
REVIEW AND UPDATE
 
OF THE -


I,. .F
 

,"! a 

FOR THE"r r 
MAIA 

ii'L'. - - 5 N U U ~ ~ 

a ioint venur flo 

zle w 



2 

CONTENTS
 

Introduction 

Purpose and Scope of Study 

Report Organization 


Appendices 

Report Chapters 


Study Area 

Review Procedures 

Principal Documents Reviewed 

Formulation and Description of Alternatives 


Alternative IA 

Alternative IB 

Alternative II 

Alternatives lilA and IIIB 


Acknowledgements 

Study Team 

Terms Used in This Report 


Arabic-English Glossary of Place Names 

Acronyms 

Metric Units 

Abbreviations 


Planning Considerations 

Introduction 


Project Area 

Climate 

Public Health 


Population 

Existing Population 

Projected Population 


Land Use 

Residential 

Seasonal 

Industrial 


Witer Use 

Existing Water Use 

Projected Water Use 


Wastewater Flows and Characteristics 

Existing Wastewater Flows 

Projected Wastewater Flows 

Existing Wastewater Characteristics 

Projected Wastewater Characteristics 


iii
 

Page
 

1-1
 
1-1
 
1-2
 
1-2
 
1-4
 
1-5
 
1-5
 
1-7
 
1-8
 
1-9
 

1-10
 
1-10
 
1-10
 
1-11
 
1-11
 
1-13
 
1-13
 
1-14
 
1-15
 
1-16
 

2-1
 
2-1
 
2-1
 
2-1
 
2-2
 
2-2
 
2-3
 
2-3
 
2-4
 
2-4
 
2-5
 
2-6
 
2-6
 
2-6
 
2-7
 
2-7
 
2-8
 
2-9
 
2-10
 
2-10
 



Page 

3 Existing Situation 3-1
 
System Description 3-1
 

Central Zone 3-2
 
Western Zone j-2
 
Eastern Zone 3-2
 

Sewerage System 3-2
 
Gravity Systems 3-3
 
Major Pump Stations and Force Main Systems 3-5
 
Treatment System 3-13
 

CurrenLly Planned Projects 3-15
 
Sewers, Pump Stations, and Force Mains 3-15
 
Treatment Plants 3-16
 

Recommended Short-Term Improvements 3-16
 
Sewers 3-16
 
Pump Stations and Force Mains 3-17
 
Treatment Plants 3-17
 
Costs of Recommended Short-Term Improvements 3-19
 

4 Sea Disposal Alternative IB 4-1
 
Introduction 4-1
 
Feasibility 4-4
 

Industrial Pretreatment 4-5
 
East Plant Process Control 4-5
 
Outfall Construction 4-6
 
Sludge Dewatering 4-6
 
Treatment Plant Construction 4-6
 
Chlorine Feed Facilities 4-7
 

Environmental Impacts 4-7
 
Conveyance 4-7
 
Treatment 4-8
 
Effluent Disposal 4-8
 

Constructibility 4-9
 
Conveyance System 4-9
 
Treatment Plants 4-9
 
Outfalls 4-10
 

Schedule 4-10
 
East Plant Upgrade 4-11
 
Conveyance System 4-11
 
West Plant Expansion and Upgrade 4-12
 
Ras El-Soda Plant 4-12
 
Outfalls 4-13
 

Capital Cost 4-14
 
Operation and Maintenance Costs 4-14
 
Technical Assessment 4-15
 

Operability 4-16
 
Maintainability 4-16
 
Reliability 4-17
 
Flexibility 4-18
 
Expandability 4-18
 
Potential for Upgrading Treatment 4-19
 
Energy Consumption 4-20
 

Present Worth Analysis 4-20
 

iv 



7 

5 Land Applicition Alternatives 

Description of Alternatives 


Alternative IlIA 

Alternative IIIB 


Analysis of Alternatives 

Technical Feasibility 

Environmental Impacts 

Constructibility 

Schedule/Staging 

Capital Costs 

Operation and laintenance Costs 


Technical Assessment 

Operability 

Maintainability 

Reliability 

