. As 

a minimum~ any potential reservoir site must be large enough to provide a 

substantial dead storage volume to accommodate the expected sediment load 

of inflowing runoff water. Under certain conditions, c,'lS mentioned in 

Section 2.2.2.l with respect to the Wadi El Arish Basin, a significant 

portion of the sediment 1 oad of floodwaters may be dropped prior to 

reaching a given reservoir site. This wil 1 usually occur only if the 

basin is large, with a relatively low gradient, and contains one or more 

natural controls that create silting basins on their upstream side~ 

Development of the surface water resources of a basin involves 

chaos i ng between large downstream reservoirs or sma 11 upstream reser­

voirs. The construction costs of downstream reservoirs are high, 

particularly in arid areas such as Sinai, where the high, but infrequent, 

peak flood flows necessitate a large spillway, the cost of which would 

probably be disproportionate to the value of water stored.(0403) Also, 

downstream reservoirs, generally located at relatively low elevations, 

tend to have high evaporative losses. On the other hand, small upstream 

reservoirs may involve relatively high unit construction costs because of 

problems of site accessibil ityQ (0403) Of more importance, if small 

upstream reservoirs are a considerable distance from the potential points 

of use, this would necessitate a substantial investment in conveyances. 

A case can be made for small upstream reservoirs, with dams of simple 

design, where the water is to be used for livestock and/or small-scale 

irrigation immediately downstream. A stronger case can be made for small 

dams to enhance the resource base of dispersed settlements such as El 

Kuntilla, El Quseima, Nakhl, El Themed, and Ras Taba. 

Diversion works at downstream locations in arid areas tend to share 

some of the disadvantages of the large downstream dams. Because of 

infrequent floods~ canals accommodating diverted flood flow may have to 

be relatively large to justify the cost of the diversion structure& A 

rough calculation was performed for a hypothetical diversion structure 

upstream of El Arish town to carry runoff water to groundwater recharge 

basins. It was estimated that diversion of only one-tenth of a flood flow 

(estimated to amount to 30 x 106 cubic meters of water), expected perhaps 

every 2 to 4 years, would require two canals--each 6 meters wide at the 

top and 204 meters deep. In addition, the diversion dam would have to be 

fairly long. All of this would involve relatively high cost, considering 

the infrequency of the event and that it would result in the recharge of, 
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at most, only 3 million cubic meters of water each time. This is the 
amount currently estimated to be withdrawn from the Quaternary aquifer at 
El Arish over a 120-day period. 

2.2.2.6 Eight Potential Darns. Several potential dam sites in Sinai have 
been suggested for consideration by different investigators. (Details on 
eight possible darn sites are given in Appendix Table A-3, see also Figure 
2.2.) This by no means exhausts the potential, but includes the best and 
representative examples. The two most interesting locations, from the 
point of view of possible water supply to El Arish town and topography, 
are on Wadi El Arish--one in the El Daiqa Gorge at Gebel El Halal and the 
other at the Mitmetni Gorge separating Gebel Taliat El Bedan and Gebel 
Tabaqet El Mitmetni. As mentioned in Section 2.2.2.1, these two gorges, 
in their natural state, already serve as controls to the flood flows and 
effect a certain degree of water holdback and storage immediately upstream. 
The additional benefits that could accrue from either one of these dams 
must be weighed carefully against expected costs and drawbacks. 

El Arish town is the community downstream of the two dam sites that 
is in most need of water. El Arish would be one logical point of use for 
water from either of the two possible reservoirs. Three major drawbacks 
of this proposal are that: 

It will result in depriving the area between Gebel El Halal and 
El Arish of seasonal wadi flows, resulting in the subsequent 
reduction of local groundwater recharge and groundwater 
quality. 

It will require a relatively long pipeline and possible pumping 
station to convey the water from the reservoir to El Arish, a 
distance of 63 kilometers for the closest of the two sites, El 
Da iqa .. 

Because of high evaporative losses and the infrequency of 
floods, the dependable yield or release rate from each 
reservoir is expected to be modest. 

Another option could be considered. To avoid the cost of conveyance 
of the water to El Arish and.to provide water to users immediately down­
stream, the purpose of either the El Daiqa or the Mitmetni reservoir could 
be shifted, so that the water would be dedicated for irrigation (or 
industrial use) in the reach extending several kilometers downstream of 
the dame This could provide some genuine benefits. But the drawback 
associated with this option is that the El Arish area would be largely 
deprived of seasonal wadi flow, which is one of the important sources of 
recharge for the Quaternary aquifer. 

An analysis was made of the possible effects of evaporation and 
seepage on the constant re 1 ease rate avail ab le from a reservoir at El 

2-19 



Daiqa. An average daily evaporation rate of 5.2 mm/day was assumed, based 

on results of the calculation of the reference evapotranspiration rate 
for El Arish by the modified Penman method (see Data Entry EN-CL-13 in 

Volume VII). For the purpose of the calculation, the steady-state seepage 

rate from the bottom of the reservoir was assumed to be one-fourth of the 
daily evaporation rate. The reservoir was assumed to have the shape of an 

inverted frustum of a cone, with a live capacity of 30 million cubic 

meters and a dead volume of 10 million cubic meters. The reservoir was 

assumed to be filled once every 3 years. 

It shou 1 d be noted that the assumed capacity of 30 mil 1 ion cubic 

meters for a reservoir at El Daiqa Gorge was based partly on an analysis 

performed by using the flood information given in Table 2-3. By making 

certain rough assumptions regarding the numerical equivalent of 11 very 

strong, 11 "strong, 11 "medium, 11 and "weak" floods (reported in Table 2-3), a 

cumulative flood flow versus time graph was constructed for the lower Wadi 

El Arish, from ~hich the reservoir capacity was estimated. 

With the aid of a programmable calculat9r, daily accounting was made 

for 25 to 650 days of changes in storage resulting from evaporation and 

seepage and from a constant rate of rel ease downstream. By performing 

several runs--each with a different constant release rate--a curve was 
developed relating the rate of constant release in cubic meters per day to 

the number of days to draw off all the live storage. This curve is shown 

in Figure 3 of Working Paper No. 33, Water Resources. 

A derived curve, relating the constant rate of rel ease to the 

percentage of the initial live volume that was released from the reservoir 

for downstream use, was also developed. It is ~lear that by increasing 
the release rate, the percentage of initial live volume that can be used 

downstream increases. At a release rate of 60,000 m3/day, 55 percent of 

the initial live volume is recoverable, but the supply lasts only about 

275 days. At a release rate of 20,000 m3/day, 30 percent of the initial 

live volume is recoverable, and the supply lasts about 450 days. 

Similar curves were developed for the Rawafaa Dam on the lower Wadi 

El Ari sh, for which it was assumed that seepage losses equal~d evaporation 
losses. (See Figure 3-2 in Working Paper No. 33 in the SOS-I project 

files.) It was assumed that a live storage of 2.2 x 106 cubic meters 

still remains at Rawafaa (quite possibly an erroneous assumption), that 

there is a dead volume of 0.5 x 106 cubic meters, and that it fills once 

every 2 years. At a constant release rate of 3,000 m3/day, it would be 

possible to recover about 30 percent of the initial live volume, with the 

supply lasting about 210 days. At a release rate of 1,000 m3/day, only 

13 percent of the initial volume is recoverable, but the supply lasts 
about 285 days. 

The other site on Wadi El Arish, near Bir El Lahfan, would be an 

attractive location with respect to serving the El Arish area. It 

could, however, have certain problems--for instance, there may be no 

proper foundation for a dam structure and the underlying fractured and 

faulted Cretaceous rocks could mean high seepage rates. Detailed site 

investi~ations are required. 
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It is assumed that a dam at Bir El Lahfan would be founded at about 

elevation 40 meters, with a spillway crest elevation of 53 meters. The 

computed live capacity would b~ 11 x 106 cubic meters, with a dead storage 

of 2 x 106 cubic meters. Curves of rel ease rate versus duration of 

expected supply were also developed for this site, assuming that the 

seepage loss rate equaled evapor&tion. The analyses showed, for example, 

that a release rate of 12,000 m3/day could be sustained for 290 days, or 

18,000 m3/day for 250 days. It was assumed that the ~eservoir would fill 

on the average once in every 3 years. 

Other potential dam sites might be c9nsidered in addition to the 

three mentioned on Wadi El Ari sh, as shown in Data Entry WA-SU-5 in Volume 

VII, though they do not have topographic characteristics as attractive as 

those at El Daiqa Gorge and at Mitmetni Gorg~~ The five locations 

selected are on the following wadis--Wadi El Hadira at Gebel El Halal 

(UP),.Wadi Sudr near Ain Sudr (SW), Wadi Sidri near Gebel Maghara (SW)~ 

Wadi Feiran upstream of the oasis (SW), and Wadi El Gerafi near Kuntilla 

(UP) .. 

The rate of siltation at these other 1 ocat ions is expected to be 

definitely higher than at the Wadi El Arish sites. With the exception of 

possible dams on Wadi El Hadira and Wadi El Gerafi, the distance to the 

points of use is considerable. This, taken with the high evaporation rate 

and the infrequency of storms, leads to a prediction that the benefit-cost 

ratiq associated with dams at these five locations is unlikely to exceed 

1:1. Some locations (e.go, Wadi El Gerafi) have lesser opportunities for 

alternative water sources. 

To assess more closely the feasibility of developing water supplies 

on some of the large wadis of Sinai, preliminary site investigations and 

benefit-cost analyses might be performed for four of the most promising 

and representative dam sites -El Daiqa Gorge, Bir El Lahfan site, the Wadi 

Sudr site, and the site on Wadi Hadira (as an example of a small 

reservoir) .. 

2.2.2.7 Potential for Small-Scale Runoff Water Conservation and Use. The 

conservation and use of runoff water, on a small scale, must be considered 

in any overall water and agricultural strategy for the peninsula, to 

include: 

Projects to conserve runoff water for range improvement and for 

the enhancement of intermittent cultivation. 

Projects to establish relatively intensive "runoff farms. 11 

In both cases~ project feasibility should be examined from two points of 

view. The physical characteristics of each site (e.g., position in the 

basin, topography, soils, and vegetation) must be suitable to ensure the 

project's success. The Bedouins or farmers who will use and maintain the 

proposed devices and systems must understand their operation and should 

be committed to work on a long-term basis. 
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For the improvement of rangeland and the ~nhancement of intermittent 
cultivation, several types of floodwater spreading systems have been used 
in different arid or semi-arid areas of th~ world. The presence of old 
spreader dykes at 62 locations in several wadis was already noted in 
Section 2.2.2.4. 

In the right locations, properly designed qnd maintained spreader­
dyke systems can be a real benefit for local range and cultivation 
improvement. These systems may consist of only a single long spreader 
dyke extending across the wadi and partially across the flood plain-­
often with outlet holes or outlet structures along its length.. Alter­
natively, an upstream spreader dyke or diversion dyke may serve to divert 
a port ion of the wadi flood fl ow to a series of other spreader dykes 
located downslope and.well up on the flood plain on one side of the wadi. 
The dykes on the flood plain would be arranged in a series, so that 
overflow from one would be diverted to the next downgradient dyke, etc. A 
schematic representation of such a system i~ given in Figure 2.3.(1331) 

To make such water-spreading systems economically attractive, the 
dykes should be construct~d of locally available materials and be of 
simple design. In most cases, a low (0.5-meter settled height) stone or 
rock dyke is most appropriate because of the availability of the material 
and the relatively low cost of the initial construction and subsequent 
repair .. 

The purposes of new water-spreading systems in Sinai would be 
primarily to improve the rangeland at selected locations and to extend the 
areas that can be cultivated, at least intermittently. The use of 
properly designed and maintained water-spreading systems in several arid 
to semi-arid areas in the western United States has resulted in signi­
ficant increases in the livestock carrying capacities of rangeland.(1331) 
The area just upstream of each spreader dam is where pasture improvement 
and crop cultivation take place. Two other important benefits from a 
water-spreading system are the increased percolation of runoff water to 
underlying shallow alluvial aquifers, and the reduction of soil erosion. 
If the underlying alluvial materials constitute a good aquifer, with 
induced local recharge, groundwater quality as well as quantity might be 
maintained at an acceptable level for irrigation, so that wells can be 
used in conjunction with surface water runoff to sustain local agri­
culture. 

The locations for new water-spreading systems must be.chosen care­
fully. In general, the upstream portions of basins are preferable because 
flood flows are not as large there, and the danger of flood damage to the 
dykes is thus reduced. Ideally, sites with a gently sloping plain without 
gullies are best.(1331) For Sinai conditions~ slopes r~nging from 2 to 
5 percent should be acceptable. The soils shoµld preferably be deep and 
of a sandy-to-loamy texture. Soils very high in soluble salts should be 
avoided .. {1331) 

Floodwaters can be diverted from the wadi to the water-spreading 
area by means of either a low earthen diversion dam or dyke or by means of 
partial diversions. A partial diversion consists of µ diversion channel 
cut into the side of the wadi b~d, which has. its bottom at approximately 
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the same elevation as the bottom of the wadi bed. The diversion channel 

is constructed with an acceptable uniform slope and extends from the wadi 

bed to the uppermost spreading dyke. Depending on the average sediment 

load of the upstream floodwaters, such diversion channels may need 

frequent c 1 ean i ng . .' 

If the spreading area has an average slope of less than 2 percent, 

ponding-type spreading is recommended, using a series of spreader dykes, 

as shown on Figure 2.3. For slopes greater than 2 percent, wild flood 

spreading should be considered.(1331) Under this method, water is 

released at a number of points from one or two upper spreader dykes and 

is allowed to flow directly down the slope. In some cases, relatively 

short secondary dykes are placed in a staggered fashion downslope to 

diffuse the flow over as broad an area as possible. 

Spreader dykes are generally located approximately along the land 

contour, with just enough slope to induce water movement from one end to 

the other. At the lower end of each dyke, a spillway must be constructed 

of sufficient width to convey the excess water downslope, either toward 

the next lower spreader dyke or as wild flooding. 

If it can be justified economically, and if a suitable site exists, 

it is frequently advantageous to locate a small temporary storage 

reservoir upstream of the water-spreading system. Flood peaks which 

might otherwise be unmanageable could be handled by the water-spreading 

system; the time of water spreading wquld be increased for flows of short 

duration; and such storage reservoirs would serve in part as siltation 

basins and provide a measure of flood control.{1331) 

Based on the results of the land capability analysis reported in 

Volume IV, it would appear that the most promising areas for small-seal~ 

cultivation or range improvement based on water-spreading systems include 

the upper reaches and tributary areas of the following wadis (Figure 2.4): 

Northwest Subregion 
1. Umm Khi shei b 
2. El Gi ddi 
3. El Hagg 

• Southwest Subregion 
1. Tayiba and El Hommur 
2. Baba (lower reaches) 

Southeast Subregion 
1. Watir 
2. Dahab 
3. Lithi 
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• Uplands Subregion 
l. Draining Gebel El Maghara 
2 . Or a i n i n g Gebel Ye 1 1 e q 
3. El Hasana 
4 . Dr a i n i n g Gebel E l Hal a 1 

5. El Gayi fa 
6. Hegayib 
7. El Bruk 
8. Geraia 
9. El Aqabah 

10 . E 1 Ge ra fi 
11. Upper Wadi El Arish 
12. El Ruaq 
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CANDIDATE AREAS FOR AGRICULTURE 
BASED ON WATER-SPREADING SYSTEMS 

LEGEND 

-MAP UNITS-

CANDIDATE AREAS FOR AGRICULTURE 
BASED ON WATER-SPREADING SYSTEMS* 

-SUITABILITY OF SOILS FOR CROP CUL TlVATION-

1 LIMITATION 

2, 3, OR 4 LIMITATIONS 

MAJOR AGRICULTURAL PROJECTS 
UNLIKELY; LIMITATIONS TOO 
NUMEROUS, COSTLY OR SEVERE 

*Groundwater may be used to supplement run-off in some areas. 

-KEY TO NUMBERED MAP UNITS-

-NORTHWEST-

NUMBER WADI OR TRIBUTARY AREAa 

NW 1 ............ Umm Khisheib 
NW 2 ............ El Giddi 
NW 3 ............ El Hagg 

-UPLANDS-

NUMBER WADI OR TRIBUTARY AREAa 

UP 1 ............. Draining Gebel El Maghara 
UP 2 ............. Draining Gebel Yelleq 
UP 3 ............. El Hasana 
UP 4 ............. Draining Gebel El Halal 
UP 5 ............. El Gayifa 
UP 6 ............. El Hegayib 
UP 7 ............. El Bruk 
UP 8 ............. Geraia 
UP 9 ............. El Aqabah 
UP 10 ............ Gerafi 
UP 11 ............ Upper Wadi El Arish 
UP 12 ............ El Ruaq 

-KEY TO NUMBERED MAP UNITS-

-SOUTHWEST -

NUMBER WADI OR TRIBUTARY AREAa 

SW 1 ............ Tayiba and El Hommur 
SW 2 ............ Baba 

-SOUTHEAST-

NUMBER WADI OR TRIBUTARY AREAa 

SE 1 ............. Watir 
SE 2 ............. Dahab 
SE 3 ............. Lithi 

aSites suitable for agriculture based on water-spreading 
systems are most likely to be found in the upper reaches 
and tributary areas of listed wadis; candidate areas most 
suited for early investigation and development are showo. 

FIGURE 2.4 
CANDIDATE AREAS FOR AGRICULTURE 
BASED ON WATER-SPREADING SYSTEMS. 



Site reconnaissance, combined with detailed analysis of aerial photos and 
topographic maps, will assist in identifying the best areas for promoting 

water-spreading agriculture.. To ~stablish a priority· for developing 
these areas, it is necessary to consider the existing Bedouin population 
as well as any local plans to improve rangeland and cropland. 

In addition to water-spreading systems, other water conservation 
practices, such as contour furrowing or s0il pitting, can be considered 
for improving rangeland. With contour furrows, shallow ditches are dug 
along the contour for holding back rainwater.(1331) Cross dams are 
incorporated in the furrows at frequent intervals to keep the water well 
ponded. Soil pits consist of intermittent contour furrows, and Gan be dug 
by hand. Both of these methods generally cost less per feddan than water­
spreadi ng systems. They are .recommended ove·r water-spreading systems 
where the average slope exceeds 5 percent, and can be applied success­
fully on land having up to 10 percent $lope. Areas for applying these two 
methods of runoff water conservation should be identified in the course of 
studying the above basin areas recommended for possible application of 
water-spreading systems~ 

The concept of 11 runoff farms" is relatively new in this century, 
though there is some evidence that some form of efficient runoff farming 
was practiced by the ancients, for example, by the Nabateans in the Negev 
about 2000 years ago.(0384) Two types of runoff farming are of interest 
for Sinai-~conduit collection farms and microcatchments. Conduit collec­
tion farms receive runoff and overland flow water that is directly 
collected from adjacent small catchments by means of collection ditches 
or conduits. A microcatchment is a small artificially dyked area in which 
all of the runoff produced flows to one end where.a single tree or bush is 
being cultivated.(0384) . 

Conduit collection farms involve a network of ditches that extend 
alo~g the bottom slopes of hillsides and collect overland flow before it 
reaches a wadi bed. The col1ected runoff water is then conveyed to the 
farm area and diverted to the different terraced fields with the aid of 
diversion boxes.. Evenari, Shanan, and Tadmor (0384) have studied the 
relationship between the size of the catchment area from which water is 
drawn and the size of the cultivated area f6r the ancient farms at Shivta 
and Avdat in the Negev .. They found that the ratio of catchment area to 
cultivated area ranged from 17:1 to.30:1, with an average of 20:1. To 

compute the equivalent rainfall provided to the terraced fields under 
such conditions, the mean annual rainfall at Avdat is estimated to be 
83 mm/yr, based on 7 years of records, and a runoff coefficient of 10 to 
20 percent is assumed {based on the authors' rainfall-runoff studies at 
the site). It is. al so assumed that no rainwater wi 11 run off of the 
terraced fields. The calculated result is 249 to 415 mm/yr of equivalent 
rainfall, on the basis of a 20:1 ratio between catchment area and 
cultivated field .. 
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A modern runoff farm was bu i1 t at Avdat by the I srae 1 is in 1959, 

patterned after the ancient runoff farms in the area.(0384) The terraced 
cultivated area receiving the runoff water amounted to 6.7 feddans. Of 

this, 2.8 feddans received runoff water from a catchment area of 
73 .. 1 feddans, which implies a catehment- to-field ratio of 25:L The 
remaining cultivated are.a of 3.8 feddans drew its water from a 82l~feddan 
catchment, for a ratio of 215:1. Over 7 years of measurement, the smaller 

catchment area produced nearly four times more runoff water per f eddan 
than the large catchment. Typical yields on the Avdat runoff farm during 

1966 and 1967 (0384), under essentially average rqinfall conditions, were 
as follows: 

e Wheat (grain), 1~1 to 1.8 tons/feddan 

• Barley (grain), 2 tons/feddan 

Peas (seed), 2.4 tons/feddan 

Onions (seed), 0.27 tons/feddan 

Peaches, 35 to 75 kg/tree 

• Apricots, 26 to 37 kg/tree 

Almonds, 2.4 to 3.5 kg/tree 

• Loganberries, 1.7 to 3.9 kg/plant. 

The same authors conduct~d experiments with microcatchments on the 

Avdat farm. The size of the catchments ranged from 15.6 to 1,000 square 

meters. The runoff coefficient for a 12-millimeter rainfall on these 
microcatchments was determined to range from 0.27 for the 62.5-square­
meter plots to 0.41 for the 500-square-meter plots. Over a period of 6 
years, a 20-square meter plot averaged 46 mm/yr runoff, for an average 

runoff coefficient of 0.44, while over the same period and on the same 
slope, an 80-square-meter plot exhibited an average runoff coefficient of 
only 0.21. 

The trees and shrubs pl anted in the experi menta 1 mi crocatchments 

were pomegranates, apricots, almonds, carobs, olives, and saltbush.(0384) 
The pomegranate trees showed satisfactory growth from 1965 to 1969 on all 

plots ranging in size from 250 to 1,000 square meters. Saltbush yields, 
in kilograms per feddan, were the highest on catchments 31 to 62 square 

meters in size, and were somewhat lower on larger sized catchments. In 

genera 1, it was cone l uded that mi crocatchment$ ranging in size from 
31 square meters and upwards guarantee successful establishment of the 

trees and subsequent growth, even auring drought years. 

The modern science and tech no 1 ogy of runoff farming is in its 

infancy, and further basic and applied research is needed. It is recom­
mended that experimental runoff farms be established in Sinai to evaluate 
the conditions under which runoff farming can be a practical means of food 
production. It has been suggested that a minimum mean precipitation of 
80 mm/yr is required to ensure the success of runoff farming. (0067) 

Research in Sinai might be able to show that--by increasing the ratio of 
catchment area to cultivated field area from 25:1 to perhaps 40:1, 
recognizing that this will involve additional expense--certain crops can 
be grown successfully in areas with mean annual rainfall between 60 and 
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· 80 millimeters. Experiments with microcatchments would also be carried 
out on these proposed farms. 

Experimental or pilot runoff farms might be located in areas expe­
riencing mean annual rainfall between 60 and 80 millimeters. Possible 
sites for such farms include the eastern s'ide of Gebel El Halal in 
northern Sinai and the area near Wadi Feiran-Wadi El Sheikh in southern 
Sinai. If the results from the experimental runoff fa.rms are positive, 
financial help could later be extended to local ·Bedouins or in-migrants 
from other parts of Egypt to establish private runoff farms in similar 
1 ocati ons. 

2.2.3 Groundwater Resources 

2 .2. 3.1 Aquifers of Sinai. There are several important and potentia·1 
a q u i f e rs i n S i n a i. They n e c es s a r il y de r i v e the i r ch a r act e r i st i cs from 
past geological events of sedimentation and structural movements on the 
peninsula, as well as from regional and local recharge conditions over 
the past centuries.* A list of groundwater avail~bility areas related 
to these aquifers is given in Appendix Table A-4. 

In broad terms, eight geologic units have been identified that serve 
as the primary aquifers in Sinai: 

Quaternary sands and gravels 
Miocene sandstone 

Eocene limestone 
Middle Cretaceous sedimentary rock 

Lower Cretaceous sandstone 

Jurassic sedimentary rock 
Cambrian to Triassic sedimentary rocks 

o Precambrian crystalline rock. 

The major Quaternary sand and gravel aquifers of Sinai are found in 
three locations--in the· vicinity of El Arish town, in the Rafah-Sheikh 
Zuwayid area in the Northeast Subregion, and in the El Qaa Plain in the 
Southwest Subregion. In addition, wadi alluvia along many of the major 
wadis or in the deltas of wadis serve as aquifers. For example, the wadi 
alluvium in Wadi El Arish near Nakhl and near El Hasana yields good 

. quantities of brackish-to~salty water. in relatively shallow wells. 
Similarly, in the delta of Wadi Sudr and in the delta of Wadi Watir at 
Nuweiba, wells tapping the Quaternary sand and gravel yield. good 
quantities of brackish water .. (Figure 2.5) 

*A general discussion of the geology of Sin~i is provided· in Working Paper 
No. 41, Environment, dated April 1982, which can be found in the SDS-I 
project files. A 1:250,000-scale geology map of the peninsula is provided 
on Plate 2-5 of Working Paper No. 45, also in the project files. 
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SAUDI 
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AREAS OF POTENT~Al GROUNDWATER: 
QUARTENARY AQUIFERS 

LEGEND 

-MAP UNITS-

AQUIFERS 

-KEY TO MAP UNITS-

NUMBER AREA AQUIFER 

1 ...... Rafah ................................ Quaternary coastal aquifers 
2 ...... El Arish .............................. Quaternary coastal aquifers 
4 ...... Ra baa ............................... Pleistocene 
5 ...... Masagid Basin .......................... Quaternary 

15 ..... Wadi El Arish upstream Gebel El Halal ......... Wadi alluvium 
16 ..... Wadi El Gayifa ......................... Wadi alluvium 
17* .... Wadi El Gerafi ......................... Wadi alluvium 
18 ..... Wadi Geraia ........................... Wadi alluvium 
19 ..... Wadi El Aqabah ........................ Wadi alluvium 
20 , .... Wadis El Bruk and El Arish ................ ·.Wadi alluvium 
21 * .... Wadi Sudr Delta ........................ Wadi alluvium 
22* .... Wadi Wardan Delta ...................... Wadi alluvium 
26 ..... Wadi Gharandal. ........................ Wadi alluvium 
28 ..... Wadi Baba, El Markha Plain ................. Wadi alluvium 
29 ..... Wadi Sidri and Delta ..................... Wadi alluvium 
31 ..... Wadi Feiran and Wadi El Sheikh .............. Wadi alluvium and lake deposits 
32 ..... Gebel Katherina area ..................... Wadi alluvium 
33* ... ,El Qaa Plain ........................... Quaternary 
35 ..... Sharm El Sheikh ........................ Wadi alluvium 
36 ..... Wadis Kid and Umm Adawi; Nebq area ......... Wadi alluvium 
37 ..... Wadi Nash ............................ Wadi alluvium 
38 ..... Wadi El Ghaib and Dahab area ............... Wadi alluvium 
39 ..... Wadi Watir and Nuweiba area ................ Wadi alluvium 

*Estimated Total Available Groundwater Listed in Table 2-13. 

FIGURE 2.5 
AREAS OF POTENTIAL GROUNDWATER: 

QUARTENARY AQUIFERS 



Wells tapping the Quaternary aquifers exhibit the highest yields in 
Sinai, with a range of about 2 to 30 liters/sec. The best quality of 
water from Quaternary aquifers is found in wadis in the· southern 
crystalline mountains and in the El Qaa Plain. In Wadi F~iran1 within the 
crystalline-rock outcrop, groundwater from wadi alluvium commonly has a 
total dissolved solids (TDS) cohtent of less than 500 mg/1. The El Qaa 
Plain aquifer appears to have a TDS content generally less than 2,500 mg/1~ 
and usually less than 1,000 mg/1. The next best location in terms of 
quality is the Rafah-Sheikh Zuwayid area, where a Pleistocene aquifer 
at ~ 40- to 90-meter depth yields water with a TDS content of less than 
4,000 mg/1, and where the surficial coastal sand aquifer along the shore 
yields water reported to have a TDS content of 250 to 2,100 mg/l.(1043c)~ 
The TDS of the water from the Quaternary aquifer at El Ari sh presently 
ranges from 1,200 to 5,000 mg/1. Significant increases in the TDS of the 
groundwater have been noted ·aver the past 20 years, in an area north of 
the El Arish airport. This is discussed in more detail in Section 2.2.3.5. 

The Miocene units serving as aquifers are sandstone, belonging to 
the Lower Miocene Gharanda 1 Group, and sandstone and grits, forming a 
usually thin basal Miocene unit. These units occur on the west side, 
along the Gulf of Suez and in the Bitter Lakes area. At the Habashi oil 
exploration well (Well 23-1) east of Great Bit'ter ~ake, a Miocene sand­
stone unit produced water with a TDS content of 1,000 mg/1, while further 
south at Ras Misalla, wells tapping basal Miocene (Wells 24-30 and 24-31) 
produced water with a TDS content of 2,600 to 5,000 mg/l. Further south, 
in Wadi Feiran and north of the El Qaa Plain, wells tapping Miocene 
sandstone units (Wells 36-30 through 36-32) yield water with a TD$ 
content ranging from 3,900 to 5,300 mg/l. (Figure 2.6) 

The Eocene limestone units in Sinai appear to yield water of usable 
quality at only a few locations. An oil exploration well located north-
east of Ras Sudr--Abu Qiteifa - 1 (Well 24-33)--yielded water from Eocene 
rocks with a TDS content ranging from 1, 200 to 1, 990 mg/ 1. A 11 other 
wells tapping Eocene limestone along the Gulf of Suez yielded water with a 
TDS content ranging from 8,500 to 200,000 mg/1. A well located south of 
Bir El Lahfan near Wadi El Arish, and presumed to tap Eocene limestone, 
was reported to have a TDS content pf 2 ,540 mg/1.. The most reliable 
Eocene source with acceptable quality water is in the Northeast Uplands 
Subregion, between El Qu?eima and El Kuntilla, close to the Israeli 
border. A spring in this area, Ain El Gudeirat (Water Point 52-23), is 
reported to yield water from Eocene limestone at a discharge rate of about 
17 to 27 liters/sec, or 1,500 to 2,000 m3/day, with a TDS content of about 
1,500 mg/L 

In northern Sinai, the Middle Cretaceous (Cenomanian to Turonian) 
rocks consist of limestone~ dolomite, and marl, and in the south, sand­
stone is also present. In many areas, from a hydrologic point of view, 
the overlying Lower Senonian rocks (lower part ·of the Upper Cretaceous) 
can be grouped with the Middle Cretaceous unit. The Lower Senonian rocks 
comprise limestone and marl, as well as sand and shale in the south. The 
Middle Cretaceous unit in Sinai is largely untested in terms of its 
possible yield to wells. In Israel, this unit supplies large quantities 
of water of & quality generally adequate for domestic nonpotable purposes 
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LEG D 

-MAP UNITS-

AQUIFERS 

-KEY TO MAP UN ITS-

NUMBER AREA AQUIFER 

3 ...... North coastal strip ....................... Dune sand 

6* ..... East side of Gebel El Maghara ............... Middle Cretaceous 

7* ..... Gebel El Halal. ......................... Middle Cretaceous 

8* ..... Gebels Yelleq and Fallig ..... , ............. Middle Cretaceous 

9 ...... Gebels Hamra and Giddi ................... Middle Cretaceous 

10 ..... Gebel Kherim .......................... Middle Cretaceous 

11 * .... Gebels Burga and Taliat El Bedan ............. Middle Cretaceous 

12* .... Central Sinai. .................... " ..... Middle Cretaceous 

13 ..... El Quseima ............................ Eocene 

14 ..... Great Bitter lake to Ras Misalla .............. Miocene sandstone 

23* .... South Central Sinai ...................... Middle Cretaceous 

24 * .... Gebel Somar to Gebel lgma ................. Middle Cretaceous 

25* .... El Themed to Ras El Gineina ................ Middle Cretaceous 

30 ..... Abu Rudeis to El Oaa Plain ................. Miocene sandstone 

34 ..... Sharm El Sheikh ........................ Miocene sandstone 

*Estimated Total Available Groundwater listed in Table 2-13. 

FIGURE 2.6 
AREAS OF POTENTIAL GROUNDWATER: 

MIOCENE, EOCENE AND MIDDLE 
CRETACEOUS AQUIFERS 



(TDS content.of 2,600 to 3,600 mg/l in five s~ch wells south of the Dead 

Sea, Wells 71-8 and 72~4 through 72-7). · 

Springs and shallow wells tapping Middle Cretaceous rock in the belt 

extending from Gebel Somar to Gebel Igma produce good-to-very good 

quality water, ranging in TDS from 800 ~o 1,500 mg/l at a few tested 

locations. West of this belt along the Gulf of Suez, the water quality of 

the unit makes it unusable for most purposes. A well at Gebel Matulla 

(Well 35-24) produced water from Middle Cretaceous rocks, with a TDS 

content of 7,000 mg/l, and at an oil exploration well in the Wadi Baba 

Plain (Well 36-7), water from the unit registered a TDS content of 

270,000 mg/l. 

The Lower Cretaceous unit consists of sandstone in most areas of 

Sinai, with the excepti.on of the area in the Uplands north of Gebel El 

Halal and Gebel El Maghara, where a facies change has occurred to the 

extent that the upper portion of the sequence consists of limestone and 

marl. In the literature, the Lower Cretaceous sandstone, together with 

any overlying Cenomanian sandstone, has been considered the upper unit of 

the "Nubian sandstone. 11 The lowermost units of the 11 Nubi an" range from 

Cambrian to Carboniferous in age, depending pn the location and the 

correlation that was established. (Figure 2.7) 

In the central and north-central Uplands (extending as far north as 

Lawyet El Lagama at Gebel El Maghara), the Lower Cretaceous sandstone has 

been demonstrated to have reasonably good quality water, with TOS ranging 

from 800 to 3,500 mg/l. However, in this prea, with the exception of a 

few limited outcrop are~s, the depth to the static piezometric level 

commonly exceeds 150 to 200 meters. · 

With the exception of wells at Ayuh Musa (with a TDS content of 2,500 

to 13,300 mg/l), wells tapping the Lower Cretaceous sandstone elsewhere 

along the Gulf of Suez have produced water with TDS ranging from 10,000 to 

250,000 mg/l. Similarly, in the vicinity of the Mediterranean coast, 

water tapped at depth from Lower Cretaceous rocks ranges from 14,000 to 

19,000 mg/l in TDSo 

Jurassic rocks have been encountered in exposures at Gebel El 

Maghara, in the shallow subsurface at Ayun Musa (Wells 24-5 and 24-6), and 

at depth in exploratory oil wells in northern and central Sinai--at Nakhl 

(Well 44-2), El Hamra (Well 24-4), and El Khabra (Well 52-7). In the. 

Gebel El Maghara area, ttte sequence consists 9f limestone and shale. With 

the exception of one well, Bir El Maghara (Well 32-10), which had a 

measured TDS of 2,800 mg/l, other Jurassic wells in this area range in TDS 

from 4,000 to 8,400 mg/l. Also, yields from Jurassic wells in the area 

are relatively low. At Ayun Musa, the TDS of water taken from Jurassic . 

wells ranges from 3,100 to about 16,000 mg/l. 

In the central Uplands, the Jurassic units commonly consist of 

sandstone with interbedded shale. The sandstone beds form part of the 

"Nubian sandstone" and can be considered iri many cases to be hydraulically 

continuous with the overlying Lower Cretaceous sandstone. Evidence from 

drill stem tests performed in oil exploration wells in the area indicate 

that these Jurassic sandstones contain fresh-to-brackish water. 
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-MAP UNITS-

AQUIFERS 

AREA WHERE LOWER CRETACEOUS 
SANDSTONE IS MISSING 

AREA WHERE DEPTH TO TOP OF LOWER 
CRETACEOUS SANDSTONE BELIEVED TO 
EXCEED 900m 

-KEY TO NUMBERED MAP UNITS-

NUMBER AREA AQUIFER 

27 ..... Southern Mountains ...................... Crystalline 
40* .... Gebel El Maghara area .•.................. Lower Cretaceous sandstone 

41 * .... Risan Aneiza area ....................... Lower Cretaceous sandstone 
42 ..... Gebel El Halal. ......................... Lower Cretaceous sandstone · 

43 ..... Gebel Kherim .......................... Lower Cretaceous sandstone 

44 * ..... Central Sinai. .......................... Lower Cretaceous sandstone 

45* .... South-central Sinai ...................... Lower Cretaceous sandstone 

46* .... South Sinai ........................... Nubian 

4 7 ..... East Sinai, Gebel El Hamra area .............. Lower Cretaceous sandstone 

*Estimated Total Available Groundwater Listed in Table 2-13. 
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The Cambrian~to-Triassic sequence consists primarily of sandstone, 
with some shale and dolomite. It has been studied to a limited extent in 
its outcrop area south and southwest of Gebel El Tih, just north of the 
crystalline southern mountains. In this area, water quality from shallow 
wells ranges from good to brackish, with the few analyzed samples 

·indicating a TDS content ranging from 950 to 3,900 mg/l. · 

The Precambrian crystalline rocks make up the bulk of the southern 
mountains. Groundwater occurs primarily in the joints and fault zones 
within these rocks. The yields of wells and springs depend on the size 
and extent of the fracture or fault systems that are tapped. As a whole, 
the groundwater contained in the crystalline rock aquifers constitutes 
the best quality groundwater in Sinai. The range in TDS frpm this unit is 
200 to 2,500 mg/1, with the majority of water points exhibiting values 
less than 1,500 mg/l. 

2.2.3.2 Stratigraphic and Spatial Characteristics of Phanerozoic Aquifer 
Unitso Data on the depths, thicknesses, areal extent, and lithology of 
potential aquifer units of Cambrian age and younger, both in_ Sinai and in 
adjoining parts of Israel, were collected from a number of sources. Lists 
of the 69 well logs and 57 measured columnar sections used for 
stratigraphic evaluation are given in Tables 2~1 and 2-2, respectively, 
in Working Paper No. 33, Water Resources. Included in these tables are 
the location coordinates, the depth of the well or section, and the 
references from which the data were obtained. The detailed stratigraphic 
data, including some lithologic descriptions, are provided in Table 2-3, 
also in Working Paper No. 33. For each stratigraphic unit, the depth to 
the top of the unit ~nd the thickness of the unit in meters are indicated, 
where known. A key to the symbols used for the strati~raphic units is 
given at the end of the table.* 

*Locations of the wells and column sections includ~d in the stratigraphic 
analysis are shown on Plate 5-4 of Working Paper No. 45. Supplementary 
stratigraphic information obtained from surface resistivity soundings 
performed by Geofizika in 1962 (0466) is provided in Table 3-9 of Working 
Paper No. 33. This includes the estimated thicknesses of coarse-grained 
Quaternary deposits, as well as the estimated depths to the top of the 
Lower Cretaceous sandstone. Locations of the depth-sounding stations are 
given on Plate 5-4 of Working Paper No. 45. 
Three contour maps were prepared, based on the stratigraphic information 
collected and on the geology map of Sinai (Plate 2-5 of Working Paper 
No. 45).. These maps are considered "working maps 11 because there is not 
enough control to place great reliability in the location of most of the 
contour lines. However, the three maps were prepared to illustrate 
present best estimates of the spatial relationship and configuration of 
two important aquifer units. 

· The first map (Plate 5-5 in Working Paper No. 45) is an isopach map of the 
Middle Cretaceous unit (Cenomanian-Turonian). In the preparation of this 
map, it was found that many researchers (such as Said (1090)) have grouped 
Santonian and Turonian units. In such cases, the portion of that sequence 
belonging to the Turonian unit was estimated by the following method. 
According to reference (0190), the Santoni an port ion of the (cont• d) 
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In preparing this analysis, the Consultant endeavored to display the 
present-day thicknesses of each unit, taking into consideration those 
areas from which the unit has been partially or totally removed by 
erosion. This is not the analysi~ commonly prepared, which would indicate 
the original thickness of a unit prior to erosional degrapation. The 
consi'deration of present-day aquifer thicknesses is more helpful in 
formulating plans for the possible groundwater development of an area. 

The analysis indicates that the thickness of the Middle Cretaceous 
unit in central and northern Sinai ranges from 400 to nearly 700 meters, 
except close to those anticlinal areas where drastic erosion of the unit 
has taken place, such as at Gebel· Hamra, Gebel El Minshera, Gebel Kherim, 
Gebel El Maghara, ·and Gebel El Halal. (See Plate 5-5 in Working Paper 
No. 45 in the SOS-I. project files.) Toward the south, in the vicinity of 
the major outcrop areas, the thicknes~ gradually decreases to 200 meters, 
and then dee 1 i nes to zero rather abruptly next to the contact with 
exposures of the Lower Cretaceous unit .. The zero-thickness contour line 
in the vicinity of Gebel El Maghara indicates the approximate northern 
limit of the unit. Along the Gulf of Suez, west of the Eastern Boundary 
Fault,* the thickness of the unit is seen to range from 0 to 400 meters. 
The important role of past anticlinal folding ·and fault displacements in 
modifying the unit 1 s thickness is clearly shown on the map. 

The i sopach map of the Lower Cretaceous sandstone and contiguous 
older sandstones, Plate 5-6 in Working Paper No. 45, shows that the thick­
ness of this combined unit ranges from 400 to 560 meters over a broad area 
in northern and central Sinai. Toward the outcrop areas in the south, the 
unit 1 s thickness gradually declines. North of Gebel El Maghara, the 
sandstone of the Lower Cretaceous unit disappears and is completely 
replaced by interbedded limestohe and shale. In the Suez Rift Province, 
in the area extending southward from the Wadi Sidri Delta to Gebel 
Qabeliat, the thickness of this unit ranges from 800 to 900 meters. 

Further analysis indicates that, apart from areas close to outcrops, 
the depth to the aquifer in northern and central Sinai ranges from 600 to 
1,100 meters, with the greatest depths occurring in the two syn.clinal 
areas northwest and southeast of Gebels El Halal and Yelleq. The depth to 
the top of the unit declines gradually in the direction of the major 
outcrops in the south. (See Plate 5-7 in Working Paper No. 45 and Table 
3-9 in Working Paper No. 33 in the SOS-I project files.) 