Flexibility 

Expandability 

Potential for Upgrading Treatment 

Energy Consumption 


Present Worth Analysis 


6 Evaluation of Alternatives 

Introduction 

Cost-Effectiveness Analysis 


Methodology 

Evaluation of Quantitative Factors 

Evaluation of Qualitative Factors 

Sensitivity Analysis 


Economic Analysis 

Study Approach 

Project Berefits 

Project Costs 

Comparison of Alternatives 


Page 

5-1
 
5-1
 
5-2
 
5-4
 
5-5
 
5-5
 
5-6
 
-

5-9
 
5-9
 

5-10
 
5-12
 
5-12
 
5-12
 
5-13
 
5-14
 
5-15
 
5-15
 
5-15
 
5-15
 

6-1
 
6.1
 
6-2
 
6-3
 
6-4
 
6-8
 
6-12
 
6-13
 
6-14
 
6-15
 
6-16
 
6-16
 

Internal Rate of Return Sensitivity Analysis 6-17
 

Conclusions and Recommendations 

Introduction 

Conclusions 

Recommendations 


Phased Implementation Plan 

Other Recommendations 


7-1
 
7-1
 
7-2
 
7-6
 
7-6
 
7-7
 

v 



APPENDICES (see Volume 2 for a complete list of the contents)
 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 

Updated Master Plan Criteria 
Cost Data Base Update 
Planning Considerations Update 
Industrial Update 
East Treatment Plant Evaluation 
West Treatment Plant Evaluation 
Pump Station Evaluation 
Collection System Review 
Environmental Data Base Review 
Treatment Alternatives 
Land Application of Wastewater 
Sea Disposal and Outfall Review 
Conveyance System 
Economic Analysis 

TABLLJ 

Page 

2-1 1976 and 1980 Populations by Census Tract 2-13 

2-2 Estimated 1980 Peak Monthly Seasonal Population 2-13 

2-3 Population Projections for Years 1990 and 2000 2-14 

2-4 1976 E cimated Water Consumption by Category 2-15 

2-5 Unit Water Consumption Projections 
2000 by Category 

to 
2-15 

2-6 1976 Water Consumption by Category 2-16 

2-7 Estimated 1977 Wastewater Flows 2-16 

2-8 Estimated 1990 Wastewater Flows 2-17 

2-9 Estimated 2000 Wastewater Flows 2-18 

2-10 Miscellaneous Constituent Loadings 2-19 

2-11 Estimated 1990 Biochemical Oxygen Demand Loads 2-19 

2-12 Estimated 2000 Biochemical Oxygen Demand Loads 2-20 

vi
 



Page 

4-1 	 Summary of Estimated Capital Costs--Sea Disposal
 
4-23
Alternative IB 


4-2 Service Life Parameters--Sea Disposal
 
4-24
Alternative 10 


4-3 Summary of Estimated 1984 and 1985 Annual O&M
 

Costs--Sea Disposal Alternative 1B 4-25
 

4-4 Summary of Estimated 1986 Annual O&M Costs--

Sea Disposal Alternative IB 4-25
 

4-5 Summary of Estimated 19B7 Annual O&M Costs--

Sea Disposal Alternative IB 4-26
 

4-6 Summary of Estimated 1988 Annual O&M Costs--

Sea Disposal Alternative lB 4-26
 

4-7 Summary of Estimated 1989 Annual D&M Costs--

Sea Disposal Alternative 10 4-27
 

4-8 Summary of Estimated 1990 Annual O&M Costs--
4-27
Sea Disposal Alternative IB 


4-9 Summary of Estimated 2000 Annual O&M Costs-- 4-28
Sea Disposal Alternative IB 


4-10 Summary of Energy Requirements--Sea Disposal
 4-29
Alternative IB 


4-11 Estimated Present Worth--Sea Disposal Alternative IB 4-30
 

5-1 	 Summary of Estimated Capital Costs--Land Application
 5-17
Alternative IlIA 