(cont'd from ·p. 2-34) Turonian-Santonian sequence· is equivalent .to the 
Zihor Formation (Israeli formation term). An isopach map of the Zihor 
Formation is provided in reference (0190). The location of the relevant 
well or columnar section was plotted on that isopach map, and the 
approximate thickness of the Zihor Formation (±20 meters) for that 
location was noted. This·value was then subtracted from the value for the 
thickness of the Turonian-Santonian sequence to obtain an estimate of the 
Turonian thickness. · 

*The area ·between the Gulf of Suez and the Eastern Boundary Fault is 
hereafter referred to as the 11 Suez Rift Province." 
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A regional hydrogeologic cross section from soijth to north was also 
prepared. (See p.1ate 5-14 in Working Paper No. 45. ). The section extends 
from Wadi Khamil a, south of Gebel El Ti h,, to the Mediterranean. The 
section is partly schematic, though it includes sever~l measured sections 
and logged well~. It indicates possible fault orientations and pisplace­
ments, and shows interpretations of basalt dyke intrusions and anticlinal/ 
synclinal features. The assumed directions of flow within the Lower 
Cretaceous sandstone and contiguous older sandstones are also shown. The 
substantial effect of the fault and fold systems on groundwater flow is 
very apparent in the cross section. 

The stratigraphic and spatial characteristics of the Quaternary 
aquifers in the vicinity of El Arish and in the El Qa~ Plain are discussed 
in Sections 2.2.3.5 and 2 .. 2.3.6; respectively. 

2.2.3.3 Yield and ualit Characteristics of the A uifers. Information 
and data on water points wells and springs in Sinai have been collected 
from a number of sources. A total of 716 water points are inventoried. 
Working Paper No. 34, Hydrogeologic Information Cards, provides details 
of this inventory. A summary of some of the most import~nt information is 
given in Tables 3-lOa through 3-lOo of Working Paper No. 33 in the·SDS-I 
project files. The water points are grouped by the geologic unit tapped, 
as f o 11 ows: . 

• Dune sand 
• Quaternary sediments 
• Pliocene sediments 
e Miocene sedimentary rocks 
1 Miocene. dyke rocks 
1 Eocene rocks 
e Paleocene rocks 

• Upper Cretaceous rocks 
• Middle Cretaceous rocks 
1 Lower Cretaceous rocks 
• Jurassic rocks 
• Cambrian to Cenomanian (undifferentt~ted) 

• Cambrian to Triassic (undifferentiated) 
• Precambrian crystalline rocks. 

Water point coordinates, well depth, discharge rate, water level 
elevation, depth to static water level, and TOS content of the groundwater 
samples are provided in these tables. In many cas~s, the water level 
measurement or water analysis was performed at a ·water point more than 
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once; these additional data~ with the· appropriate .date~ of data 
collection, are also provided in Working Paper No. 33.* · 

To aid in analyzing the yield and water quality data for the water 
points inventoried, the peninsula is divided into seven geomorphic ground­
water provinces, as outlined on Figure 2.8: 

·!--Mediterranean ·Foreshore Province 

1 II--Mobile Platform Province {including t~e major anticlinal 
mountains of Gebel El Maghara, Gebel Yelleq, and Gebel El 
Halal) 

• III--Northern Stable Platform Province 

• IV--Southern Stable Platform Prcivince {$eparated ·from Province 
III by the Zarga El Naab fault) 

V--Southern Mountain Province, comprising Precambrian crystal-
1 ine rocks 

VI--Suez Rift Province 

VII-~Aqabah Rift Province. 

The boundaries of these groundwater provinces are based. primarily on 
geologic structural features--major axes of folds and major faults--under 
the working hypothesis that such features may tend to interrupt 
completely, or obstruct partially, the hydraulic continuity of aquifer 
units. Consequently, groundwater quality, as well as recharge relation­
ships in the same aquifer unit, could differ considerably among . the 
several provinces. Major discontinuities between geologic units in the 
fault blocks making up the Suez Rift Province and those in the adjoining 
provinces to the east are noted in the literature. 

*The locations of the water points are shown on Plate 5-1 of Working Paper 
No .. 45. The locations of wells in the .El Arish area are given· on 
Plate 2-16. On each map, separate symbols are used to identify each 
different geologic unit tapped by the water points, The two water point 
maps, as well as Tables 3-lOa through 3-lOo in Working Paper No. 33, 
identify each water point by means of an I.D. number, for example, 35-7. 
The first number denotes the 30- by 30-minut~ grid square in which the 
water point is located, and the second number is the water point number 
assigned sequentially within each grid square. The location of the 30- by 
30-minute grid squares is given on Pl~te 5-1, in the small-scale map of 
the peninsula and adjoinin~ areas. 
Pl ate 5-1 al so provides the depth of each water point in meters, if a 
well, and the TDS content of the ~ater sampli. Where no water sample was 
analyzed, but a qualitative description is available, the water point has 
been placed in a water quality group, which is indicated on the data map. 
The definition of the water quality groups 1$ provided in Table 2-5. 
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Only qualitative descriptions of water quality. and yields were 
available for many water points. Because of this, water quality groups 
and water yield groups were defined, based on a number of qualitative 
terms and on a judgment of the possible ranges in TDS or·yields that might. 
apply. Tables 2-5 and 2-6 provide the arbitrary definitions for the water 
quality groups and yield groups, respectively. There are six quality 
groups, with 11 111 referring to highest quality water· (TDS of 0 to 
500 mg/l), and 11611 to the poorest quality (TDS greater than 7 ,000 mg/1 ) ... 
Of the four yield groups, 111 11 refers to the highest yields· (greater t_han 

200 m3/day (2.3 liters/sec)), and 11411 to the lowest (less than 2 m3/day). 
Based on these water qua 1 ity and yield defi nit i ans, it was possible to· 
place each water point into a particular water quality group and a yield 
group. 

A statistical analysis of the water quality (TDS) data and the yield 
data for the inventoried water points was performed. In each case, the 
mean of the water quality groups was obtained to achieve what has been 
termed the 11mean water quality index, 11 and the mean of the yield groups 
was computed· to give the "mean yield index. 11 * 

A summary of the results of the statistical analysis, by geologic 
unit and by groundwater province, is given in Tables 2-7 and 2-8, respec­
tively. In evaluating the results of this analysis in terms of the mean 
water quality index and mean yield index, it is helpful to realize that 
integer numbers for an index are equivalent to the mi~point of the range 
of values associated with the corresponding group, as shown in Tables 2-5 
and 2-6. For example, a water quality index of 2 is equivalent to a TDS 
content of 1,000 mg/l.** 

Table 2-7 indicates that the mean quality index for the entire 
peninsula ranges from 2.4 for Precambrian Crystalline rock to 5 for 
Miocene rocks and 5.4 for Jurassic rocks. The mean value for all geologic 
units is 3.6, corresponding approximately to a TDS content of 2,800 mg/l. 
The highest yields are indicated for the Quaternary sediments, with a 
yield index of 1.2, followed closely by Miocene rock, Lower Cretaceous 
sandstone, dune sands, and.Eocene rocks. 

*For each geologic unit tapped, Tables 3-13a through 3-13m in· Working 
Paper No. 33 provide the mean values and estimates of the standard 
deviation for the water quality index and yield index, by groundwater 
province. 

**Special attention should be given to Tables 3-l3a, 3-13b, and 3-13i in 
Working Paper No. 33. All of the dune-sand water points are located in 
Province I (Table 3-13a). There is a significant difference in the mean· 
qua 1 ity ·; ndex between those points 1 ocated west and east of longitude 

33°40' E. West of the line, the mean water quality index is 4.7, while to 
the east, the value is 2.3--indicating a much higher quality. 
A similar trend is shown for the Quaternary sediments in Province I 
(Table 3-13b). A very high TDS level is seen west of longitude 33°40' E. 
(mean quality index of 5.6). In the El Arish area, the v~lue (cont'd) 
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TABLE 2-5 

Definition of Water Quality Groups 

TDS 

Descriptive Term Quc;i.li ty Group Assumed Range (mg/l)a 
I I 

"Very good" 1 0-500 

"Go9d 11 

"Fresh" z 500-1,500 

"Fairly good 11 

11Fair 11 

3 . 1,500-2,500 
"Slightly brackish" 
11 Slightly good" 

"Brackish" 
"Slightly saline" 4 2,50.0-4,000 

"Poor" 
"Not good" 5 4,000-7 ,ooo 
"Very brackish" 
"Fairly salty" 

11 Salty" 
"Foul" 6 >7,000 
"High salinity" 
"Bad" 

aTDS = fotal dissolved solids. 

SOURCE: Derived from References (1037), (1333), (1334), and (1365) to describe 

the quality of groundwater from a well or spring. 
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TABL~ 2-6 

Definitjon of Yieid Groups 
I 

As~.µmed Yl~l~~ 

Descriptive Term . \'ield Grou;p ( m3 /day) 

"Very large quantity" 
"Large quantity" 
"Abundant" 1 >ZOO 
"Plentiful· supply" 
11 Unlimited supply" 

"Fairly large quantity" 
"Good quantity" ZO-.r~OQ 
"Good supply" 

"Fair quantity" 
"Fair supply" 

3 2.-ZO 
''Medium supply" 
"Indifferent supply" 

"Limited quantity" 
"Small quantity" 

4 <Z 
"Very small quantity" 
"Poor supply" 

SOURCE: Derived from Refer~ncc::~ (1037), (1333), and (p34) to indic;at~ the 
quantity of w~ter available from· a well or spring. 
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TABLE 2-7 
r-

Summary of W9ter Quality and Yield Data 

for Water Points in Sinai, by Geologic Unit 
1 

• , ii 

Mean. 

Geologic Unit 
Quality 

Index (Q) 

Dune sands 

Quaternary sand and 

gravel sediments 

Pliocene 

Miocene sedimentary 

rock 

Miocene dyke rock 

Eocene 

Paleocene 

4.1 

3,3 

5.0 

5.0 

4.9 

4.0 

Upper Cretaceous 3.7 

Middle Cretaceous 3. 0 

Lower Cretaceous 4. 1 

Jurassic 5 .4 

Cambrian to Cenomanian · 

(undifferentiated) and 

Cambrian to Trias$ic 

(undifferentiated) 3. 3 

Precambrian crystalline 

rocks 

TOTAL 

2.4 

Nq. of Me¥ 

a Pqint& With Yield 

sQ Q!-!&lity Pat;:i. !ridex (V) 

1. 5 51 

1.6 

3 Z.,5 

51 

3 2.0 

~.6 28 1.9 

0 1 

1. 6 30 2.6 

1. 7 37 

1. 5 39 

0.8 12 Z.5 

1.3 19 Z.8 

1.0 55 

a"s" refers to the estimate of the stq.ndard deviation. 

No. of 
a Pqints With 

6 Y Yield D,ata 

0,7 

0 8 r 
0 

1.1 

0.9 

Q.7 

l.3 

1. 2 

16 

142 

12 

3 

10 

0 

Zl 

20 

10 

7 

4 

14 

SOURCE: D~rived from data present(fd in Tables 3,. 13a through 3-l3m in 

Working Paper No. 33 in the SpS-I p:rojec~ files. ri'he p~sic data on 

each of the 716 water poi:rits, iii.clu,din.g source reference, ~re given on· 

the hydrogeologic information cards in Workin~ )?~per }\Jo, 34. VaJues 

are averaged ove:r all groundvvate:r provi:pces. 
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Table 2-8 indicates that. the mean water quality indices for 
Provinces I, II, III, VI,, and VII are comparatively close--ranging from 
3.4 to 4. 7, with an average of 4 (corresponding to a TDS value of 
3,,200 mg/l). The highest value of 4.7 relates to the Suez Rift Province, 
where groundwater quality is known to be generally poor. Provinces IV and 
V have mean quality indices of 2.8 and 2, respectively, which reflect the 
high groundwater quality found in the Middle Cretaceous aquifer on .the 
western side of Province IV and in the crystalline and Quaternary units in 
Province V. The highest average yields are indicated for water points 
located in Provinces l, VI, and VII.* 

The salinity in the Lower Cretaceous 'quifer increases toward the 
west and·toward the north. Westward of Gebel El Heitan and Gebel Dahak, 
the sa 1 in i ty in the unit increases rather sharply; the TDS exceeds· 
50,000 mg/l in a broad zone from Ras Misalla to Gebel Hammam Faraun in the 
Suez Rift Province. In the north, northward of Risan Aneiza and Gebel El· 
Ubalyid, the· salinity increases to 10,000 mg/l and above. In Israel in 
the vicinity of Gaza, TDS values exceeding 50,000 mg/l are recorded for 
the Lower Cretaceous unit. The higher salinity values in this unit 
indicate that a rather ineffective flushing process has occurred during 
Quaternary·times due to: 

1 Lower permeability of the unit in Province I because of facies 
changes (replacement of sandstone by limestone and shale). 

• Interruption of continuous flow paths in the aquifer in 
Province VI because of pronounced differential block faulting. 

Because water quality has been found to vary considerably among the 
different Jurassic formations (0380), at least in Israel, the isosalinity 

(cont'd from p. 2-39) is 3.7, while fn the Rafah-Sheikh Zuwayid area, east 

of longitude 34° E., the quality index is only 1.6, correspondin~ approx­
imately to the mean TDS of 958 mg/l shown. Table 3-13b also indicates 
the high quality of groundw.ater (a mean quality index of 1..4) from 
Quaternary sediments in Province V. 
For the analysis of water points tapping the Middle Cretaceous unit 
(Table 3-13i}, Province IV is.divided into two sections. The area west of 
longitude 34° Ee display~ a significantly higher water quality than the 
area to the east--with water quality indices of 2.1 and 3.9, respectively. 
In fact!> the water quality of the western half of Province IV for the 
Middle Cretaceous unit is significantly higher than that for the rest of 
Sinai, which has a mean quality index of 4.2 for this aquifer unit. The 
latter figure, however, is based on only 16 widely scattered water points. 

*Isosalinity contour maps for the Lower Cretaceous and Jurassic units are 
given in Plates 5-8 and 5-9, respectively, of Working Paper No. 45. A 
yield and water quality data map for the Middle Cretaceous unit is 
provided on Plate 5-10. Plate 5-8 indicates that the lowest salinity 
(less than 2,000 mg/l TDS) in the Lower Cretaceous aquifer occurs in 
central Sinai, and possibly also i~ South Sinai near the major outcrop 
areas. 
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Geomorphi c 
Groundwate ~ 
Provi nee~ 

I 

II 

II I 

IV 

v 
VI 

VII 

TOTAL 

TABLE 2-8 

Summary of Water Quality and Yield Data for 
Water Points in Sinai, by Groundwater Province 

Mean No. of Mean 
Quality Points With Yield 

Index ( Q) Qua 1 ity Data Index (Y) 

3.4 156 1.2 

4.0 67 2.4 

3.8 23 2.5 

2.8 66 2.7 

2.0 75 2.4 

4.7 143 1. 5 

3.9 44 1.6 

3.6 574 1. 7 

No. of 
Points ~lith 
Yield Data 

126 

27 

11 

40 

]3 

36 

8 

261 

~./see Figure 2. 8 for location of Groundwater Provinces, which are listed on 
page 2-.37. 

SOURCE: Derived from data presented in Tables 3-l3a through 3-13m in Working 
Paper No. 33 in the SOS-I project files. The basic data on each of 
the 716 water points, including source reference, are given on the 
hydrogeologic information cards in Workir1g Paper No. 34. Values are 
averaged over all groundwater provinces. 
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analysis must be considered very generalized and approximate. It appears 
that there is a steady increase in the salinity of water in the Jurassic 
rocks north and east of Gebel El Maghara and Gebel El Halal--exceeding a 
TDS level of 10,000 mg/l a few kilometers north~ard. In Israel~ water 
from Jurassic rocks exceeds a TDS of 50,000 mg/l in wells located north of 
Nizzana and northeast of Rafah.* · 

2o2.3.4 Groundwater Flow Patterns. Groundwater movement in Sinai 
generally occurs in two patterns. A certain portion of the flow proceeds 
from the recharge areas to the sea, sometimes surfacing in wadis over a 
portion or a 11 of the . down gradient segment of the path. The remainder 
flows from recharge areas to depressions, where it is discharged by 
evapotranspiration. This latter pattern is most common in the dune areas 
of the Northeast Subregion and also possibly in portions of the Hegayib 
and the El Hasana-El Hema Basin Areas. · 

Groundwater flow between contiguous aquifers is a· common part of 
both flow patterns and is controlled by the h~ad differential across the 
adjacent aquifers. For example, the flow of groundwater from Miocene 
rocks and from crystalline rocks into wadi alluvium in southern Sinai has 
been reported in several instances. Interflow between the Lower and 
Middle Cretaceous units in Sinai and the Negev has been suggested by Arad 
and Kafri. (0116) . Issar (0646) proposes rQther significant groundwater 
movement among the Lower Cretaceous, Jurassic, and Cambrian-to-Triassic 
units in Sinai and Israel~-the interflow induc~d to a large extent at the 
major regional faults. 

*Plate 5-9 in Working Paper No. 45 in the SOS-I project files shows TDS 
values and isosalinity contours for the entire Jurassic sequence. Yield 
and water quality characteristics of the Middle Cretaceous unit are shown 
on Plate 5-10. Well locations and LOo numbers, as well as the yield 
group and water quality group, are plotted. The map points up the 
relatively high water quality (low TDS) of water points located on the 
west side of the major outcrop area from Gebel Somar. to Gebel Raqaba, 
contrasted with that on the east side from Gebel Ghazlani to Gebel El 
Gineina (see also Tables 3-13a through 3-13m in Working Paper No. 33). 
One possible reason for the difference between the two areas is that, 
while the western side seems to have a well-developed surface drainage 
system, much of the eastern side appears to be inadequately drained. The 
eastern side is nominally drained by Wadi Zeleqa, but no clear outlet or 
any connecting channel by which runoff from the area can reach either the 
main wadi of the area, Wadi Watir, or the Gulf of Aqabah is evident on 
topographic maps. Hence, it is quite likely that in the entire Wadi 
Zeleqa Basin Area, because of the absence of seasonal flushing, salts are 
accumulating rather than being moved slowly out toward the sea. This has 
a direct effect on the quality of water in the underlying aquifer. 
As shown on Plate 5-10, there are almost no data on the Middle Cretaceous 

. unit in central and northern Sinai. This is one of the important tasks 
for.the proposed exploratory well drilling program. In Israel, wells just 
south of the Dead Sea produce slightly saline-to-brackish water from the 
Middle Cretaceous unit, at generally high discharge rates. 
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Aquifer recharge areas for each of the major aquifer units, with the 
exception of the Precambrian crystalline rocks, are shown on Figure 2.9. 
(Further detail can be found on Plate 5-11 in Working Paper No. 45 in the 
SOS-I project fil~s.) The crystalline rock recharge area is essentially 
the entire southern mountain region (Province V and most of Province VII), 
where recharge occurs by percolation of rain and runoff water into the 
fractures and fault zones. 

It is assumed that the outcrop areas for the sedimentary aquifer 
units constitute their recharge areas. In some cases 9 however, these 
aquifers also receive water from contiguous aquifers, as discussed aboves 
The estimated extent and boundaries of the recharge areas for the primary 
Quaternary aquifers of Sinai--those located in the· El Ari sh area, the 
Rafah area 3 and the El Qaa Plain--are shown on Figure 2.9. The recharge 
areas for other Quaternary aquifers of Sinai, primarily wadi alluvium, 
are not shown since they consist basically of ribbon-like surface 
exposures of alluvium along the major wadis. 

The sizes of the recharge areas for the consolidated rock aquifers 
and the major Quaternary aquifers have been estimated by planimetering 
the areas from 1:500,000- and 1:100,000-scale maps, respectively. The 
approximate sizes of the areas are provided in Table 2-9. The recharge 
areas for the Mi dd 1 e Cretaceous unit cover an area of approximately 
6 ,400 square k i1 ometers, while those for the Lower Cretaceous unit and 
the underlying older rocks together amount to only 2,060 square 
kilometers. 

Table 2-9 a 1 so shows the average amount of recharge each recharge 
area is estimated to receive directly from rainfall or overland flow. 
These estimates are derived from the water balance analysis described in 
Section 2o2.4& It is seen from the table that direct recharge to the 

Lower Cretaceous and older rocks in Sinai is estimated at 90:.000 m3/day, 
while recharge to Middle Cretaceous rocks is approximately 

192,000 m
3/day. 

Groundwater flow paths in Quaternary aquifers commonly extend from 
the margins of the permeable deposits and continue downgradient, 
following closely the gradient of the associated wadio In the case of the 
Rafah-Sheikh Zuwayid area, the gradient of the water table follows 
approximately the land surface sfope to the sea0 Recharge to the 
Quaternary aquifers is mainly from the percolation of rainfall and runoff 
waters, and from discharges from the consolidated rock units at the 
margins of the recent alluvium or Pleistocene deposits. Groundwater in 
these aquifers commonly discharges both to the sea and to the atmosphere 
by evapotranspiration. The latter occurs in oases below which the ground­
water flows and at springs where water from the Quaternary aquifers seeps 
into the wadi bed. 

The flow paths in the crystal 1 ine rock area are control led by 
fracture patterns and fault zones, and it is believed that they generally 
extend no deeper than 100 to 200 meterso Discharge occurs in the form of 
springs, as well as by direct flow from the crystalline rock into adjacent 
Quaternary aquifers, which are found in the mountain wadis and in the low­
lying deltas·and plains bordering the Gulfs of Aqabah and Suez. 
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TABLE 2-9 

Estimated Groundwater 
Recharge for Major Aquifers in Sinai 

Size of 
Outcrop Estimated Average 

or Recharge Recharge 

Unit Location a Areas (km 2) 3
1 

6 (m3 /day) {m /yr x 10 ) 

Cambrian to Triassic 
sequence (undiffer-
entiated), primarily 
sandstones Southern Sinai 920 13.0 36,000 

Cambrian to Ceno-
manian sequence 
{undifferentiated), 
primarily sandstones Southern Sinai 290 5.9 16,000 

Lower Cretaceous 
sandstones Southern Sinai 610 8.5 23,000 

Lower Cretaceous 
sandstones and 
carbonates Northern Sinai 240 5.4 15,000 

Middle Cretaceous 
sandstones, shales, 
and carbonates Southern Sinai 4,450 46.0 126,000 

Middle Cretaceous 
carbonates Northern Sinai 1,950 24.0 66,000 

El Qaa Plain 
Quaternary aquifer Southern Sinai 2,300 2.4.0 66,000 

El Arish 
Quaternary aqui.fe:r El Arish area 200 11.0 27,000 

El Rafah 
Quaternary aquifers Rafah area 180 14.0 38,000 

TOTAL 413' 000 

aRefer to Figure 2.9 (and Plate 5-11 in Working Pap~r No. 45 in the SOS-I 
project files) for recharge/outcrop area locations. 

SOURCE: Estimated by planimetering the outcrop areas for consolidated rock aqui­
fers on a 1:500,000-scale geology· map (reference {0385)) and planimeter­
ing the recharge areas for major Quaternary aquifers on 1:100,000-scale 
topographic maps. Mean annu~l recharge was estimated from the results 
of the water balance analysis. See Table 2-12. 
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Flow in the se~imentary rock aquifers commonly has a deep, regional 
component, extending 6ve~ a large part of .the peninsula ~nd beyond. Flow 
in the Lower Cretaceous sandstone in some ways serves as an example of 
groundwater flow in all of the sedimentary rock units of Sinai. · 

Plate 5-12 in Working Paper No. 45 in the SOS-I project files 
presents a model of groundwater flow in the Lower Cretaceous unit.* As 
shown, the number of data points in Sinai is far fewer than would be 
needed to justify the number of piezometric contour lines shown. The 
contour .1 i nes represent an interpretation· of 1 i ke ly groundwater fl ow 
conditionso According to the. scheme pr~sented on the plate, flow within 
Province IV takes place from the recharge (outcrop) areas in the south 
toward the north. Eastward and westward components of flow are strongly 
developed in the vicinity of the Zarga El Naab fault, which extends west­
ward from slightly north of Eilat toward El Themed, to the ·Nakhl area, 
and finally to Gebel Raha in the west. It is believed that a portion of 
the flow is diverted into this fault zone, flowing toward the west (on 
the west side) and toward the east (on the east side). The remainder of 
the flow crosses the fault zone into Province III, which consists of the 
area between the two major east-west faults on the peninsula. 

In Province III, flow in th~ ~ower Cretaceous aquifer is mainly to 
the west on the western side, and to the east on the eastern side, the 
ultimate discharge areas being the Gulf of Suez and the Araba Valley in 
Israel, respectively. In the center (~, at Abu Hamth and Nakhl), a 
groundwater high is maintained--probably' by flow from the south. The 
piezometric contours also indicate that a component of the groundwater 
flow .in Province III tends to enter the two bordering faults. 

In Province II--the ar~a of pronounced anticlinal/synclinal 
folding--three patterns of groundwater flow in the Lower Cretaceous unit 
are discernible.. (See Plate 5-12 in Working Paper No .. 45 in the SOS-I 
project files.) First, concentric or partially concentric flow occurs 
away from the outcrop areas at Gebel s El Maghara and El Halal.. Secondly, 
tnere is a deeper, more regional flow toward the east or east-northeast, 
which tends to discharge in Israel along the Araba Valley_ and in the Dead 
Sea. Lastly, on the west ·side, flow occurs in the southwest direction, 
part of which moves to.arid through the province's southern bounding fault. 

There is no evidence of any flow in the Lower Cretaceous unit in 
Province I, north of Gebel El Maghara. It is quite possible that the 
predominant carbonate/shale facies present is of low permeability, so 
that the preponderance of fl ow is diverted, in the northern part of 
Province II, toward the east. 

*A regional hydrogeologic cross section A-A', from south of Gebel El Tih to 
the Mediterranean, is shown in Plate 5-14 in Working Paper No. 45. It 
provides further details of the Consultant's interpretation of flow in the 
Lower Cretaceous unit. It should be noted that it is unlikely that there 
is any major groundwater f1 ow north of El Khabra. Rather, as indicated 
above, the fl ow is essentially diverted eastward toward Israel, and 
ultimately to the Dead Sea. 
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2.2.3o5 Groundwater Conditions of the Quaternary Aquifer in the El Ari sh 
Area. The Quaternary aquifer at' El Ari sh consists pdmari ly of Upper 
Pleistocene sands and gravels ~nd underlying kunkar ( 11 fagra 11 )--also 
referred to in some literature as 11 kurkar 11 

... -of Lower Pleistocene age$ 
These units are underlain by a· Pliocene Beach conglomerate, followed by 
Neogene Saqia Beds, which are saliferous marl beds (1190} and serve as the 
effective lower boundary of the aquifer. 

Taha (1350) has described the kunkar as .. complex marine and 
continental deposits, composed of calcareous sandstone. 11 Paver and 
Jordan (1036} define fagra as a loosely cemented shell rock containing a 
high percentage of cavities (up to 0.5 to 1 centimeter ·in diameter), or as 
calcareous sandstone,· which is similarly porous. Logs· of reclamation 
wells drilled in the El Arish area in the early 1960's and during 1979 to 
1980 indicate that the fagra unit consists of partially indurated 
calcareous sandstone, which was encounter.ed in some wells. Shata (1210) 
has pointed out that the kunkar series is present in the form of buried 
ridges, in a strip between El Arish and Rafah, which is probably no more 
than 7 kilometers wide. In the El Arish area, the fagra unit is reported 
to range in thickness from 5 to 40 meters (1350). The thickness of the 
overlying younger sand and grave 1 unit ranges from 6 to 30 meters. 
Evidence from well completion reports and well logs from the area 
indicates that the Upper Pleistocene sand and gravel unit probably 
supplies as much or more water than the underlying calcareous zone.* 

*Plates 5-17, 5-18, and 5-19 in Working Paper No. 45 in the SOS-I project 
files show hydrogeologic cross sections in· the El Arish area-­
Sections B-B 1

, B 1 -B 11
, C-C', D-D', and E-E'. The locations of these 

sections are given on Plate 5-16. 
Cross Sections 81 -8 11

, C-C', o.,.o•, and E-E 1 show the presence of an upper­
most sand or sand and gravel layer that is calcareous in places and ranges 
in thickness. from 5 to 30 meters. This layer appears to be reasonably 
permeable and could receive and hold percolating rainwater or wadi flood­
waters to recharge the underlying aquifers~ Over a fraction of the area, 
this layer is replaced by a clayey horizon, ranging in thickness from 4 to 
20 meters. Immediately underlying the upper layer is a sandy or gravelly 
clay layer, from 5 to 30 meters in thickness, that serves to partially 
confine the underly.ing aquifer zone. ·However, this layer is not 
continuous across the entire area. For example, Well 41-87 (87} on Cross 
Section 81 -8 11 indicates that no clayey zone was encountered over the full 
depth of 60 meters. With one exception, the wells used to construct these 
four sections, located north of the.El Arish airport, ranged from 35 to 
meters in depth and, hence, did not penetrate the underlying calcareous 
sandstone. In the El Maazar well (Well 41-56 on Cross Section 1

), 

which is 94 meters deep, the total thickness of calcareous sandstone was 
found to be about 40 meters. 
Cross Section B-B' (on Plate 5-17) extends northward from the vicinity of 
Bir El Lahfan to the El Arish airport. In this section, not only was the 
Lower Pleistocene calcareous sandstone penetrated (its thickness ranges 
from 6 to 27 meters), but also the underlying Pliocene conglomerate, 
sand, and clay layers, and, on the south end, a Mioc;ene ( ?) clay layero 
Moreover, faults are inferred, as shown on the section, because at two 
separate l-0cations, Cretaceous sediments were encountered--clay, shale, 
and limestone--~nd the presence of two small horst blocks is (cont'd) 
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Table 3-l3b in Working Paper No. 33, Water Resources, provides 
information on well yields and water quality pertaining to the Quaternary 
aquifer in the El Arish area. The recorded well yields range from 0.6 to 
28 liters/sec, and the mean well yield is 17.8 liters/sec, with a 
standard deviation of 5.7. Cle~rly, the aquifer's transmissity is 
adequate for the supply of moderate-to-fairly large quantities of water 

The groundwater problem at El · Arish is unsatisfactory water 
qualityo* Table 3-l3b shows that the mean TDS value for El Arish 

(cont'd from p. 2-50) assumed. It is important to note that Well 41 16 
(GODO 31) was dry and that Well 41-114 (PW 29) was nearly dry, with water 
seeping into the well very slowly. In both cases, this may have been due 
to the nature of the well construction. For example, at Well 41-114, the 
screen was p 1 aced opposite a lower gravel 1 ayer with clay i nterbeds and an 
upper gravel layer, which may be isolated as far ~s receiving recharge 
waters.. If the we 11 screen had been pl aced in the lower calcareous sand 
and sandstone layer, it may have encountered adequate water. 
Cross Section B-B' indicates that downward vertical movement of recharge 
waters, rainfall, or the wadi floodwaters to the calcareous sand and 
sandstone layer could be quite slow because of the apparent low permeabil­
ity of the entire overlying sequence. Geofizika (0466) suggested the 
possibility of recharge of this Pleistocene aquifer from the Cretaceous 
rocks in the Bir El Lahfan area. Indeed, considering i position. 
relative to the calcareous sand and sandstone layer, and the fact that it 
appears to be well fractured, the Cretaceous limestone horst shown in the 
section at Well 41-117 could be a source of water to the Pleistocene unit, 
if there is an appropriate head differential across the two units. More 
investigation is required to confirm this possibilityo 

*Isosalinity maps for the Quaternary aquifer in the El Arish area are 
provided on Plates 5-20 and 5-21, in Working Paper No. 45, for early 
1960 1 s and for 1981, respectively. Water with the 1 owe st TDS va 1 ues 
appears to occur south of town, mostly on the west side of the wadi, but 
also to an extent on the east side~ in the vicinity of the bend in the 
wadi. The poorest quality water is found east of the El Arish-El Lahfan 
road. Over the intervening years, it is apparent that· in the area north 
of the airport, water quality deteriorated noticeably, so that the zone on 
the east side of the wadi where the TDS was less than 2,000 mg/l shrunk 
considerably.. The zone where TDS exceeded 4,000 mg/1 qppears to have 
shifted from a location due east of town to about 1,000 meters north of 
the airport. 
Plate 5-22 indicates the area where water quality has declined over the 
past two decadese An increase in the TOS level of the groundwater appears 
to have taken place only in the area bounded on the south by the airport 
and by a zero-change contour on the north, which extends eastward of the 
south part of El Arish town. Within this area, there are three locations 
where peak increases occurred, representing a 1,500 to 1,700 mg/1 
increase over the period. The source of this more brackish water is not 
entirely clear. It is possible that the source water is moving in from 
the east, possibly along and south of W~di El Maazar. Plate5-23, showing 
water level contours for the El Arish area, provides some support for 
this~ as discussed later in this section. 
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groundwater in the 1980 and 1981 period was 2,923 mg/1, with an estimated 
standard deviation of 774. Reference to Table 3-lOb in Working Paper No. 
33 shows that the range in TOS across the area during this period was 
1,500 to 4,917 mg/l. A summary of the TDS data for El Arish wells from 
1954 to 1981 is provided in Table 3-17 of Working Paper No. 33 in the 
SOS-I project file. 

Seawater intrusion does not appear to be the cause of the deteriora­
tion of water quality in the aquifer. It is possible that there has been 
a relatively low level of pumping from the we 11 s on the north side· of the 
area; otherwise seawater intrusion might have been clearly observed. To 
aid in identifying the source of the saline water, as well as in evaluat­
ing the degree of ongoing seawater intrusion in the aquifer, an intensive 
groundwater sampling and. monitoring program is highly reconmended. 
Moreover, a surf ace resistivity survey should be considered.. These 
recommendations are discussed in detail in Section 5.5. 

Before discussing recharge of the Quaternary aquifer at El Arish, 
the information available on groundwater flow in the aquifer mu be 
summarized. The 1979 to 1980 data on the static groundwater levels in 

. wells in the area are provided in Tables 3-lOa through 3-lOo of Working 
Paper Noa 33 in the SOS-I project files. Based on these data, a water 
level contour map for the area was prepared (Plate 5-23 in Working Paper 
No. 45). Because of uncertainties with respect to the reference points 
used in the measurements, the location of contour lines is approximate; 
nevertheless, the map is judged to be sufficiently accurate to provide a 
reliable indication of the direction of flow and, in most places, of the 
magnitude of the water level gradient. The groundwater flow appears to be 
moving generally from east to west, or from southeast to northwest. With. 
the exception of one unexplained high of 2. 2 meters above mean sea 
1evel--at Well 41-70 (PW 18), in the area north of the airport--the range 
in water level elevation is from -0.5 to L5 meters. If the below-sea­
level values are correct, special concern about seawater intrusion is 
justified.. The low value of -LS meters, found at the airport in 
Well 41-114 (PW 29), is indicative of the isolated and slowly permeable 
nature of the unit it taps.. As mentioned previously, if that well had 
tapped the underlying calcareous sand, a better water supply would 
probably have been available, and it may have evidenced a static water 
level greater than +1.5 meters. This would have demonstrated its 
hydraulic continuity with the aquifer underlying the area to the northo 

It is believed that recharge of the Quaternary aquifer at El Arish 
occurs by three means--direct rainfall on the recharge area, percolation 
beneath the wadi bed during small wadi flows and large floods, and upward 
movement along fault systems from lower (possibly Cretaceous) units. The 
possibility of leakage from underlying Cretaceous units to the Quaternary 
aquifer, via faults, is suggested by Geofizika (0466) and later analyzed 
by Saad (1085). Saad assumed that the flow proceeded basically from the 
south, at a hydrau 1 i c gradient of 0. 0032, and over a front width of 
5 kilometers. He applied the highest of two measured values for aquifer 
transmissivity, 1.05 m2/min, for the area near Well 41-42 (GODO 22). His 
computed result was 24,000 m3 /day as the average contribution to the 
aquifer from lower units. 
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It is assumed that vertical flow may very well be occurring along 
this fault system into the Quaternary aquifer, and that it is probably 
occurring all along the fault zone to the southeast of the area. It is 
further assumed that the faults extend from north of Bir El Lahfan north­
eastward to Wadi El Maazar and beyond, as shown on Plate 5-23 in Working 
Paper No. 45. This is inferred from the faults shown on Cross 
Section B-8 1 and from several sharp bends in Wadi El Maazar, which are 
possibly structurally controlled. Because of the existence of two dry, or 
nearly dry, wells in the southern part of the area, along Wadi El Arish, 
and due to the absence of any current water level data for that area, flow 
is assumed to occur only from the east or southeast. The assumption is 
that water discharges vertically upward via the faults into the 
Quaternary aquifer, and then moves laterally in a northwest direction, 
becoming more westerly as it approaches the El Arish-El Lahfan road. 

Two calculations were performed to estimate the average flow that 
may recharge the Quaternary aquifer via the fault system. One was drawn 
from Saad 1 s May 1962 water table map for the area ( 1085), and the other 
was derived from the contour map for 1979 to 1980 (Plate 5-23 in Working 
Paper No. 45 in the SOS-I project files). Both maps show that the major 
groundwater movement is from east to west or southeast to northwest. The 
average gradient across this front of approximately 8 kilometers, on 
Saad's map, is 0.0013, while that across a 7-kilometer front of contours, 

shown on Plate 5-23, is about 0.0005. Using an average (0.86 m3/min) of 
the two transmissivity values computed by Saad for the area at Wells 
41-113 and 41-42, an average flow of 12,800 m3/day was calculated on the 

basis of the 1962 map, and an average flow of 4,300 m3/day was determined 
from the 1979 to 1980 data. Assuming that the flow from this source has 
not changed significantly in the last 20 years, the two values were 

·averaged to yield 8,500 m3 /day--the estimated long-term average supply 
rate to the Quaternary aquifer from lower geologic units. 

To this component of recharge were added the computed values for the 
contribution from rainfall and from percolation of storm runoff in the 
wadi. For the rainfall contribution, a water balance analysis was 
perf armed over the entire area of the assumed recharge area, shown on 
Plate 5-11 in Working Paper No. 45. The result was an estimated average 

recharge due to rainfall percolation of 8, 700 m3 I day. The recharge . 
contribution from the percolation of floodwater runoff was based on the 
average number of days per year ( 1.3), over the entire Wadi El Ari sh 
Basin, in which rainfall exceeds 10 millimeters, ·under the assumption 
that such storms will produce runoff. This estimated recharge component 

was computed to be 9,800 m3/day. 

Thus, the estimated average recharge rate to the Quaternary aquifer 
at El Arish is the sum of the three components--8,500, 8,700, and 
9,800 m3/day--or, 27,000 m3/day, as given on Table 2-9. Of the 27,000-

m3 /day average recharge quantity, it is estimated that perhaps 

25,000 m3/day is extractable from wells, as shown in Table 2-10. The 
primary components of groundwater use are pumpage for agriculture 
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Agricultural Use 

TABLE 2-10 

Estimation of Pumpage From Wells in 
the El Arish Area, Fall 1981 

Estimated Estimated 
Total Estimated No. of Irrigation Consumptive 

Feddans Du.ration Use Rate ConsumEtive Use 

(m3 /yr) 3 CroE Irrigated (days/yr) (mm/yr) (m /day) 

Citrus 30 320 1,830 0.23 x 10 6 630 

Pomegranate, 
almonds, figs, 
guavas, 

6 cashurina 40 320 1, 830 0.30 x 10 840 

Vegetables, 
grapes, 

6 melons, etc. 450 130 1, 020 1.90 x 10 5,240 

Olives 700a 320 580 1. 70 x 10 
6 

4, 630 

TOTAL 1,220 4.10 x 10 
6 

11,340 

Assuming an overall irrigation and conveyance efficiency of approxi-
mately 80 percent, gross pumpage for agricultural purposes --14, 300 

Public SuEEly, from town supElY wells 8, 100 

Public Supply, from military wells b Z, 600 

TOTAL 25,000 

aApproximately 70,000 olive trees. 
b Water was pumped from the military wells as El Arish by pipeline to Abu 
Aweigila and Quseima, and to El Hema, Gifgafa, and Umm Khisheib, until 
early 1982. 

SOURCE: Derived from data supplied by the agricultural officer at El Arish. 
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(irrigation) and pumpage for public supply. Agricultural use was 
determined by obtaining estimates from the local agricultural department 
regarding the number of irrigated feddans presently under each crop, and 
then by estimating the average consumptive use for each of the crops. It 
is estimated that 14,300 m3/day is pumped for irrigation, and that 
10,700 m3/day is pumped for public supply. 

If current groundwater pumpage is approximately equal to the average 
recharge rate, why is there such deterioration in groundwater quality in 
the aquifer over a large part of the area? The answer may relate to the 
quality of the groundwater assumed to be flowing into the aquifer from 
lower units by means of faults. If the source is indeed a Cretaceous 
unit, data shown on the isosalinity contour map of the Lower Cretaceous 
aquifer (Plate 5-3 in Working Paper No. 45) indicate that the TDS content 
of groundwater could exceed 10,000 mg/l. With water of that quality 
making up about one-third of the computed recharge, it is not unreasonable 
to find (after mixing) the degree of salinity present in the aquifer 
today, at least along the eastern side. 

2.2.3.6 Groundwater Conditions in the El Qaa Plain. The aquifer under­
lying the El Qaa Plain consists of a thick sequence of sand and clayey­
sand 1 ayers of Quaternary age, which fill the sync 1ina1 between Gebe 1 
Qabeliat to the southwest and the mostly crystalline mountains to the 
northeast.. A north-south hydrogeo 1 og ic cross section is provided on 
Plate 5-15 in Working Paper No. 45 in the SOS-I project files; the data 
are based on logs of five land reclamation wells drilled by the General 
Company for Research and Groundwater (REGWA) in 1981. The wells ranged in 
depth from 120 to 250 meters. At no location was con so 1 i dated bedrock 
(sedimentary rock) encountered. Existing data indicate that the public 
supply wells at El Tor also tap the Quaternary aquifer; thus, the aquifer 
is probably continuous from the northern part of the El Qaa Plain at least 
as far south as El Tor. 

As shown in Table 3-lOb in Working Paper No. 33, Water Resources, 
relatively high well yields--from 26 to 32 liters/sec--have been obtained 
from these new REGWA wells (Wells 36-38, 47-1, and 47-11 (El Qaa No. 3, 
No. 2, and No. 1, respectively)). The three public supply wells (47-15, 
47-16, and 47-17) are reported to yield about 25 liters/sec, and their 
depth ranges from 80 to 150 meters. 

Only limited data are available on water quality for the recently 
drilled REGWA wells. Data obtained informally from REGWA in March 1983 
indicate a range in TDS of 950 to 4,992 mg/l. Values of 950 mg/l and 1,300 
mg/l were reported for waters from Well 47-11 (No. 1) and Well 36-40 
(No. 6), respectively. An unexpectedly high v a 1 ue of 4, 992 mg/ 1 was 
obtained for Well 47-1 (No. 2), which is located about 30 kilometers 
north of El Tor and 3 kilometers east of the El Tor-Feiran highway. 

In June 1981, the Desert Institute analyzed water samples obtained 
from the El Tor pub 1 ic supply we 11 s. TDS ranged from 600 to 650 mg/ 1. 
There is some evidence that south of El Tor and westward, within 
1 kilometer of the Gulf of Suez, water in Quaternary deposits tends to be 
of poorer quality. (See Plate 5-1 in Working Paper No. 45 in the SOS-I 
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project files.) Nine kilometers southeast of El Tor, Well 47-32 in 1972 
produced water with a TOS of 2, 429 mg/ l, from a depth of 150 meters .. 
Wells located in the El Tor area and tapping Quaternary deposits show a 
range in TDS of 800 to 3,800 mg/l. Possible seawater intrusion is one 
likely explanation for the higher salt content .. 