5-2 Summary of Estimated Capital Costs--Land Application
 
5-18
Alternative IIB 


5-3 Service Life Parameters--Land Application
 5-19
Alternatives IlIA and IIIB 


5-4 	 Summary of Estimated 1984 O&M Costs--Land
 
Application Alternatives IlIA and IIIB 5-20
 

Summary of Estimated 1985-1987 O&M Costs--Land
5-5 

Application Alternatives lilA and IIIB 5-20
 

vii
 



5-6 	Summary of Estimated 1988 O&M Costs--Land
 
Application Alternatives IIIA and IIIB 5-21
 

5-7 	 Summary of Est..dted 1989 O&M Costs--Land
 
Application Alternatives IlIA and 1118 5-22
 

5-8 	Summary of Estimated 1990 OM Costs--Land
 
Application Alternatives IlIA and IIIB 5-23
 

5-9 	Summary of Estimated 1991 0&M Costs--Land
 
Application Alternatives IlIA and IIIB 5-24
 

5-10 Summary of Estimate(' 1992 O&M Costs--Land
 
Application Alternatives IlIA and IIIB 5-25
 

5-11 	Summary of Estimated 1993 O&M Costs--Land
 
Application Alternatives IlIA and IIIB 5-26
 

5-12 Summary of Estimated 2000 O&M Costs--Land
 
Application Alternatives IlIA d 1118 5-27
 

5-13 Summary of Energy Requirements--Land Application
 
Alternatives IlIA and IIIB 5-28
 

5-14 Estimated Present Worths--Land Application
 
Alternatives IlIA and IIIB 
 5-29
 

6-1 	 Comparison of Estimated Capital Costs for Sea
 
Disposal and Land Application 6-19
 

6-2 	Comparison of Estia,3ted O&M Costs for Sea Disposal
 
and Land Application 6-21
 

6-3 	Comparison of Estimated Present Worth Costs for
 
Sea Disposal and Land Application 6-22
 

6-4 	 Comparison of Estimated Energy Consumption for Sea
 
Disposal and Land Application 6-23
 

6-5 	Qualitative Evaluation and Comparison of Sea
 
Disposal and Land Application 6-24
 

6-6 	CosL Sensitivity Analysis--Estimated Change
 
In Present Worth 6-25
 

6-7 	 Direct Irrigation Benefits at Full Development--

Land Application Alternative lilA 6-26
 

6-8 	Direct Irrigation Benefits at Full Development--

Land Application Alternative IIIB 6-26
 

viii
 



Page 

6-9 Economic Costs for Sea Disposal--Alternative IB 6-27
 

6-10 Economic Costs and Benefits--Land Application
 
6-29
Alternative IlIA 


6-11 Economic Costs and Benefits--Land Application
 
6-31
Alternative IIIB 


6-12 Sensitivity Analysis--Internal Rate of Return 6-33
 

7-1 Summary of Recommendations 7-9
 

7-2 Recommended Field Work for the Sea Disposal
 
7-11
Alternative 


7-3 Recommended Field Work for the Land Application
 
7-13
Alternative 


FIGURES
 

2-1 Sewerage System Study Area
 

2-2 Census Tracts
 

2-3 Land Use
 

3-1 Existing Sewerage System
 

4-1 Alternative IB Facilities
 

4-2 West Treatment Plant Site Plan--Alternative IB
 

Ras EI-Soda Treatment Plant Site Plan--Alternative IB
4-3 


East Treatment Plant Site Plan--Alternative IB
4-4 


Implementation Schedule for Sea Disposal--Alternative lB
4-5 


5-1 Alternative IliA Facilities
 

5-2 Alternative IIIB Facilities
 

5-3 Implementation Schedule for Land i.pplication
 

Alternatives IlIA and IIIB
 

ix
 



CHAPTER I
 

INTRODUCTION
 

PURPOSE AND SCOPE UF STUDY
 

of studies undertaken by the
This 	 report summarizes the results 
Wastewater Consultants Group (WWCG), in association with Dr. A. Abdel
 

Warith Consulting Engineers and Engineering Consultants 
Group, to review
 

and update the "Alexandria Wastewater Master Plan Study" completed 
in
 

1978.
 