The static water level depths, shown on the cross section on 
Plate 5-15 in Working Paper No .. 45, range from 28 to 67 meters below 
ground.. Because the ground surface elevation at each well is only 
approximate, the water level elevations are likewise approximate. They 
do indicate, however, a general water level gradient in the aquifer from 
the northern part of the El Qaa Plain toward El Tor. It is possible that a 
substantial fraction of the total subsurface flow in the aquifer 
discharges to the sea in the vicinity of El Tor. 

The boundaries of the recharge area for the El Qaa Plain Quaternary 
aquifer are outlined on Plate 5 1 in Working Paper No. 45. A portion of 
the adjoining crystalline mountain area is included because it is 
be 1 i eved that much of the water recharging the crysta 11 i ne rocks that 
border the plain ultimately discharges, possibly at depth, into the 
Quaternary aquifer. As shown on Table 2-9, the assumed recharge area is 
approximately 2,300 square kilometers, and the average recharge rate is 
estimated at 66,000 m3/day. The recharge rate was computed from results 
of the water balance analysis, discussed in Section 2.2 .. 4. Of the 
66,000 m3/day, it is estimated that only 30,000 m3/day is readily 
extractable from wells. In addition, if groundwater is removed from 
storage over a long period of time by pumping from a regular network of 
wells, it is estimated that an additional amount of 80,000 m3/day could be 
withdrawn on a continuous basis--making a maximum total of 110,000 m3/day 
available from this aquifer. (The method used for this estimate is 
discussed in Section 2a2.4, and the results are provided in Table 2-13.) 
Pumpage from the Quaternary aquifer in 1981 probably did not exceed 
2,800 m3/day. 

To confirm that up to 110,000 m3 /day can be withdrawn from the 
aquifer without any adverse effects, it is highly important to implement a 
detailed groundwater monitoring program for the El Qaa Plain as soon as 
possible. It should include regular groundwater sampling and analysis, 
as well as recording of groundwater levels, well pumping rates, and 
pumping schedules. This is discussed in more detail in Section 5.5. 

2.2 .. 3.7 Existing Use of Groundwater. Estimates of the present water 
usage in Sinai are given in Table A-1 in the appendix of this volume .. 
Most of the groundwater presently exploited in Sinai is being withdrawn 
from six areas: 

El Arish area--about 25,000 m3/day from the Quaternary aquifer. 
Raf ah-Sheikh Zuwayid area--about 15,000 m3 /day from the two 
Quaternary aquifers. 
Abu Rudeis--about 800 m3/day from nearby Quaternary wells. 
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• Feiran Oasis--an estimated 1,400 m3/day from wadi alluvium. 
• Wadi Feiran (at junction with El Tor road)--about 1,300 m3/day 

from Miocene sandstone, for the oilfields. 
• El Tor area--about 2,800 m3/day from the Quaternary. aquifer. 

Small amounts of groundwater are withdrawn elsewhere--the total amounting 
to approximately 2,800 m3 /day. At Ayun Musa,* free discharge from springs 
and wells tapping Miocene and Lower Cretaceous units is estimated to 
amount to 500 to 1,000 m3/day. At Ein Guderat, the spring from Eocene 
limestone is discharging between 1,500 to 2,000 m3/day (Water Point 
52-23). 

Thus, the current estimated total groundwater use in Sinai is about 
49,000 m3/day. Of this, 47,000 m3/day is drawn from Quaternary sediments 
or dune sando The remaining 2,000 m3/day is drawn from Miocene, Eocene, 
and Cretaceous units. The springs at Ein Guderat provide an additional 
1,500 to 2,000 m3/day for potable water at El Quseima, the village near 
the spring, livestock, and irrigation from Eocene limestone. The unused 
flow at Ayun Musa accounts for perhaps an additional 1,000 m3/day from 
Miocene and Lower Cretaceous units. · 

2.2.4 Quantification of Existing Water Resources 

2. 2. 4 .1 Water Ba 1 ance Analysis. The purpose of the water balance 
analysis is to estimate average groundwater recharge as we 11 as the 
potential runoff yield of the basins. Data required to provide reliable 
water balance results were largely missing. The available rainfall data 
were incomplete, and there were essentially no runoff or evapotranspira­
tion data for Sinai, apart from some Piche evaporometer data. Neverthe­
less, it was felt that it would be worthwhile for planning purposes to 
provide order-of-magnitude estimates for the components in the water 
balance equation. In performing the water balance analysis, the 
simplified equation: 

Eq ( 4) 

was assumed, where G is the recharge to the groundwater, P is precipita­
tion, Et is evapotrahspiration, and R

0 
is the net surface runoff leaving a 

basin. The units used were millimeters per year averaged over each basin 
area studied. Because the interest was in long-term averages, no change 
from year-to-year in the amount of water stored either as groundwater or 
in the soil mantle was assumed. 

Precipitation data were available for most stations on mean annual 
rainfall (P) and the average number of rainy days with rainfall greater 
than 10 millimeters ( Ns) (Tab 1 e 2-11).. Based on the i sohyeta 1 map 
presented on Plate 3-3 in Working Paper Noe 45 in the SOS-I project files, 
average values for P and Ns were estimated for each of the basin areas 
listed in Table 2-11. In the absence of available data, it was necessary 
*Includes springs and wells at Ras Misalla which supply Ras Sudr. 
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TABLE 2-11 

Estimated Rainfall Parameters for Each Basin Area in Sinai 

~ 

1 Upper El Arish 
la El Bruk 
lb El Ruaq 
le El Aqabah 
ld Geraia 
2 Lower El Arish 
3 Northeast coast 
4 North coast 
5 Hegayib 
6 El Hasana-El Hema 
7 El Geraf i 
8 Was it 
9 Oahab 

10 Kid 
11 Umm Adawi 
12 El Qaa 
13 Abu Ourba 
14 Feiran 
15 Sidri 
16 Baba 
17 Tayiba 
18 Gharanda 1 

19 Ward an 
20 Sudr 
21 Lah at a 
22 El Raha 
23 El Hagg 
24 El Giddi 
25 Umm Khisheib 

SINAI 

Area 

~ 
16,3o&£1 

p 

Total Mean 
Annual 

Ra inf all 
(mm)b 

3,345 27.7 
6,481 28.0 
2,839 I 26.4 
3,641.f. 28.0 
2,749~/ 64.0 

963 154.0 
5,148 63.0 
1,680 35.8 
3,549 45.0 
2,446 26.7 

4,204 36.5 

2,684 53.5 
1,355 49.0 

964 39.0 
3,904 31.6 

266 13.0 

1,717 47.0 
1,163 36.0 

841 33.6 
860 26.5 
829 26.5 

1,569 24.0 
895 22.1 
603 22.1 
847 24.0 
621 25.5 
703 27.5 

4,641 41.0 
61 aOOOe 39 .4 

Average No. 
of Days/Yr 

With Rainfall 
(~O mm) 

1.08 
1.02 
0.90 
1.25 
2.49 
4.60 
2.05 
1.25 
1.56 
1.00 
1.34 
2.04 
1.87 
1.45 
1.14 
0.32 
1.59 
1.19 
1.11 

0.62 
0.67 
0.60 
0.40 
0.40 
0.43 
0.46 
0.50 
0.96 
1.33 

Ps 
Estimated 
Ra inf all 

(mm) 
Per Storm 

(.?:..10 mm) 

13.5 
18.3 
19.3 
13.2 
18.2 
23.0 
18.0 
15.5 
17.9 
17.3 
19.3 
17.8 
17.8 
18.5 
20.2 
25.0 
23.4 
23.5 
23.5 
29. l 
27.8 
27.8 
33.8 
33.8 

33.8 
32.l 
31.2 
25.0 

E..lsee Figure 2.2 and Tables 2-2, 2-4, and 2-12 for more information on 
hydrographic basins. 

Q/Estimated from the isohyetal contour map (Plate 3-3 in Working Paper 
No. 45) • 

. £/Total basin area includes an additional 45 km2 outside Sinai • 

. 2/Total basin area, including portion outside Sinai, is approximately 
4,000 km2. 

~/Sinai basin areas add to 61,507 km2, but are rounded to 61,000 km2 in 
this report. 

SOURCE: Derived from meteorological station data and Plate 3-3 in 
Working Paper No. 45. 
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to estimate the quantity Ps shown in the table, which is the average 
amount of rainfall per storm of 10 millimeters or greater. 

Apart from local overland flow, the assumption was that no measur­
able surface runoff would result from basin areas unless a given storm 
provided 10 millimeters of water or more. Thus, it was assumed that all 
runoff from storms of less than 10 millimeters was lost as evapotranspir­
ation. 

In estimating evapotranspiration losses, it was decided that 
estimates based on the Modified Penman method (0269) of computing 
reference evapotranspiration rates (ET

0
) would be more reliable than the 

available Piche evaporometer data. Therefore, monthly values of ET0 were 
computed for five meteorological stations in Sinai--El Arish, Nakhl, Abu 
Rudeis, El Tor, and St. Catherine. Data on wind speed and cloudiness for 
St. Catherine were extrapolated from the Nakhl, El Tor, and El Arish 
st at ions. The data used and the computed results are given in Data 
Entries EN-CL-13, -14, -15, -16 and -17 in Volume VII. The computed ET

0 

values, averaged on an annual basis, range from 4.9 mm/day for El Arish to 
8 mm/day for Abu Rudeis. 

The next step in estimating evapotranspiration losses on each basin 
consisted of an inventory of what are defined as the "primary evapotrans­
piration areas" (PEA). The location and areal extent of such areas were 
estimated from 1:100,000-scale topographic maps over all of Sinai. 
Aerial photomosaics were not available at the time of the analysis. 
Subsequent study of the photomosaics indicated that the topographic maps 
were probably re 1 i able with respect to the genera 1 1 ocat ion of 1 arge 
vegetated areas. The areas identified on the topographic maps were placed 
in four categories: 

• Areas containing palm trees in sand dunes. 
e Areas containing grass and shrubs. 
• Wadi beds with cultivation or shrubs and palms apparent. 
1 Wide wadi beds showing no apparent vegetation. 

The area in square kilometers under each category was totaled for each 
basin area. The size of the PEA's in all categories ranged from zero for 
the Oahab Basin Area to 1,460 square kilometers for the Geraia subbasin of 
Wadi El Arish. The total area covered by all such areas on the peninsula 
was about 8,700 square kilometers. 

For each region in Sinai, monthly ET
0 

values were established based 

on the values for the five stations given in Data Entries EN-CL-13 thro~qh 
EN-CL-17 in Volume VII. Appropriate coefficients to apply to the ET

0 

values were then selected for each category of PEA identified. For areas 
with palm trees in sand dunes and areas with grass and shrubs, the 
coefficient was based on an assumed density of vegetation ranging from 3 
to 6 percent. For cultivated wadi beds, for the months of November 
through February, coefficients provided in Figure 6 of reference (0269) 
were used; for the remaining months, a density of ground cover ranging 
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from 0.5 to 2 percent was used as the coefficient. For wide wadi beds 
with no apparent vegetation, coefficients applicable for initial crop 
development (0269) were used for the 4 winter months; for the remaining 
months, the coefficient was assumed to be zero. Based on consumptive 
use estimates, the average annual evapotranspiration from crops irrigated 
from wells in the El Arish and the Rafah-Sheikh Zuwayid areas was also 
estimated. (The reference figure is reproduced as Figure A.lat the end 
of the Appendix to thi·s Volume.) · 

In addition to evapotranspiration from the PEA's, evaporation was 
also assumed to occur over the entire area for 4 days following each 
rainfall of 10 millimeters or more. In this case, a coefficient was 
selected from Figure 6 of reference (0269) to apply to the ET

0 
value over 

the entire area. Finally, all rainfall in storms of less than 10 milli­
meters was assumed to be lost through evapotranspiration. 

By summing these components, the estimated average annual evapo­
transpirat ion (ET) for each basin was obtained, as shown in column I of 
Table 2-12. The computed evapotranspiration loss, averaged over each 
basin area, ranged from 10 mm/yr for the Abu Durba Basin Area to 83 mm/yr 
for the Northeast Coast Basin Area. The net annual ET for Sinai as a 
whole is estimated to be 24 mm/yr, after subtracting the estimated ET for 
those crops irrigated from wells. 

In the absence of any runoff data, empirical equations were used to 
estimate the average quantities leaving each basin as surface runoff .. 
First, the runoff that could be produced by the average-sized storm 
exceeding 10 millimeters was estimated. This estimate was multiplied by 
the average number of days per year with rainfall greater than or equal to 
10 millimeters. For comparison, three runoff equations were used. The 
results of the computations, as well as the values used for the computa­
tions for each basin area, are shown in Tables 3-22, 3-23, and 3-24 of 
Working Paper No .. 33 in the SDS-I project files. Each table shows the 
computations for a different method, involving the use of one of the three 
runoff equations obtained from the literature. The equations are 
modified slightly to includ~ the normalized drainage density in the 
coefficient, defined as D/D, where Di is the drainage density of a 

particular basin in km-1, and D is the mean drainage density for all of 
Sinai. The values of D. in each case were obtained from an analysis of 
Sinai basins performed 1by Saad, El Shamy, and Sweidan.(1086} It was 
reasoned that the greater the drainage density of a basin, the more 
surface runoff that could be expected on the average, other factors 
remaining the same.* 

*Method 1, shown in Table 3-22 of Working Paper No. 33, involves the use of 
an equation attributed to Bal 1 that was used by Saad, El Shamy, and 
Sweidan. (1086) This equation, modified to include the normalized stream 
density, is: 

V = 750 (D;/D) A (Ps - 8) Eq (5) 

(cont'd) 
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TABLE 2-12 

Sinai Water Balance Summary (mm/yr) 

A B c 0 E 

Inflow 
Estimated Runoff 

Mean (Ri) from 
Size 

~ 
Annual Upstream 

No. Basina Rainfall Basins 

1 Upper El Arish 

la El Brukh 3,345 28 0.0 

lb El Ruaqh 6,481 28 0.0 

le El Aqabahh 2,839 26 3.0 

ld G . h era1a 3,641 28 2.2 

2 Lower El Arish 2,749 64 2.6 

aFor locations of basins see Figure 2i2. 

bDue only to rainfall on basin. 

F 

Estimated 
Outflow 

(Ra) 
Runoffb 

0.9 

1.3 
1.3 

1.0 

8.3 

cDue to percolation in "spreading areas. 11 

d 
Net annual runoff = column E + column F - column G. 

G H 

Net Annual 
Runoff 
Leaving 

Portion of Basin 
Runoff Lost in (R ) d 

Spreading Areasc n 

0.5 0.4 

0.2 1.1 

1.5 2.8 

2.5 0.7 

9.4 1.5 

I J IC 

Estimated Estimated 
Total Annual ET Net 

Annual ET on Lands Annual ET Irrigated by 
on Basinf on Basine Groundwater 

23 0.0 23.0 

19 o.o 19.0 

19 0.0 19.0 

27 0.0 27.0 

47 1.6 45.4 

eET = evapotranspiration. Values for evapotranspiration have been averaged over each entire basin area. 
No significant change in soil or groundwater storage is assumed, year to year. 

f Net annual evapotranspiration = column I - column J. 

gMean annual groundwater recharge = column D + column E - column H - column K. 

hAccording to the basin division formulated, subbasins la and lb contribute water to le; le in turn 
contributes to ld. 

l 

Estimated 
Mean 

Annua 1 
Groundwater 
Recharge9 

4.6 

7.9 

7.2 

2.5 

19.7 



TABLE 2-12 (cont'd) 

A B c D E f 6 H I J K L 

Inflow Net Annual Estimated 
. Runoff Estimated Runoff Estimated Estimated Mean 

Estimated (R.) from Outflow Leaving Total · Annual ET Net Annual 
Size Mean 1 

(Ra) 
·Portion of Basin Annu'al ET on Lands Annual ET Groundwater 

~ 
·Annual Upstream Runoff Lost in (R }d Irrigated by 

on Basinf No. Basin Rainfal 1 Basins Runoffb Spreading Areasc n on Basine Groundwater Recharge9 

3 Northeast coast 963 154 0 .. 0 o.o 0.0 0.0 83 6.0 77 .o 77 .0 
4 North coast 5,1481 63 o.o 0.0 0.0 0.0 37 0.0 37.0 26.0 
5 Hegayib 1,680 36 0.0 0.0 0.0 0.0 28 0.0 28.0 8.0 
6 El Hasana-El Hema 3,549 45 0.0 0.0 0.0 0.0 25 0.0 25.0 20.0 
7 El Gerafi 2,446 27 0.0 1.3 0.0 1.3 19 0.0 19.0 6.7 
8 Was it 4,204 37 0.0 4.8 0.0 4.8 17 o.o 17 .o 15.2 

N 9 Dahab 2,684 54 0.0 6.6 0.0 6.6 26 0.0 26.0 21.4 I 
~ 

10 Kid 1,355 49 o.o ~.8 o.o 5.8 24 0.0 24.0 19.2 N 

11 U11111 Adawi 964 39 o.o 5.4 0.0 5.4 23 0.0 23.0 10.6 
12 El Qaa 3,904 32 0.0 2.8 0.0 2.8 19 o.o 19.0 10.2 
13 Abu Durba 266 13 0.0 1.2 o .. o 1.2 10 o.o 10.0 1.8 
14 Fei ran 1,717 47 o.o 7.1 0.0 7.1 19 0.0 19.0 20.9 
15 Sidri 1,163 36 o.o 6.4 0.0 6.4 15 0.0 15.0 14.6 
16 Baba 841 34 0.0 4.7 o.o 4.7 13 o.o 13.0 16.3 
17 Tayiba 860 27 o.o 4.5 0.0 4.5 15 0.-0 15.0 7.5 
18 Gharandal 829 27 0.0 2.8 o.o 2.8 12 0.0 12.0 12.2 

;4,575 km2 exclusive of Lake Bardawil. 



A 

No. 

19 
20 
21 
22 
23 
24 

N 25 I 
O'\ 
w 

TABLE 2-12 (cont 1 d) 

B c D E f 6 H I J K L 

Inflow Net Annual Estimated 

Estimated Runoff Estimated Runoff Estimated Estimated Mean 
Outflow Leaving Total Annual ET Net Annual Mean (Ri) from 

Size (Ra) 
Portion of Basin Annual ET on Lands Annual ET Groundwater 

· Annual Upstream Runoff Lost in (R )d Irrigated by 
Basin (knh Rainfall Basins Runoffb Spreading Areasc n on Basine Groundwater on Basinf 

Wardan 1,569 24 0.0 2.5 0.0 2.5 14 0.0 14.0 

Sudr 895 22 0.0 2.8 0.0 2.8 14 0.0 14.0 

Lahata 603 22 0.0 1.1 0.0 1.1 16 0.0 16.0 

El Raha 847 24 0.0 0.9 0.0 0.9 19 0.0 19.0 

El Hagg 621 26 0.0 0.4 0.0 0.4 14 0 .. 0 14 .. 0 

El Giddi 703 28 0.0 0.2 0.0 0.2 15 0.0 15.0 

Umn Khisheib 4,641 41 0.0 0.0 o.o o.o 21 o.o 21.0 

SINAI 6l2507j 39.4 -- -- -- 2.lk -- -- 23.7 

jSinai basin areas add to 61,507 km2, but are rounded to 61,000 km2 in this report. 

klncludes only those basin areas from which the net annual runoff flows to the sea. Thus, Rn values for 

Upper El Arish subbasins have been omitted. The value is averaged over a 62,805-km2 area, which 
includes the portion of the Wadi El Arish catchment outside Sinai. 

SOURCE: Derived from the water balance analysis described and documented in Section 2~4.4~1 of 
volume. s 

Rechargeg 

7.5 
5.2 
4.9 
4.1 

11.6 

12.8 
20.0 
14.2 



In a 11 three methods, once the quantity of runoff, V (in cubic 
meters), is computed, Ra, the estimated average annual runoff (in milli-
meters per year), is computed by the equation: 

R = a 
v N 

A x 103 s 
Eq (8) 

where Ns is the number of days per year with rainfall equaling or exceed­
ing 10 millimeters. 

Comparison of the results from Tables 3-22, 3~23, and 3-24 in 
Working Paper No. 33, Water Resources, shows that Method 1 predicts a 
much higher average annua 1 runoff quantity than do Methods 2 and 3. 
Method 3 predicts a slightly higher annual runoff than Method 2, except 
in a few b4sins, such as the Northeast Coast or Hegayib Basin Areas where 
surface drainage is either not fully developed or not developed at all. 
As an ex amp 1 e of the resu 1 ts using the three methods, the Wadi · E 1 Bruk 
subbasin showed an annual runoff of 3.2 mm/yr by Meth9d 1, 0.6 mm/year by 
Method 2, and 1.1 mm/yr by Method 3. The annual runoff for the Feiran 
Basin was computed to be 21.8 mm/yr by Method 1, 5.3 mm/yr by Method 2, 
and 8.8 mm/yr by Method 3. The runoff computed for the El Gerafi Basin 
was 6.1 mm/yr by Method 1, 1.3 mm/yr by Method 2, and 1.4 mm/yr by 
Method 3. 

(cont'd from p.2-60) where V is the average runoff per storm greater than 
or equa 1 to 10 millimeters (in cubic meters), A is the basin area in 
square k i 1 ometers, and P s is the estimated average ra inf a 11, in mi 11 i -

meters, of storms equaling or exceeding 10 millimeters. 

Table 3-23 shows the results of computatton with the second runoff 
equation, derived from the portion of Strange's table (0299c) applicable 
to a 11 good 11 average catchment in a "damp" condition. (Assuming a "dry" 
condition for the catchment resulted in extremely low computed runoff.) 
The resulting equation is: 

Eq (6) 

where RP is the fraction of precipitation that becomes runoff, from 
Strange's table, and all other parameters are as defined for 
Equation (5) .. 

The third method, shown in Table 3-24, involves use of the U.S. Soil 
Conservation Service method.(1152) The equation in this case is: 

(PS - 0.2 5) 2 

V = 25,400 (D;/0) A (Ps + 0. 8 S) Eq (7) 

where S = (1,000/N) - 10; N is the runoff curve number appropriate to a 
particular hydrologic soil group, crop, and land cultivation practice; 
and the other parameters are as defined for Equation (5). Runoff curve 
numbers (N) appropriate for fallow conditions and for antecedent 
conditions, ranging between dry and average (conditions I and II), were 
selected. · 
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For three-fifths of the basins an average of the results from 
Methods 2 and 3 was used. This decision was guided by the results 
of runoff measurements made in the Negev on small watersheds.(0384) 
For Basin Areas 3, 4, 5, 6, 21, 22, 23, 24, and 25 (one-third of all 
basins), where stream density was low or undeveloped and where there 
was no outlet to the sea, the results from Method 3 were used. An 
average of the ~esults from all three methods was applied to the 
Lower El Arish Basin since it was felt that the equation for Method 
1 would have more validity in this higher rainfall zone. 

The final selected values for the estimated outflow runoff for each 
basin area are given in column F of Table 2-12. The values range from 
zero for a basin area such as the North Coast or the Hegayi b Basin to 
8.3mm/yr for the Sinai portion of the Lower El Arish Basin. The values 
are relatively low for the subbasins of the Upper El Arish Basin (rang­
; ng from 0. 9 to 2 mm/yr) and for the El Gera fi Basin Area ( 1. 3 mm/yr). 
Basin Areas 8 through 11, in the Southeast Subregion, average 5.6 mm/yr, 
and those in the Southwest Subregion, including Feiran, Sidri, Baba, and 
Tayiba, average 5.7 mm/yr. 

In the water balance summary table (Table 2-12), inflow data from 
upstream subbasins of the El Ari sh Basin are shown in column E. According 
to the division of subbasins adopted for the El Arish Basin, the El Bruk 
and El Ruaq subbasins drain into the El Aqabah subbasin, which in turn 
drains into the Ger a i a subbas in. The Gera i a subb as in and the two sub­
bas ins in Israel drain into the Lower El Arish Basin Area in Sinai. For 
those subbas ins con tributing water to down stream subbas ins, the v a 1 ue 
under column H for the contributing basin was added to the value under 
column E for the receiving basin, after adjusting the number for basin 
size .. 

The presence of natural controls and natural spreading areas in Wadi 
El Arish is discussed in Section 2.2.2o Since such spreading areas are 
not taken into account in the runoff equations used, the amount of runoff 
water that might percolate below these areas was estimated--based on the 
approximate size of the spreading areas (from 1:100,000-scale topographic 
maps), an assumed average percolation rate, and the average number of days 
per year with ra inf a 1l equa 1 to or exceeding 10 mil 1 imeters.. These 
estimates are given in column G of Table 2-12. 

The net surf ace out fl ow (Rn), the estimated surf ace runoff yield 
expected from a given basin area, is found in column H of the table. This 
value is obtained by subtracting the amount lost due to percolation in 
spreading areas from the sum of Ra (surface runoff due only to rainfall on 
the basin area) and R; {inflow surface runoff from upstream subbasins). 
The Rn values range from zero, for Basin Areas 3 through 6, to 7.1 mm/yr 
for the Feiran Basin Area. The average for Sinai as a whole is 2.1 mm/yr. 

The last column (column L) of Tab 1 e 2-12 provides the estimated 
groundwater recharge in millimeters per year, averaged over each basin 
area. This was calculated, on the basis of Equation (4), by subtracting 
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the sum of the net surface runoff (Rn) and the net annual ET from the sum 
of the mean annual rainfall and inflow runoff from any upstream subbasins. 
The estimated average annual groundwater recharge values range from 
1.B mm/yr for the Abu Durba Area to 77 mm/yr for the Northeast Coast Basin 
Area. The overall average for Sinai is computed to be about 14 mm/yr. 

2.2.4.2 Estimates of Groundwater Recharge for the Major Aquifers in 
Sinai. Average groundwater recharge rates were calculated for each 
recharge area shown on Plate 5-11 in Working Paper No. 45 in the SOS-I 
project files. This was accomplished by determining the fraction of the 
recharge area found in different adjacent basin areas. Then, for each 
recharge area, the weighted average of the recharge values found in 
co 1 umn L of Tab le 2-12 was computed. These weighted average recharge 
rates were then applied to each recharge area. A summary of the results 
is provided in Table 2-9. The 413,000 m3/day recharged into these major 
aquifers is about half of the total recharge, but the proportion cannot be 
reliably projected. Much of it cannot be recaptured. 

1 Average recharge to the Cambrian-to-Triassic arlji Cambrian-to-
Cenomanian undifferentiated rocks is 52,000 m /day. Lower 
Cretaceous rocks receive about 38,000 m3/day. 

• The Middle Cretaceous unit, as a whole, receives an estimated 
192,000 m3/day. 

Quaternary aquifers in the Rafah area are estimated to receive 
3 recharge at an average rate of 38,000 m /day. 

The Quaternary aquifer at El Arish receives about 27,000 
m3/day. 

1 The Quaternary aquifer at El Qaa Plain receives 66,000 m3/day. 

2.2.4.3 Groundwater Availability in Sinai. The determination of ground­
water availability in the different areas of Sinai requires an integra­
tion of five essential types of information--hydrogeologic data on water 
points, stratigraphic information on the major aquifers, estimates of 
recharge to each aquifer, aquifer hydraulic data, and unit costs for well 
construction and pumping from wells. The method for obtaining the ground­
water cost information is described in Section 5.0. 

Plate 5-1 in Working Paper No. 45 in the SOS-I project files and the 
water point data in Tables 3-lOa through 3-lOo (Working Paper No. 33) 
were reviewed to determine the most likely areas in which to exploit 
groundwater of reasonably acceptable quality. Well depth, static water 
level, and groundwater quality (as indicated by TDS) were noted for each 
aquifer and each area. Then, the stratigraphic data given in Table 2-3 of 
Working Paper No. 33 were reviewed, and the isopach maps (Plates 5-5 and 
5-6) and the contour map of the depth to the top of the Lower Cretaceous 
aquifer (Plate 5-7) were studied. On the basis of this information, 47 
"groundwater availability areas 11 (GAA) were identified~ A given ground-
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water availability area is limited to what a single aquifer can deliver. 
Hence, if more than one potential aquifer underlies a particular loca­
tion, at least two GAA's will overlap at that location. 

Plates 6-1 and 6-2 in Working Paper No. 45 show the boundaries and 
extent of each GAA. Plate 6-1 includes the GAA's for all the Quaternary, 
Miocene, Eocene, Middle Cretaceous, and Crystalline aquifers, while 
Plate 6-2 shows the GAA's for the Lower Cretaceous aquifer and lower 
contiguous sandstones. This information is illustrated in Figures 
2.5-2.7. 

Details on the estimated ranges _of the important parameters for each 
GAA were recorded on a special form. Tables 3-25a through 3-25uu (Working 
Paper No. 33) show these completed forms, one for each GAA. The hydro­
geologic information entered on the forms includes ranges for estimated 
depth to the top of the aquifer, estimated well depth, static water level, 
possible well discharge rate, drawdown, TDS content of the groundwater, 
natural recharge to the aquifer in the area, and estimated quantity of 
groundwater extractable from the aquifer by wells in the GAA. A parameter 
termed the "degree of confidence" reflects the amount of hard information 
upon which the particular estimated range of values is based. Under the 
scheme used, 11 111 indicates the highest degree of confidence, while 114 11 is 
the lowest. Of the 47 areas identified, the El Arish area (Area No. 2) 
has the highest degree of confidence for hydrogeologic information--a 
level of 1.2, while the lowest degree of confidence is for four different 
GAA's involving the Middle Cretaceous aquifer (Areas 9, 10, 12, and 23)-­
with an average value of 3.6. 

The cost estimates provided on the lower half of the GAA forms 
(Tables 3-25a through 3-25uu in Working Paper No. 33) were obtained with 
the aid of cost curves, making use of the ranges for well depth, pumping 
water level, and well discharge provided on the hydrogeologic portion of 
the form. In calculating the total volume of water pumped per year, it 
was assumed that pumping would take pl ace an average of 8 hr I day. The 
cost of water per cubic meter is computed at the we 11 head. In this 
analysis, the diesel price assumed was LE 0.025 per liter. 

Under the comments section of the form, ideas are presented regard­
ing water quality or recharge, and certain recommendations are made 
regarding the need for test we 11 s in each area and the siting of new 
wells. For example, for GAA No. 36, involving wadi alluvium in the Wadi 
Kid, Umm Adawi, and Nebq areas, it is recommended that test we 11 s be 
drilled to at· least 40 meters, with the upper 30 meters cased and grouted 
to sea 1 off the upper part of the aquifer, which is known to contain 
highly saline water. Based on one deeper well in the area, it is possible 
that water of reasonably satisfactory quality could be obtained at deeper 
levels in the alluvium, which could probably be recharged from the 
crystalline rocks to the west. 

A summary of the information given on the groundwater availability 
forms (Tables 3-25a through 3-25uu in Working Paper No. ~3) is provided 
in Appendix Table A-4. This table deviates from the information given 
in Tables 3-25a through 3-25uu, in that the estimated long-term with­
drawable groundwater in each case is based on the "water balance" approach. 
Data given in Tables 3-25a through 3-25uu also include the results of a 
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new analysis, to be discussed below. In reviewing these estimates of ground­
water availability, it is important to keep in mind not only the degree of 
confidence of the information base, but also three other considerations that 
could affect any planned groundwater development: 

• In identifying the groundwater availability areas, the poten­
tial aquifers have been limited to those capable of supplying 
water with a TDS content of less than 8,000 mg/lQ Obviously, 
this includes not only freshwater, but also brackish-to-saline 
water.. Therefore, in considering any area for possible ground­
water development, special attention must be paid to the 
estimated range in TDS.. Knowledge of the possible water 
quality should affect decisions regarding potential groundwater 
development and the initiation of a test drilling program. 

The amount of groundwater estimated to be withdrawable (item 10 
in Tables 3-25a through 3-25uu in Working Paper No. 33) is the 
total groundwater available in the area, including that 
presently being exploited and that which may be withdrawn from 
any future wells. 

In Appendix Table A-4 the groundwater shown as available is cal­
culated on a "water balance" approach, wherein one assumes that 
a large fraction of the natural recharge can be captured, and 
that only a negligible amount of groundwater can or should be 
removeg Jrqm storage.* 

2.2.4.4 Groundwater Availability in Selected GAA's Analyzed as to 
Maximum Allowable Drawdown. In early 1983 the Consultant reviewed and 
revised the analysis of groundwater availability for selected GAA's. The 
areas selected for reanalysis included those aquifers that are known to 
have a reasonably broad areal extent with no major problems of water 
quality -- the Middle Cretaceous and the Lower Cretaceous aquifers, and a 
few Quaternary aquifers including the El Qaa Quaternary aquifer. This new 
approach emphasized the physical constraints on the maximum allowable 
drawdown in a well, rather than assuming, as was done previously, that the 
available groundwater was limited to a portion of the estimated recharqe. 

For each GAA analyzed, the drawdowns from a hypothetical network of 
equally spaced wells, each pumping at equal rates, were estimated over a 
30-year period by means of the Theis equation, which was applied to the 
simultaneous pumping of all the wells using the principle of superposi­
tion. Approximate values for aquifer parameters were estimated. This 
method was repeated for several well spacings, until the minimum well 
spacing was found for which the drawdown in each well would not be exces­
sive. Excessive drawdowns over the assumed 30-year period were defined as 
those resulting in the dewatering of more than two-thirds of the saturated 

*There are some theoretical and practical drawbacks to the water balance 
method of estimating available groundwater withdrawal, as pointed out by 
Bredehoeft, Papadopoulos, and Cooper.(0248) 
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thickness of a water-table aquifer, or more than 20 percent of the thick­
ness of a confined aquifer. 

Cost considerations were also addressed in the analysis. However, 
it appeared that physical constraints, as described above, were limiting 
in all cases. Total water costs at the well head under the maximum 
permitted drawdowns ranged from LE 0.04 to LE 0.40 per cubic meter, with 
the costs for most of the cases falling below LE 0.02. 

As the final step in the analysis, the sum of the discharges of the 
hypothetical wells in each GAA was added to that portion of the estimated 
recharge for the area that was judged to be capturable. The resulting 
figure is the updated groundwater availability estimate under the 
assumption of an optimum drawdown over a 30-year period. 

A summary of the results of this analysis is provided in Table 2-13. 
The analysis was performed for those areas considered to be the most 
significant from the point of view of groundwater supply in Sinai. The 
El Arish and Rafah areas were excluded from this hypothetical analysis 
because cons i derab 1 e data for these areas indicate that the ava i 1ab1 e 
groundwater is constrained by potent i a 1 or actua 1 water qua 1 i ty dete­
rioration. Because of this, the Consultant concluded that no additional 
groundwater withdrawal is practical over and above that indicated in 

Appendix Table A-4 -- namely, 25,000 m3/day for the El Arish area and 

30,000 m3/day for the Sheikh Zuwayid-Rafah area. 

Table 2-13 presents a significant increase in the estimated avail-
ab 1 e groundwater in certain areas as a resu 1 t of the new analysis. 
Particularly notable are the increases computed for the various Uplands 
locations and the El Qaa Plain. The potential yield from the Middle Cre­
taceoys aquifer in Central Sinai, for example, is computed now to be ap-
proximately 55,000 m3/day, rather than 10,000 m3

Jday; and the Lower Creta­

ceous aquifer, in roughly the same area, is computed to yield up to 180,~0DO 

m3/day, rather than the 10,000 m3/day estimate based on the water balance 
approach. Th~ maximum yield from the Quaternary aquifer in the El Qaa 
Plain is estimated at 110,000 cubic meters per day, compared with the ear-

1 ier estimate of 30,000 m3/day. In sum, for these two areas, the optimiz­
ing rather than the balancing approach indicates seven times as much water 
(345,000 m3/day compared with 50,000). 

It should be borne in mind that the figures for potential groundwater 
withdrawal resulting from the new analysis assume a uniform distribution 
of wells over the entire area. Less groundwater would be available if the 
wells are clustered together in only a few locations (assuming uniform 
aquifer conditions). Also, when considering the quantities of ground­
water that might be available in each area, it is important to recognize 
the likely range in water quality, which is given in terms of total dis­
solved solids in the last column of Table 2-13. 

We cannot emphasize too strongly the fact that most of the estimates 
of groundwater availability provided in Table 2-13 and in Tables 3-25a 
through 3-25uu and 3-26 (in Working Paper No. 33) are extremely crude 
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Figures 2.5-2.7 give locations. The only other major areas considered 
to have substantial groundwater potentials are the Quaternary aquifers 
near El Arish and Rafah (see Table 2-9), which are already actively 
exploited (and in the opinion of some observers probably over exploited). 

aBased on the "water bal ance 11 approach (see Appendix Table A-4). 
bBased on an optimum drawdown caused by a network of wells over a 30-year 
period. 

cTDS = total dissolved solids. 

SOURCE: Derived from the reanalysis of groundwater availability undertaken 
early in 1983 and described and documented in Section 2.2.4.3 above. 
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approximations, and were computed for the purposes of the very prelim­
inary peninsula-wide planning required for this study. This points up 
again the urgency of performing a carefully formulated exploratory well 
drilling and aquifer testing program, such as recommended and described 
in Section 5.5.2. 

2.2.5 Desalinization Options 

2.2.5.1 Introduction. As of May 1981, there were 22 operational desalin­

ization plants in Egypt, with an aggregate capacity of 9,800 m3/day. 
(0302) They range in daily capacities from 100 to 2,000 cubic meters and 
employ three basically different desalinization technologies--electro-

dialysis, distillation, and reverse osmosis. In Suez, a 2,400-m3/day 
reverse osmosis plant was under construction to convert brackish water to 
potable quality water for the Suez Cement Company. 

There are plans to install at least seven new desalinization units in 
Sinai. These are shown as Unit Nos. 1 through 7 on Figure 2.10 and in 
Table 2-14. Four electrodialysis units were being used at El Arish in 
1983, each with a capacity of 400 m3/day. The water source is the existing 
town wells, and the units are being placed in different sections of the 
town. It is expected that the charge for this water will be LE 0.25 per 
cubic meter. A reverse osmosis unit (Unit No. 5), with a capacity of 

200 m3/day, is planned for nearby El Masaid. A similar unit of the same 
capacity is to be installed at Bir El Abd, and local groundwater will be 
used as the feedwa te r. 

In South Sinai, a reverse osmosis unit, with an approximate capacity 

of 625 m3/day, has been delivered to Ras Sudr. Arrangements are now being 
made to complete the installation of this unit. The feedwater is assumed 
to be either local groundwater from the Wadi Sudr delta alluvium or piped 
water from fiowing wells at Ras Misalla. 

A number of processes or energy sources shou 1 d be considered in 
evaluating the possibility of any additional desalinization units for 
Sinai. Generally, the selection of a particular process or energy source 
will be governed by the probable cost, as affected by: 

• 
I 

' 
I 

• 
I 

Salt content of the possible feedwaters 
Cost of pumping the feedwater to the plant site 
Desired purity of the output water 
Required capacity of the unit, in m3/day 
Energy efficiency of the processes considered 
Availability of different energy sources at the site. 

The major ·desalinization processes comprise reverse osmosis, 
electrodialysis, and distillation. Reverse osmosis (RO) and electro-
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TABLE 2-14 

Planned or Possible Desalinization Units in Sinai 

Unit 
!iQ..:__ Location 

1-4 El Aris~/, 'E../ 

5 El Masai~/ 

6 Bir El Ab<Jf-1 

7 

8 

9 

10 

11 

12 

13 

Ras Sudr~/ 

Abu Zenima 
{possible site) 

Abu Rudeis 
(possible site) 

Sharm El Sheikh 
{possible site) 

Nebq 
{possible site) 

Dahab 
{poss i bl e s i te) 

Nuweiba 
{possible site) 

Purpose 

Potable supply 

Potable supply 

Potable supply 

Feedwater 
{ T OS i n mg /1 ) 

Local groundwater 
{2,000-4,000) 

Local groundwater 
{ 3,000-6,000) 

Local groundwater 
{ 5,000-8,000) 

Domestic Supply Local groundwater 
{ 3,000-5 ,000) 

Domestic and 
industrial 
supply 

Domestic and 
industrial 
supply 

Domestic and 
tourism supply 

Do mes ti c and 
tourism supply 

Domestic and 
tourism supply 

Domestic and 
tourism supply 

Seawater 

Groundwater, piped 
from 15 km east 
{3,000-5,000) 

Local groundwater 
{3,000-5,000) 

Seawater 

Local groundwater 
{4,000-7,000) 

Local groundwater 
{4,000) 

Local groundwater 
{2,000-4,500) 

Local groundwater 
{2,000-3,500) 

CaQacity 
(m3/ day) 

1,600 
{4 units) 

200 

200 

625 

1,200 

1,200 

2,000 
5,000 

1,200 

1,200 

1,000 

1,000 

1,000 
1,500 

!./Reverse-osmosis units are planned for all locations except El Arish, where 
electrodialysis units will be installed. 

Q/These units are essentially already installed. 

£/Plans are underway to purchase and install these units . 

.9/rhere is already a reverse osmosis unit at Ras Sudr, but its installation 
is not yet complete. 

SOURCE: Derived from SOS-I field trips in early 1983. Subsequently, some 
additional desalinization units have been planned, most notably at 
Ras Taba (Number 14 on Figure 2.10). 
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dialysis (ED) involve the use of membranes. Distillation may be of th.e 
multistage flash evaporation type (MSF) or the vapor-compression type 
(VC). Electrical energy is generally required for both the RO and ED 
processes; the ED process requires direct current. In addition to 
electrical energy, heat is required for distillation--it can be provided 
by fossil fuels, such as diesel oil or gas. Alternatively, in vapor 
compression distillation, mechanical energy is applied to produce high­
temperature vapor for use as a heat source instead of steam. 

Pilot studies are underway in several countries on the use of solar 
energy to power different types of desalinization units. These units are 
basically still in the experiment a 1 stage, but so 1 ar energy must be 
seriously considered as a possible energy source in an area such as Sinai. 

2.2.5.2 Description of Desalinization Processes 

1 Reverse osmosis--The reverse osmosis (RO) process uses 
hydraulic pressure to force pure water from saline feedwater 
through a semipermeable membrane. The process is now used for 
desalting brackish water and, in certain circumstances, sea­
water. 

The two important characteristics of an RO membrane are flux 
(rate of flow per unit area of membrane) and salt rejection. 
The percentage of salt rejection is a function of the feedwater 
salt composition, the operating pressure, and the membrane. 
Membranes can be tailor-made to produce the highest salt 
rejection for a water of a part i cu 1 ar chemic a 1 content and 
composition. A salt rejection of 90 percent is usually 
adequate for brackish feedwaters, while better than 98 percent 
is required to produce pot ab 1 e water from seawater. The 
operating pressure in an RO unit for most brackish waters is 

400 lb/in. 2 (psi) or more. With seawater, operating pressures 
of 800 psi are common. 