This 	study has several purposes:
 

Reevaluate sewage treatment alternatives.
o 

o 
 Reevaluate the advisability of sea disposal preceded by pri

in comparison with other possible alternatives.
treatment 

o 	 Investigate the handiing and disposal of sludge generated
 

by treatment facilities.
 
treatment plants needed
 o 	 Reevaluate the siting and number of 


of Alexandria.
for the wastewater service areas 


The scope of work to accomplish the objectives stated above includes the
 

area 	composed of the eastern,

following tasks as related to a study 


areas of Alexandria:
western, and central wastewater service 


Review existing data and documents.
o 

o 	 Evaluate the support data that formed the basis for the 1978
 

Master Plan.
 
o 	 Participate in technical meetings with interested individuals
 

and organizations.
 
o 
 Determine the impact of revising the treatment and disposal
 

in the top priority and Phase I projects.
alternatives 

o 
 Review certain high-priority projects currently scheduled.
 

o 
 Investigate improvements planned for the existing East and
 

West Treatment Plants.
 
Provide a "Master Plan Review" report containing the eva

o 

luation, findings, and recommendations of WWCG.
 

In addition to the scope of work necessary to review and uodate the 
1978
 

Master Plan, WWCG's scope of work includes certain special studies con.
 

cerning the future extension of sewer services to outside areas west of
 

the Noubaria Canal and to Mamoura and Abu Qir east of the study area.
 

The results of these special studies are contained in a separate report
 

Sewer Services for Outside Areas."
entitled "Special Report on 
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This report is intended tu be used in conjunction with the existing
 
Alexandria Master Plan documents. It is not a completely new master
 
plan and is not so intended. It is primarily intended to reevaluate the
 
1978 recommended plan in the light of chaoged conditions (especially the
 
need to add primary treatment) and to reinvestigate the possibility of
 
land application of wastewater. Finally, this report is intended to
 
provide recommendations to the Alexandria General Organization for
 
Sanitary Drainage (A/GOSO) to assist in the selection of appropriate
 
methods to provide sewerage services to Alexandria.
 

REPORT ORGANIZATION
 

This report is organized into seven chapters and thirteen technical
 
appendices. Figures and tables are numbered consecutively within chap
ters (appendices). Each s designated by an Arabic numeral (English
 
letter) followed by an Arabic numeral. The Arabic numeral (English
 
letter) designates the chapter (appendix) in which the figure/table is
 
presented. Th Arabic numeral designates the order of presentation
 
within the chapter (appendix). Similarly, pages are consecutively num
bered within a chapter (appendix'; e.g., Table J-4 is--the fourth table
 
presented in Appendix J, and paje 2-4 is the fourth page of Chapter 2.
 

Appendices
 

The 13 technical appendices contain detailed information concerning par
ticular subjects addressed in the report. The seven chapters are more
 
general in nature and are used to synthesize and evaluate the minutiae
 
of data presented in the appendices.
 

Appendix A, "Facilities Design Criteria Update," discusses the design
 
life of facilities, wastewater flow characteristics, collection system
 
design, wastewdter system design, storm sewer system design and sludge
 
management.
 

Appendix B, "Cost Data Base Update," presents the updated cost data
 
base used in this report, including cost analysis techniques, basic cost
 
assumptions, and the conceptual methodology used ti produce cost Infor
mation.
 

Appendix C, "Planning Considerations Update," presents the results of
 
the 1980 CAPMAS census, provides updated future population estimates by.
 
census tract, identifies present and possible future land uses, and con
tains projected sewage flows and characteristics.
 

Appendix D, "Industrial Update," discusses indusLrial data and waste
 
flow projections. This appendix also addresses the impact of industrial
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of wastewater, as well as sludge
 

limits of potentially toxic

wastes on treatment and disposal 


information on
management. It provides 
industrial waste constituents and contains recommendtiJns 

concerning
 

pretreatment requirements and sampling programs. 