Pretreatment is es sent i a 1 for the proper operation of the 
equipment and to prolong the life of the membrane. (Refer to 
the flow diagram for a reverse osmosis system, Figure 3-12, in 
Working Paper No. 33 in the SDS-I project files.) The pretreat­
ment process and regular membrane maintenance serve to minimize 
membrane fouling due to scaling by calcium and magnesium 
sulfate and carbonates; by metal oxides; or due to plugging by 
suspended solids or biological growth. 

Chlorination is usually recommended, with a residual of 0.3 to 
1 ppm chlorine, to control biological growth. If the membrane 
is of the polyamide type, all residual chlorine must be removed 
prior to fluid entry into the membrane assembly. Membrane life 
is normally assumed to be 3 years with brackish feedwaters, and 
2 years for seawater. 

• Electrodialysis--Electrodialysis (ED) uses a direct current to 
transfer ions across a membrane, and the electrical energy is 
consumed in proportion to the quantity of salts removed. For 
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economic reasons, the ED process is generally limited to feed­
waters with a TDS level of 5,000 mg/l or less. Present research 
on this process is aimed at making seawater desalinization by 
ED practical through high-temperature operation using . thin 
membranes. A schematic flow diagram for an electrodialysis 
unit is given on Figure 3-13 in Working Paper No. 33, Water 
Resources. 

The heart of the system is the electrodialysis membrane stack, 
which consists of several compartments, each containing a pair 
of membranes separated by a spacer. One of the membranes is 
cation-permeable when a direct current is imposed on the 
solution, allowing cations but not anions to pass through, 
while the other of the pair is anion-permeable, which permits 
anion passage, but blocks cations. In addition to the membrane 
compartments, each ED stack includes an inlet feedwater 
channe 1, an out 1 et output Witer channe 1, and two e 1 ectrodes. 
The extent to which the feedwater is desalted in the ED process 
depends on its residence time in the stack and the current 
density, which is kept as high as possible to increase produc­
tion. 

Electrical power is used for pumping water through the system, 
in addition to providing for transfer of ions in the stack. 
Rectifiers are used to convert alternating current to direct 
current for application to the membrane stack. For pumping, 

the power required is about 1 kWh/m3 of product watero Current 
applied to the membrane stack is commonly consumed at a rate of 

about 1.32 kWh/m3 for each 1,000-ppm reduction in salinity. In 
genera 1, the power requirements decrease as the temperature 
rises. One can assume a 1 percent decrease in power consump-

tion with each O.S°C rise above 21°c, and a 1 percent increase 

with each o.s 0c below 21°c. 

Multista e flash eva oration--Multistage flash evaporation 
MSF is a type of distillation process based on the principle 

that water will boil at progressively lower temperatures as it 
is subjected to progressively lower pressures. If a series of 
vessels (stages) are arranged as shown schematically in 
Figure 3.1s rif Working Paper No. 33 in the SOS-I project files, 
and the pressure relationship P3<P2<P1 is maintained, as 

preheated water is introduced (with the brine stream) into each 
stage in succession, part of it will suddenly vaporize (flash) 
until the water temperature is again in equilibrium with the 
vapor pressure. The spiral tubes shown in the figure carry cool 
feedwater and act to condense t~e water vapor, which is then 
collected in a chamber from which it enters the product water 
stream. 

In any distillation plant, the feedwater (generally seawater) 
must be treated to prevent formation of scale due to precipita­
tion of the salts as it is being heated to its highest 
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temperatures The deposition of such scale on the surfaces of 

the heat transfer tubing in the brine heater seriously affects 

the operation of the plant since the scale reduces the transfer 

of heat from the steam to the brine. 

The MSF process involves four streams: 

Feedwater {seawater) stream--Consists of the cold raw 

water that flows through the condenser tubes in the heat 

rejection section. As the seawater leaves this section, a 

portion is returned to the sea. The remainder is treated 

a.nd flows to the decarbonator and the deaerator, where 

bicarbonate, carbon dioxide, and oxygen are removed. 

Brine recycle stream--Consists of recycled brine and 

makeup water. The makeup water is comprised of the feed­

water that has flowed through the heat rejection section. 

The mixture of brine and makeup water is pumped through 

the tubes of the entire heat recovery section; at the end 

of this process, the mix tu re enters the brine heater, 

where it is heated to its highest temperature. The hot 

mixture then flows to the flashing chambers. The 

resultant vapor is condensed by transferring its latent 

heat to the brine mixture flowing in the tubes of the heat 

recovery stage. The condensate {product water) is 

collected in trays. The flashing process continues at 

progressively lower pressures. After the last stage, a 

portion of the brine is removed as bl ow down,* and the 

balance is returned to the suction side of the recycle 

pump. 

Product-water stream--Beg ins as the distill ate produced 

from the condensing vapor flows along in trays--gradually 

increasing in volume until it leaves the last stage. The 

stream is then directed to the product water pump. As the 

water flows from stage to stage, its temperature is 

reduced by flashing to a lower pressure. The temperature 

of the final product, however, is generally greater than 

30°c and'may require cooling. 

Vapor stream- ... Cons i sts of two major streams--the steam 

admitted to the brine heater and the vapor resulting from 

the liquid flashing in each stage. Condensate from the 

brine heater usually is returned to the boiler, while 

condensate originating from flashing becomes the product 

water. 

Va or com ression distillation--The principle of v~por compres­

sion VC), by which temperature and pressure increase, can be 

*In 11 once-through 11 plants, all of the last-stage brine is blown down, and 

none of it is recycled. 
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used in combination with any of the distillation processes. In 
this way, the enthalpy of low-temperature vapor can be 
increased, so that the vapor can be used as the heat source 
rather than fresh steam. This permits the use of mechanical 
energy rather than the normal thermal energy. 

2.2.5.3 Solar Desalinization.. Research and development efforts in 
several countries have been directed toward the design and testing of 
solar-powered desalinization units. As an indication of the interest in 
solar desalinization systems, over 25 papers on this subject were 
presented at a solar desalinization workshop held in March 1981.(1308) 
Some of the current research efforts are being directed at improving the 
efficiency of solar collectors. However, despite the level of research, 
it seems that few units or modules are commercially available at present. 

One solar-powered reverse osmosis unit has recently been delivered 
to Jeddah, Saudi Arabia, by Water Services of America.(1378) The unit 
uses two high-pressure, hollow, fine-fiber permeators and two low­
pressure permeators to reduce the salt content of the incoming seawater 
from 42,800 mg/l to below 100 mg/l TDS. The solar system uses an 
8-kilowatt array of 210 ribbon photovoltaic cells to convert the sun's 
ray§ into electricity. The unit is designed to deliver only about 
4 m /day of potable water. No cost data were available. 

A pilot plant that uses a solar-powered electrodialysis process 
(SPED) has been designed under the auspices of the Office of Water 
Research and Technology (OWRT) of the U.S. Department of the Interior. 
(0822) The SPED plant is designed to produce 150 m3/day of potable water 
and uses photovoltaic solar co 11 ectors to produce the direct current 
needed for electrodialysis and to charge batteries to be used during 
periods of low sunlight and at night, if necessary. A process flowsheet 
for the SPED plant is shown on Figure 3-18 in Working Paper No. 33 in the 
SOS-I project files. By using the product recirculation pump as the feed 
pump, with the main feed pump off, the power requirement of the plant is 
reduced from one-fourth to one-half of full-flow requirements. The cost 
of desalinization of brackish water (about 2,200 mg/l TDS) is estimated 
to be LE 2.2 per cubic meter. 

A detailed conceptual system design has been formulated for a solar­
powered, multiple-effect diffusion (MED) distillation unit.(1039) 
Parabolic trough solar collectors are coupled to a primary heat transfer 
loop and heat storage subsystem to provide thermal energy to the steam 

.generator. The steam engine/generator subsystem generates power for the 
plant auxiliaries or for export, and the engine feeds exhaust steam at 
atmospheric pressure to the MED desalinization subsystem. Based on 
systems simulation and analysis, the MED unit appears to be one of the 
most efficient thermal distillation approaches known to date.. The net 
energy consumed by the MED unit for desalinizing seawater (44,000 mg/1 
TDS) is only about 75 kJ/kg of product water. The plant has a rating of 
6,000 m3/day of potable water of high quality (<10 mg/l TDS). 

In the conceptual MED plant, a special heat-transport oil (MCS-2046 
from the Monsanto Chemical Corporation) is heated by the glass-mirrored 
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parabolic short-focus solar collectors.(1039) The hot oil flows to a 
large insulated storage tank, which supplies thermal energy to the 
desalinization system at a constant rate, and is further pumped to a steam 
boiler and produces steam at l93°C. The MCS-2046 oil was selected for its 
compatibility with the system and its expected long life. Similarly, the 
heat receiver in the solar collector is expected to require very 
infrequent replacement. 

The MED plant is designed so that the solar collector arrays and the 
desalinization subsystem are highly modular.(1039) The 172 solar 
collector rows are individually controlled; each row can be isolated 
without affecting adjoining rows. Similarly, the 20 modules making up 
the desalinization subsystem are independent, and failure of one will not 
impair the performance of the other 19 mo du 1 es. The resu 1 ts of an 
economic analysis of this MED system have not yet been published. 

Another conceptual solar-powered plant has been formulated at the 
University of California's Sea Water Conversion Laboratory.(1355) The 
designed plant is a solar-powered, multi-effect distillation plant driven 
by a solar boiler, ~th an average daily output of 45,400 kilograms of 
saturated steam at 60 C. Using a very high performance evaporator, it was 
found that optimized water costs ranged from LE 1 to 2.64 per cubic meter 
of product water for brackish water feed, to LE 1.54 to 3.36 per cubic 
meter for seawater feed. Under these conditions, the daily productivity 
per unit area of solar collector ranged from 65 to 130 liters/m2--20 to 40 
times the average productivity of simple solar stills. 

Recently, s imp 1 e so 1 ar st i 11 s have been successfully constructed 
using TEDLAR film (registered trademark of the E.I. duPont de Nemours & 
Co.) because of its high resistance to deterioration from exposure to 
ultraviolet light. Figure 3-19 in Working Paper No. 33 in the SOS-I 
project files illustrates a number of still designs for single-effect 
solar distillation. All of these use stationary solar collectors to 
supply the heat. The f o 11 owing are basic requirements of a ·good so 1 ar 
still unit for small field applications: 

• Easy assembly in the field 
1 Construction from local materials to minimize transportation 

costs 
• Light weight for ease of handling and shipping 
1 Effective life of 10 to 20 years with normal maintenance 
e No requirement for external power sources 
• Dual service as a rainfall catchment surface 
1 Ability to withstand prevailing winds 
• Construction from materials that will not contaminate the 

collected rainwater or the distillate 
1 Conformance with standard civil and structural engineering 

standards. 
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Cascaded greenhouse-type solar stills, similar to the one illus­
trated in Figure 3-19 in Working Paper No. 33, are being tested at the 
International Research Center in Cairo by Dr. Namal Helwa and her 
coworkers. Stills of this type can be employed at locations with very low 
freshwater demand (i.e., for 1 imited househo 1 d needs). Unt i1 more 
sophisticated systems become commercially available, simple solar stills 
may be well-suited to supply the domestic requirements of small settle-
ments in Sinai that are close to seawater or brackish wells. 

2.2.5.4 Process Selection. In selecting among the three traditional 
desalinization processes, a number of factors must be considered. The 
chemical content and composition of the feedwater must receive primary 
attention, along with the desired plant capacity, the quality of the 
product water required, the energy efficiency of the process considered, 
and the cost of available energy. 

In general, for treating seawater, only the distillation and reverse 
osmosis processes should be considered, though the latter is applied more 
commonly to the desalinization of brackish water. Electrodialysis is 
effectively 1 imited to feedwaters of less than 5,000 mg/l TDS. Power 
consumption by the different processes is dependent on a number of plant­
design parameters, as well as feedwater characteristics. Typical power 
consumption rates, in k i1 owatt-hours per cubic meter of product water, 
have been calculated as follows (0404): · 

1 MSF process 

VC process 

RO process (without energy 
recovery) 

RO process (with energy 
recovery) 

• ED process 

for pumping 

for direct current (for 
each 1,000-mg/l reduction 
in salinity) 

13 .8 (70°C)* 
15.5 (90°C) 
15.5 (115°C) 

11..0 (100°C) 

9.5 (35°C) 

6.6 (35°C) 

1..0 (35°C) 

1..32 (35°C) 

In ED plants, power requirements are inversely affected by temperature. 
Warmer feedwaters reduce resistance and, therefore, power consumption. 
However, the membranes available today are limited to a maximum 
temperature of 38°c. 

*Excluding power required to transport feedwater to the plant and waste 
brine from the plant. Maximum temperatures are given. 
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The energy requirements of an MSF plant vary substantially depending 
on whether it is operated as a single- (desalinization only) or dual­
purpose (desalinization and power) station. At a performance ratio of 10, 
a single-purpose MSF plant was computed to have a heat input requirement 
of about 265 kJ/kg of product, compared to 140 kJ/kg for a dual-purpose 
plant .. 

Where there is a need for large quantities of both water and electric 
power, consideration should be given to dual-purpose plants where steam 
exhausted through a back-pressure turbine might be used in the desalin­
ization plant. Alternately, in a conventional steam-electric power 
plant, steam may be extracted from various locations in the turbine cycle 
(e.g., at the crossover of the high- and 1 ow-pressure sections of the 
turbine). For more remote locations, the use of exhaust heat (from a gas 
turbine that generates electricity) to generate steam for a vapor 
comp~ession plant may present a more favorable option. 

The size of a unit and the time required for installation should also 
be considered in selecting from among the sever a 1 processes. 
Construction/installation periods range from 2 to 3 months for small 
vapor compression plants to 20 months for the larger MSF plants, after 
receipt of equipment onsite. Electrodialysis and small reverse osmosis 
plants .are compact and are usually shipped largely preassernbled; instal­
lation requires only a few weeks at most for piping interconnections and 
power tie in. Reverse osmosis pl ants in large sizes are partly pre­
assemb led as modules. Large pumps must be carefully aligned and cemented 
in place. Installation times can range from 6 to 10 months after 
equipment has arrived onsite. Shakedown and performance tests should be 
completed in 60 days or less, unless some unusual problems arise. 

2.2.5.5 Future Desalinization Units for Sinai. Table 2-14 provides 
details on the desalinization units that may be installed in Sinai some­
time in the future. F1:gure 2.10 (derived from Plate 6-3 in SOS-I 
Working Paper No. 45) shows the locations of Unit Nos. 8 through 14, in 
addition to the new or planned units discussed in Section 2.2.5.1. 

The sites for potential new units are located on the coasts of the 
Gulfs of Aqabah and Suez, where the local aquifers generally do not provide 
water of a potable quality--at Abu Zenima, Abu Rudeis, Sharm El Sheikh, 
Nebq, Dahab, Nuweiba, and Ras Taba. The process selected in each case is 
based on probable feedwater quality as well as required cap~city. 

The estimated costs of desalinizing brackish water and seawater are 
discussed in Section 4.0. In general, it appears that the cost of solar­
powered desalinization presently tends to fall in the upper part of the 
cost range for conventional desalinization or slightly higher. However, 
by the time many such solar units are commercially available, the unit 
costs may have decreased. In any case, at present, small solar stills 
should be seriously considered for supplying the potable water require­
ments of small communities in Sinai. 
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2.3 EXTERNAL WATER RESOURCES 

2.3.1 Introduction 

This subsection discusses the current use of Nile water, the 

potential use of imported Nile water, and the potential for cloud­

seed i ng. Other potential external water resources, such as the Jordan 

River and Galilee reservoirs, are not considered. The term "Nile water" 

includes water from drainage canals. 

At present, over half the water consumed in Sinai~originates in the 

Ni le. Siphons pass under the Suez Canal at Port Said,· .Qantara, and 

Deversoir. · The Hamdi Tunnel carries water through a 500-millimeter pipe 

and has space for a second pipeline. The first will go to Abu Rudeis. The 

second has been proposed to go to Bir El Thamada and the Uplands. 

Present works in process and plans for importing Nile water into 

Sinai for domestic and industrial purposes involve an estimated total 

supply of 50,000 m3/day, which is equivalent to approximately 0 .. 018 

milliard m3/yr.* The pipeline from El Qantara to Bir El Abd, now nearing 

completion, will bring to Sinai about 4,000 m3/day, and the planned 

pipeline from El Qantara to El Arish will import another 25,000 to 

30,000 m3/day. The pipeline in design from the Hamdi Tunnel to Abu Rudeis 

will bring 10,000 to 15,000 m3/day of Nile water into Sinai.. A small 

pipeline serves Port Fouad. The capacity of the Deversoir siphons is 

3 mi 11 ion m3 /day. A siphon from Port Tewfiq to El Shatt has been 

designed. Details on these pipelines are given in Table A-2 in Appendix A 

to this volume (see also Plate 6-3 in Working Paper No. 45). 
I 

Nile water is distributed by tanker truck to about half of Sinai and 

by tanker ship to the cities on the Gulf of Suez coast. The Ras El Nabq 

airport is receiving freshwater by pipelines from Eilat, and a pipeline 

from Gaza to the Rafah area is reported to be in operating condition.** 

In sum, in 1982, about 65,000 cubic meters of Sinai's daily water 

consumption of 115, 000 cubic meters was from extern a 1 sources. The 

estimated cost of such imported water is relatively high--ranging from LE 

0.37 to 0.95 per cubic meter--depending on the size of pipeline and tanker 

assumed and the distance or height the water has to be transported. 

2.3.2 Potential External Water Sources 

2.3.2.l The Nile and Drainage Canals. In evaluating the feasibility of 

supplying additional Nile water to Sinai, it is helpful to distinguish two 

categories of demand for imported Nile water: 

*One milliard= 1.0 x 1,000,000,000--one billion or 1,000 million. 

**Personal communication, Dr. Ali Abu Zeid. 
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I Piped water intended primarily for domestic purposes 
and moderate industrial uses. 

I Piped canal water intended for the irrigation of crops 
in land reclamation areas. 

When considering the importation of large quantities of Nile water for 
land reclamation, the issue of Nile water availability is added to the 
constraint of cost. The cost of Nile water imported in volume to 
irrigate proposed large reclamation areas in Sinai ranges from LE 0.02 
per cubic meter for canal water transported to areas close to the Suez 
Canal, to LE 0.06 to 0.50 per cubic meter and even higher for piped 
water to irrigate more distant areas. (Refer to the full discussion 
on Nile water conveyance costs in Section 4.0.) 

Work is currently underway by the Government of Egypt to formulate 
a Land Master Plan. Under this project, relatively detailed field 
studies of land potential and soil characteristics of all potential land 
reclamation areas are being performed. When completed in 1984, the Land 
Master Plan will provide better information on soils as one basis for a 
ranking of potential reclamation areas. 

In addition to this project, a semi-detailed soil survey is 
currently being performed by REGWA on 300,000 to 350,000 feddans selected 
from the original Reclamation Areas 1, 2. and 3 in Sinai.* The 
selection was based on a reconnaissance soil survey of the three areas 
performed by REGWA in 1980 and 1981. On the basis of the updated 
information, when it is available, from the Land Master Plan studies and 
the current REGWA survey, it is possible that the results indicated in 
Table 2~15 (and in Table 2-16) could be significantly revised. 

I SOS-I Land Capability--In addition to the reclamation areas 
indicated in Table 2-15, the SOS-I land capability analysis 
has identified other candidate areas to be studied for 
irrigated agriculture. Figure 2.12 and Table 2-16 indicate 
a number of areas in Sinai that, because of their land 
characteristics, location, and topography, appear to the 
SOS-I Study· Team to offer the best chance for success with 
irrigation. The table also indicates the number of feddans 
that--subject to the results of detailed soil surveys-- is 
likely to be identified as productive, irrigable land. It 
should be noted that Area NW-1 of Table 2-16 is in the same 
location as Area 3 of Table 2-15. Also, Areas NW-2 and NE-1 
given in Table 2-16, taken together; correspond approximately 
to Reclamation Areas 1 and 2, given in Table 2-15. Areas NW-3 
and NW-4 of Table 2-16 correspond approximately with Areas 4 
and 5, respectively, of Table 2-15. Because of the criteria 
applied in the most recent land capability analysis, the net 
feddanage expected to be irrigated in each of the areas listed 
in Table 2-16 is considerably smaller than that indicated for 
the corresponding areas in Table 2-15. 

*Five reclamation areas proposed in the Government's Water Master Plan are 
shown in Figure 2.11 and described briefly in Table 2-15. 
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I T E R R A N E A .N S E A 

LEGEND 

Major Reclamation Areas 

Coastal Area Between 
El Tina Plain and El 
Arish (Between 
0 and 5 m) 

Coastal Area (Between 
5 and 60 m) 

El Tina Plain 

East Bitter Lakes 

East of Suez Canal 

Other Areas 

l nnundated Land 

Siphons 

Existing 

18:1 Proposed 

2.11 
RECLAMATION AREAS 

THE WATER MASTER PLAN 
(Ministry of Irrigation, 1981) 

-NOTE-
FOR ADDITIONAL INFORMATION, REFER TO 

TABLE 2·15. 

IN 

0 
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A 

No. 

1 

2 

3 

4 

5 

TABLE 2-15 

Availability of Nile Water for the Five Reclamation Areas 
Proposed in Sinai as Part of. the Water Master Plan of 1981 

B c D E 

Proposed 
Gross Area Method of Source .of 

Name (feddans) Irri.gation Water 

Coastal area between Z65,000 Surface El Salaam Canal 
El Tina Plain and El 
Ari sh 

Coastal area between Z50,000 Sprinkler Salhia Canal (from 
contours 5 and 60 Ismailia Canal) 

El Tina Plain 135,000 Surface El Salaam Canal 

East Bitter Lakes 30,000 Sprinkler Suez Irrigation 
Canal 

East of Suez Canal 55,000 Sprinkler Suez Irrigation 
Canal or Maadi-
Suez pipeline 

F 

Total Annual 
Water Duty 

(m3 x 106) 

1,855 

1,Z50 

945 

150 

275 

SOURCE: Information given in columns A through F was taken from Reference 
( 0862). Refer to Figure 2 .11 (a no to Pl ate 5-3 in Working Paper 
No. 45 in the SDS-I project files) for the location of these 
proposed reclamation areas. 
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More specifically, the SOS-I Study Team estimates that the total 

area likely to be identified as suitable for irrigate~ agri­

culture in Sinai will be about 328,700 feddans. It is assumed 

that the potential land productivity. and soil characteristics of 

these areas, taken as a whole, correspond to those of the 

original Reclamation Areas 2, 4, and 5~-a conservative assump­

tion, since it is likely that, on balance, soils are somewhat 

better than those identified in the earlier reconnaissance. 

Based on this assumption, proposals incorporated in the Water 

Master Plan, and other available information, it is understood 

that there should be sufficient Nile water available to irrigate 

all of the areas identified in Figure 2.12 and in Table 2-16 by 

the year 2000. 

The conveyance of Nile water to these areas is an important 

consideration. If large irrigable tracts are identified in 

northwest Sinai and along the Mediterranean coast as a result of 

ongoing soil surveys, there will be little doubt that conveyance 

by large canals will be the method of choice. However, if only 

small-to-moderate size tracts are identified, and if they are 

separated by relatively large distances (which is implied by the 

figures provided in Table 2-16), the alternative of large pipe­

lines should be considered. The potential water loss from 

canals, and also possibly their capital costs, would dictate 

this. The costs and other considerations concerning large pipe­

line .systems are discussed below in Section 4.4. A recommenda­

tion for detailed pipeline versus canal feasibility studies for 

Sinai is presented in Section 5.5.4. The pipeline corridors 

recommended for conveying Nile water to some of the more acces­

sible reclamation areas are on Figure 5.1. 

On the basis of allocations already incorporated in or implied 

by the Water Master Plan and other information it analysed, the 

Study Team concluded that the supply of Nile water is sufficient 

to fulfill domestic demands, most industrial demands, and 

requirements to reclaim more than 300,000 feddans for agriculture 

in Sinai. 

2.3.3 Cloud-Seeding Possibilitie~ 

Cloud-seeding experiments recently performed· in several places in the 

world have demonstrated the possibility of increasing storm rainfall or even 

average monthly rainfall in target areas. The science and technology of 

cloud seeding is still quite new, and the optimum combinations of land 

topography, air temperature, upper and lower air movements, cloud temperature, 

size, and structure are not fully understood, for most areas. The results 

of recent cloud-seeding experiments have many times been conflicting. In 

view of this, recommendations for Sinai are necessarily limited due to the 

need for additional pertinent meteorological data and the design of appro­

priate cloud-seeding experiments. 
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LEGEND 

PHASING OF DEVELOPMENT 
THROUGH 2000 

Through 1991/92 

Partially Before. Partially 
After 1991/92 

Between 1992/93 
and 2000 

Partially 1991/93 2000, 
Additional Development 
Optional After 2000 

Initial Development With 
Local Groundwater 

SCALE 1:1,653,000 

25 50 

KILOMETERS 
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-PRINCIPAL WATER SOURCE FOR INDIVIDUAL AREAS OF IRRIGATED AGRICULTURE-
(Areas are keyed to map by identification numbers, and the water source is listed for each area as forseen in the recommended 
strategy and three alternatives.3 ) 

NUMBER 

NW 1 
NW 2 
NW3 
NW4 

NE 1 
NE 2 
NE 3 
NE 4 

UP1 
UP 2 
UP 3 
UP4 
UPS 
UP 6 
UP 7 
UPS 
UP 9 
UP10 

SW 1 
SW 2 
SW 3 
SW4 
SW 5 
SW6 

SE 1 
SE 2 
SE 3 

PRINCIPAL WATER SOURCE, BY STRATEGY 
(Refer to Key to Principal Water Sources for descriptions.) 

El Tina Plain 
El Qantara-Baloza 
East Bitterla kes 

AREA 

East of Suez (joins SW 1) 

Romana - El Mazar 
Sheikh Zuwayid - Rafah 
Lower Wadi El Arish: LRU* G 
Lower Wadi El Arish: LRU* D 

Gifgafa 
Wadi El Bruk: LRU* C 
Wadi El Bruk: LRU* A 
El Sirr Plain 
Wadi El Hema 
El Hasana 
Middle Wadi El Arish 
Wadi El Gayifa/EI Quseima 
Wadi El Gerafi/EI Kuntilla 
Nakhl (Research Station) 
Gebels El Maghara, Yelleq and El Halla! 

East of Suez (joins NW 4) 
Hosh El Bagar/Ramlet Himeiyir Plain 
Abu Rudeis 
Wadi Feiran Delta 
El Qaa Plain 
Wadi Feiran Upstream 
Industrial Area North of Ras Sudr 

Wadi Watir (northwest from Nuweiba) 

-NORTHWEST SUBREGION­

NP·l 1 
NP-2 
NP-E 
NP-1 

-NORTHEAST SUBREGION­

NP-3 
NP-4 
NP-5 
NP·S 

-UPLANDS SUBREGION­

NP-9 
NP·10 
NP·10 
NP-6 
OE-9 

OE·10 
OE-10 
OE·10 

GW 
GW 

MR/GW 

-SOUTHWEST SUBREGION­

NP·l 
OE-8 
NP-7 
NP-8 
OE·8 
GW 

NP-12 

-SOUTHEAST SUBREGION-

Wadis El Ghaib and Nasb (north and west of Dahab) 
Three Wadis West of Nebq 

GW 
GW 
GW 

NI 
NI NI NI 
NI NI NI 
NI NI NI 

NI NI NI 
NI NI NI 
NI NI NI 
NI NI NI 

NI NI GW 
NI NI GW 
NI NI GW 

NI NI 

NI NI GW 
NI NI GW 
NI GW GW 

GW 

NI NI NI 
NI 

GW NI NI 
NI NI 

GW NI NI 
GW GW GW 

NI 

GW GW GW 
GW GW GW 
G.W GW GW 

3
The Recommended Strategy is summarized in Volume I of this report. It represents a synthesis and refinement of conc~pts and proposals considered 

earlier in the planning process. The Frontier, Dispersed and All Coasts alternative strategies were prepared in less detail earlier in the planning cycle as one 

basis for further analysis of Sinai's development potential and for discussion with the Steering Committee. The strategies differ not only with respect to 
the principal sources of water recommended for each area of irrigated agriculture (for instance, as this table shows, the "Frontier" alternative proposed 

much less Nile water for the Southwest and substantially more for the Uplands than the Recommended Strategy) but also in the number of feddans pro· 

posed for irrigation, Strategies are fairly similar with respect to their recommendations for Northwest, Northeast and Southeast subregions and differ 
mainly in their treatment of agricultural potentials in the Uplands and the Southwest. 

*Land Resource Unit, as defined Volume IV. 

NP-11 

NP·E 

NI 

OE-9 

GW 

MR/GW 

-KEY TO PRINCIPAL WATER SOURCES-

Nile water conveyance systems, probably mainly by pipeline. In some of these areas groundwater will also be used for agriculture to the 
extent sustainable supplies of appropriate quality are available, but transfers through Nile systems are expected to be the principal source 

of irrigation water once the Recommended Strategy is implemented. (For additional information on water conveyance systems, refer to 
Figure 5.1 ). 

Existing Nile water siphons serving the East Bitter Lakes area. 

Nile water conveyance systems. Specific proposals (for example, capacities and routings) have been superseded by the Recommended 
Strategy. 

Optional extensions of Nile water conveyance systems. Initial development with local groundwater is strongly recommended as soon as 
aauifers are tested. 

Development mainly with local groundwater to the extent sustainable supplies are available. 

Managed tunoff, supplemented by any available groundwater. 



Subregion 
(Subtotal) 

Northwest 
'(71.0) 

Northeast 
(52.0) 

Uplands 
(156.0) 

Southwest 
(48.0) 

Southeast 
( 1. 7) 

TABLE 2-16 

Candidate Areas for Irrigated Agriculture 

Description 

Estimated Net Area a/ 
That Can Be Reclaime~ 

( 000 feddans) 

1. El Tina 
2. Qantara-Baloza 
3. East Bitter Lakes 
4. East of Suez (joins SW-1) 

1. Romana-El Mazar 
2. Sheikh Zuwayi d-Ra fah 
3. lower Wadi El Arish: LRU G 
4. lower Wadi El Arish: LRU D 

1. Gifga fa 
2. Wadi El Bruk: LRU C 
3. Wadi El Bruk: LRU A 
4. El Sirr Plain 
5. Had'f El Hema 
6. El Hasana 
7. Middle Wadi El Arish 
B. Wadi El Gayifa/El Quseima 
9. Wadi El Gerafi 

1. East of Suez (joins NW-4) 
2. Hosh El Bagar/Ramlet Himeiyer 

Plain 
3. Abu Rudeis 
4. Wadi Feiran Delta 
5. El Qaa Plain 

1. Wadi Watirs northwest from 
Nuwei ba 

2. Wadis El Ghaib and Nasb. north 
and west of Dahab 

3. Three Wadis west of Nebq 

TOTAL 

20.0 
16.0b/ 
30.CF 
. 5. 0 

20.0 
15.0 
7.0 

10.0 

16.0 
47.0 
21.0 
10.0 
5.0 

20.0 
25.0 
5.0 
7.0 

1.0 

8.0 
6.0 
8.0 

25.0 

0.6 

0.4 
0.1 

328. 7.E/ 

LRU • Land Resource Unit as defined in Volume IV. 

~/The precise number and location of feddans most suitable for major 
reclamation and irrigation projects will be more clearly defined when 
REGWA and other soil surveys, now in process. and detailed feasibility 
studies have been completed. 

E_/Including 14,000 feddans already being developed. 
Elin the Recommended Strategy about 10,900 feddans of this total are 

proposed for irrigation with local groundwater, provided availability 
is verified. These areas include 4,000 feddans in the Northeast 
subregion, 2, 900 feddans in the Up 1 ands, 4, 300 feddans in the South­
west and 1,700 feddans in the three wadi systems of the Southeast 
subregion shown in this table and Figure 2.12. 

SOURCE: Derived from SOS-I land capability analysis, summarized in IV, 
Th~ Land and the Environment of Sinai, especially Chapter 3~ 
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2.3.3.l Precipitation-Triggering Mechanisms. Water vapor in the 
atmosphere must change into water droplets or ice crystals before a cloud 
can appear. · Water droplets form on condensation nuclei, while ice 
crystals develop on ice nuclei (freezing nuclei). These cloud particles 
grow to the stage where precipitation can occur (water droplets or ice 
crystals), as explained in the following paragraphs. . 

1 Coalescence--The process by which cloud vapor becomes raindrops 
is triggered by the direct coll is ion and coalescence of water 
droplets. (1301) Droplets carried upward by ascending 
currents fall relative to their size ~nd the rising air 
columns. Very small droplets (less than 18 micrometers) are. 
unable to co 11 i de with one another. When the radius of a 
droplet is greater than about 18 micrometers, co 11 is ion can 
occur. 

Collision and coalescence are necessary for the development of 
precipitation f0om warm clouds. The temperature of the clouds 
must be above O C, and they must be comprised entirely of water 
droplets. 

1 Bergeron process--This process is concerned with the initial 
growth of ice crystals.. Growth by the direct deposition or 
transfer from water vapor to ice may be rapid while the ice 
crysta 1 is sma 11. However, because of expended 1 atent heat, 
the growth rate decreases as the ice crystal becomes larger. 

Accretion process--Ice crystals also grow appreciably by 
collision with supercooled droplets. This leads to the 
freezing of water on the surface of the ice crystal. 

The Bergeron and Accretion processes are necessary for the development of 
precipitation from cold clouds.(1301) Ice crystals in these clouds may 
grow by the direct change of water vapor to ice (the deposition Bergeron 
process), by freezing of the supercooled water droplets (Accretion 
process), or by a combination of these processes. 

2.3.3.2 Conditions Reluired for Cloud Seeding. Experiments involving 
the seeding of supercoo ed clouds as well as warm clouds have provided an 
understanding of some of the conditions required for cloud seeding to be 
effective. The experiments with supercooled clouds involved seeding with 
dry ice or silver iodide to generate the formation of ice crystals, while 
in the subtropics warm clouds have been seeded with hygroscopic particles 
or water droplets. 

The conditions required for rainfall initiation by the process of 
coalescence, without the development of ice crystals, include the 
presence of an appropriate mass of hygroscopic particles in the air that 
enters the clouds, and a cloud base temperature exceeding 10°c .. ( 0435) 
Existing information (0435) indicates that in the area of Sinai, cloud 
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base temperatures tend to exceed 10°c only in the summer and early fall, 
when cloud development is generally sparse. 

There seems to be more likelihood of success in rain enhancement in 
Sinai by making use of the Bergeron and Accretion processes. Cumulus 
clouds, formed from convection currents, appear to be the most suitable 
cloud form for seeding, when they reach levels where ice crystals form. 

2.3.3 .. 3 Results of Israeli Cloud-Seeding Experiments. The results of 
cloud-seeding experiments in Israel are generally relevant to Sinai 
conditions. In northern Sinai. the cloud systems are similar to those 
over Israel on some days during the winter season. The Israeli 
experiments involved the seeding of winter clouds from an aircraft.(0262) 
A solution of silver iodide in acetone was burned at a rate of 
13 liters/hr and was released just below the cloud bases in a region 
displaced upwind from the target area by a distance equal to the wind 
speed multiplied by 30 minutes. Only those clouds whose tops reached or 
exceeded the -5°c level (i.e., colder than -5°C) were seeded. 

The clouds seeded were of the continental cumulus form with a strong 
vertical structure.(1301) The bases ranged from a0 to 9°C, and the tops 
ranged from -13° (at 4,000 meters) to -2s 0c (at 7,000 meters). Thus, the 
clouds seeded were partly warm and partly supercooled. Conversion of ice 
crystals to solid precipitation particles, rather than collision coal~ 
escence, was the dominant mechanism on the majority of the rainy days 
during these experiments. 

On each day during the experiments in Israel, one of two experimental 
areas, 11 north 11 or "center," was randomly designated as the target area; if 
suitable clouds were located, seeding was carried out.(0262) Daily 
rainfall data were collected by a network of about 45 rain gauges operated 
by the Israeli Meteorological Service. The experiment was evaluated by a 
crossover comparison of amounts of precipitation in the two areas on two 
types of days, designated as 11 north-seeded 11 or 11 center-seeded. 11 

The results of these experiments indicate that over five and one­
ha lf seasons, the rainfall was about 18 percent greater over the entire 
area as a result of cloud seeding. (0262) By excluding the coastal and 
eastern part of the target areas from the analysis, because they were not 
generally accessible to the aircraft, the average additional rainfall 
during seeding was found to be 27 percent. 

2.3.3.4 Essential Meteorological Data Required for Cloud Seeding. The 
basic meteorological data required to evaluate the feasibility of cloud 
seeding in Sinai include: 

• Precipitation data 
• Air temperature data at the ground surf ace and for upper air masses 
t Wind velocity data, near the ground and for upper air masses 
• Data on cloudiness, cloud height, and cloud structure. 
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Available data on precipitation are presented in Volume VII and 
in Tables 2-5a through 2-5x in Working Paper No. 33 in the SOS-I project 
files. Isohyets and contours of the number of rainy days (greater than 
or equal to 1 millimeter} are given on Plates 3-3 and 3~2 respectively, 
i.n Working Paper No. 45. However, the density of stations and the extent 
of the rainfall data are not sufficient for an adequate evaluation of the 
cloud-seeding potential on the peninsula. Air temperature ·data :are 
available at ground level, but temperatures at higher levels are essen­
tially lacking. Although surface wind velocity data are available for 
several stations in Sinai, no data are available on wind velocity and 
other cha racteri sti cs of the upper air masses, which are es sen ti al· for any 
evaluation of cloud-seeding potential. 

Data on the clouds of Sinai are almost completely restricted to data 
on cloudiness, in oktas, for selected stations. As an example of these 
data, Volume VII displays curves for January, April, July, and October 
1966 on the number of days during which a given sky cover was equaled or 
exceeded at El Arish. Data on sky cover and the associated number of 
rainy days at El Arish for the 1960 1 s and 1970's are given in Table 3-27 
in Working Paper No. 33 in the SOS-I project files. Data are lacking for 
Sinai on cloud type, cloud structure, and temperature profiles and nuclei 
content of clouds--without which it is impossible to estimate the 
frequency and conditions in Sinai when seedable cloud formations may occur. 

2.3.3.5 Tentative Assessment. Based on very limited data and results of 
the experimental studies in Israel, there is a fair possibility of 
increasing ra inf a 11 by perhaps 10 to 25 percent through cloud seeding 
during the wintertime in certain parts of North Sinai.. Future 

0
studies 

should concentrate particularly on the region north of latitude 30 30' N. 

If, on the basis of this preliminary assessment, it is decided to 
proceed with studies to evaluate the feasibility of cloud seeding in 
Sinai, a rather substantial commitment of resources and manpower will be 
required, including: 

1 Data collection and literature review 
1 Expansion of the existing meteorological network in Sinai 

• Analysis of data 
1 Design of and preparation for cloud-seeding experiments 
• Performance of experiments and evaluation of results. 

Data collection will involve the collection and organization of all 
available observational data on rain and cloudiness in North Sinai. Maps 
as well as profiles should be prepared to depict detailed topographic and 
plant-cover characteristics. 

The existing meteorological network in Sinai will have to be 
improved and extended as soon as possible. This implies that first-order 
stations be established at several selected locations and that the 
density of stations be increased. The Institute of Water Resources, under 
the _Water Research Center of the Ministry of Irrigation, has initiated a 
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~tudy on the water resources of Sinai. As a part of this study, the 
Institute has already established new first-order meteorological stations 
at El Qantara, El Ari sh, Nakhl, Ras Sudr, and Abu Rudeis. Additional 
first-order stations and up to 18 second-order stations are planned ~r 
the near future. Assuming that the first-order stations have been set up 
to provide regular data on upper-air parameters, as well as the other data 
specified in Section 2.3.2.4, the planned network may suffice for this 
purpose. 

Following establishment of the upgraded network of meteorological 
stations, a minimum of 3 years will be required before there will be 
sufficient data to justify extensive analysis. The data analysis will 
lead to the design of possible cloud-seeding experiments. 

The first step in the design of the experiments is to select the most 
favorable catchment areas, target areas, and control areas for cloud 
seeding in the northern region. A dense rain-gauge network suitable for 
the target and control areas would then be designed, and established 
after marking the boundaries of the target and control areas. In addi­
tion, all the arrangements required by current international agreements 
on cloud seeding would have to be made. These agreements require the 
designation of a national body responsible for undertaking cloud-seeding 
experiments. They also specify that formal assistance in the design and 
performance of the experiments be sought from the World Meteorological 
Organization (WMO) and from one developed country involved in cloud-seed­
ing experiments. Documentation on the proposed cloud-seeding experiments 
should be provided to the WMO. 

The performance of the experiments and the evaluation of results will 
be the last and most important stage in the evaluation of the feasibility 
of cloud seeding in Sinai. Based on initial results, the form of subse­
quent experiments could be modified so as to provide a more complete 
understanding of the several conditions required for effective cloud 
seeding. 
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3.0 WATER USE AND FUTURE DEMAND 

3.1 CURRENT USE OF WATER 

3.1.1 Water Use 

In late 1981, water use in Sinai was approximately 115,000 cubic 
meters per day (m3/day). Of this total, about 43,000 m3/day consisted 
of groundwater used near the supplying wells or springs; 6,300 m3/day

3 was Sinai groundwater conveyed to other parts of Sinai; and 65,700 m I 
day was water imported from west of the Suez Canal or from Israel. About 
three-fifths of all water used was imported. Of the groundwater with­
drawn and used locally, about 10,900 m3/day was used for public supply 
and 32,200 m3/day for irrigation. This is shown on Table· 3-1.* 

Five water pipelines were in operation in 1981 for public supply 
purposes in Sinai. The military pipelines from El Arish supply well 
water from El Arish to El Hema, Gifgafa, and Umm Khisheib. Water was 
conveyed from Israel via a National Water Carrier pipeline to the Rafah­
Sheikh Zuwayid area to supplement groundwater obtained from the two 
Quaternary aquifers there. Water from three flowing wells at Ras Misalla 
is presently supplied 3via pipeline to Ras Sudr. A military pipeline 
conveys about 2,000 m /day of water from El Tor wells to Sharm El Sheikh. 
Water is pumped from Eilat to Ras El Naqb airport. (Figure 3.1) 

Two new pipelines to supply potable water are currently under con­
struction in Sinai, and construction is expected to begin soon on a third. 
The first pipeline, which will carry Nile water from El Qantara to Bir £1 
Abd, is nearing completion; only one or two pumping stations. remained to 
be finished in early 1983. This pipeline will carry approximately 4,000 
m3/day of potable water for the communities of Bir El Abd, Negila, Rabaa, 
Romana, Baloza, and Gilbana. The second pipeline, when complete, will 
convey about 500 m3/day of El Arish gro~ndwater from the El Hema pumping 
station to El Hasana. Construction of a 700-millimeter pipeline to carry 
about 28,000 m3/day of Nile water from El Qantara to El Arish started in 
1983. ' ' . ' 

Feasibility studies and design activities initiated work in 1983 
to extend another pipeline (500 mm maximum) from the Hamdi Tunnel, 
located north of Suez, to Abu Rudeis. Its purpose is to provide potable 
or domestic water to the communities located along ~he Gulf of Suez. 

*To avoid double accounting, the water trucked tD_JBir El Thamada and 
El Hasana from the El Hema pumping station (34 m /day_has been 
dropped as a separate item, and, thus, is not included on Table 3-1. 
It is assumed that the 34 m3/day is taken from the 100 m3/day diverted 
from the pipeline flow at El Hema. 
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TABLE 3-1 

Summary of Estimated Late 1981 Water Use in Sinai 

Water withdrawn from wells or springs in Sinai 
and used locally, subtotal 

- Used for public supply 
- Used for irrigation 

10,879 
32,170 

Water withdrawn from wells or springs and 
conveyed to other parts of Sinai, subtotal 

- El Arish groundwater 
- El Tor groundwater 
- Ras Misalla groundwater 
- Wadi Feiran groundwater 
- Crystalline-rock groundwater 

in Southeast Subregion 

2,600 
2,000 

150 
1,300 

200 

Water imported from outside Sinai, subtotal 

- Nile water 

by pipeline 
by truck 
by tanker 

- From Israel 
from Eilat to Ras El Naqb 
from National Water Carrier 
at Ra fah 

TOTAL 

55,500 
190 

(a) 

N/A 

10 ,000 

Estimated 
Average Use 

( m3/ ctay) 

43,049 

6,250 

65,690 

114 ,989 

SOURCE: Derived from the detailed estimates of use shown on Table A-1 
in Appendix A. 

(a)Abu Rudeis and the Feiran and Belayim oilfieds receive fresh­
water from Suez by tanker. 
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3.1.2 Basis for Estimates 

The use of water in Sinai in late 1981 was estimated on the basis 
of several sources and assumptions which are documented in project 
files. The estimated quantiti.es for late 1981 are provided by 
community and by type of water source in Table A-1 in Appendix A. A 
summary of information on the existing and proposed domestic water 
pipelines in Sinai is given in Table A-.5. · 

For El Arish and for most communities receiving water by pipeline 
(El Tor, Gifgafa, and Sharm El Sheikh), the average public supply 
quantities in cubic meters per day were obtained fnom town council 
officers or the military officers in charge of the pumping stations. 
For the other communities, public supply use was estimated on the basis 
of the existing population. A high use rat~ of 100 liters/capita/day 
(led) was assumed for El Qantara, Nuweiba, Oahab, and Nebq. For other 
communities, a use rate of 30 led was assumed. Where potable water is 
supplied to a community by truck, the remaining domestic us~ was assumed 
to be 20 led. The quantities presently delivered by truGk, as shown in 
Table A-1 in Appendix A, were derived from the re$ults of an infra­
structure survey of each community conducteq by Dames & Moore in 1981. 

Various approaches were used to estimate the current agricultural 
use of water in the four primary agricultural centers of Sinai: El 
Arish, Rafah-Sheikh Zuwayid, East Bitter Lake~, and Feiran Oasis, as 
shown in Table A-1 in Appendix A. The number of feddans cultivated to 
each crop in the El Arish area was obtained from the agricultural officer 
there. The consumptive use rate was provided by the project's irrigation 
consultant and by a Dames & Moore survey of irrigation water us~ in the 
El Arish area. Total consumptive use was computed for each crop type, 
as shown in the table. 

Agricultural use of water in the Rµfah-Sheikh Zuwayid area in 
1981 consisted of water pumped from wells making up the 11 coastal inter­
ceptor drain"* and from older irrigation wells located in the interior. 
Asman {0146)** estimated an average pumpage of 8,200 m3/day for the 28 
wells in the coastal interceptor drain, all of which is used for irri­
gation. The older irrigation wells were estimated to irrigate an area 
of about 400 feddans. At an average consumptive use of 5,000 m3/yr/ 
feddan and an irrigation and conveyance efficiency of 80 percent, the 
total water use from the older irrigation wells was computed to be about 
6,800 m3/day. Thus, the estimated daily water use for irrigation in 
this area in 1981 was 15,000 cubic meters'. 

*Wells 51-31 to 51-58 are detailed in Working Paper No. 34, Hydrologic 
Information Cards, in the working files of SOS-I. 

** The four-digit references throughout the text are found in Appendix 
B to this volume. 

3-4 



As shown in Table A-1, the estimated use of water for the East 
Bitter Lakes agricultural area is 55,000 m3/day. The estimated 
average flow for irrigating the New Mit Abul Korn and Heroes' Village 
areas is 43,200 m3/day, based on pumping information obtained from an 
Arab Contractors' engineer at New Mit Abul Korn. An area of only about 
300 feddans was being cultivated in the Youth Farms area in 1981; at a 
water duty of 8,000 m3/yr/feddan, an average flow of 6,600 m3/day was 
being consumed in this area. In addition, canal seepage losses from 
the siphon at the Suez Canal to the farm areas were estimated to be 
5,000 m3/day. 

About 100 feddans are cultivated and irrigated in Feiran Oasis. 
At an average water duty of 5,000 m3/yr/feddan~ the average water use 
for irrigation is computed to be about 1,350 mJ/day. 

The information on pipelines provided in Table ;A-5 was obtained 
from several sources. Engineers from The Arab Contractors provided 
data on the El Qantara-Bir El Abd pipeline, as well as the design 
concepts for the planned El Qantara-El Arish pipeline. The remaining 
pipeline information was obtained from Dr. Ali Abu Zeid of the Sinai 
Development Authority, the Governors of North and South Sinai, and 
other governorate officials. The locations of certain pipelines were 
confirmed by on-site inspections. 

3.2 WATER DEMAND UNDER ALTERNATIVE STRATEGIES 

3.2.1 Water-Use Projections 

To estimate the water demands that may exist by the year 2000 as 
a result of different strategies for development that were GOnsidered 
by the SOS-I team) unit water-use rate$ were assigned for each type 
of use. 

Unit irrigation water duties for the Northeast subregion were 
estimated on the basis of the computed potential evapotranspiration 
combined with appropriate crop coefficients. (0269). The 
generalized results of this analysis are given in Table 3-2, which 
shows the estimated water duties per year per feddan in the North­
east for surface, sprinkler, and drip irrigation methods, and for 
field crops or vegetable crops, as wel 1 as for orchards. The unit 
irrigation water duties shown are based on an assumed conveyance 
efficiency of 90 percent and on irrigation efficiencies of 50, 70, 
and 90 percent for surface, sprinkler, and drip irrigation methods, 
respectively. 

The values shown in Table 3-2 were applied to all the reclamation 
areas lying north of Gebel Yelleq and Gebel El Halal. South of this, 
correction factors were applied to these values on the basis of the 
estimated relative potential evapotranspiration (ET0 ) of each area. 
The ET0 values for three representative places--~l Arish, Nakhl, and 
El Tor--as computed by the Modified Penman method (0269), are 
presented in Table 3-3. A correction factor of 1.1 was applied to all 
reclamation areas in the northeast up1ands (Wadis El Bruk and Middle 
El Arish). Based on the relative ET0 value for El Tor, shown in 
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Table 3-2 

Unit Irrigation Water Duties for the Northeast Subregion 

(m3/feddan/yr) 

Field or Vegetable Cro~s Orchards 

Irrigation Single Double 
Method* Crop per Year Cro~ ~er Year Citrus Olives 

Surf ace 6,000 9,000 11,000 8,000 

Sprinkler 4,000 6,500 

Ori p 3,000 5,000 6,000 4,000 

* Irrigation efficiencies assumed: surface methods, 50 percent; 
sprinkler irrigation, 70 percent; drip irrigation, 90 percent. 

SOURCE: Working Paper No. 33 of the Sinai Development Study, 
Phase One, Ap ri 1 . 1982; and FAO I rri gati on and Ora i nage 
Paper No. 24, 1977. 

Table 3-3 

Potential Evapotranspiration Rates for 

Representative Areas in Sinai 
(m3/feddan/yr) 

Station 

El Arish 

Nakhl 

El Tor 

ET0 

7,500 

8,400 

11,500 

Relative ET0 

1.0 

1.1 

1.5 

SOURCE: Working Paper No. 33 of the Sinai Development Study, 
Phase One, April 1982; and FAQ Irrigation and Drainag~ 
Paper No. 24, 1977. 
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Table 3-3, the factor 1.5 was applied to all proposed reclamation 
areas located on the southeast and southwest coasts, including the El 
Qaa Plain. 

A factor between 1.2 and 1.3 was applied to those potential 
reclamation areas located along wadis in the Southeast and Southwest 

·subregions at elevations of 150 meters or higher. For example, for 
computing the unit water duty for drip-irrigated vegetables cultivated 
in the general ·area of Feiran Oasis, the value of 5,000 m3/yr per 
feddan was multiplied by 1.2 to obtain 6,000 m3/yr per feddan, 
assuming two crops a year. 

A relatively simple scheme was adopted for initial estimates of 
domestic water demand. The use rate in led was assumed to increase with 
the size of the community. Thus for communities smaller than 1,000 
population, a use rate of only 10 led was assumed, while at the other 
extreme, communities of 50,000 population or greater were assumed to 
consume water at a rate of 100 led. The domestic use rµtes include 
water demands for commercial enterprises and institutions as well as 
for purely household needs. 

The assumptions made to estimate the water demands of tourism are 
detailed in Table 3-4 below, based on a requirement of 150 liters per 
visitor-day in a hotel, and 15 liters for each visitor at restaurants, 
rest stops, beach resorts, and national parks. Water use by industrial 3 or mining enterprises was estimated on the basis of unit water use in m /day 
per employee, for each type of enterprise.* A summary of the use rates 
is provided overleaf in Table 3-5. The fresh water consumption rate per 
employee ranges from 0.05 m~/day for handicraft manufacture or mining of 
glass sand or salt, to 36.0 m3/day for a fertilizer plant. For the latter, 
36.0 m3/day/employee represents only half of the total water demand; the 
remainder is to be made up by sea water, highly brackish groundwater, or 
recycled water. 

Table 3-4 
Assumptions of Water Requirements for Tourism 

Type of Requirement per Average Number of 
Location Visitor (liters/day) Visitor Days 

Hotel 150 No. of rooms x 1.7 x 0.8 
Restaurant and 

rest stop 15 No. of employees x 10 
Beach resort and 

n at i on a 1 park 15 No. of employees x 5 

3.2.2 Water Requirements by the Year 2000 

Variations in water requirements under the alternative develop­
ment strategies depend primarily on the areal extent of the irrigated 
agriculture, which varies significantly from strategy to strategy, and 
Qn the projected sizes of the major settlements. 

*Based on information in Working Paper 36 from the files of the 
Sinai Development Study, Phase I. 
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Table 3-5 

Assumptions Regarding Freshwater Requirements 

for Industrial and Mining Enterprises 

Assumed Water-Use Rate 
Type of Enterprise (m3/day/employee) 

Fertilizer plant 36.-0* 

Petrochemical plant 16.0* 

Cement plant 7.0 

Agricultural processing, sulfur extraction 2.0 

Mineral processing 1.5 

Industrial park industries, petroleum production 0.5 

High-technology factories, quarrying 0.4 

Manufacture of agricultural implements, 
fish processing 0.3 

Light industries 0.2 

Manufacture of clothes; storage of agricultural 
products; kaolin, turquoise, potash, and 
gypsum extraction 0.1 

Handicrafts manufacture; mining of glass $and 
and salt 0.05 

* Constitutes approximately half of the total water demand. The remain­
der is assumed to be provided by seaw~ter or highly brackish water. 

SOURCE: Working Papers Nos. 36 and 37 of the Sinai Development Study, 
Phase One, April 1982. 
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Volume IV identifies candidate areas for irrigated agriculture. 
The Consultant selected about twenty areqs for possible incorpora­
tion in various strategies, considering soil, location, and topo­
graphy as analyzed on maps and in the field. These are shown on 
Figure 2.12. 

The reclamation sites included in each alternQtive strategy 
were selected from within these areas. The area of irrigated land 
considered for the year 2000 varies from around 100,000 feddans 
for All Coasts, to around 200,000 feddans for Frontier, and over 
300,000 feddans for the Dispersed Strategy~ Tpe' Dispersed Strategy 
demands four times as much fresh water as the All Coasts. The 
strategy recommended in this Final Report provides for approximately 
200,000 feddans in irrigation-reclamation projects (including about 
11,000 feddans using groundwater) and keeps open various options 
for extending feddanage either when the strategy is finalized on 
the basis of feasibility studies and/or in the period after the turn 
of the century.' 

A summary of the estimated water requirements by the year 2000 
is provided in Table 3-6 for each subregion, based on the three 
alternative strategies considered early in 1983 and the synth~sis 
recommended after further discussion and analysis. · 

It is clear that the wat~r demand for agriculture under the 
different strategies is many times* that for all the other uses-­
public or domestic water supply, industrial and mining use, and 
tourism demands. Land reclamation (irrigation) water demands by 
the year 2000 range from 598 x 106 m3/Yr under the All Coasts 
Strategy to 2,368 x 106 m3/yr under the Dispersed Strategy. The 
next biggest water demand, domestic use, ranges from 29.8 x 106 
m3/yr under All Coasts Strategy to 33.3 x 106 m3/yr under the 
Dispersed St rate gy. 

The Northeast and Uplands Subregions exhibit the greatest 
projected water demands by a large ~argin. They are followed in 
order by the Northwest, the Southwest, and the Southeast Subregions. 
With respect to the irrigation water demand, it w9s assumed in all 
cases that two crops would be irrigated annually on each reclama­
tion area. The purpose of this was to reduce the capital cost of 
conveyances per unit of water delivered annually. 

Details of the estimated water demands by the year 2000 by 
subregion are provided in Tables A-6 through A-8 in Appendix A, 

*The ratio between irrigation and all other uses varies from about 
14 to about 55 times, depending on the stra~eQY· 
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Table 3-6 

Summary of Projected Water Requirements 
in the Year 2000, by Subr§gion 2 for Four Strategies 

(million cubic meters p~r year) 1 

Subregion 

Total· 
Northwest 
Northeast 
Uplands 
Southwest 
Southeast 

Total 
Northwest 
Northeast.~/ 
of which Uplands 

Southwest 
Southeast 

Total 
Northwest 
Northeast~/ 
of which Uplands 

Southwest 
Southeast 

Total 
Northwest 
Northeast .. ~/ 
of which Uplands 

Southwest 
Southeast 

n.a. Not available. 
* Less than 0.05 

Irrigated Domestic 
Agriculture Water 

(~) Recommended Str?te~y 

1,590.0 3LO 
544.8 4.3 
392.8 18.l 
426.5 2,. 1 
214.8 5.~ 
11.1 L2 

(b) Frontier Strategx 

l,491.3 30.6 
255.4 7.1 

1,186'16 1~.8 
(828.1) n. a. 

45.4 2 '11 
3.Q 1.6 

(b) Dis~ersed Strategy 
\ r 

22368.3 33.3 
282.3 6.3 

1,492.8 21.3 
(l,100.0) n.a. 

588.6 4.1 
4.6 1.6 

(c) A 11 C.oa~ts Strategy 

597.9 29.8 
188.0 4.5 
299.4 17~9 
(57.5) n. a. 
105.2 5.8 

5.3 1.6 

.E_/ Includes Uplands. 

Source :--Ca fCUTati ans by the Consultant. 
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Industry 
and Mining Tourism 

86.7 0,4 
. 1.6 ~ 

6.1 0,2 
0.4 * 

78.3 * 0.3 0.2 

7.2 0,3 
0.6 o.i 
1.3 * 

n. a. n. a. 
4.7 0.1 
0.6 0.1 

9 •. 1 1.0 
2.5 0.2 

.6 0.3 
n. a .. n. a. 
5.9 0.1 
0.1 0.4 

8.0 0.3 
o'. ~ 0,1 
1.3 * 

n.a. n.a. 
4.7 0.1 
1.5 Q.1 

Total 

12708.1 
550.7 
417.2 
429.0 
298.4 
12.8 

1,529.4 
263.2 

1,207.7 
n. a. 
52.3 
6.2 

2,411.7 
291.3 

1,515.0 
n ea. 

598.7 
6.7 

636.0 
193.l 
318.6 
n. a. 

115.8 
8.5 



4.0 WATER~COST ANALYSIS 

4.1 INTRODUCTION 

The following water-cost analysis involved computation of the 
capital costs and operation and maintenance costs to supply water from 
different sources, and culminated in the calculatipn of water costs in 
pounds per cubic meter (LE/m3) for each source qnd location. The 
purposes of this cost analysis were as follows: 

1· To identify the requirecj capital outlay for primary Nile 
water pipelines* for each of three dev~lopment strategies 
to the year 2000 and for ~he Recommended ~trat~gy. 

To provide water costs in L~/m3 for each ~ource an9 lo~ation 
as an aid in selecting the most appropriate water source for 
each location, given its ~stimated water requir~ments by ~he 
year 2000. 

A capital cost analysis for the primary Nile water pipelines 
proposed under alternative development strateqie$ was performed 
because the required capital investment in pip~lines exceeds that for 
any other water-supply development by a factor of mqre than 15. Thus, 
it was felt that a relatively detailed and careful analysis of the 
pipeline capital costs was justified. These costs have been based on 
assumed take-offs at Qantara and Ismailia only. · Prefeasibility 
analysis of alternative take-off points (Minia, Beni Suef, Maadi, Cairo, 
and Suez) could result in lower costs. 

In most cases the economic costs or world~market prices were used; 
for example, the world-market exchange rate for the Egyptian pound, an 
estimate for the social cost of capital, and the economic cost of 
electric power and diesel fuel. In the ca$e qf diesel fuel, m0st 
analyses were done using both the int~rnal price of die~el fuel in Egypt 
in 1981 (LE 0.025/1), and the external or border price (~E 0.18/l). 
In the analysis, all pumping of water, whether in pipelines or out of 
wells, was assumed to be done by means of RUmps powered by die~el engines. 
Use of Sinai natural gas, coal, solar, or wind energy will reduce costs. 
Costs and assumptions common to all the types of water-resource develop­
ment considered include the following: 

* 
** 

• Energy Co~ts: 

• 

Electric power: LE 0.042/kilowatt~hour 

Diesel fuel: LE 0.025/liter (Egyptian market price) 
LE 0.18/liter. (bprqer price) 

Exchange Rate: LE l. 15/US Oollar 

Discount Rate:** 10 p~rcent 

These will also carry some drainage water from the El Salaam Canal. 

Used for annualizing capital expenditure~. 
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Average Life Expectancies: 

Water-well pumps 

Pipelines and pumping 
stations 

Water wel 1 s 
Desalinization plants 

-- Major civil works, 
including dams, barrages 
and regulators 

10 years 

25 years 

25 ye~rs 
30 years 

50 years 

In all cases, prices and costs refer to those existing in late 1981. 

In the following subsections we discuss the methodology and results 
of cost analysis for groundwater development, desalinization, Nile water 
conveyance, and local surface-water development. -{See Table 4-1 for 
water availability and estimated cost by subregion). Finally, a 
comparative analysis of different water sources, by area, is presented. 

4.2 GROUNDWATER DEVELOPMENT COSTS 

The lowest estimated cost of groundwater is for relatively shallow 
wells tapping Quaternary aquifers, which are known to deliver moderate­
to-high yields. The range here is generally from LE 0.01 to 0,11 per 
cubic meter. Because of uncertainties regarding well discharge, and 
the pumping water level, wide ranges are seen in the estimated cost of 
water for areas involving the Middle Cretaceous aquifer and the Lower 
Cretaceous sandstone. The greatest range for the Middle CretaGeous 
aquifer is LE 0.03 to 0.63 per cubic meter for the El Themed to Ras El 
Gineina area; and the greatest range for the liower Cretaceous sandstone 
is LE 0.02 to 1.99 per cubic meter for Gebel El Halal. Until test 
drilling and test pumping are performed in several loeations on these 
two aquifers, it will not be possible to provide narrower ranges. 

Groundwater development costs include the cost of well construc­
tion, pumps and their installation, and pump operation. The cost of 
well construction is based on estimates provided by The Arab Contractors 
and The General Organization for Research & Groundwater {REGWA) for 
drilling in three types of geologic formations--unconsolidated alluvium, 
consolidated sedimentary rock, and crystalline rock. Well construction 
is defined to include not only the actual drilling and ~etting of any 
required casing, but also provision of well screens and gravel pack 
when required, complete well development, and pump installation--including 
construction of a pump platform, performance of a 16-hour pumping test, 
and drill-rig mobilization and demobiliiation. A ~eneralized equation 
was developed on the basis of the estimates received, relating the total 
capital expenditure to the well depth for eac~ type and diameter of well: 

cw ~ ad2 + bd + c Eq {9) 

where cw is the total cost of well construction, dis the depth of the 
well in meters, and a, b, and care parameters of the equation, th~ir 
value dependent on the type of geologic strat& as well as the intendeq 
we 11 diameter. 
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TABLE 4-1 

Sinai Water Resources Availability and Estimated Cost by Subregion 

Groundwater ~-::....;De'-'-s-'--a -'l i'"'"'"n-'--i z_e-'d-'W.-.a_t-'e r ___ Ni 1 e Water local Surface Water 

Estimated 
Quantity 

A .1 bl a/Approximate 
va1 a e- b/ 

Cost 
Range 

Quantity Cost of 
per Desalin- Piped 
ization Unit Cost Water 

Subregion and 
Aquifer Type (m3/day) (~~~l) (LE/m3) Feedwater (m 3/day) (LE/m3) ~ 

Northwest 

Miocene sandstone 10,000 1,000-8,000 0.02-0.30 Groundwater 

Northeast and Uplands 

Quaternary 
coastal aquifers 
(Romana to Ra fah) 

70,000 400-7,000 0.01-0.12 Groundwater 

Wadi alluvium 
(Wadi El Arish and 
tributaries, and 
Wadi El Gerafi) 

30,000 1,500-6,000 0.02-0.21 Seawater 

Eocene limestone 
(near El Quseima) 

Middle Cretaceous 
aquifer 

Lower Creataceous 
and Nubian aquifer 

Southwest 

Wadi alluvium 
(Wadi Sudr to 
Wadi Feiran) 

El Qaa Quaternary 
aquifer 

Miocene sandstone 

Crystalline rock 

Southeast 

Wadi alluvium 
(Wadi Watir to 
Wadi Unm Adawi) 

Miocene sandstone 
(Sharm El Sheikh) 

Crystalline rock 

3,000 

225,000 

350,000 

20,000 

110,000 

2,000 

15,000 

8,000 

600 

15,000 

500-3,000 0.01-0.14 

1,000-6,000 0.01-0.65 

1,000-7,000 0.01-2.00 

200- 7 ,000 0.02-0.70 Groundwater 

600-5,000 0.01-0.10 Seawater 

2 t 500-8 ,000 0.01-0.20 

200-2 ,500 0.03-0.45 

300-4,000 0.02-0.60 Groundwater 

2 ,000- 7 ,000 0.07-0.40 Seawater 

200-2 ,500 0.03-0.45 

1,000 0.40 0.03-.24 

400 0.45 0.08-.36 

1,200 1. 70 0 . 2 3- . 56 

-- 0.47-.56 

1,000 0.40 0.12-.45 
5,000 0.33 

1,200 1. 70 0.48-.52 

1,000 0.40 

1,200 1. 70 

Nil 

Quantity 

(m3 /day) 

Nil 

Storage 3,000-
reservoi rs 30,000 

(re 1 eased 
1 year out 
of 3 or 4) 

Spreader 20,00~/ 
dyke (on 1,500 

storage feddans) 
Md con-
servation 

Spreader 4,00~/ 
dyke (on 300 

storage feddans) 
and con-
servatfon 

Spread~r 4,oo#I 
dyke (on 300 

storage feddans) 
and con-
servat ion 

Cost 

_(LE/m
3) 

0. 40-1. 20~/ 

0.02-0.03 

0.01-0.03 

0.01-0.03 

-~/Includes any amount presently pumped from wells in addition to the amount presently 
used 

Q/TDS =total dissolved solids 

Y Delivered to El Ari sh 

!J/Estimated long-term annual average 

SOURCE: Calculations by the Consultant in memoranda in Project files. Also see 
Appendix Table A-13. 
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Equation (9) was modified to provide an annualized cost of well 
construction, assuming an average well life of 25 years and a discount 
rate of 10 percent. The resulting estimated costs (1981 prices) for 
well depths ranging from 50 to 1,000 meters are shown on Table 4-2 and 
the corresponding curves are provided in Figure 4.1. Well diameters of 
both 200 and 300 millimeters are considered for the wells drilled in 
unconsolidated alluvium and in consolidated sedimentary formations. For 
crystalline rock, only one well diameter (200 millimeters) is considered. 
The highest cost is for alluvial wells, while the lowest is for crystal­
line wells. For example, a 200-millimeter-diameter alluvial well. 300 
meters deep, is estimated to have an annualized cost of LE 7 ,.900, compared 
to LE 6,300 for a crystalline well. The cost of water based on well 
construction costs alone is computed from the annualized costs given in 
Table 4-2. In the computation. it is assumed that pumping is performed 
on the average for 8 hours per day. 

The other component of the capital requirement for groundwater is 
the cost of the pumping unit. Pump prices are based on quotations 
received from the Johnston pump dealer in Cairo. This infonnation was 
extrapolated over a range of pumping rate capacities and heads. The 
estimated total capital costs were then obtained in each case by summing 
the capital costs for the well construction and those for the pump unit 
and applying a factor of 1.1 to provide for engineering design and 
supervision costs. 

Annual pumping costs are based on ah assumed pump efficiency of 70 
percent and an assumed 3.9 horsepower-hour (HP-hr) energy yield from 1 
liter of diesel fuel. (0644). It was assumed that the pumps operate for 
only 8 hours per day. Maintenance, repairs, and attendance costs are 
assumed to be a function of the product of the discharge rate and the 
average pumping lift, and to range from LE 200 to 1,200 per year for each 
well. The total estimated operation and maintenance costs are obtained 
by summing the annual costs due to pump operation and maintenance, repair, 
and attendance. For the groundwater availability areas (discussed in 
Section 2.2.4) the cost of groundwater was estimated using Figure 4.1, 
based on the local price of diesel fuel (LE 0.025/l ). Combined annual 
operation and maintenance costs, together with the computed cost of water, 
are given in Table A-9 in Appendix A. 

In other words, the overall annual cost of groundwater is obtained 
by summing the annualized cost due to well construction and pump installa­
tion, and the annual operational and maintenance costs, which include the 
costs of pumping. The total cost of water in LE/m3 is found by dividing 
the total annual costs by the number of cubic meters pumped annually. For 
a particular type of well construction, specified well depth, and pumping 
level, the relationship between the total cost of water and the well 
discharge rate (pumping an average of 8 hours per day) can be determined. 
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TABLE 4-2 

Annualized Capital Costs of ~Je 11 Construction (LE)~/ 

We 11 in 
Consolidated Well in We 11 in 

Well Sedimentary Unconsolidated Crystalline 
Depth Formation Alluvium Rock 

(in meters) (200 mm) (300 mm) (200 mm) (300 mm) (200 mm) 

50 1,680 1,790 2,280 2 ,610 l,650 

100 2,530 2,750 3,300 3,740 2,470 

200 4,370 4 ,810 5,470 6 '130 4,260 

300 6,420 7,090 7,860 8,740 6,260 

500 11 '130 12,240 13,230 14,550 10 ,860 

700 16,660 18,210 19,420 21 '180 16,270 

1,000 26,470 28,680 30,220 32,640 25,920 

~/Annualized costs are computed on the basis of a 25-year well life 
and a 10 percent discount rate. Inside well diameters are 200 or 300 
millimeters, as shown. 

4-6 



This is illustrated in Figure 4.2. Example 1 of this figure shows the 
cost-discharge relationship for a 300-millimeter-diameter well in unconsol­
idated alluvium. 150 meters deep, with a pumping lift of 70 meters. Compared 
to the influence of well yield on water cost, an increase in the price of 
diesel fuel has a relatively small effect. In Example 1, water costs exceed 
LE 0.10/m3 only if the discharge rate is less than about 800 m3 day (9.2 
liters/second). 

The computed values for annualized well construction costs, annual 
cost of pumping (O&M), and the estimated water cost per cubic meter for 
each area are given in Working Paper 33, Water Resources (see pages 5-11 
to 5-17). Because of considerable uncertainty in many of the areas with 
respect to the possible depth of the pumping water level and the possible 
discharge rate, a wide ranae in the costs of water is foreseen. 

4.3 DESALINIZATION COSTS 

The desalinization costs presented here are based upon a recent pub­
lication on this subject by the Oak Ridge National Laboratory in the 
United States. (104la) Several assumptions were made in estimating 
the costs for desalinization in addition to those given in Section 4. l. 

Plant investment costs include the costs for site development~ 
the civil works required for brine disposal; installation of intake and 
outfalls, where required; and provision of electrical switch9ear. 
Capital costs do not include certain site-specific costs, such as those 
required for land purchase, or storage and distribution of product water. 
Working capital is assumed to be 5 percent of the total direct capital 
cost. A contingency and engineering fee equal to 16 percent of the 
direct and indirect capital costs is included. 

Operating and Maintenance costs are based on a plant load factor 
of 85 percent for seawater desalinization (distillation or reverse osmosis) 
and 95 percent for membrane plants desalinizing brackish groundwater. 
Included in the O&M costs are electrical energy, membrane replacement, 
spare parts, and regular attendance and servicing. Membrane replacement 
costs are based on a 3-year life for reverse osmosis membranes and a 
7~-year life for electrodialysis membranes. 

Operation and maintenance costs are based on the assumption that 
skilled operators and maintenance technicians have been trained by the 
vendor's engineers prior to the routine operation of the equipment. This 
is an essential requirement and will strongly affect the plant on-stream 
factor, and therefore the cost of the water. 

Based on our modification of the cost figures to coincide with 
Egyptian conditions (104la), desalinization cost curves were prepared 
and appear in Working Paper 33, Water Resources, as well as in other 
project files. These include the estimated capital-cost requirements 
versus plant capacity for five types of plants--multistage flash distilla­
tion, reverse-osmosis seawater desalinization, and brackish water desal­
inization by reverse osmosis (both 3,500 and 6,000 ppm feedwaters) and 
electrodialysis (3,500 ppm sodium chloride-type feedwater). The capital 
costs for brackish-water plants are significantly less than for those 
desalinizing sea water. 

In general the cost of desalinizing brackish waters is in the range 
of LE 0.20 to 0.40 per cubic meter of product water (assumed to have a 
TDS of about 500 ppm), compared to LE 1.00 to LE 1.80 per cubic meter for 
desalinizing seawater. 
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The estimated cost components are shown on Table A-10 in Appendix A. 
The plant investment costs for 13 planned or potential desalinization 
units in Sinai range from LE 165,000 for the 200-m3/day capacity reverse 
osmosis (RO) plants for Bir El Abd and El Masaid, to LE 3,000,000 for a 
possible 1,200 m3/day RO plant desalinizing seawater at Abu Zenima. 
Operating expenses are seen to range from LE 22,000 per year for the 
Bir El Abd or El Masaid units to LE 344,000 per year for a possible 
5,000 m3/day RO plant at Abu Rudeis. The estimated cost of desaliniza­
tion (per cubic meter) at the 13 plants ranges from LE 0.33 to LE 1.70 
per cubic meter. The estimated cost of supplying brackish groundwater, 
for all but the seawater desalinization units, is added to the desalini­
zation cost to give the total cost of desalinized water. The lowest 
cost water (LE 0.39 per cubic meter) is that from the possible 5,000 m3/day 
RO plant at Aub Rudeis. The highest cost water (LE 1.70 per cubic meter) 
is predicted for the seawater desalinization units that could be considered 
for Abu Zenima and Sharm El Sheikh. 

4.4 COST OF IMPORTING NILE WATER 

The Recommended Development Strategy requires Nile (and drainage) 
water. The question is how to choose the least expensive and most 
efficient method of conveyance; that is, a choice between the use of 
canals and large pipelines. The Consultant's preliminary assessment 
is that in most cases large pipelines would be more appropriate for the 
following reasons:* 

A substantial portion of the conveyance corridors being 
considered involves a gradual increase in land-surface 
elevation. 

Most of the tracts finally identified for reclamation, after 
performance of suitable soil surveys, are expected to be of 
relatively modest size, perhaps 5,000 to 15,000 feddans, and 
separated from each other by considerable distances. 

1 Most soils in Sinai are highly permeable. 

Because of these .considerations, pipelines may be the most appropriate 
means of conveyance over most portions of each conveyance corridor. · 

4.4.1 Nile Water by Pipeline 

Costs of pipelines (installed) and pumping stations were obtained 
from estimates included in the Ministry of Irrigation proposal for the 
Maadi-Suez pipeline, and a recent estimate for the World Bank-funded 
Gulf of Suez project. (1040). The cost to construct a siphon under 
the Suez Canal was assumed to be 10 times the cost, per unit distance, 
of installing pipelines on land. In most cases, it was assumed that a 
pumping station would be required every 25 kilometers on level ground, 
and every 25 meters of rise in ground elevation. Storage facilities 
were not included. Ten percent was added to all capital costs for 
engineering design and supervision. Figure 4.3 provides generalized 
cost curves, illustrating the effects of pipeline length, elevation, 
volume and other f~ctors on the average cost per cubic meter of Nile 
water delivered t9:irrigation sites in Sinai. 

*Section 4.4.2 presents costs for canals that may be most appropriate 
in some reaches--for example, to serve the El Tina Plain. 
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Inspection and general annual maintenance costs were assumed to be a 
function of pipeline length, the ground elevation at destination, and the 
flow rate. In computing annual pumping costs use was made of both the 1981 
local price of diesel fuel and the border price (LE 0.025 and LE 0.18 per 
liter, respectively). Pump efficiency in each case was assumed to be 70 
percent, and diesel fuel was assumed to result in an energy yield of 3.9 HP-hr 
per liter. (0644) 

In the analysis, the aver~ge number of hours pumping per day on a year­
round basis varied depending on the use. For public-supply, tourism, and 
industrial purposes, an average pumping period 9f 18 hours per day was as­
sumed; for irrigation purposes, the figure used was only 7.6 hours, based on 
the following considerations: 

• Irrigation will take place for two crops a year, over a period of 
260 days out of 365 (70 percent) 

• During the hottest peak~use days, farmers may be assumed to irrigate 
for no more than 16 hours per day 

• The ration of peak use to average daily use on a medium~ to large­
size project can be taken as 1.5 (which m~y be about three times 
the lowest demand) 

No storage facilities would b~ built either in the primary or 
secondary systems. 

From the above, the average daily hours of pumping are calculated to be: 

( l&_ ) ( 260 ) = 7 .6 hrs/day 
l. 5 . 365 

If these assumptions hold true, one result is that for any given quantity of 
water annually a much larger pipeline is needed for irrigation purposes than 
for other uses.* 

In the selection of a particular pipeline size to accommodate a partic­
ular required flow, an arbitrary decision was made to select uniformly that 
pipe size which would result in friction loss of approximately 0.003 meters/ 
meter (for new wrought iron or schedule 40 steel pipe (U.S. standards)). 

The curves shown in Figures 4.3a and 4.3b are general illustrations of 
the applications of all the information and assumptions discussed above. 
Figure 4.3a provides some general curves for the unit capital costs involved 
in 100-km and 200-km long pipelines, for two cases--100 meters and 400 meters 
rise in elevation. Figure 4.3b shows the corresponding curves for the total 
water cost involved for selected distances and lifts, including different 

*The assumptions that led to the average pumping day and the pressure assumed 
inside the pipe are conservative. This is appropriate to a reconnaissance 
level of study. Similar studies in Egypt and elsewhere have, for instance, 
assumed 20 and more hours a day pumping during peak demand and the use of 
storage reservoirs. In Sinai storage could in may cases be filled during low­
cost, off-peak energy periods. Cropping may be ~rranged to use the fields 
for more than 70 percent of the year. Prefeasibility studies which are aimed 
at cost-saving and managing prak demand might reduce substantially the conser­
vative estimates presented here. 
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curves on the basis of local and border prices of diesel fuel. Unlike the 
case of groundwater supply costs discussed in Section 4.2, an increase in the 
price of diesel fuel does appear to have a significant effect on the cost of 
pipeline water, especially for the 400-meter elevation case. It is important 
to recognize that the curves on Figure 4.3 relate cost to the maximum flow 
rate, or the assumed pipeline capacity, not to the av~rage annual pumpage 
divided by 365. 

A cost analysis was performed for the major pipelines that are presently 
planned or under construction in Sinai for the purpose of conveying Nile water 
for public supply or limited land reclamation. These include the pipeline to 
Bir El Abd from El Qantara, and the proposed pipelines from El Qantara to El 
Arish, from Hamdi tunnel to Abu Rudeis, and from Maadi to Suez and thence to 
the East of Suez rel amation area. In the analysis of the proposed Hamdi 
Tunnel-Abu Rudeis pipeline, it was assumed the pipelin~ would have a diameter 
of 300 mm, although currently pipe sizes of 350 to 500 mm ars being considered.* 
Expected water costs for these projects range from LE 0.14/m ·for the Maadi-Suez 
pipeline, to LE 0.95/m3 for the Hamdi Tunnel-Abu Rudeis pipelin~ (300 mm}. The 
diesel-fuel price assumed for these calculations was LE 0.025/liter. (See Ap­
pendix Table A-12.) 

Detailed cost analyses were performed for the pipelines required under 
various alternative strategies. These analyses are based on the water require­
ments for each subregion provided in Tables A-6, A-7, and A-8 of Appendix A. 
In all cases the maximum size considered was two-meter diameter pipeline, hav­
ing an estimated maximum fiow rate (or capacity) of 750,000 m3/day (8680 l/sec). 
Thus, for areas having large water requirements, several pipelines of this 
diameter were required. 

Pipeline systems were located to serve proposed reclamation areas because 
agricultural demand dominates the water requirements. However, the water re­
quirements for public supply, industries, and tourism within or adjacent to each 
reclamation area are included as a part of the total water requirement for the 
area. The number of pipelines and their size were selected accordingly. 
Figure 4.4 illustrates four major water conveyanc~ systems, which were analysed 
by sections in order to estimate the costs of vartous alternative patterns of 
development (especially alternative plans for land reclamation}. 

Secondary pipelines refer to the secondary pipeline system required in each 
reclamation area to distribute the water to the fields. It was assumed secondary 
pipelines would generally consist of a system of parallel pipes spaced 400 meters 
apart through each reclamation area. 

The estimated total capital cost for pipeline system$ under the Frontier 
Strategy is about LE 2.8 billion without the secondary pipelines, and LE 3.2 
billion with the secondary pipelines. The Dispersed Strategy would require an 
investment of LE 5.5 billion without the secondary pipelines, and LE 6.1 billion 
with them. Calculations performed for the case of the All Coasts Strategy gave 
an estimated LE 1.5 billion capital investment cost for the required primary 
pipeline system. The Recommended Strategy calls for a capital expenditure of 
LE 2.2 billion for major water conveyances and about LE 300 million for 
secondary pipelines, mostly as part of the agricultural development budget. 
(See Appendix Table A-13) 

Water costs vary rather significantly from area to area. Considering a 
diesel fuel price of LE 0.025/1 and primary pipelines only, the cost to supply 
Nile water to selected areas is approximately as shown below: 

*Personal communication Eng. Ashraf Aluba, President ECG Consultants 
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Qantara-Baloza 
Sheikh Zuwayid-Rafah Strip 

Wadi El Brud Area 

El Qaa Plain 

LE 0.03 - 0.08/mw 

LE 0.28 - 0.35/m3 

LE 0.33 - 0.46/m3 

LE 0.48 - 0.52/m3 

A rise in the price of diesel fuel can significantly affect the price of de­
livering water to areas located some distance away from the Suez Canal or to 
areas of high elevation. (See Appendix Table A-13.) 

It should be noted that there is an alternative source of Nile water 
for reclamation area NW-4 (East of Suez). In preparing Appendix A-8, the 
Consultant assumed that water for this reclamatioo area would come by pipe­
line from Ismailia at a cost of LE 0.16 to 0.22/m 3 (diesel price of LE 
0.025/1 ). An alternative possibility is for water to be brought to Suez 
(before being siphoned under the Suez Canal) by means of a Maadi-Suez pipe­
line, which was being considered by the Ministry of Irrigation in the early 
1980s. Under this proposal a pipeline would provide for some of the water 
needs of Suez city and might also serve irrigation requirements in the East 
of Suez reclamation area. The Consultant estimated the cost of water to 
Sinai under this alternative to range from LE 0.14 to LE 0.18/m3, which 
would make it more economical than the pipeline from Ismailia suggested 
earlier. Both sources should be considered when detailed feasibility studies 
are prepared for irrigated agriculture in this reclamation area. 

Some comparative curves showing water costs vs average daily discharge 
for Nile water conveyed by pipeline are provided in Figure 4.5. In these 
figures, the water-cost relationship for five selected areas are shown for 
illustration--the El Qaa Plain, the El Arish-Bir Lahfan area, the Baloza­
Romana-Negila area, the Wadi El Bruk area and the Sheikh Zuwayid-Rafah area. 
It should be noted that the discharge rate plotted on the abscissa of these 
figures is the average daily discharge (yearly requirement divided by 365), 
not the maximum discharge rate shown on the general cost curves provided on 
Figure 4.3. In preparing these curves, it was assumed water would be used for 
two-crop agriculture. It will be observed that on Figure 4.5 the curves all 
flatten to horizontal lines beyond an average discharge rate of about 230,000 
m3/day. This is because this average rate represents a pipe size of about two­
meters under irrigated conditions, as described earlier in this subsection. 

4.4.2 Nile Water by Canal 

An estimate of the cost of Nile water conveyed by canals in Sinai was 
prepared, based on an analysis of information provided in the Water Master 
Plan (0859, 0863) of the Government of Egypt, which called for reclamation of 
735,000 feddans in five areas in the Northwest and Northeast Subregions (all 
at elevations less than 60 meters above sea level). The following items were 
included in the cost assessment: 

e The Sinai share of the general works replacement and operation in 
the Nile sys tern west of the Suez Cana 1 

Widening of the main supply canals (Ismailia, El Salaam Canals) 
bringing Nile and drainage water to Sinai 

1 Pumping of water into the main canals in Sinai 

1 Construction and maintenance of siphons under the Suez Canal and 
major delivery canals in Sinai. 

For the first item, the cost of blending Nile water with drainage water from the 
Bahr Hadous drain is included--the proportion varying from 20 to 40 percent 
drainage water. For the second item, the costs of widening the Ismailia Canal 
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Figure 4.5(a) Nile Water Delivered to the El Oaa Plain, 
the El Arish - Bir El Lahfan Area, and the Baloza - Romana - Negila Area 
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are taken from reference document {_0715). For the fourth item, canal construc­
tion costs in Sinai are based on the cost of the Jonglei I Canal, also described 
in the Water Master Plan. (0859). Of the four components making up these esti­
mates, the second, pertaining to the widening of the main supply canals west of 
the Suez Canal, is the most costly. Its share of the total water cost ranged 
from 61 to 74 percent. The cost of water that would be brought by canals to 
Sinai ranges from LE 0.019 to 0.023 per cubic meter. (Table A-11 in the Appen­
dix.) 