Appendix E, "East Treatment Plant Evaluation," 
presents WWCG's evalu

ation of the existing East Treatment Plant. This appendix evaluates
 

the plant in light of the orgoing rehabilitation program, recommends cer

and operation/ main
tain additional changes, and estimates capital 


costs for the recoinended program.tenance 

Appendix F, "West Treatment Plant Evaluation," 
presents WWCG's
 

evaluation of the Alexandria West Treatment Plant, which 
is currently
 

are similar to those
The appendix's contents 


descr bed for Appendix E.

unat;r construction. 


evaluation of the
 
Appendix G, "Pump Station Review," contains 

an 


existing major pump stations and force mains 	in the Alexandria sewerage
 
systems, instrumentation


The evaluation addresses mechanical
system. 

systems, operation, maintenance, and safety.
and control, electrical 

are noted, along with capital cost estimates
 

Recommended improvements 

for such improvements.
 

Appendix iI,"Collection System Review," dtscribes 
the existing system
 

and its condition, reviews collection system 	improvements 
recommended by
 

the 1978 Master Plan, evaluates top priority 
projects, an] presents
 

estinates for
 
recorynended short-term improvements and capital 

cost 


imnprovements.
 

Appendix I, "Envimonmental Data Review," updates and discusses environ

mental impacts and potential corrective measures associated with the
 

sewage disposal alternatives discussed in Appendices J and K.
 

Appendix J, "Treatment Alternatives," presents the rationale used to
 

evaluate aid select both liquid t.'eatment processes and sludge manage
or-


Potential treatment/disposal alternatives ar. 

ment processes. 

mulated and discussed. Those alternatives judged most appropriate are
 

to compare the alternatives in Chapter 6.
 
discussed in detail sufficient 


Appendix K, "Land Application of Wastewater," 
discusses various means of
 

It begins with a detailed review of the
 
land application of wastewater. 


This is followed by

1978 Master Plan land application alternatives. 


detailed sections including basic concepts of land application, investi

sites, development of site-specific land application

gation of potential 


Fir.ly, the most appropriate
 
systems, and evaluation of those systems. 


to permit
are selected with sufficient detail 
land application systems 

comparison with other alternatives in Chapter 6.
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Appendix L, "Sea Disposal and Outfall Review," presents an updated
 
review of discharging effluent ioto the Mediterranean Sea via long out
falls after primary treatment. Updated outfall construction costs are
 
presented, along with projections of the impact of this disposal system
 
on the environment.
 

Appendix M, "Conveyance System Alternatives," presents a detailed
 
d scussion of the overall sewage conveyance systems that would be asso
ciated with the most appropriate treatment and disposal alternatives
 
developed and discussed in Appendices J and K. Necessary systems and
 
pump stations are shown along with capital, operation, and maintenance
 
costs.
 

Appendix N, "Econoriii. Analysis," presents an economic analysis of the
 
three wastewater treatmnent and disposal alternatives that appear to be
 
the most attractive on the basis of the cost-effectiveness analysis.
 
The Incremwental benefits and costs for each land application alternative
 
are evaluated to provide Egyptian and USAII) officials with a basis for
 
deciding which alternative would maximize benefits to Egyptian society
 
as a whole.
 

Report Chapters
 

The seven report chapters are:
 

1. Introduction
 
2. Planning Considerations
 
3. Existing Situation
 
4. Sea Disposal Alternative IB
 
5. Land Application Alternatives
 
6. Evaluation of Alternatives
 
7. Conclusions and Recommendations
 

Chapters 2 through 5 each summarize ard present pertinent data and
 
conclusions drawn from the appropriate appendices. Based on the
 
planning projections and the existing situation detailed in Appendices A
 
through I, and on the alternati es formulated and analyzed in Appendices
 
J through M, the most attractive overall alternative solutions are pre
sented and analyzed in Chapters 4 and 5. Each viable overall alter
native is described and analyzed on the following basis:
 