On the basis of land capability analysis (Volume IV) it seems reasonable 
to carry water by canal through the El Tina Plain as the soil is impervious 
and the demand may be quite continuous rather than interrupted. As those 
costs were calculated differently, no general conclusions can be drawn from 
the El Tina case concerning the relative advantages of pipelines and canals 
elsewhere in Sinai. 

A low cost per unit of water for canal conveyance would recommend in­
cluding canal conveyance in the proposed Nile water conveyance system wherever 
feasible. In Section 5.5, the Consultant proposes a feasibility study, to 
compare pipeline and canal conveyance systems, for each proposed reclamation 
area. 

4.5 SURFACE-WATER DEVELOPMENT COSTS 

As described in Section 2.2.2, the development of surface-water resources 
in Sinai is generally more uncertain that the development of groundwater 
resources. Possible surface-water development includes: 

' Construction of dams 

• Water spreading techniques 

• Cloud seeding 

• Dry farming 

ti Ci sterns 

• Draw down farms 

' Runoff farms . 

Because of the paucity of runoff data, it is difficult to estimate the quantity 
of water likely to be available for release from reservoirs in Sinai. As a 
result, any estimates of the costs of such water are likely to be subject to 
may uncertainties. Nevertheless, rough estimates of flow in the lower Wadi El 
Arish have been used to compute order-of-magnitude costs of water for three 
potential dam locations on this part of the wadi--the existing Rawafaa Dam and 
potential dams proposed by some experts for the El Daiqa Gorge and Bir Lahfan-­
at LE 1.20, 0.40, and 0.65 per cubic meter respectively. In all three cases, it 
was assumed that water would be conveyed from the reservoir by pipelines to the 
El Arish area, where it would be diverted to basins for recharging the Quaternary 
aquifer. Costs have not been estimated for the many small dams that seem fea­
sible. The lowest dam water costs appear to be similar, at the dam, to the cost 
of delivering Nile water by pipeline to the dam site. 

4.5.1 Rawafaa Reservoir 

As discussed in Section 2.2.2, the present extent of siltation in the 
Rawafaa Reservoir is not clear. For the purposes of this analysis, it was as­
sumed that there is a present live capacity of 2.2 million cubic meters, 
and that the reservoir fills on an average once in every two years. An 
average release rate of 3,500 m3/day over a 210-day period was also assumed. 
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The costs involved in providing the water from the Rawafaa Reservoir 
to the El Arish area include those related to the construction and mainte­
nance of a 300-millimeter pipeline and to the preparation and maintenance of 
silting and recharge basins in the El Arish area. Based on a preliminary 
analysis, it is assumed that the natural gradient is sufficient to carry 
the water in the pipeline; thus, no pumping station is required. 3The 
recharge basins are assumed to have an average intake rate of 0. l m /day. 
The area set aside for silting basins is assumed to be equal to that 
required for the recharge basins. The costs of preparation of these basins 
are assumed to amount to LE l ,000 per feddan, while annual maintenance 
costs are assumed to be LE 300 per feddan. The final computed cost of 
the water, recharged into the aquifer, is LE 1.20 per cubic meter. 

4.5.2 El Daiqa Site 

With regard to a possible dam in the El Daiqa Gorge? there is 
great uncertainty about how often the reservoir might be filled~ For the 
purpose of this analysis, it is assumed that a live capacity of 30 x 106 
cubic meters will be filled once in every three years. An average 
release rate of 30,000 m3/day over a 390-day period is assumed. 

The costs involved in providing water from the El Daiqa Reservoir 
to the El Arish area include those related to dam construction, construction 
and maintenance of a 700-millimeter pipeline, and preparation and mainten­
ance of silting and recharge basins in the El Arish area. 

The dam at El Daiqa was assumed to be a rubble masonry arch dam--
170 meters long, 14 meters wide at the foundation base, and 2 meters wide 
at the top. The base of the dam was assumed to be at elevation 157 meters 
and the spillway crest at elevation 173 meters. The total dam volume was 
computed to be about 18,000 cubic meters. An average round-trip haul 
distance of 10 kilometers and a hauling cost for the rock material of 
LE 3 per cubic meter were assumed. Surface soils at the dam site were 
assumed to be removed down to 3 meters. Unit construction costs were 
obtained via Engineer Ahmad Ali Kamal from Mr. M.M. Seddick, Chairman of 
REGWA. These costs ranged from LE 2.50 per cubic meter to excavate soil 
to LE 35 per cubic meter to supply limestone and construct rubble masonry 
with mortar, assuming a haul distance of only 50 meters. The previously 
estimated cost of hauling (LE 3 per cubic meter) was added to these unit 
costs. On the basis of. these various assumptions the cost to face the dam 
surfaces with limestone and mortar was estimated at LE 20 per square 
meter. The total cost of the dam--including all construction, desiqn and 
engineerinq, test borings, grouting, aprons, and sluice works--was estimated 
to be LE 1,700,000. 

The assumptions made for the El Daiqa Reservoir with respect to the 
pipeline and the required silting and recharge basins at El Arish are 
similar to those discussed earlier for the Rawafaa Reservoir. The annual­
ized cost for the pipeline was computed to be about LE 1.3 million compared 
to only LE 173,000 per year for dam construction. The total annual costs, 
including about LE 100,000 for operating costs, were estimated to be LE 1.6 
million. This resulted in an estimated cost of water recharged at El Arish 
of LE 0.40 per cubic meter. 
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4.5.3 Bir Lahfan Site 

A dam at the Lahfan Gorge on Wadi El Arish was assumed to have a 
live capacity of 11 million cubic meters and would be filled on an average 
of once every 3 years. Based on an analysis of the effects of evaporation 
and seepage on the duration of a constant release rate, an average release 
rate of 18,000 m3/day, sustained on the average for 250 days, was selected. 

The costs involved in providing water from a reservoir at Bir Lahfan 
to the El Arish area include those related to dam construction, construc­
tion and maintenance of a 600-millimeter pipeline, and preparation and 
maintenance of silting and recharge basins in the El Arish area. 

The dam at Bir Lahfan was assumed to be a rock-fill dam with a masonry 
upstream membrane. The upstream face of the dam was assumed to have a 
slope of 1 vertical on 0.5 horizontal, and the downstream face was assumed 
to have a slope of 1 on 1.3. Based on a 1:50,000-scale topographic map, 
the length of the dam was estimated to be 1,000 meters at the top elevation 
of 55 meters. The base of the dam was estimated to be at elevation of 41 
meters, while the spillway crest was at elevation 53 meters. Thus, the 
total estimated dam volume would be 150,000 cubic meters, more than eight 
times that estimated for the El Daiqa Dam. An average round-trip haul 
distance of 80 kilometers was assumed, resulting in an estimated haul cost 
of LE 10 per cubic meter of limestone rock. Surface soils at the site were 
assumed to be removed down to a depth of 2 meters. Unit construction costs 
were similar to those assumed for the El Daiqa Dam, except that the main 
rock fill section was computed at LE 25 per cubic meter plus haul charges of 
LE 10 per cubic meter. The cost of membrane construction was estimated at 
a rate of LE 30 per square meter. On the basis of all these assumptions the 
total cost of the dam, including design and engineering, test borin~s and 
groutinq, all construction, aprons, and sluice works, was estimated to be 
LE 7,700,000. 

The assumptions made for the Bir Lahfan reservoir with respect to the 
pipeline and the required silting and recharge basins at El Arish were 
similar to those discussed earlier for the Rawafaa Reservoir. The annual­
ized cost for the pipeline was computed to be only LE 265,000--compared 
to LE 775,000 per year for dam construction. The total annual costs, 
including about LE 40,000 for operation and maintenance, were estimated to 
be about LE 1.1 million. This resulted in an estimated cost of water re­
charged at El Arish of LE 0.72 per cubic meter. If the average round-trip 
haul distance for construction materials could be reduced from the estimated 
80 kilometers to 8, the average water cost would be reduced to LE 0.64 per 
cubic meter. 

4.5.4 Costs for Water Spreading and Runoff Farms 

At the time of the writing of this report, only a few costs were 
available related to runoff conservation structures. In Western Australia 
the cost to prepare graded and rolled catchments to harvest rainfall 
amounted to $30 to $40 per acre in 1968. (0944) This might translate 
into LE 80 to 120 per feddan in terms of 1981 prices, which includes the 
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cost of cambered strips running downhill, a collecting ditch, and a 1.000-
cubic-meter-capacity collection tank (one for everv 2 to 4 feddans ). Costs 
on this order might be expected for the water-spreadfog dyke construction 
described in Section 2.2.2. Unit costs can be assumed to apply to the num­
ber of feddans immediately upslope of each spreader dyke, where soil moisture 
will definitely be enhanced because of the presence of the spreader dyke 
system. 

Evenari, Shanan, and Tadmore (0384) have estimated the cost of micro­
catchment construction to range from $5 to $20 per hectare in the late 
1960's. This might eouate to LE 7-25 per feddan in 1981 prices, the actual 
amount depending on the size of the microcatchments. 

The cost of runoff farms can vary considerably depending on local 
conditions and the type and sophistication of collection channels, diver­
sion boxes, and flow meters employed. The reconstruction of an ancient 
runoff farm at Shivta in the Negev took approximately 2,000 man-days 
(0384). The actual area cultivated was about 1.7 feddans, and adhered to 
the original simple design, which included no mortar in the construction 
of channels and diversion boxes. The autho.rs estimated that a family 
with three to four children could do this work over a period of one or 
two years. 

A good deal of such construction is being carried out in Eastern Sinai 
and costs could be acquired by commissioning a prefeasibility study. 

4.6 COJ.lPARISOti OF WATER COSTS FROM DIFFERENT SOURCES 

Generalized water-cost curves for differing water sources have been 
prepared for eight representative areas listed below (Figures 4.6-4.9): 

Area Subregion figure 

Baloza-Romana-Negila NW & NE 4.6(a) 
Sheikh Zuwayid-Rafah NE 4.6(b) 
El Arish-Bir Lahfan NE 4.7(a) 
Gi fga fa UP 4.7(b) 
Wadi El Bruk UP 4. 8( a) 
Middle Wadi El Arish/ 

Wadi El Gayifa UP 4.8(b) 
Abu Rudeis-El Markha-

Wadi Sidri Delta SW 4.9(a) 
El Qaa Plain SW 4.9(b) 

In each case, 3the average da1ly discharge is plotted versus the cost of 
water in LE/m for each major water source -- groundwater, desalinized 
water and Nile water. All the cost curves are based on a diesel fuel 
price of LE 0.025/l. Moreover, the Nile-water pipeline cost curve in 
each case assumes irrigation of two crops each year. 

The bands representing groundwater costs in Figures 4.6-4.9 indicate 
there is a degree of uncertainty regarding the elements that make up 
groundwater costs. The biggest uncertainty concerns well yields. The 
higher the average yield from an aquifer, the lower the unit water cost. 
In this regard, our present knowledge of possible well yields from the 
Lower Cretaceous and Middle Cretaceous aquifers is poor indeed; hence, 
the gro~ndwater costs for these aquifers are represented by wide bands, 
reflect1ng the uncertainty in the estimates. 

An important feature of these curves is the fact that the point on 
the abscissa, where the ground#ater curves end on the right side, indicates 
the estimated limit of groundwater quantity from the particular aquifer 
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Figure 4.6(a) Baloza - Romana - Negila Area 
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unit. In certain areas were another aquifer is available at a higher 
price, the cost band for this a qui fer is indicated just to the right of 
that for the first aquifer. The quantity of water available from the 
second aquifer is indicated by the length of the band (the abscissa value 
at the right-hand end minus the abscissa value at the left-hand end). 
Where desalinization of groundwater could be considered, the costs shown 
on the desalinization curves include the cost to produce the groundwater 
and any pipeline conveyance costs. In all cases-the estimated quality of 
water in terms of total dissolved solids (TDS) in ppm is indicated for 
each aquifer unit. 

Water-cost curves are useful in selecting a particular water source 
for an area, or a particular combination of water sources to serve an 
area. For example, in the Sheikh Zuwayid-Rafah area (See Figure. 4.6(b)) 
groundwater would be available only up to an estimated 30,000 m3/day at a 
cost of LE 0 .05 to 0 .10/m3 for the Plies tocene Aquifer and LE 0 .12 to 
0.17/m3 for the Surficial Coastal-Sand Aquifer. Beyond 30,000 m3/day it 
would be necessary to import water, the next least expen~ive source. The 
figure shows that if an additional increment of 30,000 m /day were ob-
tained by pipeline from the Nile, the cost of water would rise to LE 0.75/m3, 
while if an additional increment of 150,000 m3/day is obtained, the water 
cost would decline somewhat to LE 0.36/m3. 

In another example cost curves for the Wadi El Bruk area (Figure 4.8(a)) 
clearly indicate the uncertainty with respect to the cost of groundwater 
from the Middle Cretaceous and Lower Cretaceous Aquifers. Taking the low 
end of the range, it might make sense to develop both aquifers up to their 
combined maximum quantities appropriate for the proposed reclamation area, 
estimated to be 53,000 m3/day, and then utilize Nile water for an equal 
increment or more. But at the high end of the cost range for groundwater, 
it would pay to exploit only the Middle Cretaceous Aquifer for an esti­
mated 25,000 m3/day, and then to utilize Nile-water pipelines, assuming 
that the additional increment from such a pipeline would at least equal 
25,000 m3/day. 

4 . 7 CON CL US IONS 

The water sources for Sinai--groundwater, desalinized seawater or 
brackish groundwater; Nile water and surface water--all have their unique 
cost characteristics. In general, the cost to develop groundwater is less 
than the others; however, the estimated quantity of groundwater is quite 
limited, and there is-considerable uncertainty regarding both the quantity 
and the quality of many of the aquifers in different places. Generally, 
Nile and drainage water supply is the least expensive source after ground­
water. For large diversions of Nile water by gipeline for irrigation 
purposes (average daily discharge of 200,000 m3/day or more), water costs 
range from about LE 0.07/m3 for the northwest Baloza-Negila area, to over 
LE 0.50/m3 for the southwest El Qaa Plain. It is interesting to note that 
the costs for Rafah, Bir El Thamada and Abu Rudeis are about the same order 
9f magnitude, assuming Ismailia and El Qantara take-offs. 

The capital costs required for the proposed Nile-water pipelines are 
more than 20 times the cost of developing the other types of water supplies. 
For the primary pipeline systems, the capital cost for the Frontier and All 
Coasts Strategies was estimated to be LE 2.8 billion and LE 1.5 billion, 
respectively. The Dispersed alternative would have cost LE 5.5 billion. 
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After discussion with the Steering Committee and further ~nalysis the 
Consultant prepared a Recommended Strategy, summarized in Volume I of 
his Report 9 which calls for investment of over LE 2.2 billion in the 
primary conveyance system bringing Nile water to four of the five sub­
regions of Sinai. 

The alternative strategy calculations were all based on a popula­
tion of about one million in the year 2000; therefore, the primary 
water conveyance cost was seen to vary from LE 1,500 to LE 5,500 per 
person. Costs for the Recommended Strategy were estimated at nearly 
LE 2,300 per person. 
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5. 0 vJATER PLAN 

5.1 INTRODUCTION 

This water plan has two purposes: to set the directiqn for water 
planning in the Sinai Peninsula and to recommend key elements of a long­
range Sinai master plan for water. It is preliminary in nature. 

Three elements of the water plan are presented here: a water 
strategy fitted to the overall development strategy, a fr9mework for 
management of water in Sinai, and early research and development projects. 

Volume I of this report, after considering various alternatives, 
describes a Recommended Strategy for the settlement of Sinai. In the 
following section the water strategy implications of three alternative 
strategies are discussed. That is, we address what the nature and 
extent of the supply of water from the several sources would be for each 
development strategy up to the year 2000 .. (See Table 5~1). The overall 
strategy recommended in Volume I represents a synthesis of the alternatives 
considered earlier; consequently, the water plan presented· in Volumes I 
and III has been fashioned out of the analysis presented here and components 
considered in the context of the three possible alternatives at an earlier 
stage in the study. · 

Section 5.3 presents a framework for the management of all existing 
and future water resources on the peninsula. Manag~ment proposals include 
arrangements for the consistent monitoring and prudent development and 
conservation of all water supplies whatever development strategy is 
adopted for Sinai. The organizational structu~e and ~taffing needed to 
accomplish the objectives of efficient water management in Sinai are 
explored. Section 5.4 describes an organizational structure that is 
required immediately for the management and monitoring of groundwater in 
the El Arish-Rafah area (eastern zone of the Northeast Subregion). 

The last component of the water plan, presented in Section 5.5, 
recommends water-related research projects for implementation in the 
very near future. These projects are largely investigative studies that 
would broaden the essential information base presented in this volume 
for rational water planning in the next several years. The information 
to be provided by these projects will confirm, or modify in an important 
way, the conclusions presented in Section ~.2. The recommended studies 
projects would cover the following topics: 

I Groundwater potential (including an exploratory drilling program) 

I Feasibility of constructing large pipelines versus canals in 
different parts of Sinai 

I Rainfall and runoff patterns 

I Cloud-seeding in Sinai 

I Feasibility of storage reservoirs. 
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TABLE 5.-1 
Sinai Water Demands and Proposed Allocations of Nile Water, in the Year 2000, 

bt Subregion 2 for the Recommended Strateg~ and Thr.ee Alternatives 
(mil 1 ion cubic meters per year) '1 

Subregion and Use RS FR DI AC 

Nile Water 

Northwest, subtotal 550.7 263.2 291.3 193.1 
Irrigation 544.8 255.4 282.3 188.0 
Public Supply 4.3 7.1 6.3 4.5 
Industry and Tourism 1.6 0.7 2.7 0.6 

Northeast/Uplands-~/, subtotal 808.1 12184.5 12477.0 294.9 
Irrigation 784.1 1, l65. g' l,457.6 278.7 

of which Uplands (411.3) (827.4) (1,084.8) (57.5) 
Public Supply 17.4 17.4 18.5 14.9 
Industry and Tourism 6.6 1.2 0.9 L3 

Southwest, subtotal 250.5 6.2 548.0 108.5 
Irrigation 170.6 b/ 542,.6 103.4 
Public Supply 3.5 I"5 1.3 3.3 
Industry and Tourism 76.4 4.7 4.1 1.8 

Southeast, subtotal b/ b/ b/ b/ 

Nile Water, subtotal 1,609.3.S/ 1,453.9 2,316.3 596 .5 

Groundwater.9./ 

Northwest, subtotal !!ii fl/ !E_/ !E_/ 

Northeast/Uplands-~/, subtotal 38.l 23.2 38.0 23.7 
Irrigation 35.2 20.7 35.2 20.7 

of which Uplands (15.2) (0. 7) (15.2) 
Public supply 2.8 2.4 2.8 3.0 
Industry and Tourism 0.1 0.1 

Southwest, subtotal 47.9 46.l 50.7 7.3 
Irrigation 44.2 45.4 46.0 1.8 
Public Supply 1.8 0.6 2.8 2.5 
Industry and Tourism 1.9 0.1 1.9 3.0 

Southeast, subtotal 12.8 6.2 6.7 8.5 
Irrigation 11.l 3.9 4.6 5.3 
Public Supply 1.2 l .6f/ l.6f/ l.6f/ 
Industry and Tourism 0.5 0.7 0 .. 5 l.6f/ 

Groundwater, subtotal 98.8 75.5 95.4 39.5 

Total Water Demand 1,708.1 1,529.4 2,411.7 636.0 
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FR, DI, and AC represent Frontier, Dispersed and All Coasts alternative 
strategies considered at an early stage in the 1983 analysis. RS is the 
Recommended Strategy proposed by the Consultant after discussions with the 
Steering Committee and further analy$is. The Recommended Strat~gy is 
summarized in Volume I of this Report. 

~/ Uplands not originally considered a separate subregion. Prior to 
formulation of the Recommended Strat~gy, Uplands requirements were 
included with those of the Northeast subregion. 

Q.I Groundwater only. 

f/ Total Nile water requirement for irrigqtion is 1,499.5 million cubic 
meters per year; the estimated requirement for all other uses is 109.8 
million cubic meters. 

E/ Including desalinized groundwater. 

~/ No significant quantity of groundwater yet proven in this subregion. 

f/ Between 800,000 and 1.4 million cubic meters per year de$alinized 
groundwater included. No other figure includes more than 600,000 cubic 
meters per year of desalinized groundwater. 

Source: Calculations by the Consultant. See also Tables A-6 to A-8 in the 
Appendix. 
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In summary, the study's water plan consists of three parts: 

1 Water strategies consistent with the overall strategies for 
development and settlement of Sinai 

1 A framework for the efficient management of water in Sinai 

• Steps recommended to complete essential research and investiga­
tions 

5.2 WATER-SUPPLY DEVELOPMENT UNDER ALTERNATIVE DEVELOPMENT STRATE GI ES 

In selecting the specific water supply and source for each need and 
community, reference was made to the water-cost versus quantity curves 
prepared for eight representative areas of Sinai. These curves were 
particularly helpful in the selection process as they indicate not only the 
comparative costs of different sources and Quantities of water, but also 
the estimated limit of availability of local groundwater. In addition, 
during this planninq process, pertinent information on groundwater avail­
ability and quality in other areas was used to estimate the probability of 
each local groundwater source providing for the expected water demands of 
the local community. 

The Recommended Strategy and three alternatives considered earlier 
would impose demands for fresh water varying from about 636 to over 2,400 
million cubic meters a year as detailed in Tables 3-6 and 5-1 earlier in 
this volume. There is considerable uncertainty concerning groundwater 
availability and quality in many areas. As discussed in Chapter 2, the 
quantities of available groundwater in Sinai are estimated to be relatively 
low. Consequently, the alternative water strategies include as a major 
component the transfer of Nile and drainage water into Sinai. This involves 
high capital costs, as discussed in Chapter 4, but offers no apparent 
engineering difficulties. 

The construction of large-diameter pipelines to convey Nile water to 
the major reclamation areas is postulated. Over certain sections of each 
conveyance corridor it may be economically advantageous to transport the 
water by canal, and thus some cost savings could be effected. This could be 
the case in the Wadi El Bruk area, for example, between Bir El Thamada and 
El Hasana, over which distance there is a more or less steady downward slope 
in the land surface. The feasibility of utilizing canals rather than large 
pipelines in such areas would depend on the size of each reclamation tract 
finally selected, and on the distance between tracts. Based on the land 
capability analysis (Volume IV), the reclamation tracts selected following 
reconnaissance and detailed soil surveys are likely to be of modest size-­
each perhaps 5j000 to 15,000 feddans in extent--and separated by relatively 
large stretches of land not capable of being reclaimed, using normal methods. 

Consequently~ the use of canals for the primary transport of Nile water 
to each such reclamation tract would probably involve such large losses due 
to seepage and evaporation that their use could not be justified. The final 
decision in this regard, however, must await the performance of the necessary 
soil surveys for the potential reclamation areas recommended in this study 
and prefeasibility studies. Meanwhile, one possible system of conveyances, 
consistent with the Recommended Strategy, has been sketched in Figure 5.1. 
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5.2.1 Distribution of Water Demands 

The location of the water demands for the Frontier and Dispersed 
Strategies are basically similar, although the total quantities differ. 
The Frontier Strategy requires a total of 1,525 million cubic meters per 
_year for agriculture, of which 1~453 million would be Nile water, com­
pared to 2,403 million cubic meters per year for the Dispersed Strategy, 
of which 2,283 million cubic meters per year would be Nile water. The 
comparable figure for all the All Coasts Strategy is 641 million cubic 
meters per year, of which 570 million would consist of Nile water. Un­
like the other strategies, the Frontier Strategy proposes no pipeline to 
the Southwest Subregion for the purposes of land reclamation; only modest 
land reclamation would take place in the El Qaa Plain under this strategy~ 
based on exploitation of the Quaternary aquifer. A relatively small­
diameter pipeline carrying Nile water to Abu Rudeis for domestic and 
industrial purposes is recommended under the Frontier Strategy. The 
Recommended Strategy calls for 1,590 million cubic meters of water per 
year for agriculture, of which 1,500 million cubic meters would be from 
the Nile system. 

All strategies assume that groundwater will continue to be used for 
irrigation in El Arish and th1e Sheikh Zuwayid-Rafah Strip area, about 10 
million cubic feet per year in each location. However, no increase in 
groundwater withdrawal in these areas is recommended, pending establishment 
of, and evaluation by, an El Arish-Rafah groundwater management agency, as 
proposed in Section 5 .4. The Consultant recommends that additional land 
reclamation in these areas be based on the supply of Nile water. 

Under all strategies, many settlements will continue to be largely 
dependent on groundwater and surface water, including Nakhl, El Themed, 
El Kuntilla, Taba, St. Catherine, Nuweiba, and Dahab. Desalinization of 
brackish groundwater supplies will probably be necessary and economically 
feasible in the tourist centers of Nuweiba, Dahab, and Sharm El Sheikh. 
In addition, Sharm El Sheikh will continue to receive by pipeline at 
least a limited supply of potable groundwater from El Tor. Both Frontier 
and Dispersed Strategies include increased use of well water for live­
stock watering, which is also emphasized in the Recommended Strategy. 

Significant use of runoff water for agriculture was considered 
mainly under the Dispersed Strategy and is also given priority in the 
Recommended Strategy. Under these plans cultivation of isolated patches 
of land located in the Uplands {Gebel El Maghara, Gebel Yelleq, and 
Gebel El Halal areas) would take place based on techniques for conserv­
ing and concentrating runoff water, as described in Section 2.2.2. The 
primary emphasis would be on the increased use of spreader dykes on 
runoff farms, including microcatchments, initially on an experimental 
basis. A total of at least 2,000 feddans of land under such cultivation 
is envisag~_d for the year 2QOO .. 

The study team agrees with the stated policy of the Ministry of 
Irrigation that the groundwater potential of Sinai should be thoroughly 
explored and evaluated before allocating large quantities of Nile water 
to Sinai. In this regard, the groundwater exploratory drilling program 
in Sinai is presently being carried forward in an expeditious manner by 
the Institute of Water Resources. But because of the urgency of Sinai 
development, the simultaneous initiation of prefeasibility studies on 
Nile water transfer to Sinai (such as those described in Section 5.5.4) 
is recommended 
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5.2.2 Water Conservation and Reuse 

Two general approaches can be adopted to optimize water use under 
the Recommended Strategy. 

1 The establishment of practices to limit future water use 

1 Water recycling or reuse of waste and drainage waters. 

5.2.2.1 Improving Water-Use Efficiency" 

Improving water~use efficiency involves the dissemination of 
techniques for effective water use and management, combined with the 
establishment of incentives to apply the water~saving technology. In 
the agricultural area, water for irrigation may be applied in excess of 
crop and leaching requirements. Information is needed regarding the 
best irrigation methods and the optimal quantities of irrigation water 
required for various crops under Sinai conditions. The agricultural 
research stations, recommended in Volume III and Working Paper No. 35, 
have as one of their objectives the determination of maximum yields 
available for each crop per unit of water. This involves determination 
of the optimum times of irrigation for each crop, along with the 
applicable quantities. With this information, it is possible to produce 
the maximum quantity of foodstuffs with a limited water supply, such as 
exists now at El Arish. Once the technology of irrigation water manage­
ment in Sinai has been determined, an information and dissemination 
system and procedure is needed to teach them to the farmers. 

The next step is to provide the incentives or sanctions that encourage 
water users to apply water~saving techniques. With respect to ground­
water, the scope of a water management agency would include review of 
applications for new wells, issuance of permits for wells, determination 
(measurement) of well discharges, and possible establishment of water fees. 
Such an agency could, of course, exercise direct control of well discharges 
and the groundwater diverted for irrigation. Alternatively, it could 
apply control solely through appropriate pricing of the water pumped. 
Users, having to pay for water, would have an incentive to use the water 
wisely. In the reclamation areas to be irrigated by Nile water, control 
over water use could be handled in a similar fashion. 

In setting a water fee schedule, differentials should be considered 
for different types of uses, and for different regions. Fee subsidies 
may sometimes be justified but even then the fee level should be high 
enough to ensu~e that the water will be used sparingly. The entire matter 
of fee-setting is a policy matter to be decided by the National Government 
after considering the analysis and recommendations of the proposed Sinai 
Water Authority and its policy board. 

5.2.2,.2 Water Reuse 

Recycling and reuse of both wastewater and irrigation drainage water 
shoulo be considered. It is recommended that a sewage treatment system 
be established at El Arish (and other cities as they develop) to include 
recharge of the treated wastewaters into the Quaternary aquifer. Several 
types of secondary and tertiary treatment have been used throughout the 
world in preparing wastewater for groundwater recharge. 
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In the Dan region sewage reclamation project in Israel~ use is made 

of a system of stabilization ponds that consist of aerobic facultative 
recirculated ponds. The effluent from the stabilization ponds undergoes 

lime treatment in an upflow solid~contact clarifier for removal of algae? 

and then enters detention ponds for ammonia stripping and pH balancing. 

The effluent is then pumped to recharge spreading basins located in the 
sand dunes, where it recharges the local aquifer. The organic load 
permitted in the ponds in 1972 was 23 grams of biochemical oxygen demand 
(BOD) per square meter of pond area. The cost of this type of treatment 

is said to be less than that for more conventional plants involving 
mechanical equipment. (0755) 

Careful management of the recharge basins will ensure maximum intake 
rates. The size of the area dedicated to the recharge basins will be a 

function of the design flow for the treatment system and the final 
infiltration rate of the soils, to be determined by field tests. The area 

selected should be large enough to allow for the regular 11 restinq 11 or 
drying of the recharge basins in rotation, followed by mechahical scarifica­

tion and possible chemical treatment -~ all required to maintain as high 
an average intake rate as possible. The selection of areas for recharge 
basins should be guided by the available subsurface stratigraphic data, so 

that the hydraulic· connection between the recharge basins and the underly­

ing aquifer can be reasonably assured. 

A treatment process similar to that described for the Dan region is 
probably appropriate for El Arish. Preliminary design concepts for such 

a system should be prepared and evaluated. 

Once the wastewater reuse system envisioned has been established at 
El Arish and the results have been reviewed for a year or more, similar 
systems ~- appropriately modified -- could be considered for El Tor, Ras 
Sudr, Abu Rudeis, and other towns expected to grow to city size. 

The reuse of irrigation drainage water is dependent on topographic 
and soil characteristics. Under certain topographic conditions, it may 
be impractical to collect and pump the collected drainage water to potential 

points of use. Irrigated soils often contain a large amount of soluble 
salts that tend to leach out with the drainage waters. If the resulting 

salt content of the drainage water is too high, it may be difficult to use, 

even after mixing with a large portion of fresh water. A productive re­
use of drainage water under certain conditions is aquacultural in tanks 
or cisterns. Halophytic plants,including date palms and barley, can be 
grown on recycled saline drainage water. 

The reuse of irrigation drainage water may be practical in both large 

and small proposed reclamation areas. The conveyance systems and pumping 

stations in these areas should be designed to permit the recovery of 
drainage waters and their mixing with Nile water for use on the crops. 
Recycling and reuse may receive the highest priority in those areas 
listed in 5.2.1 as relying permanently on ground and surface water, 
principally in the eastern Uplands and the Southeast subregion. 
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5.3 WATER MANAGEMENT 

Efficient management of water resources involves the optimum 
exploitation and use of water resources whereby the water needs for Sinai 
development are met and, at the same time, each water resource is 
conser~ed and protected to the extent possible. This management of water 
resources consists of the control and allocation of each water supply on 
a rational basis that takes into consideration both present and future 
development needs of Sinai as well as the whole of Egypt. Efficient 
management will involve the flexible allocation and reallocation of water from 
all the available water sources, each particular pattern of allocation 
depending to a large extent on both the availability of each water supply 
and its relative cost. 

Information Base 

An essential component of the management system herein proposed 
for Sinai is the information base on water-resource availability, 
quality, and use rates. Such· a water information base needs to be 
continuously updated and renewed. A good starting point for such an 
information base can be found in the current Sinai data~collecting 
activities of the Institute of Water Resources, the files and publications 
of the Desert Institute, and the information brought together for the 
present report. 

Groundwater Conservation 

The management of groundwater would form an integral part of the 
overall management of the peninsula's water resources. In each location, 
groundwater-use quotas would be established for each aquifer, based on an 
evaluation of the safe yield in the given area. Safe yields would be 
arrived at by a thorough analysis of the available groundwater data for 
the area. For the purposes of water management in Sinai, the following 
definitions may be used: 

e Safe yield -- the maximum withdrawal rate from an aquifer, 
which will result in neither significant deterioration of 
groundwater quality nor excessive lowering of the pumping 
water level in wells 

1 Excessive lowering -- beyond a maximum acceptable pumping cost 

• Significant deterioration -- salinity beyond the water-quality 
requirement for the major expected use in a given area. 

In certain cases, a policy decision could be made that the computed safe 
yield for an aquifer may be exceeded for a specified period of time in 
order to provide more water for some development purpose, provided such 
excessive pumpage involves only a decline in the water levels and noun­
acceptable deterioration in quality. In this case, government may take 
into consideration the increased pumping costs involved and provide subsidies 
to cover these costs. Only in rare cases, however, would it be advisable 
to plan to withdraw essentially all the economically extractable groundwater 
from any of the aquifers in Sinai, which are recharged only very slowly. 
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The scientific evaluation of groundwQter, performed by experienced 
hydrogeologists~ is a vital element of water management\ 

5.3.l Functions of Sinai Water Management 

The Consultant presents water management suggestions under the 
general heading of 11 The Sinai Water Authority. 11 This is one option 
amongst several for management of this resource. The functions discussed 
hereafter could also be assigned to more than one agency, since the water 
problems vary from one subregion to another. Alternatively, these func­
tions could be assigned to a water department within a comprehensive 
development agency. 

The primary functions of a Sinai water authority would include the 
following: 

1 Co 11 ect, process and monitor in formation 

e Establish and manage water allocations 

1 Plan and possibly implement new water-development projects 

• Maintain water-supply civil works 

t Establish and enforce a system of incentives and/or sanctions 

o Provide education in good water management techniques. 

Information System and Monitoring 

This function involves the collection? analysis, and storage of routine 
field data and monitoring data as well as performance of certain explora-
tory and research programs related to water~resource development. Informa-
tion would be obtained and maintained in six general sectors: 

I Ra i nfa 11 and dew 

I Local surface-water supplies 

I Groundwater 

• Desalinization 

I Nile-water supply 

• Waste and drainage water 

For local surface water ~ system of runoff-measurement gaging stations 
would be established in conjunction with a network of raingage stations. 
Rainfall-runoff relationships would be established initially on the basis 
of intensive studies on selected small basins, such as are now underway by 
the Institute of Water Resources. Based on this information, estimates 
of runoff yield and release rates from possible reservoirs at selected sites 
in Sinai would be made. The analysis of meteorological data leading to 
the design and performance of cloud~seeding experiments would be performed, 
and the res~lts of such experiments and their interpretation would form a 
part of the water information base. 
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For groundwater, information on the areal extent, yield potential, 
water quality, recharge from agricultural and urban uses, and trends in 
pumpage and water levels would be maintained for each major aquifer -­
most particularly for those listed below: 

t The Quaternary aquifers of El Arish~ Rafah, and the El Qaa Plain 

1 Miocene Sandstone aquifers in certain areas 

1 The Middle Cretaceous unit 

1 The Lower Cretaceous and older contiguous sandstone 

1 The Crystalline aquifers of South Sinai. 

Trends in groundwater quality or water~level fluctuations would be 
identified and the documentary data, with conclusions, communicated to 
the authority responsible for setting groundwater quotas. . 
Also included here are the groundwater exploratory functions in which 
test drilling and aquifer tests would be performed and documented. Data 
would include well logs, pumping-test results and results of water~quality 
analyses. 

Jetailed spring and water-well field inventories would be undertaken 
to extend the knowledge of aquifer characteristics, supplementing the water­
point inventories reported in this volume and those performed by the Desert 
Institute. In addition, rates of groundwater withdrawal and recharge would be 
recorded for each major well at regular intervals. Based on the perceived 
needs for increased groundwater development in the area, consideration 
could be given to the possibility of performing computer-based groundwater 
modeling of aquifers on which there are sufficient data. 

A relatively small but important function of the information system 
would involve maintaining up~to-date process and cost data on the different 
methods and commercial units developed for desalinization. Details on 
plant-unit energy requirements, tapital investment costs, and other 
pertinent specifications would be maintained in an easily retrievable form. 

Details on existing Nile water supply systems in Sinai, including 
diversions, gates, and pumping stations as well as quantities of flow, would 
be maintairied and updated on a rigorously regular basis as a portion of the 
national Nile water management program. Frequent monitoring of the Nile 
water supply systems would permit the regular updating of information on 
the condition and maintenance schedules of canals, pipelines, pumping stations, 
and other appurtenances. 

Regular monitoring of waste and drainage water quantity and quality 
will be a vital link in the Sinai water information system, as a regular 
and/or reserve resource. For instance, reprocessed wastewater might 
normally be used to i 1rrigate crops; in an emergency it could be sub,iect to 
further processing and used for consumption. 

Information on Sinai water resources, including regular monitoring 
data, may be stored in an electronic data processing (EDP) system. Such a 
system should permit easy entry and updating of data and provide for easy 
retrieval of the information in the form of simple tables and charts. In 
addition to the technical information appropriate for each of the six 
sectors mentioned above, cost data should be obtained and updated on all 
aspects of water ... cJevelopment and water-use capital costs as well as on 
operation and maintenance costs. 
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Water-Supply Development and Control 

This function includes the follo~ing elements; 

1 Establishment and management of water allocations 

1 Planning and implementation of new water development projects 

1 Maintenance of water-supply civil works 

As part of the water allocation function, water~diversion quotas would be 
set by the authority, based on information and recommendations provided 
from the information~system section. Such quotas would be based on the 
availability and quality of surface water, groundwater, and Nile water 
supplies. As their quality or availability varies, as monitored, the 
quotas would be adjusted appropriately. Permits would be issued to 
qualified· users and these would specify the quantities and times of diver­
sion or groundwater pumpage that would be allowed. Authority staff would 
make frequent, but unannounced, field inspection visits to insure compliance 
with the permit requirements. 

The planning and implementation of new water-supply projects requires 
technical feasibility studies and financial analyses for those projects 
appearing to offer the best chances for success ~~ whether a surface-water, 
groundwater, desalinized water, wastewater, or Nile water supply project. 
At the implementation stage, the ~ter authority would provide for 
engineering design, the necessary procurement for the selected project, 
and supervision of the works involved. 

Regular inspection and maintenance of all the civil works connected 
with water supply would be established on a schedule for each type of works. 
Data on work performed and condition of the works during each visit would 
be provided to the information system for review, and evaluation of 
feasible modifications in the review schedule. 

Enforcement of Incentives and/or Sanctions 

This is an optional function. The need and advisability of charging 
for water should be considered. From the purely financial point of view, 
it may be desirable to set some reasonable fee to charge water users to 
recover, at least in part, the money invested in the water-supply works 
and required for their operation and maintenance. As an alternative or 
complement to water fees, penalties for misuse of water may be set and 
enforced. 

Education 

A water-use education program might well be a regular function of 
the Sinai Water Authority. Water costs and use are quite different in 
the peninsula as compared to Nilotic Egypt, and new immigrants or pioneers 
will need orientation to a new water regime. Education will encourage 
responsible use of water and water equipment. 
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5.3.2 Organizational Structure 

The Sinai Water Authority might have an organization~l structure 
such as that discussed below. Three departments would be responsible 
for the following major functions: 

' Water~resources information and monitoring 

1 Water-supply development and control 

1 Enforcement of good water practices. 

The water..-resources information/monitoring department would be closely 
linked with the water-supply development and control department. The 
latter would depend heavily on the information and the results of analysis 
from the former department, both for setting water~diver~ion quotas as 
well as for planning and implementing new projects. 

The policies under which the authority would operate (e.g., regarding 
use enforcement and criteria for undertaking new water-supply· projects) 
may be established by a supervisory policy board. The charter of the 
board would include the stipulation that the policies subsequently set 
forth by the board would be consistent with national Water Master Plan. 
The membership of the supervisory policy board might include the following: 

• Minister of Irrigation 

• Minister of Defence 
1 The Five Sinai Governors 

' Director of the Sinai Developrient Authority 
• The President of the Suez Canal AtJthority 

The Sinai Water Authority would be headed by a director who would 
have full responsibility for the activities of the ~thority. He would 
report directly to the supervisory policy board on all policy matters 
and would be responsible for carrying out the policy decisions of that 
board. On all other matters, such as those dealing with staffing, 
organizational concerns, and technical requirements of the authority, he 
might report to the Minister of Irrigation. The heads of each of the 
three departments would report directly to the director. 

5.3.3 Staffing 

The senior staff of the water authority should be recruited from 
knowledgeable and proficient professionals who have had considerable 
experience in Sinai or similar areas. The director should be an individual 
with demonstrated professional experience in water~resources administration 
and management involving groundwater as well as large~scale distribution 
and use of surface water. 

The water~resource information and monitoring department should be 
staffed by scientists and engineers of proven professional ability, 
possibly recruited from several Ministries or Institutes. For example, 
surface~water hydrologists and modelers may be recruited from the 
Institute of Water Resources, hydrogeologists from the Desert Institute, 
and a meteorologist from the Meteorological Authority. Experienced 
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engineers from the Ministry of Irrigation and professional hydrogeologists 
will be required to staff the Nile water supply system branch as well as 
the New projects Branch. Skilled managers, administrators, and ~ccountants 
are needed for the water~allocation branch as well as the education and 
enforcement sections. 

It is recommended that all the staff be permanently located in Sinai. 
Adequate incentives -- including attractive salaries as well as suitable 
housing and schooling facilities -- would ensure that high-caliber personnel 
are induced to join the authority. Centrally lQcated, Bir El Thamada might 
be considered as a temporary control office location. Two or more field or 
subregional offices may be advisable, particularly for staff involved in 
monitoring and in the collection of water-resources data. 

In addition to the senior and professional staff needed for the 
supervisory, analytical, and evaluation functions, a range of technicians, 
mechanics, and compliance field staff would be required. These staff 
would be involved,· respectively, in the collection and compilation of 
water~resources data, including monitoring data; the maintenance and 
repair of the civil works associated with the water-supply systems; and 
the inspection of waterrdiversion compliance relative to permit authoriza-
tion. The authority would probably have to establish a central workshop 
for facilitating the repair of various components of the water-supply 
system, including pumps and engines. 

5.4 GROUNDWATER MANAGEMEf~T/MONITORING PROPOSAL FOR SELECTED 
GROUNDWATER BASINS 

One of the first programs that should be undertaken is the institution 
of a systematic groundwater monitoring and pumpage control program for 
specific areas where it is known that overpumping of aquifers is occurring 
or is likely to occur in the near future. Primary locations for such a 
program are the El Arish-Rafah area and the El Qaa Plain, where several 
irrigation wells have recently been drilled in the Quaternary aquifer by 
REGWA. Groundwater monitoring and control in the El Arish-Rafah area is an 
immediate concern. First steps in establishing a groundwater monitoring 
system for El Arish were undertaken by the Insti.tute of Water Resources in 
1983. 

5.4.l El Arish-Rafah Groundwater Management Agency 

A temporary agency (the El Arish-Rafah Groundwater Management 
Agency) could be created under the Sinai Development Authority, or 
the North Sinai Governorate, with the guidance of the Desert Insti-
tu!~ ~. could .. e~!".f9.t~~~~t?.~f~_n~_ti.9!1 · 

It is recommended that the proposed temporary El Arish-Rafah agency 
comprise a monitoring/data~processing branch and a groundwater allocation 
branch. The.monitoring/data-processing branch would be responsible for 
the regular collection, analysis, and interpretation of groundwater data, 
particularly with respect to trends in groundwater levels, groundwater 
quality, and groundwater pumpage. Data on all new wells drilled in the 
area would also be collected, processed, and interpreted. The groundwater 
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allocation branch would be responsible for establishing groundwater 
pumpage quotas, issuing permits to qualified well owners and performing 
compliance inspection to ensure that the permitted pumpage quotas are not 
exceeded. The pumpage quotas would be set initially by the agency for 
each area and for each well within the area, and would be reviewed from 
time to time as more information becomes available. In establishing 
groundwater quotas, trends in water~level declines and in groundwater 
quality would be considered along with estimates of groundwater recharge 
for each aquifer~ In certain cases, the groundwater allocation branch 
might be able to recommend certain well designs or coastal gallery designs 
that would permit efficient but limited withdrawal of groundwater. 

The El Arish 7 Rafah groundwater management agency would be 
administered by a director or head, who would have demonstrated professional 
experience in all aspects of hydrogeology and in administration. The 
monitoring/data-processing branch would be staffed by professional hydro~ 
geologists) preferably with some previous experience in the hydrogeology 
of the El Arish~Rafah area. They would be assisted in the field collection 
of data by technicians trained in groundwater monitoring and sampling 
techniques. The groundwater allocation branch would be involved in 
detailed analysis; quota establishment and permit compliance would require 
a range of qualified professionals from analytical hydrogeologists to 
competent managers. 

The El Arish-Rafah area aquifers that require immediate monitoring 
and management are the Quaternary aquifer of El Arish, the Pleistocene 
aquifer in the Rafah area (which may be hydraulically connected with the 
El Arish Quaternary.aquifer), and the surficial coastal~sand aquifer, 
probably of recent origin. In all three aquifers, groundwater quality 
deterioration is a c6ncern, and it appears such deterioration is linked 
to excessive pumping in many cases. 

The deterioration of groundwater quality in the El Arish Quaternary 
aquifer in an area to the southeast of El Arish was discussed in Section 
2.2.3. A line of 35 shallow coastal wells tapping the surficial coastal­
sand aqui.fer was drilled by REGWA in 1983 between Sheikh Zuwayid and Rafah. 
These wells deserve careful monitoring and control, so that individual 
pumping rates and the withdrawal rate from the whole system do not become 
excessive. That is, the withdrawal rates and the pumping schedules must 
be set so that the salinity of the pumped water does not increase signifi­
cantly, and so that the nearby land (about l,000 feddans) cultivated by 
the "Mawasi" method (soil water supplied by a shallow groundwater table) 
is not adversely affected by the we 11 pumpage. 

The groundwater quality associated with the Rafah Pleistocene aquifer 
appears to be marginal for many uses, and there is some evidence that its 
quality decreases in the westward direction, south of Sheikh Zuwayid. 
The relationship between water quality in this aquifer and location, on 
the one hand, and pumping rates, on the other, should be investigated by 
the agency professionals. 

The monitoring aspect of the program should include water~level 
monitoring, water-quality monitoring, and the monitoring and measurement 
of well pumping rates. Pumping rates should be determined on a daily 
and seasonal basis for all wells in the vicinity of each well selected 
for monitoring water levels and water quality. The rates can be deter~ 
mined by flow meters on the discharge line, or by more approximate methods, 
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such as the trajectory method. Initially? water levels should be 
measured monthly in perhaps 10 to 20 selected wells in each aquifer 1 and 
automatic water-level recorders established at 3 key wells in each aquifer, 
Water~table (or piezometric) contour maps for each aquifer should be 
prepared from each complete set of water~level data, and the map should 
indicate the average pumping rate for all nearby wells during the period 
involved. After 12 months of data have been collected and analyzed, the 
interval of waterTlevel measurements may be increased from 1 to 2 months. 

Water quality sampling should be performed monthly in 10 representative 
wells in each aquifer, and quarterly in the 10 to 20 wells selected for 
water~level measurements. The water samples collected monthly should be 
analyzed only for pH, chloride content, and specific conductance. Samples 
collected quarterly will be analyzed for the major mineral constituents 
carbonates, bicarbonates, chlorides, sulfates, sodium, calcium, and 
magnesium, in addition to pH and specific conductance. 

Quarterly or semiannual reports should be prepared as part of the 
monitoring program. They should describe and interpret groundwater 
conditions as inferred from the collected data, and recommend management 
practices. 

The groundwater monitoring program will require accurate well 
locations and elevations of the wat~r··level reference point, such as top 
of well casing. The Institute of ~later Resources of the Ministry of 
Irrigation has recently surveyed many of the wells near El Arish, 
including the new land reclamation wells. Similar surveying will be 
required for the wells selected for monitoring in the Sheikh Zuwayid~Rafah 
strip. 

5.4.2 Groundwater Management/Monitoring in the El Qaa Plain 

A groundwater management/monitoring program for the Quaternary 
aquifer of the El Qaa Plain ls second in importance only to that for the 
El Arish-Rafah area. 

The REGWA program of drilling 12 irrigation wells in the El Qaa Plain 
was completed recently, and withdrawals from the aquifer are expected to 
increase significantly over the next 12 months. 

The present water quality of the aquifer appears to be good in most 
places, but may not always remain so unless careful management of new well 
construction and well discharges is established. As is the case with the 
El Arish~Rafah area, a groundwater monitoring program will be a necessary 
requirement of sound groundwater management. The program should provide 
the information necessary to set limits on the magnitude and areal distri­
bution of groundwater withdrawals. The aim of such limits is to prevent 
drastic lowering of water levels and deterioration of groundwater quality 
as a result of excessive pumping. Initially, all active production wells 
in the area should be inventoried and surveyed. Accurate coordinates 
and reference~point elevations should be provided for each well. 

The elements of the groundwater management/monitoring program would 
be essentially the same as those outlined for the El Arish~Rafah area. 
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for the time being, the necessary data collection, monitoring~ and quota~ 
setting functions could be performed by one exp~rienced hydr.ogeo·logist 
employed by the South Sinai Governorate. This individual, together with 
his functions, would be absorbed into the Sinai Water Authority after its 
formation. 

5.5 IMMEDIATE AND NEAR~TERM WATER-SUPPLY INVESTIGATION PROJECTS 

To provide an adequate information base to. permit the optimal exploita­
tion and conservation of present and future water resources of Sinai, a 
series of studies for completion in the very near future is recommended. 
These projects may be grouped under the major sources of water supply --

. groundwater, Nile water, rainfall and dew, and surface-water: 

1 Groundwater 

Exploratory well-drilling and testing program 

Geophysical surveys in the El Arish-Rafah area 

Nile water 

Prefeasibility studies comparing the use of large pipelines 
and canals for land reclamation in Sinai 

Prefeasibility studies comparing various take-off points for 
Nile and drainage water for selected land reclamation 
candidate areas 

Rainfall and dew 

lmprovement of Sinai meteorological network 

Prefeasibility study of cloud-seeding in Sinai 

Prefeasibility study of dew harvesting in the high mountains 

Surface water 

Runoff gaging stations 

Hydrologic studies on small basins 

Evaluation of potential large and small dam sites. 

These projects are discussed in the fol lowing subsections in the sa.me order 
as presented above, which is the order of their recommended priority. 

In addition to these projects, which may be consi~ered relatively 
urgent, the establishment of the management/monitoring agency for the El 
Arish-Rafah area described in Section 5.4.1 should have the highest 
priority. A sizeable population in this area already relies on groundwater 
for both domestic and irrigation uses, so it is essential that this resource 
be both exploited and protected in the optimal manner. 
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5.5. l Exploratory ~~ell""Drilling and_Testing Prog!2!!!_ 

A preliminary drilling program for Sinai was submitted to the 
Ministry of Development on February l, 1981. In May 1981, the MOD was 
provided with cost estimates for the preliminary drilling program. After 
reviewing these estimates, it was generally agreed that the expected cost 
for the drilling was too high to permit implementation of the program in 
the very near future. 

Since that time, considerable additional data on the potential aquifers 
in Sinai have been collected and evaluated. The drilling program has been 
modified in certain aspects to reflect the increased understanding of hydro­
geologic conditions in Sinai and new cost and strategy considerations, 
which are discussed in :Chapter 4 .. 

The program presented herein has been revised to limit the well 
depths and minimize the number of deep wells. Moreover, the importance of 
designing the drilling program to fit the needs of the overall development 
strategy chosen for Sinai is recognized. This concern led to a further 
modification of the program~-recommended siting of the exploratory wells in 
locations where, if the wells prove successful, water can be supplied 
directly to proposed facilities or projects. This program should be 
further modified following the evaluation of the results of the ongoing 
exploratory well~drilling program being performed in Sinai by the Institute 
of Water Resources with external financial assistance from the European 
Economic Community and perhaps other sources. 

A total of 44 exploratory we 11 s is recommended, of which 25 have been 
given a Priority I rating. The total drilling envisioned amounts to 
9,340 meters, for an average of 212 meters per well. The depth per well 
ranges from 50 to 700 meters. These figures can be compared with the 
11, 200 meters of drilling planned under the preliminary program, in which 
the average well depth would have been 303 meters. 

A total drilling of 5,230 meters is proposed for the 25 Priority I 
wells ~-at an average depth of 209 meters. In the preliminary program, 
19 Priority I wells were proposed -r with a combined depth of 6,200 meters. 
The average well depth was 326 meters. 

Based on the foregoing comparisons, the costs of the modified drilling 
program should be 80 to 85 percent of that estimated for the preliminary 
program. In making this rather rough estimate, it is assumed that the 
additional costs due to increased drill-rig mobilization (because of more 
wells), plus the incremental costs due to inflation over the past two years, 
are essentially offset by the incremental savings due to construction of 
shallower wells. 

The remaining 19 wells are classified as Priority II. It is 
recommended that the drilling program be divided into two phases. The 
first phase should consist of drilling the 25 Priority I wells. After 
evaluation of the results of the first phase, the drilling of Priority II 
wells could be undertaken with appropriate modifications. 
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The purpose of any water supply resulting from groundwater development 
relates directly to the water demands arising from the recommended develop~ 
ment strategy presented in Volume I. The exploratory wells are located 
in areas where at least one of the strategies discussed in Chapter 4.0 
calls for groundwater use. Therefore, if the wells prove successfui and 
are later converted to production wells, they can provide water directly to 
the proposed project, community, or facility. In certain cases, it may be 
useful to equip the successful exploratory wells with experimental windmills 
to evaluate the feasibility of a wider use of that power source. 

It is recommended that the following procedure be implemented for 
determining the exact location for each exploratory well site: 

t Evaluation of the terrain and the relevant geologie structures 
by analysis of stereo-pair aerial photos of the proposed site 
area 

Inventory of existing wells within a 0.5~ to l~kilometer radius 
of the site area 

1 Inspection and visual evaluation of the site area) leading to 
a final site selection. 

The importance of the proposed exploratory we 11 ~.dri.11 i ng program in 
the evaluation of Sinai 1 s water resources cannot be overemphasized~ It is 
the essential first step for developing the new groundwater supplies 
required by the development strategy, particularly the rural development 
and farms and sections of the Uplands and Southeast Subregion. 

5.5.2 Geophysical Surveys in the El Arish~Rafah Area_ 

The Consultant recommends performance of surface resistivity surveys 
in the El Arish~Rafah area to evaluate the extent of seawater intrusion in 
the El Arish Quaternary aquifer and in the surficial coastal~sand aquifer 
in the area between Sheikh Zuwayid and Rafah. Additional surface resisti~ 
vity surveys should be performed southeast of El Arish town and over the 
area underlain by the Rafah Pleistocene aquifer to provide clues to the 
source of relatively poor quality groundwater. 

Existing well logs and the known groundwater quality for selected 
key wells in these areas would be used for calibration and interpretation 
of the results. Several vertical soundings will probably be required 
along the coast and in the areas of poor-quality groundwater. In addition, 
surface~resistivity traverses, at fixed electrode spacings, would be 
performed in each area. One crew of three to four persons, including a 
geophysicist, would be required for 20 to 30 working days in each of the 
three areasT~El Arish, the Sheikh Zuwayid~Rafah coastal strip, and the area 
around Rafah and westward (several kilometers south of the coast). The 
field surveys would be followed by office analysis and data interpretation. 

5.5.3 Detailed Pipeline versus Canal Feasibili~ Studies for Conveyance 
of Nile Water 
- --

In Section 5.2 it was recommended that, in most cases, large pipelines 
rather than canals be used for conveyance of Nile water in Sinai {up to 
2-meter diameter). The basis for this recommendation lies in the results 
of this study's land capability analysis (Volume IV) which indicates the 
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likelihood that land suitable for reclamation will be fqund in relatively 
small tracts, each of which may be relatively isolated from one another. 
Hence, to avoid significant water losses through seepage and evaporation 
from canals during the conveyance between adjacent tracts, the use of 
large pipelines was tentatively recommended. 

The final recommendation regarding the use of large pipelines or 
canals cannot be made until the ongoing REGWA soil survey in northwest 
Sinai is complete, and until similar soil surveys are performed in other 
areas of Sinai, including the Gifgafa, Wadi El Bruk, and Middle Wadi El 
Arish areas in North-Central Sinai, and in the Abu Rudeis, Wadi Feiran 
delta and El Qaa areas in the south. 

While soil surveys are underway and their results are being 
interpreted, a prefeasibility study should be undertaken to compare the 
use of large pipelines versus canals to convey Nile water to each of the 
tracts identified for reclamation. Such a prefeasibility study(s) should 
include comparative cost analyses, estimated construction schedules, and 
the environmental and social effects of canals and large pipelines for 
each proposed corridor. · 

-- . --- -·-··-~- -

At the same time, a prefeasibility study of alternative take-off 
points from the Nile and various canals should be undertaken for each 
of the major land reclamation cluster areas; take-off points studied 
should include Mini a, Beni Suef, Maadi, Cairo, Ismailia, and Suez. 

5.5.4 Improvement of Meteorological Network 

As mentioned in Section 2.2.1, the available meteorological data 
and the pre-1982 network of meteorological stations are inadequate for 
a reliable assessment of Sinai water resources. Hence, upgrading and 
expansion of the present meteorological network are recommended. 

As a part of its Sinai water-resources investigation, the Institute 
of Water Resources is undertaking a program to perform the recommended 
upgrading and expansion of the meteorological network. We understand 
that new first-order stations have already been establisheo at the 
following locations: El Qantara, El Arish, Nakhl, Ras Sudr, and Abu 
Rudeis. An additional first-order station will be established at St. 
Catherine in the near future. Phase Two of the lnstitute 1 s program in 
meteorology will involve establishment of additional first-order stations 
located east of the former Camp David withdrawal line. 

This meteorological program should be expanded to satisfy the need 
for detailed meteorological data for each representative area in Sinai 
including Dahab, Ras Taba, El Quseima, and Gebel El Maghara. 

5.5.5 Detailed Feasibility Study of Cloud-Seeding in Sinai 

As described in Section 2.3.3, the next step in a detailed assessment 
of the cloud-seeding potential in Sinai should involve the collection and 
analysis of available meteorological data pertinent to cloud-seeding, along 
with a thorough review of the pertinent literature on weather modification. 
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Data collection will involve the collection and organization of all 
available data on rain, wind, and cloudiness in Sinai, with emphasis on 
the Northeast Coast and Uplands. Maps and profiles should then be 
prepared depicting detailed topographic and plant-cover characteristics 
for areas selected for possible cloud-seeding experiments. 

The last component of this project would involve a preliminary design 
of cloud-seeding experiments in Sinai. The experimental design should 
specify the areas of most potential; the recommended methods and times of 
cloud-seeding; the raingage grid spacing; the schedule for the preparation 
for and performance of the experiments; and detailed cost estimates. 

5.5.6 Runoff-Gaging Stations 

Reliable measurements or estimates of runoff on some of the major 
wadis, and near significant settlements in lesser wadis, are important for 
establishing control and regulation. Gaging or runoff-estimation stations 
should be established on the lower reaches of Wadi El Arish, Wadi Sudr, 
Wadi Sidri, Wadi Feiran, Wadi El Gerafi, and near Taba and Sharm El Sheikh. 

Because of the sporadic character of runoff and the fact that the 
wadis are dry most of the time, normal stream-gage calibration will need 
to be modified. The recording of flood heights will pose difficulties 
since flow of any level occurs so infrequently. Nevertheless, it is 
highly important to establish some type of gaging station at the locations 
mentioned, with suitable sturdy equipment and reliable attendance. 

5.5.7 Hydrologic Studies on Small Basins 

The study of rainfall-runoff relationships and evapotranspiration 
on a few small basins in Sinai is another important project. The 
information obtained from several years of records on small basins may 
be extrapolated to larger basins and can supplement the runoff estimates 
for large wadis, discussed in Section 5.5.6. Moreover, the information 
obtained from small basins will aid in providing estimates of groundwater 
recharge, as well as other components of the Sinai water balance. This 
study should include at least one high mountain basin for the study of 
dew formation. 

It will be necessary to select three or four representative basins 
of a size ranging from perhaps 5 to 25 square kilometers. Appropriate 
devices and equipment should be established in each basin study area, 
including rain gages, runoff-measuring weirs, recorders, and evaporation 
pans. Once the instrumentation is complete, continuous measurements 
should be made for a period of not less than 5 years, and possibly for 
as long as 10 to 15 years. When measurements in one basin are terminated, 
the instruments could possibly be set up in another basin for another 
extended series of measurements, under different meteorological, geological, 
and topographic conditions. 
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The Institute of Water Resources has initiated a plan to study six 
small basins in Sinai as part of its overall water resources investigation 
of Sinai. Currently, a study of a basin in the Gebel El Maghara area has 
begun, and we understand the necessary instrumentation has already been 
provided there. Full details on the small-basin study program of the 
Institute should be available in the near future. 

5.5.8 Evaluation of Potential Dam Sites 

Five dam sites should be evaluated in a more detailed manner than 
was possible as part of SOS-I.* As mentione<l in Section 2.2.2, the 
following sites are recommended -- El Daiqa Gorge, Lahfan Gorge, Wadi 
Sudr, and Wadi El Hadira (near Bir El Thamada}, and Wadi Gerafi (near 
El Kuntilla}, the latter as two examples of a small reservoir. The 
locations of these sites are given on Figure 2.2 earlier in this volume 
(see also Plate 5-3 in Working Paper No. 45, the Preliminary Map Port­
fo 1 i o). 

The proposed studies should consist of two parts -- a careful field 
appraisal of each of the sites and a preliminary benefit-cost analysis of 
each project, to include not only the dam itself but also all associated 
works, pipelines to points of use, and end-use facilities~ It should be 
borne in mind that until runoff data have been obtained for a 5- to 
10-year period (Sections 5.5.6 and 5.5. 7), no final benefit-cost analysis 
can be performed, as the potential yield of any basin, particularly the 
small ones, will be highly uncertain. 

* These additional investigations were initiated by the Government of 
Egypt in 1982; by 1984 tentative conclusions had been reached as far as 
El Daiqa and Lahfan Gorges are concerned and no further development at 
these sites is planned in the foreseeable future. 
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TABLE A-1 

Estimated Water Use in Sinai During Late 1981, by Source 
Local Groundwater 

Total 
Uses Ni le Water Piped Water By Truck Groundwater 

for lrri9ation for Domestic Suppll for Domestic Suppll Currently Public Exported to Area Withdrawn Aquifer Wells Supply Irrigation Other Areas Amount Amount Amount Total or 
{m3/dal) 

and or 
{m3 /dax) {m3/dal} (m3/day) {m3/dal} ~ {m3 /dax} im3/dal} 

Communitl': Location Sprin9s Destination Origin Origin Origin 
£1 Arish 25,000 Quaternary Wells a.100 ·14,300 2,600 Gifgafa and 0 -- 0 -- 0 -- 25,000 aquifer Wadi Unm 

Khisheib, also 
El Quseima 

Raf ah-Shei k.h 15,000 Quaternary Wells Mostly from 15,000a 0 -- 0 -- 10,000b lsraelc 0 -- 25,000 Zuwayid aquifers Israel National National Carrier Carrier 

Abu Awei gila 120 Wadi Wells 20a lOOa 0 -- 0 -- 600 El Arishc 0 -- 720 alluviLm groundwater 
El Quseima 310 Eocene or Well and lOa 300a 0 -- 0 -- 600 El Arishc 0 -- 910 Cretaceous springs groundwater )> l i111estone 

I 
N Bir El Abd 250 Sand dune lilel 1 s 250a 0 0 -- 0 -- 0 -- 16 Nile water 266 aquifer 

at El Qantara 
Negila 30 Sand dune Well 30a 0 0 -- 0 -- 0 -- 28 Nile water 58 aquifer 

at fl Qantara 
Rabaa 200 Sand dune Wells and 20a 180 0 -- 0 -- 0 -- 16 Hi le water 216 aqaif er trench at El Qantara 
Romana 30 Sand dune Wells 30a 0 0 -- 0 -- 0 -- 16 Nile water 46 aquifer 

at n Qantara 
Baloza 0 -- -- 0 0 0 -- 0 -- 0 -- 25 Nile water 25 

at El Qantara 
Gil bana 100 Sand dunes Wells lOOa 0 0 -- 0 -- -0 -- 30{?) Nile water 130 or Pleisto-

at El Qantara cene aquifer 

£1 Qantara 0 -- -- 0 0 0 -- 0 -- 500 Nile water. 0 -- 500 East 
from across 
Suez Canal 

aEstimated. 
bApproximately 7,000 m3/day of this quantity is believed to have been used for irrigation .. 
cDiscontinued during summer of 1982 .. 



TABLE A-1 (cont 1 d) 

Local Groundwater 
Total 

Uses Nile Water Piped Water By Truck Groundwater 
for Irr1gation for Domestic Su2eli'. for Domestic Sueell Currently Public Exported to Area Withdrawn Aquifer Wells Supply Irrigation Other Areas Amount Amount Amount Total or 

{m3/da,l'.) 
and or 

{m3/dai'.) {m3/da.t} {m3 /da.t) {m3 /dax:) (m3/dat) {m3/dat) (m3/day) Conmunitt Location Springs Destination Origin Origin Origin 
New Mit Abul 0 -- -- 0 0 0 -- 55,000 Nile water 0 -- 0 -- 55,000 Korn, Heroes' via Suez 
Village and Irrigation 
Youth farms, Canal and East Bitter siphons Lakes area south of 

Ismail i a 

Gifgafa 10 Lower Military lOa 0 0 -- 0 -- 100 El Arishc 0 -- 110 Cretaceous well groundwater aquifer (?) 

"Early warn- 0 -- -- 0 0 0 -- 0 -- l,200d El Arish 0 -- 1,200 i ng station" groundwater at Wadi Unm 
)::.:> 

Khisheib 
I 

El Hema 0 100 w 0 -- -- 0 0 0 -- 0 -- 100 El Arish --(Bachdad) groundwater 
El Hasana 130 Wadi Wells 130a 0 0 -- 0 -- 0 -- 24 El Hema pump- 154 alluvium, ing station (E~ Paleocene Arish groun~water) .formation, 

and basalt 
dykes 

Bir El 12 Wadi Wells 12a 0 0 -- 0 -- 0 -- 10(?) E 1 Hema pump- 22 Tham ad a alluvium ing station (El · 
Ar1sh groundwater) 

Nakhl WO Wad:i Rel ls lOOa 0 0 -- 0 -- 0 -- 0 -- 100 a 11 uvi urn and 
lower Creta-
ceous 

El Shatt {) -- -- 0 0 0 -- 0 -- -0 -- 2 Nile water 2 
from El Qantara 

dsome of this fl ow was reportedly used for agriculture at the Wadi Umm Khisheib station. 



TABLE A-1 (cont 1 d) 

Local Groundwater 

Total Uses 1Hle Water Piped Water By Truck 
Groundwater for Irrigation for Domestic Sueelx for Domestic Sueel~ Currently Aquifer Wells Public Exported to 

Area Withdrawn Supply Irrigation Other Areas Amount Amount Amount Total -Or 
{m3/daxl 

and or 
(m3/daxl (m3/daxl (m3/dai) (m3/dax} (m3/dax) {m3/dax) (m3 /day) Communitx Location serings Destination Origin Origin Origin 

El Kuntilla 60 Wadi Wells 60a 0 0 
alluvium 

-- 0 -- 0 -- 0 -- 60 

El Themed 75 -Wadi alluvium Wells 75a 0 {) -- 0 -- 0 -- 0 -- 75 
and Middle 
Cretaceous 
aquifer 

Ayun Musa 500-l,OOOe Miocene and Flowing 0 0 0 -- 0 -- 0 -- 1 Ni-le water 
Lower wells and from El Qantara 
Cretaceous springs 
aquifers 

Ras Mi sa 11 a 150 Basal 2 wells 0 0 150a Ras Sudr 0 -- 0 -- 0 -- 150 
Miocene and 
Cretaceous 

Ras Sudr and 500 Quaternary liiel ls 0 sooa 0 -- 0 -- lSOa 2 wells at 40 Nile water 690 
;i:::. Abu Suweira Ras Misalla from El Qantara 
I 
~ Wadi Gharandal 102 Quaternary We1i-s 2 lOOa 0 -- _-!) . -- 0 -- 0 -- 102 

Abu Zenima 50 -- -- soa u -0 -- 0 -- 0 -- 4 lllile water 54 
from El Qantara 

Abu Rudeis 900 Quaternary Wells lOOa 0 0 -- 0 -- {) -- 8 Ni le water 908 
(-a km from El Qantara 
away in 
Wadi S1dri) 

Quaternary ~earb;Y soof 
wells 

l,300f Fei ran and 0 -- -- 0 0 0 -- 0 -- Wells in 0 -- 1,300 
Belayim oil- Wadi feiran 
fields located 

1-0-12 km 
from sea 

eEstimated free flow from springs and flowing wells at Ayun Musa. The water is apparently not put to 
use; total dissolved solids {TDS) reported to range from 2,500 tu 13, 000 mg/ 1 • 

f Estimated use for oilfields. 



TABLE A-1 (cont 1 d) 

Local Groundwater 

Total Uses Nile Water Piped Water By Truck 
Groundwater 
Currently Public Exported to for Irrigation for Domestic Su221l for Domestic Su2pll 

Area Withdrawn Aquifer Wells Supply Irrigation Other Areas Amount Amount Amount Total 
or 

{m3/dax} 
and or 

{m3/dax} (m3/da,l} (m3/dax} (m3/dax} {m3/da,l~ {m3/da.z:} (m3/da,l} Conmunit.}'. Location Springs Destination Origin Origin Origin 

Wadi Feiran 1,300 Mi-ocene 3 wells 0 0 l,300f Feiran and 0 -- 0 -- 0 -- 1,300 
( 10-12 km sandstone Be layim oi 1-
from Gulf of and possibly fields 
Suez) Quaternary 

Feiran Oasis 1,400 Wadi Wells so 1,350.a 0 -- 0 -- 0 -- 0 -- 1,460 
alluvium 

Wa{ii i:l Sheikh 210 Wadi Wells 10 200a 0 -- 0 -- -0 -- 0 -- 210 
(between alluvium 
Fe-l ran Oasis 
and Watia Pass) 

Gebel 100 Quaternary Wells and 60 llO 0 -- 0 -- 0 -- 0 -- 100 
Katherina and crystal- springs 
area 1 i ne uni~s 

El Tor area 2,800 Quaternary Wells 7-00 100 2,000 Sharm -El 0 -- 0 -- 4 -Hile water 2,804 
Sheikh 

> Sh.arm El 10 M-locene WeUs 10 0 0 -- 0 -- 2,000 El Tor _() - 2,010 
I Sheikh sandstone weHs 

(J1 

Nebq 50 Quatemary Wells 50 0 0 -- 0 -- 0 -- 0 -- 50 

Oahab 50 Quaternary Wells 50 0 0 -- G -- lOOa Springs in· -0 -- 150 
crystalline 
rock located 
a few kilo-
meters .west 

Nuweiba/ 50 Quaternary Well$ 50 0 0 -- 9 -- lOOa Springs in 0 -- 150 
Wast~ crystal Une 

rock located 
a few kilo-
meters west 

TQTAL 49,0999 -- -- 10.879 32,170 6,050 -- 55.000 -- 16.750 -- 224 -- 121.073 

gExcludes unused free discharge at Ayun Musa. 

SOURCE: Ca le u 1 at i on s by the Cons u 1 tan t . 



Name 

A. Rawaf aa Dam 

B. El Gudeirat 
Dam 

C. Perkins Dam 

0.- Wadi Gharandal 
Qams 

E. Wadi Nefuz 
Dam 

F. El Wadi Dam 

G. Wadi Shellal 
Dam 

TABLE A-2 

Inventory of Dams in Sinai~/ 

Description 

Arched masonary dam located on Wadi 
El Arish, about 52 km south of El 
Arish; capacity about 3,000,000 m3; 
reported to be silted up. 

Masonry dam, located about 9 km west 
of the Israeli border; built by the Turks 
in World War I, but presently silted up. 

Masonry dam on Wadi El Gudeirat 
located on Wadi Sad, one of the short 
wadis draining the southeastern flank of 
Gebel Dalfa (east of Gebel El Halal). 

Two small diversion dams in Wadi 
Gharandal, located 10-12 km from the 
Gulf of Suez; used for irrigation; 3the 
uppermost one ponds back 300-400 m 
of slightly brackish water; pr~sumably 
an earthen structure in both cases. 

Wadi Nefuz flows from Gebel Banat to 
Wadi Feiran and is located north of the 
Oasis of Feiran; the dam is located in 
the upper part of this wadi, where it 
flows through a red granite canyon, 
exhibiting springs; the dam is filled 
with eroded soil. 

A large dam built by the Bedouins at 
El Wadi, north of El Tor, for irriga­
tion purposes; it was subsequently 
washed away .. 

Formerly supplied piped water to 
Umm Bugma. 

~/Locations of these dams are shown on Figure 2.2 

Reference 

1268' 1350 

1268 

1268 

0230 

1335 

1335 

1333 

SOURCE: Information from various sources as noted in reference column. 
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Locatio~/ 

H. El Daiqa 
Gorge 

I. Mitmetn i 
Gorge 

J. El Lahf an 
Gorge 

K. Gebe 1 E 1 
Ha 1a1 

L. 5 km west 
of Ain Sudr 

M. Near Gebel 
Maghara 
(South Sinai) 

N. Upstream of 
the Oasis of 
Feiran 

0. Near Kuntilla 

TABLE A-3 

Possible Dam Sites in Sinai 

Wadi Possible Purpose 

El Arish Supply of water to 
El Arish town; flood 
protection for El 
Arish town. 

El Arish Supply of water to 
El Arish town; flood 
protection for El 
Arish town. 

El Arish Supply of water to 
El Arish town; flood 
protection for El 
Arish town. 

El Hadira Supply of irrigation 
water to El Arish 
flood plain south of 
Gebel El Halal. 

Wadi Sudr Public supply at Ras 
Sudr; irrigation 
supply for Wadi Sudr 
delta; cultivation 
in bed of reservoir. 

Wadi Sidri Public supply for 
Abu Rudeis; irriga­
tion water for Wadi 
Sidri Plain. 

Wadi Flood protection for 
Feiran oasis; irrigation 

supply to the oasis 
and to northern 
El Qaa Plain. 

Wadi El Irrigation supply; 
Geraf i groundwater recharge. 

E..1Locations of these darns are shown on Figure 2.2. 

Possible Problems 

Deprivation of down­
stream areas; requires 
long conveyance system; 
evaporation loss rela­
tively high. 

Deprivation of down­
stream areas; requires 
long conveyance system; 
evaporation loss rela­
tively high. 

Possible foundation 
problems; long dam 
required; seepage 
losses could be high. 

Expected yield is 
relatively low. 

Rate of siltation 
expected to be high; 
evaporation loss rela­
tively high; expected 
yield is not high. 

Rate of siltation 
expected to be high; 
evaporation loss rela­
tively high; expected 
yield is not high. 

Rate of siltation 
expected to be high; 
evaporation loss 
relatively high. 

Rate of siltation and 
evaporation expected 
to be high; modest 
yield; would require 
negotiations with 
Israel. 

SOURCE: Derived from SOS-I analysis of topographic characteristics of Sinai 
as described in Section 3.2.5 of Working Paper 33. 
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TABLE A-4 

Summary of Information on Groundwater Availability Areas in Sinai 

No. 

1 

2 

Areaa 

Raf ah 

El Arish 

Aguif er 

Quaternary 
coastal 
aquifers 

Quaternary 
coast a 1 
aquifers 

3 North coastal Dune sand 
strip 

Well 
Depth 

(m) 

40 - 90 

40 - 60 

5 - gd 

Discharge 
Rate Per 

Well 
( l/sec) 

9 - 17 

3 - 28 

2d 

4 Rabaa Pleistocene 70 - 110 11 - 23 

5 Masagid Basin Quaternary 30 - 50 1 - 9 

6 East side of Middle 
Gebel El Cretaceous 50 - 250 2 - 14 
Maghara 

Estimated 
Long-Term 

Groundwater 
Withdrawable 

(m3/day) 

30,000 

25,000 

6,000 

10,000 

3,000 

5,000 

Estimated 
TDS of 
Water 

(mg/l )b 

400 - 4,000 

1,000 - 6,000 

2,500 - 5,000 

5,000 - 7,000 

1,500 - 3,000 

2,000 - 5,000 

Cost of 
Groundwater 

(LE/m3 ) 

0.02 - 0.07 

0.01 - 0 .. 06 

0.12 

0.02 - 0.06 

0.05 - 0.21 

0.02 - 0.42 

Average 
Degree of 

Confidencec 

2.4 

1.2 

2.2 

2.8 

3.8 

3.4 

aRefer to Figures 2.5, 2.6 and 2.7 of this volume (and Plates 6-1 and 6-2 of Working Paper No. 45, the Map 
Portfolio) for location of areas. 

bTDS = total dissolved solids. 

cThe number 11 1'8 indicates the highest degree of confidence; the number 11 411 indicates the lowest degree. 

dTrenches about 15 meters long or large-diameter wells are assumed to be the primary means of groundwater 
development. 

J 



TABLE A-4 (cont'd) 

Estimated 
Discharge Long-Term Estimated 

Well Rate Per Groundwater TDS of Cost of Average 
Depth Well Withdrawable Water Groundwater Degree.of 

No. Areaa Aquifer (m) (l/sec) (m3/day) (mg/l)b (LE/m3) Confidence c 

7 Gebel El Halal Middle 
Cretaceous 50 - 250 2 - 14 5,000 1,500 - 4,000 0.02 - 0.39 3.4 

8 Gebe 1 s Yell eq Middle 
and Fallig Cretaceous 50 - 250 2 - 14 9,000 1,500 - 4,000 0.02 - 0.40 3.4 

9 Gebels Hamra Middle 50 - 250 2 - 14 2,000 2,000 - 6,000 0.02 - 0.41 3.6 )::> and Giddi Cretaceous I 
l.O 

10 Gebel Kherim Middle 50 - 250 2 - 14 600 2,000 - 4,000 0.02 - 0.38 3.6 
Cretaceous 

11 Gebels Burga Middle 50 - 250 2 - 14 2,000 2,000 - 4,000 0.02 - 0.38 3.4 
and Tali at El Cretaceous 
Bed an 

12 Central Sinai Middle 250 - 450 2 - 14 10,000 1,500 - 4,000 0.05 - 0.65 3.6 
Cretaceous 

13 El Quseima Eocene 25 - 75 3 - 17 3,000 500 - 3,000 0.01 - 0.14 3.0 

14 Great Bitter Miocene 150 - 550 6 - 23 10,000 1,000 - 8,000 0.02 - 0.31 2.4 
Lake to Ras sandstone 
Misalla 

15 W ad i E 1 Ari sh Wadi 30 - 40 2 - 17 3,000 2,000 - 4,000 0.02 - 0.19 3.0 
upstream Gebel alluvium 
El Hal al 



TABLE A-4 (cont 1 d) 

Estimated 
Discharge Long-Term Estimated 

Well Rate Per Groundwater TDS of Cost of Average 
Depth Well Withdrawable Water Groundwater Degree of 

NOo Areaa Aquifer (m) ( l/sec) (m3/day) (mg/l)b (LE/m3) Confidencec 

16 Wadi El Gayifa Wadi 30 - 40 2 - 9 3,000 1,500 - 2,500 0.03 - 0.17 3.0 
alluvium 

17 Wadi El Geraf i Wadi 
alluvium 30 - 50 2 - 12 7,000 1,500 - 3,000 Q.02 - 0 .. 19 3.0 

):::o 18 Wadi Geraia Wadi 20 - 40 2 - 9 500 1,500 - 3,000 0.03 - 0.17 2.8 
I alluvium i--

0 

19 Wadi El Aqabah Wadi 25 - 45 2 - 9 1,500 1,500 - 4,000 0.03 - 0 .. 18 3.0 
alluvium 

20 Wadis El Bruk Wadi 25 - 45 2 - 9 2,500 2,500 - 6,000 0.03 - 0.18 2.8 
and El Arish alluvium 

21 Wadi Sudr Wadi 20 - 30 3 - 14 1,200 2,500 - 5,000 0.02 - 0.11 2.2 
Delta alluvium 

22 Wadi Wardan Wadi 20 - 30 3 - 14 1,200 2,000 - 7,000 0.02 - 0.11 2.2 
Delta alluvium 

23 South Central Middle 150 - 350 2 - 14 12,000 1,500 - 4,000 0.03 - 0.50 3.6 
Sinai Cretaceous 

24 Gebel Somar to Middle 50 - 200 3 - 23 12,000 1,000 - 3,000 0.01 - 0.23 3.0 
Gebel Igma Cretaceous 



TABLE A-4 (cont 1 d) 

Estimated 
Discharge Long-Term Estimated 

Well Rate Per Groundwater TDS of Cost of Average 
Depth Well Withdrawable Water Groundwater Degree of 

No. Areaa Aguifer {ml (l/sec) {m3/da~} {mg/l}b {LE/m3) Confidencec 

25 El Themed Middle 50 - 200 1 - 9 12,000 2,000 - 6,000 0.03 - 0.63 3.2 
to Ras El Cretaceous 
Gineina 

26 Wadi Gharan- Wadi 15 - 35 0.5 - 2 600 2,000 - 5,000 0.10 - 0.53 2 .. 8 dal alluvium 
)::::. 
I ?' Southern Crystalline 40 - 120 1 - 7 30,000 200 - 2,500 0 .. 03 - 0 .. 47 3.0 ...... ._I 

...... Mountains 

28 Wadi Baba, Wadi 50 - 200 2 - 14 1,200 1,500 - 4,000 0.02 - 0.33 2.8 
El Markha alluvium 
Plain 

29 Wadi· Sidri Wadi 40 - 80 1 - 9 900 1,000 - 3,000 0.03 - 0.44 2.6 
and Delta alluvium 

30 Abu Rudeis to Miocene 30 - 80 2 - 17 2,000 2,500 - 8,000 0.01 - 0.20 2.8 
El Qaa Plain sandstone 

31 Wadi Feiran Wadi alluvi- 10 - 55 0.5 - 6 5,000 300 - 700 0.03 - 0.69 1.6 
and Wadi El um and 1 ake 
Sheikh deposits 

32 Gebel Kathe- Wadi 30 - 60 0.5 - 4 1,400 200 - 400 0.10 - 0.62 2.4 
rina area alluvium 

33 El Qaa Plain Quaternary 80 - 150 12 - 35 30,000 600 - 2,500 0.01 - 0.10 1.6 



TABLE A-4 (cont'd) 

Estimated 
Discharge Long-Term Estimated 

Well Rate Per Groundwater TDS of Cost of Average 

Depth Well Withdrawable Water Groundwater Degree of 

No. Areaa Aquifer (m) (1/sec) (m3/day) (mg/l) (LE/m3) Confidencec 

34 Sharm El Miocene 20 - 30 0.5 - 2 600 2,000 - 7,000 0.07 - 0.41 3 .. 0 
Sheikh sandstone 

35 Sharm El Wadi 40 - 100 2 - 12 l,000 1,500 - 4,000 0 .. 02 - 0.21 3.6 
Sheikh alluvium 

36 Wadis Kid and Wadi 40 - 100 2 - 12 1,500 600 - 3,500 0.02 - 0.21 3.4 
::J;::o Umm Adawi; alluvium I 
....... 

Nebq area N 

37 Wadi Nasb Wadi 25 - 40 0.5 - 7 3,000 300 - 1,500 0.03 - 0.59 3.2 
alluvium 

38 Wadi El Ghaib Wadi 15 - 40 1 - 9 1,600 2,000 - 4,000 0.02 - 0.31 3.0 
and Dahab area alluvium 

39 Wadi Watir Wadi 15 - 40 1 - 9 1,200 1,000 - 3,500 0.02 - 0.31 3.2 
and Nuweiba alluvium 
area 

40 Gebel El Lower 50 - 450 2 - 23 6,000 1,200 - 6,000 0.01 - 0.67 2.6 
Maghara Cretaceous 
area sandstone 

41 Risan Aneiza Lower 50 - 550 2 - 23 2,400 2,000 - 7,000 0.01 - 0.78 2 .. 6 
area Cretaceous 

sandstone 



TABLE A-4 (cont 1 d) 

Estimated 
Discharge Long-Term Estimated 

Well Rate Per Groundwater TDS of Cost of Average 
Depth Well Withdrawable Water Groundwater Degree of 

No. Areaa Aguifer (m) (l/sec) {m3/dat} {mg/1 )b {LE/m31 Confidencec 

42 Gebel El Halal Lower 50 - 450 0.3 - 9 1,000 1,000 - 3,000 0.02 - 1.99 2.4 
Cretaceous 
sandstone 

43 Gebel Kherim Lower 100 - 450 3 - 17 400 1,500 - 2,500 0.03 - 0.45 3.0 
Cretaceous 

);::. sandstone 
I 

1-1 
w 44 Central Sinai Lower 650 - 950 2 - 14 10,000 1,500 - 2,500 0.12 - 1.50 2.6 

Cretaceous 
sandstone 

45 South-central Lower 350 - 650 2 - 14 10,000 1,500 - 2,500 0.08 - 1.22 3.0 
Sinai Cretaceous 

sandstone 

46 South Sinai Nubianf 100 - 450 2 - 14 7,000 1,500 - 3,500 0.03 - LOO 3.2 

47 East Sinai, Lower 200 - 650 2 - 14 2,000 1,500 - 3,000 0.05 - 1.15 3.2 
Gebel El Cretaceous 
Hamra area sandstone 

eRefers to Lower Cretaceous sandstone and older contiguous sandstones. 