13 Feasibility
 
o Environmental and social concerns
 
o Reliability
 
o Flexibility
 
o Constructibility
 
o Operability
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o Maintenance needs
 

o Future expansion
 
o Future upgrading
 
0 Energy consumption
 
o Capital cost
 
o Operation and maintenance cost
 
o Present worth
 

Chapter 6 coinpare' the viable overall alternatives, both quantitatively
 

and qualitatively. Quantitative comparisons include:
 

o Capital cost
 
o Operation and maintenance cost
 

o Present worth
 
o Economic anAlysis
 
o Sensitivity analysis
 

Qualitative compariso,,s include:
 

o Environental concerns
 
o Socio-political concerns
 
o Technical concerns
 
o Energy consumption
 

to their sensitivity to
The alternatives are analyzed and compared as 


changed costs and the effect of changed costs on both present worth and
 

operation costs. Then, the alternatives are compared and ranked by
 

their acceptability using a wei;hted system that favors either qualita-

Finlly, the three most promising altertive or quantitative factors. 


analyzed using economic benefits and costs to determine the
natives were 

a whole.
apparent best project from the viewpoint of society as 


Chapter 7 presents WWCG's recommended changes to the Master Plan.
 

ST'bDY AREA
 

-overed by the studies undertaken
Figure 2-1 is a map showing the area 

ihis area is discussed in detail In
in the preparation of this report. 


Chapter 2. Portions of the Alexandria Governorate not included within
 

the study area are discussed in a companion report entitled "Special
 

Report on Sewer Services for Outside Areas."
 

REVIEW PROCEDURES
 

Review of the Master Plan was generally performed at a reconnaissance
 

level and entailed a mainly theoretical office-based review analysis of
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existing data, supplemented by field investigations of existing sewers,
 
pump stations, treatment plants, ana potential sites for alternative
 
locations for treatment/disposal. Flow measurements and laboratory anal.
 

yses of wastewaters were not included in the scope of this work; hence,
 
the sewage characterization that was used was hased largely on the stu

dies reported in the 1978 Master Plan. As inuicated in Appendices A, C,
 

and 0, WWCG believes the wastewater flow data presently available
 
understate domestic wastewater flows. WWCG further questions the vali

dity of wastewater characterization data presently available,
 
Therefore, the data are used only for comparison purposes and not
 
for design.
 

1980 CAPMAS census records were used to formulate new population and
 
population distribution projections. These new population projections
 
have been disaggregated in a minner consistent with that used in the
 
1978 Master Plan. 

The basis for mapping and topographic information for the urbanized 
Alexandria area was aerial mapping done by Consortium IFS/IGN (France) 
dated April 1971. These maps, done at a 1:5000 scale and 1-m contour 
interval, provided the basis for ground elevations within the urban
 
area.
 

A variety of other mapping was also used, including 1:100,000 scale. 
I- to 5-m contour intervals; topographic maps published by the Survey 
of Egypt, first edition. 194); and Reconn.issance Soil Maps, scale 
1:200,000 and 1:100,000, froi the UAR High Dam Soil Science Project,
 
Executive Agency of FAD, 1963. Mapping for land use projections was
 
based on inforoation provided by the Alexandria Planning Departmient, and
 
satellite imagery of the Alexandria-Nile Delta-Mediterranean Sea was
 
obtained from the U.S. National Aeronautlcs and Space Administration.
 

Existing soils informition was supplerwrnted by approitmately 70 new
 
soils borings talen in the western desert luring the search for
 
appropriate land appl icat ion sites.
 

A new review of tip 191H Master Plan ircor'wndat ion for twiln 1-km sea
 
outfalls wds underdken. This review included an anialysis of the
 
effects of adding Irimary treatnwnt prior to disposal, hut It assumed
 
the sanw allignment I% propo ed in the IIS. No new o(,eanomlraphic data 
were ta en; rather, the review wa% based on eviStInq Information. 