Source: Calculations by the Consultant; see Working Paper No. 33 for details. 
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TABLE A-5 

Summary of 1981 Information on Existing or Proposed 
Water Pipelines, Primarily for Domestic Supply 

Approximate Number of 
P1 ace of Distance Pipe Diameter Pipe Flow Rate Pumping 

No. Water Source Origi~! Destinatio~/ (km) {rrm} Material (m3/dal} Stations Pur2ose of Pi2eline 

Nile Water vi a 1 km north of El Bir El Abd 75 300 Asbestos 4,000 3, Mosalas, Primarily domestic supply 

Ismail i a Cana 1 Qantara; crossing cement Gilbana, to El Qantara East, Gilbana. 

and Suez Irri- Suez Canal by Romana Baloza, R~fna, Negila, and 

gation Canal means of siphon Bir El AbcF-

2 Military water El Arish Gifgaf a and 110 to Gifgaf a; 200 to El Hema Steel 1,400 up to El 3, El Arish, Domestic water supply for 

wel1 s at El early warning an additional 40 pumping station; Hema station; El Hema, Gifgaf a and Urrm Khisheib. 

Ari sh station at to Urrm Khisheib 150 for the 1,300 for Gifgaf a 
Urrm Khisheib remainder remainder 

3 Military water El Arish Quseima 75b 150 {Ir 200 Steel 1,200 l, El Arish Domestic water supply for / 
wells at El Abu Aweigila and Quseima . .£ 

Ari sh 

4 National Water Israe1 Raf ah-Sheikh ? 500 ? 10,000 1, Near Hod To provide water for p~~lic 

Carrier Zuwayid area Abu Rad supply and irrigation.-
(Sadat) 

5 3 water we 11 s Ras Mi sa 11 a Ras Sudr 25 200 Steel 150 None, Water Industrial and domestic uses 

at Ras Misalla flows by at Ras Sudr; not potable with 

(tapping Lower gravity further treatment. 

Miocene and 
Middle Creta-
ceous units) 

6 3 wells in El Tor Sharm El Sheikh 90 250 Steel 2,000 l, El Tor Domestic water supply for 

alluvium in El (pressure devel- Sharm El Sheikh. 

Qaa Plain near oped = 265 m of 

El Tor water) 

~/Refer to Figure 3.1 of this volume (and Plate 6-3 in Working Paper No. 45 in the SOS-I project files) for tne 
locations of these pipelines. 

~/Estimated capital cost LE 5.2 million . 

. ~/Discontinued during summer 1982. 

-11Estimated capital cost LE 30.4 million. Construction bega~ in 1982. 

~/Estimated capital cost LE 10.4 million on the basis of preliminary technical studies . 

.ff unused in 1981 but in good condition. 

SOURCE: Data collected by Dames & Moore, mainly in 1981. 
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TABLE A-5 (cont 1 d) 

Approximate Number of Pl ace of Distance Pipe Diameter Pipe Flow Rate Pumping 
!iQ.:_ Water Source Origin a Destina_!iona -~ _ _{_"!!!L_ Material {m3/dat) Stations Pureose of Pieeline 
7 Unknown Gifgaf a Baloza and east 130 100 Steel 1,ooob 1, Out of Water supply to northwest side of canal (total use; located Sinai. 

from Ismailia length) 50 km south 
of Baloza 

8 Nile water; El Qantara El Arish 150 700 Steel 28,000 4 Domest!y water needs of El water to be Ari sh.-treated at El 
Qantara West 

9 Water wells at Pumping station at El Hasana 25 150 Steel 500 -- Potable and domestic water El Arish El Hema, about supply to El Hasana. 35 km south of 
Bir El Lahf an 

10 Nile water via Harndi Tunnel Abu Rudeis 150 300 to 500 Steel 4,000 4 Supply potable water to Ayun Ismail i a Canal (treated water Musa, Ras Sudr, 'bu Zenima, and Hamdi from Suez treat- and Abu Rudeis.~ )> 
I 

Tunnel ment plant) ,_. 
Supply potable water.fl 

(J'1 11 None Gifgaf a Bir El Thamada ? 300 Steel -- --
12 None Eilat Ras El Naqb Airport ? ? ? -- -- Supply potable water to 

airport. 



Table A-b 

Estimated Water Requirements for Domestic Purposes, 
Industries, Mining and Tourism in the Year 2000, 

by Subregion, for the Recommended 
Strategy and Three Alternatives 

(a) Domestic Water Demand and Reference Population 

Subregion Domestic Water Demand.~/ 
(million m3/yr) 

Estimated Population, Year 2000 
{000} 

Northwest 

Northeast of which 
Uplands 

Southwest 

Southeast 

RS 

4 .. 2 

20 .. 2 
(2.1) 

5 .. 3 

1.2 

FR 

7 .. 1 

19.8 
.Q/ 

2.0 

1.6 

DI 

6.3 

21.3 
_!!/ 

4 .. 1 

1.6 

AC 

4 .. 5 

17.9 
.Q.I 

5.8 

1.6 

RS 

167 .. 1 

623 .. 8 
(170.0) 

137.5 

44.7 

FR 

238.6 

668.4 
_!!/ 

117 .3 

89.0 

DI 

225.3 

727 .. 4 
_!!/ 

174.2 

91.1 

AC 

180.5 

599.1 
_!!/ 

198 .. 1 

85.2 

TOTAL 30.9 30.5 33.3 29.8 973.1 1,113.3 1,217.9 1,062.9 

(b) Requirements for Industries, Mining and Tourism~/ 

Estimated Water Demands (million m3/yr) 
Tourism Industries and Mining 

RS FR DI RS FR DI 

Northwest 

Northeast 

1.6 

6.5 
(0.4) 

0.62 

1.30 

2.50 

0.54 
QI 

0.03 

0.17 

0.04 

0.04 

0.17 

0.32 
of which Uplands 

Southwest 

Southeast 

TOTAL 

78.2 

0.3 

86.6 

~/ 

4.72 

0.53 

7 .17 

5.92 

0.01 

8.97 

(0.01) 

0.05 

0.17 

0.41 

_!!/ 

0.06 

0.11 

0.29 

FR, DI, and AC represent Frontier, Dispersed and All Coasts alternative 
strategies considered at an early stage in the 1983 analysis. RS is the 
Recommended Strategy proposed by the Consultant after discussions with the 
Steering Committee and further analysis. The Recommended Strategy is 
summarized in Volume I of this Report. 

E.1Includes water demands for commercial enterprises. 

_Q_/Uplands requirements not reported separately when alternative strategies 
were being reviewed. 

£/Industries, mining and tourism requirements were not reported separately 
for the All Coasts alternative, which was superseded by the Consultant's 
Recommended Strategy. 

Source: 1983 project memoranda and internal working papers. 
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TABLE A-7 

Projection of Feddans Likely to be Suitable for Irrigated 
Agriculture and Estimated Year 2000 Water Duties, Using Nile Water 

or Local Groundwater, by Subregion and Areas, for the 
Recommended Strategy and Three Alternatives 

(a) Proposed for Irrigation with Nile Water 

Thousands of Irrigated Feddans 
Subregion and area RS FR DI AC 

Northwest, subtotal 
1. El Tina Plain 
2. Qantara-Baloza 
3. East Bitter Lakes 
4. East of Suez (joins SW-1) 

Northeast, subtotal 
1. Romana - El Mazar 
2. Sheikh Zuwayid-Raf ah 
3&4. Lower Wadi El Arish 

Uplands, subtotal 
1. Gifgaf a 
2&3. Wadi El Bruk 
4. El Sirr Plain 
5. Wadi El Hema 
6. El Hasana 
7. Middle Wadi El Arish 
8. Wadi El Gayif a/El Quseima 
9. Wadi El Gerafi/El Kuntilla 

Southwest, subtotal 
1. East of Suez {joins NW-4) 
2. Ramlet Himeiyir Plain 
3. Abu Rudei s 
4. Wadi Feiran Delta 
5. El Qaa, Plain 

Southeast.!!/ 

Total feddanage 

71.o~/ 
20.0 
16.0 I 
30.~ 
5.0 

52.0 
20.0 
15.0 
17.0 

51.0 
16.0 
25.0 
10.0 

b/ 
b/ 
b/ 
b/ 
~/ 

15.0 
1.0 
b/ 

6:0 
8.0 
.!!/ 

b/ 

189 .cfol 
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35.1 

15.1 
15.0 
5.0 

45.6 
17.0 
14.5 
14.1 

102.0 
6.0 

64.0 

4.0 
23.0 
5.0 

b/ 

.!!/ 

_!!/ 

b/ 

182.7 

39 .. 1 
1. l 

16.0 
16.0 

6 .. 0 

52.0 
20.0 
15.0 
17.0 

133.5 
16.0 
65.0 
10.0 

20.0 
22.5 

b/ 
!i7 

47.0 

8.0 
8.0 

10.0 
21.0 

b/ 

271.6 

32.0 

12.0 
14.0 
6.0 

35.0 
15.0 
10.0 
10.0 

10.0 

10.0 

12.0 

2.0 

10.0 

b/ 

89.0 



TABLE A- 7 (continued) 

Water Duty 

Subregion and area 
{million cubic meters ~er ~ear) 

RS FR DI AC 

Northwest, sub;otal 544.8 255.4 282.3 188.0 
1. El Tina Plain£ 180.0 7.0 
2. Qantara-Ba 1 ozaS:./ 115 .8 111.4 115.8 69.0 
3. East Bitter L7kes5!/ 213.0 108.0 115.7 84.5 
4. East of Suez~ 36.0 36.0 43 .. 8 34.5 

Northeast, subtota) 372.8 338.2 372.8 221.2 
1. Romana - El Mazar.f. 155.0 152.5 155.0 86 .. 2 
2. Sheikh Zuwayid-Raf at?-/ 88.8 95.9 88.8 57.5 
3&4. Lower Wadi El Arishf. 129.0 89.8 129.0 77 .. 5 

Uplandsa
1
subtotal 411.3 827.7 1,084.8 57 .. 5 

1. Gifgaf~ 121.3 43.7 121,3 
2&3. Wadi El Bruk5!/ 212.5 526.0 552.5 
4. El Sirr Plaip7' 77 .5 77~5 57.5 
5 .. Wadi El Hem~ ·~-

6. El Hasana 26 .. 0 144·.0 
7. Middle Wadi El Arish 192.5 189~5 
8 .. Wadi El Gayif a/El Quseima 39.5 
9. Wadi El Gerafi/El Kuntilla 'E/ Q.I 

Southwest, SM?total 170.6 _.QL 542.6 103.4 
1. --r::a ---East of Suez-
2. Ramlet Hi~Jyir Plai~/ 89.3 
3. Abu Rudei s- 69.8 93.0 17.2 
4. Wadi Feiran ~lta~ 93.0 116.2 
5. El Qaa Plai .Q.I 244.1 86.2 

SoutheastQ/ 

Total water duty 1,499.5 1,421.1 2,282.5 570.l 
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TABLE A-7 (continued) 

(b) Proposed for Irrigation with Local Groundwater 

Thousands of Irrigated Feddans 
Subregion and area RS FR DI AC 

1. 
2. 
3&4. 

1. 
2&3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

1. 
2. 
3. 
4. 
5. 
6. 

1. 

2. 

3. 

Northwestt!/ 

Northeast, subtota) 
Romana -·El Mazar.! 
Sheikh Zuwayid-Rafah 
Lower Wadi El Arish 

Uplands 11subtotal 
Gi fgafa- . 
Wadi El Bruk.!~/ 
El Si rr Pl a i rr:-

1
1 

Wadi El Hema.J. 
El Hasana 
Middle Wadi El Arish 
Wadi El Gayifa/El Quseima 
Wadi El Gerafi/El Kuntilla 
Nakhl (Research Station) 
Gebe 1 s El Magha ra, 
Yelleq and El Halal 

Southwest, subtotal 
East of Suez 
Ramlet Himeiyir Plain 
Abu Rudeis 
Wadi Feiran Delta 
El Qaa Plain 
Wadi Feiran upstream 

Southeast, subtotal 
Wadi Watir (northwest from 
Nuweiba) 
Wadis El Ghaib and 
Nasb (north and west of Dahab) 
Three wadis west of Nebq 

To.ta]. f~ddanage 

4.0 

2.0 
2.0 

2.9 
i/ 
l/ 
T/ 
II 
j/ 
·1 d: 1 

0.6 
0.2 
2.0 

4.3 
i/ 
II 
i/ 
l/ 
4:0 
0 .. 3 

1. 7 
0.6 

0.4 

0.7 

12.9 
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4.0 

2.0 
2.0 

0.1 

i/ 
T/ 

o:I 

4.4 

0.1 

4.0 
0.3 

0.6 
0.2 

0.2 

0.2 

9.1 

4.0 

2 .. 0 
2.0 

2.9 

i/ 
l/ 

0:-1 
0.6 
0.2 
2.0 

4.6 

i/ 
l/ 
l/ 
4:0 
0.6 

0.7 
0 .. 2 

0.3 

0.2 

12.2 

4.0 

2.0 
2.0 

0.1 

0.1 

0.3 

j/ 

i/ 
0:3 

0.8 
0.2 

0.3 

0.2 

5.2 



TABLE A- 7 (continued) 

Water Duty 
(million cubic meters ~er ~ear} 

Subregion and ~rea RS FR DI AC 

Northwest.hi 

Northe~st, s4btotal 20.0 20.0 20.0 20.0 
2. Sheikh Zuwayi d-Raf ah 10,0 lQ.O 10.0 10.0 
3&4. Lower Wadi El Arish 10.0 10.0 10.0 10.0 

Uplands, su~total 15.2 0.7 15.2 0.7 
8. Wadi El Gayifa/El Quseima o.7 0.7 o.7 -o-:r 
9. Wadi El Gerafi/El Kuntilla 5.1 5 .. 1 
10. Nakhl (Research Station) 1.4k/ 1.4k/ 
11. Gebel s El Maghara, 8.~ 8.~ 

Yelleq and El Halal 

Southwest, subtotal 44.2 45.4 46"0 1.8 
3. Abu Rudeis 1.2 
5. El Qaa Plain 42.4 42.4 42.4 
6. Wadi Feiran 1.8 1.8 3 .. 6 1.8 

SQutheast, subtotal 11.1 3.9 4.6 5.3 
1. Wadi Watir (northwest from 3.9 1:3 1.3 1..3 

Nuweiba 
2. Wadis El Ghaib and 2.6 1.3 2.0 2.0 

Nasb (north and west of Dahab) 
3. Three wadi~ west of Nebq 4.6 1.3 1.3 2.0 --

Total water duty 90.5 70.0 85.8 27.8 
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TABLE A-7 (continued) 

RS = Recommended Strategy; FR, DI and AC are Alternative Development 
Strategies considered earlier in the planning process ~- namely, 
Frontier, Dispersed and All Coasts respectively. 

~/ Includes 14,000 feddans Qlready being developed, for which a water 
duty of about 100 million cubic meters per y~ar is estimated, 
assuming two crops each year. 

Initial development only with local groundwater, g~nerally combined 
with drip or "controlled environment" (greenhouse) agriculture .. 

f./ Proposed Source: El Q~ntara or El Salaa~·Canal. 

sJ_/ Proposed Source: Ima ilia Cana L 

fi/ Proposed Source: Ismailia Canal or Maadi-Suez pipeline. 

f_/ 

bl 

j_/ 

j_/ 

~/ 

Initial development recommended with local groundwater and managed 
runoff; an option to the Recommended Strategy would ~xtend the 
pipeline system from Ismailia beyond Gifgafa to the Wadi El Hema 
area. 

The Consultant recommends thorough study of the possibility of 
bringing Nile water to Southern Sinai, ~specially the El Qaa Plain 
which appears to have considerable agricultural potential, by 
pipeline under the Gulf of Suez. This aould be considered in 
association with a conduit bringing Nile Water from Upper Egypt to 
the coastal areas of the Red SeQ Governorate. 

Development foreseen mainly with Nile Water un~il exploration 
verifies reliable sources of groundwater. Agriculture based on 
managed runoff is also recommended in ~he mountain passes of the 
southeastern corner of this subregion. 

Development foreseen mainly with Nile Water until exploration 
verifies reliable sources of groundwater. 

Number of feddans and extent of agriculture cannot be determined 
until exploration determines the quantity a~d qµality of available 
groundwater. 

Includes 2,000 feddans to be developed with "managed runoff" with an 
estimated water duty of 8 million cubic meters per year. 

Source: Estimates by the Consultant summarized in projec~ memoranda on 
file. 
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TABLE A-8 
Projected Water Supplies to Meet Domestic~ Industrial and Tourism Demands for Freshwater 

by the Year 2000, by Subregion, for the R~commended Strategy an-0 Three Alternatives 

Combined 
Industrial and Mining Wat€r 

Estimated Domestic Water Demands Water Demands Tourism Water Demands Demands 
Subregion Po2ulation mn m3fY..r ~ mn m~/y_r ~ 111n m3/yr PWS mn m3/yr 

(a) The Recormnended Develo~ment Strategx 
All Sinai 9732074 30.94 PN 86.61 -- 0.42 -- 117.97 

Northwest 167,065 4.25 PN & LG 1.61 PN ([03 PN --s:a9 
Northeast 453,822 18.07 PN & LG 6.12 PN & LG 0.17 PN & LG 24.36 
Uplands 170,004 2.10 PN & LG 0.38 PN & LG * PN & lG 2.48 
Southwest 137,486 5.34 PN & LG 78.23 PN & LG 0.05 PN & LG 83.62 
Southeast 44,699 1.18 LG{D) & PG 0.27 lG(D) 0.17 LG(D),T,PG 1.62 

{b) The Frontier Strategy_ 
All Sinai 12113 2310 30.47 -- 7.17 -- 0.25 -- 37.89 

Northwest 238,630 7.05 PN ---o:62" PN ---o:o4 PN ---r.rr 
Northeast.2/ 668,420 19.84 PN & LG 1.30 PN & LG 0.04 PN & LG 21.18 
Southwest 117 ,290 2.02 PN & LG 4.72 PN & LG 0.06 PN & LG 6.80 
Southeast 88,970 1.56 LG(D) & PG 0.53 LG{D) . 0.11 LG(D) • T ;PG 2.20 

(c) The Dis~ersed Develo2ment Strateg~ 
All Sinai 122172880 33.30 -- 8.97 -- 9.96 -- 43.23 

Northwest 225,350 6.29 -PN 2.50 p~ 0:11 PN -a.9b 
-Northeast!/ 727,380 12.30 P~ & LG Cl.-S4 PN & -1.G 0.32 PN 22.16 
Southwest 174,080 4.08 PN & Ui 5.93 PN & LG 0.10 PN & LG 10.11 
Southeast 91,070 1.63 LG(D) _& PG) * -- {).37 L~(D), T ;PG 2.00 

(d) The All Coast Develoement Strateg~ 
All Sinai 12062 2990 29.77 -- !1/ -- _E.! -- 'E.I 1'4orthwest ls0,530 ~ PN 

Northeast.Y 599,140 17,87 PN. L~ :t..G-{D) 
Southwest 198,110 5.82 Pl'(, Lil, LG(B) 
Southeast s5.210 1.55 PG. LG. l.G{D) 

PWS =Principal Water Sourc~; PN = Piped Nile Water; PG =Groundwater piped from another area of Sinai; 
-LG= Local groundwater; LG(D) =Local groundwter, desalinized; T =Tanker 
*less than 5,000 Lubic met~r-s per year. 
a/ Includes Uplands. 
b/ Estimates of industrial, mining and tourism demands for freshwater were not completed, since the All Coasts 
alternative strategy was superseded by the Recommended Strategy .. 

Source: Calculations by Consultant in project memoranda on file. 



TABLE A-9 

Water Well Operational and Maintenance Costs (Including Pumping) 
Well Oischar~ Rate {m3/da~}a,b 

Depth 100 300 700 J_J)OQ --- 2,000 3,000 
to Pumping 

Level (meters 
(LE/m3} below ciround) illLrrl {LE/iT} (LE/m3) {LEl~T} 1LE/m3} {LE/,lr} 1LE/m3) (LE/yr) (LE/m3) (LE/yr) (LE/m3) 

{aJ At a Diesel Fuel Price of LE 0.025 2er Liter 

10 209 0.017 227 0.006 263 0.003 290 0.002 380 0.002 471 0.001 
20 217 0.018 252 0.007 321 0.004 372 0.003 544 0.002 717 0.002 
30 225 0.019 276 0.007 378 0.004 454 0.004 709 0.003 963 0.003 
50 242 0.020 326 0.009 493 0.006 618 0.005 1,037 0.004 1,455 0.004 

70 258 0.021 375 0.010 608 0.007 782 0.006 1,365 0.006 1,947 0.005 
100 283 0.023 449 0.012 780 0.009 1,029 0.008 1,857 0.008 2,686 0.007 
130 307 0.025 522 0.014 952 £1.011 1,275 0~010 2,350 0.010 3,424 0.009 
160 332 -0.027 596 0.016 1,125 0.013 1,521 0.012 2,842 0.012 4,163 0.011 

2:)(. 365 0.030 695 0.019 1,354 O.OHi l,849 0.015 3,498 0.814 5,147 0.014 

l> 240 398 0.033 793 0.022 l,584 0.019 2,177 0.018 4,155 0.017 6,132 0.017 
I 280 431 0.035 892 0.024 l,.814 0.021 2,505 0.021 4,811 0.020 7 ,116 0. 02{) 

N 320 463 e.D38 990 0.027 2,044 0.024 2,834 0.023 5,467 0.023 8,101 0.022 
w 

{b~ At a Diesel Fuel Price of LE 0.18 2er Liter 

10 240 0.020 320 0.009 481 0.006 £01 0.005 1,003 0.-004 1,-404 0.004 
20 274 0.023 423 0.012 721 0,.-009 944 0.008 l,688 0.007 2,432 0.007 
30 309 -0.025 526 0.014 961 0.011 l,287 0.010 2,374 0.-010 3 ,4:61 0.010 
50 377 0.031 732 U.020 1,~41 0.017 1,972 -0.016 3,745 0.015 5 ,517 -0.-015 

70 446 0.037 937 0.026 1,920 1).023 2,658 0.022 5.116 0~021 7,573 -0.021 
100 549 0.045 1,246 {).034 2,640 0.031 3,.685 0.030 7 .172 0.-029 10,658 £1.029 
130 - .651 0.054 1,554 0.043 3,360 0.039 4,714 0.939 9,229 0~038 13,743 0 .03-8 
160 754 -0.062 1~863 0.051 4,080 -0.048 5,743 0.041 11,285 0.046 16,828 0.046 

200 891 0.073 2,274 0.--062 5_,039 0.059 7 ,114 0.058 14,027 0.058 20,940 0.057 
240 l,028 0.084 2,685 0.074 5,,999 0.07-0 8,48'5 0.07-0 16,769 0.069 l5,054 0.069 
280 1,165 0.096 3,097 0.085 6,959 0 .£182 9,855 0.081 19,511 -0.080 29,16-6 0.080 
320 1,303 0.107 3,508 0.096 7,919 0.093 11,226 0.092 22,253 0.091 33,279 0.091 

aFor each wel 1 discharge rate, annual operation and maintenance costs are given in the first column; the operation 
and maintenance costs of water per cubic met~r are given in the second column. 

blndicated discharge rates are assumed to occur on the average for only 8 hr/day. 

SOURCE: Calculations by Consultant. 
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TABLE A-10 

Cost Details on Planned or P-0ssible Desalinization -Units in Sinai 

A B c n E f G H 0 J I( l M 

Estimated Estimated Total 
Estimated Total Estimated Cost of Estimated 

Plant Annualized Estjmated Annual Cost of Supplying Cost of Proposed Investment Investment Operating Costs for Desalinizing Groundwater Desalinized 
Unit Type of Feedwater Capacity Cost Cost Expenses Desalinjzation Water as Feedwater -Water 
J:!Q:_ Location Purpose Unit a {TDS in mg/l}b {m3 /dal'.} (LE x 103} {LE x 103}c {LE x 103}d {LE x 103} {LE/m3} {lE/m3} -1!I1-.~L-
1-4 El Arishe Potable RO Local groundwater 1,600 1,340 142 115 251 0.46 0.06 0~52 

supply (2,000-4,000) (4 units) (4 units) 

5 El Masail Potable RO Local groundwater 200 165 18 22 40 0.57 0.06 0.63 
supply (3,000-6,000) 

6 Bir El Ab/ Potable RO Local groundwater 200 165 18 22 4D 0.57 0.06 0.63 
supply (5,000-8,000) 

Ras Sudrg Domestic RO Local groundwater 625 343 36 54 90 0.42 0.10 0.52 
supply (3,000-5,000) 

8 Abu Zenima Domestic and RO Seawater 1,200 3,000 J15 318 633 1.70 -- 1.70 
(possible industrial RO Groundwat~r. piped 1,200 606 64 96 160 0.39 0.30 0.69 
site) supply from 15 km east 

(3,!>00-5 ,000) 

9 Abu Rudeis Domestic and RO Local groundwater 2,000 947 100 152 252 0.36 0.06 -0 .42 
{-possible industrial (3,000-5,000) 5,000 2,100 223 344 567 0.33 0.06 0.39 
~ite) supply 

aED = electrodialysis, RO= reverse -osmosis. For RO (seawater), t-he assumed plant load factor i-s 0.85; 
for other RO plants and for ED plants, the assumed plant load facter is Q,95. 

bin each case, the expected total dissolved solids (TOS) level of the output water is about 500 mg/l. 
cAssumed plant life is 30 years; discount rate is 10 percent. 
drncluding ~abor, materials, chemicals, membrane replacement, and power. 

eThese units are essentially already installed. 
f Plans are underway to purchase and install these units. 
9A reverse osmosis unit already exists at Ras Sudr, but its installation has to be completed$ 
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TABlE A-10 (continued) 

A B c 0 E f G H I J -l l M 

Estimated -Estimated Total 
Estimated Total Estimated Cost of Estimated 

P1 ant Annualized Estimated Annual Cost of Supplying Cost of 
Proposed Investment Investment Operati.ng Costs for Desalinizing Groundwater Desalinized 

Unit 
Type of Feedwater Capacity Cost Cost Expenses Desal inizatfon Water as feedwater Water 

~ Location Purpose Unitb {TDS in ms!l} {m3 /dai'.) (LE x 103} {LE x 103)c (LE x 103)d {LE x 103) {LE/m3} {LE/m32 (LE/m3} 

10 Sh arm Domestic and RO Seawater 1,200 3,000 315 318 633 1.70 -- 1. 70 

El Sheikh tourism RO Local groundwater 1,200 783 83 112 195 0.47 0.15 0.62 

{possible supply (4,000-7,000) 
site) 

11 Nebg Domestic and RO Local groundwater -l.,000 517 55 82 137 0.39 0.10 0.49 

{possible tourism supply ( 4,000) 
site) 

12 Dahab Domestic and RO Local groundwater 1,000 517 55 82 137 0.39 0.10 0.49 

(-possible tourism supply (2,000-4,500) 
site) 

13 Nuweiba 9omest ic and RO Local groundwater i,000 517 55 82 137 0.39 0.10 0.49 

(_poss 1 bl e tourism supply (2,000-3,500) 1,500 737 78 118 196 0.38 -0.10 0.48 

s-ite) 

SOURCE: Calculati-ons by Dames & Moore. 

Note: Since those estimates were prepared an additional desalinization plant has been planned for Sinai, to 
be located at Ras Taha. 



TABLE A-11 

Estimated Cost of Nile Water Conveyed by Canal to 
five Sinai Reclamation Areas included in the Water Master Plan~/ 

Reel ama-
at ion Total Annual Estimated Cost of 
Area No. of Water Duty Source of Water Delivered to 

Number Feddans ~million LE/m3) Water Farm {LE/m3)~/ 

l 265,000 1,855 El Salaam Canal 0.019 

2 250,000 1,250 Salhia Canal {from 0.023 
the lsmailia Canal) 

3 135,000 945 El Salaam Canal 0.019 

4 30,000 150 Suez Irrigation 0.019 
Canal 

5 55,000 275 Suez Irrigation 0.023 
Canal 

TOTAL 735,000 4,475 0 .. 021 average 

~/Figure 2.11 shows the location of reclamation areas proposed for Sinai in the 
Government's Master Plan for Water Resources Development, published in 1981. 
Plate 5-3 in Working Paper No. 45, the Map Portfolio, illustr~tes the same 
information on a scale of 1:750,000. 

!~/Estimated by Consultant. Costs per cubic meter will increase if the number of 
feddans to be irrigated is requced significantly. The following elements of 
cost were considered when preparing these e~timates: 

- General works replacement anq operatiqn west of the ~uez Canal 
- Pumping drainage water for Reclamation Areas 1 and 3 (assumed to 

make up 40 percent of the total flow) · 
~ Widening of the lsmailia and El Salaam Canals to accommodate water 

for Sinai 
- Pumping water into the main canals in Sinai 
- Constructing and maintaining all siphons and major delivery canals 

(or pipelines) in Sinai · 

SOURCE: Derived primarily from the Water Master Plan (references (0859), 
(0862), (0863), Volume V, prepared for the Ministry of Irrigation 
under a grant from the United Nations Development Programme. 
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TABLE A-12 

Results of Cost Analysis for Major Pipelines Planned or Under Construction 

Estimated Annualized Estimated Total 
Capital Capital Operating Annual Water 
Cost Cost Cost Cost Cost No. Water Source 

Pl ace of 
Origin Destination 

Capacity 
(m3/ day) 

Purpose of 
Pipeline (LE x 106) (LE/yr x 106)a (LE/yr x 106) (LE/yr x 106) (LE/m3) 

1 Nile water 1 km Bir El Abd 4~000 Domestic supply to 5.25 0.58 
via Ismailia north of El -Oantar-a East, 
Canal and El Qantara Gilbana, Baloza, 
Suez Irriga- Romana, Negila, 
tion Canal and Bir El Abd 

8 Nile water El Qantara El Arish 28,000 Domestic supply 30.4 3.35 
-via Ismailia for El Ari-sh 
Cana1 and 
Suez I rri ga-
tion Cana 1 

>10 Nile -Water Hamdi Abtt Rudeis 4 ,000 Domes ti-c suppJy 10.4 1.14 via Suez Tunnel to Ayun Musa, Ras I 
N 
-......! Irrigation Sudr, Abu Zenima, 

Cana 1 -and and Abu Rudeis 
Hamdi 
Tunnel 

llb Nile water . -Maadi -fas-t of Suez 500,000 Irrigatj~n of a 136;5 14.-1 via a ptpe- Cana 1 (-Reel a- -major f rae_tion 
1i ne from mation Area -0f Reel amati on 
Maadi :to .No. 5) Area No. 5 
Suez 

a Assuming an eff~ctive pipeline life of 25 years, at a discount rate of 10 percent. 
b Only those costs applicable for the Sinai .capacity flow are shown. Costs attributable to the 

supply of water to Suez are excluded. 

SOURCE: 1983 Project MenDranda on file. 

0 .19 0.77 0.53 

j) .46 3'"81 0.37 

_{) .24 l.38 0.95 

U.l 25.2 0.14 



Subregion and 
Reclamation Are~/ 

Northwest 
1. El Tina 

2. Qantara to Baloza 
3. East Bitter Lakes 

4. East Suez (includes 
)::::> 

1000 fe-Odans in SW) 
I 

N Northeast co 
1. Romana to EL Mazar 
2. Sheikh Zuwayid to 

Rafah 
3.+4. Lower Wad1 El Ari sh 

Uplands 
1.. Gifgafa 
2.+3. Wadi E1 Bruk 
4. £1 Sirr Plcfin 

Southwest 
3. Abu Rudets 
4. Wadi Feiran Delta 

Industral Area north 
of Ras Sudr 

TOTAL 

TABLE A-13 

Summary of Costs of Nile Water by Pipeline 
For The Recommended Strategy and Two Alternatives 

Origin 
of 

Pipeline 

El Salaam 
Canal 
El Qantara 

A. For The Recommended Strategy9/ 

Capital Cost (LE x 106) Cost of Water (LE/m3 t.!~/ 
Primary-Pipeline Second-arY-Pipel ine 

L B L B 
~~ ~- ---

PrimarY, Secondary 
Pipeline-£/ Pipeline Total 

70 50 120 0.03-.06 0.05-.10 0.03 0.04 

45 32 77 0.03-.08 0.05-.13 0.03 0.04 

Total 
L B -- --

0.06-.09 0.09-.14 

0.06-.11 0.09-.17 Basic conveyance system already in place; costs not included in estimates of additional conveyances required to implement the Recommended Strategy. 
Ismail i a 62 

El Qantara 141 
El ~antara 208 

El Qantara 282 

Ismai-1 i a 210 
Ismail i a 477 
El Qantar-a 193 

Ismailh 198 
Ismai lia 273 
Ismail i a 76 

--
2,235 

9 

37 
26 

3{) 

2-9 
53 
18 

11 
16 

311 

71 0.16-.22 

178 0 • .08-.23 
234 0.28-.J5 

312 0.26-.35 

239 0.23-.31 
-530 U.33-.46 
211 0.33-.36 

209 0.36-.39 
289 0.40-.45 
7o 0.12-.1-4 

--
2,546 

0.25-.33 0.02 0.03 0.18-.24 0.28-.36 

0.14-.35 0 .. 03 0.03 0.11-.26 0.17-.38 
0.50-.57 0.03 0.-04 0.31-.38 0.:54-.61 

0.45-.-69 0.03 0.03 0.29-.38 0.48-.63 

0.39•.52 {).03 0.03 0.26- .~4 U.42-.55 
{).56-.70 0.03 0.-04 0.36-.49 0.60-.74 
0.57-.62 0.-03 G.03 0.36-.39 0.60-.-65 

0.63-.67 0.02 0.02 0.38-Al 0.-65-.69 
0.70-.75 - 0.02 0.02 0.42-.-47 fJ.72-.77 

-0.23- ... 28 - - 0.12-.14 0.-23-.28 



TABLE A-13 (continued) 

B. For The Frontier Strategy 

Ca~ital Cost {LE x 106) Cost of Water {LE/m3}Q/ 
Primary Secondary Subregion and Origin of PrimarY, Secondary Pi2eline Pi2eline Total Reclamation AreaE..I Pi2eline Pi2eline£l Pi~eline Total L B _L_ B L B 

Northwest 
NW-2 El Qantara 50 26 76 0.03-0.08 0. 05-0.13 0.028 0.033 0.06-0.11 0.08-0.16 (Qantara to Baloza) 
NW-4 Ismail i a 57 7 64 0.18-0.24 0.26-0.35 0.02 0.03 0.20-0.26 0.29-0.38 (East of Suez) 

Northeast 
NE-1 El Qantara 145 32 177 0.08-0.21 0 .13-0.34 0.025 0.029 0.10-0 .23 0.16-0.37 (Romana to El Mazar) 
NE-2 El Qantara 230 26 256 0.29-0.36 0.50-0.60 0.032 ·0.037 0.32-0.39 0.54-0.64 ):::o (Sheikh Zuwayid to I 
Raf ah) N 

l..O NE-3 & 4 El Qantara 235 22 257 0.26-0.46 0.44-0.70 0.029 0.033 0.29-0.49 0.47-0.73 (along Lower Wadi 
El Arisb) 

Uplands 
UP-l Ismail i a 85 9 94 0.24-0.31 0.40-0.52 0.02 0.03 0.26-0.33 0.43-0.55 (Gifgafa area) 
UP-2 & 3 Ismail i a 1,265 141 1,406 0.37-0.39 0.62-0.67 0.03 0.04 0.40-0.42 0.66-0.71 (Wadi El Bruk) 
UP-6 Ismailia 85 5 90 0.40-0.48 U.69-0.79 0.02 0.03 0.42-0.50 0.72-0.82 (El Hasana area) 
UP-7 Ismailia 550 51 601 0.42-0.44 0.73-0.79 0.03 0.04 0.45-0-.47 0.77-0.83 (Middle Wadi El 
Ari sh) 
UP-8 Ismailia 140 8 148 0.47-0.56 0.82-0.94 -0.02 0.03 0.49-0.58 0.85-0.97 (Wadi El Gayif a 
El Quseima) 

TOTAL 2,842 327 3,169 

J 



TABLE A-13 (continued) 

c. For The Dispersed Strategy 

Ca~ital Cost (LE x 106) Cost of Water {LE/m3}E/ 
Primary Secondary 

Subregion and Origin of Primary Secondary Pipeline Pipeline Total Reclamation Area'E./ f..i.Ee line Pipel ine~j Pipeline Total L B L B L B 

Northwest 
NW-2 El Qantara 52 28 80 0.03-0.08 0.05-0.12 0.03 0.03 0.06-0. 11 0.08-0.15 (Qantara to Baloza) 
NW-4 & SW-1 Ismailia 63 9 72 0.16-0.22 0.25-0.33 0.03 0.03 0.19-0.25 0.28-0.36 (East of Suez) 

Northeast 
NE-1 El Qantara 145 37 182 0.08-0.16 0.14-0.29 0.03 0.03 o. 11-0 .19 0.17-0.32 (Romana to El Mazar) 
NE-2 El Qantara 230 26 256 0.30-0.34 0.52-0.59 0.04 0.04 0.34-0.38 0.56-0.63 ):::> (Sheikh Zuwayid to I 

w Raf ah) 
0 NE-3 & 4 El Qantara 280 30 310 0.26-0.35 0.44-0.59 0.03 0.03 0.29-0.38 0.47-0.62 (along Lower Wadi 

El Arish) 

Uplands 
UP-1 Ismail i a 215 29 244 0.24-0.31 0.40-0.52 0.03 0.03 0.27-0.34 0.43-0.55 ( Gif gaf a area) 
UP-2 & 3 Ismail i a 1,335 146 1,481 0.33-0.40 0.56-0.68 0.03 0.04 0.36-0.43 0.60-0.72 {Wadi El Bruk) 
UP-4 
(El Sirr Plain) El Qantara 192 18 210 0.33-0.36 0.56-0.61 0.03 0.03 0.36-0.39 0.59-0.64 
NE-6 Ismail i a 400 40 440 0.37-0.44 0.65-0.75 0.03 0.04 0.40-0.47 0.69-0.79 
(El Hasana area) 
UP-7 Ismail ia 605 49 654 0.42-0.45 0.73-0.78 0.03 0.04 0.45-0.48 0.77-0.82 (Middle Wadi El 
Ari sh) 
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TABLE A-13 (continued) 

Capital Cost (LE x 106) Cost of Water {LE/m3}.£/ 
Primary Secondary 

Subregion and Origin of PrimarY, Secondary PiQeline PiEeline Total 
Reclamation AreaE.1 PiEeline ~el in~/ Pipeline Total L B L B L B 

Southwest 
SW-2 Ismailia 330 17 347 0.50-0.54 0.86-0.95 0.023 0.028 0.52-0.56 0.89-0.98 
(Ramlet Himeiyir) 
SW-3 Ismailia 255 16 271 0.37-0.40 0.64-0.69 0.021 0.024 0.39-0.42 0.66-0.71 
(Abu Rudeis area) 
SW-4 Ismail i a 340 21 361 0.40-0.42 0.70-0.73 0.022 0.026 0.42-0.44 0.73-0.76 
(Delta of Wadi 
Feiran) 
SW-5 Ismailia 1,085 61 1~146 0.48-0.52 0.83-0.92 0.025 0.031 0.50-0.54 0.86-0.95 
(El Qaa Plain) 

TOTAL 5,527 527 6,054 

E_/Area numbers revised for the Final Report (1985). 

~/L =using the local price of diesel fuel in 1981 (LE 0.025 per liter); B =using the border pri~e of diese~ fuel in 
1981 (LE 0.18 per liter). 

~/Public supply, industrial, and tourism requirements are included, as well as those for land reclamation . 

.9/calculation for Recommended Strategy reviewed and revised slightly, January, 1985. 

SOURCE: Calculations by the Consultant in Project memoranda on file. 
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Figure A.l 

Relationship of Actual Evapotransjjr~tion to the Reference 
Rate and the Frequency of Rainfall (or Irrigationl -

2 3 4 5 6 7 

ETo, mm/day, during initial stage 
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significant rain 

2 days 
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10 days 

20 days 

50 days 

ET0 , measured along the horizontal axis in millimeters per day, ·is the refer­
ence evapotranspiration rate, calculated by the Penman method, taking into 
account radiation, temperature, wind velocity, humidity and other climatologi­
cal factors for any particular place. 

Actual evapotranspiration will be a function (kc) of the reference rate (ET0) 
and the average frequency of irrigation (and/or significant rainfall). Med1um­
textured soils are assumed; for light-textured soils, the kc value should be 
reduced by about 30 percent. 

In the examp 1 e on this graph ( •--·-..... _.... ) , the reference evapotranspi ration 
rate for Cairo is about 8.4 mm/day; if irrigation is on a weekly (seven-day) 
rotation, the kc is seen to be about 0.35. 

Clearly, a place with a lower reference rate than ~airo or a more frequent 
than weekly watering schedule (whether by irrigation or rainfall) would have 
a "kc" closer to unity. For instance, a place with a reference ET0 of 5 mm/ 
day and watering weekly could expect its "actual" evapotranspiration rate to 
be just under half of its reference rate (5 mm/day x 0.47 or, say, 2.35 mm/day; 
and Cairo with irrigation every two days would have an actual evapotranspira­
tion rate of about 80 percent of its reference rate (8.4 mm/day x 0.8 or~ say, 
6 . 72 mm Id ay ) . 

Common sense tells us that the more frequent the watering, the greater the 
water "loss" through evapotranspiration; the graph allows us to estimate just 
how much that "loss" might be under various circumstances. 

SOURCE: Food and Agriculture Organization, Crop Water Requirements, Irriga­
tion and Drainage Paper No. 24 (Revised 1977), p. 38. The curve rep­
resenting a 50-day interval between significant waterings was esti­
mated by the Consultant. 
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