Cost estimates used in thi' report were Wted on Ilyptian monstruction 
practices as txempllified by the larger Igyptian contractors. !he eti
mating techniques use l asSurw'd tht.use of local prodacts where possible. 
Equipment and product', not available locally were assum(ed tc tx, imported 
fron the [JUlted 'tate% inaccordance with USAIDI grant policies ano pro
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Finally, the cost estimates were based on end-cf-1980 prices
cedures. 

and were intended to be reconnaissance-level estimates.
 

PRINCIPAL DOCUMENTS REVIEWED
 

in the course of the work.
 Numerous documents were used as data sources 


Unless otherwise noted, these documents were produced 
by the engineering
 

firm of Camp Dresser and McKee International, Inc.
 

o 	 Alexandria Wastewater Master Plan Stud"'
 

Vol. I--Summary Report
 
Vol. Il--Technical Report
 
Vol. Ill--Appendices
 
Vol. IV--Marine Studies
 

Special Report No. 1--OcPanographic Studies
 o 

Special Report No. 1--Program for Oceanographic
o 


Studies
 

o 	 Special Report No. 2
 

o 	 Special Report No. 3
 

Special Report No. 4--Top Priority Projects
o 

o 
 Excluded Waste Management Studies
 

o 
 Supplemental Report--Toxic Industrial Wastes Study
 

Impact Statement
o 	 Environmental 

Vol. I--rinal Statement
 
Vol. If--Final Technical Report
 

Vol. Ill--Final EIS Comments and Responses
 

Summary Report of Evaluation of Alternative Designs
o 

for the Ras EI-Soda Pump Stalon
 

o 	 Preliminary Design Report--Ras El-Soda Influent
 

Pump Station and Preliminary Treatment Plant
 

Preliminary Design Report--Smouha Drainage
o 

Improvements
 

o 	 Design Report--Ras EI-Soda Wastewater System
 

Preliminary Feasibility Report--Smouha Drainage
0 

Improvements
 
Preliminary Design Report--Smouha Wastewater
 

Facilities Improvements
 
o 


o 	 Preliminary Design Report for Mohamed Ali Square
 

Drainage
 
o 
 Final Desijn Report--Tannery Wastewater
 

Pretreatfrwnt Facilities
 
Eastern ttlrbor Collectors--Design R(port
o 


o 	 Collectiol-Haul of Excluded Wastes
 

o 	 Recommendtd Sewer Cleaning Program for 1980
 

o 	 Summary of Mazout Pilot Study
 

o 	 Summary of El-Mex Abbatoir
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o 	 Final Design Report--Dairy Manure Storage
 
Facilities
 

o 	 Design Report for (the) Western Harbor Pump Station
 
o 	 Sewer Use Control Program
 
o 	 Preliminary Design Report--Alternatives for
 

Management of Mazout Residue
 
o 	 Preliminary Design Report--Western Harbor Sewerage
 

Improvements
 
o 	 Design Report--Reconstruction of Madras Collector
 
o 	 Preliminary Design Report--Septage Disposal
 

Facilities
 
o 	 Design Report--Cattle Slaughterhouse Waste
 

Disposal Facilities
 
o 	 Design Reports--East Zone Pump Stations No. 1
 

through No. 10, No. 12, No. 13
 
o 	 Sewer Maintenance Operations
 
o 	 Master Plan for Water Resources Development and Use, Economic
 

Evaluation of Land Reclamation
 
o 	 Assessment of the Agricultural Inputs Supply System and
 

Policies in Egypt
 
o 	 U.S. Agricultural Attache' Reports
 
o 	 USAID Handbook
 
o 	 Eastern Harbour Bottom Sampling Study--Final
 

Report
 
o 	 Feasibility Study of West (Nubarya) Extension
 

Reclamation and Settlement Project--Final Report,
 
Vol. I, Annexes I and II (Ul.G Consultants, Ltd.)
 

0 	 Classification of Water Bodies, Sewage Treatment
 
Requirement and Sewage Collection Requirements
 
(MISR Laws)
 

o 	 Memorandum for the Record--Technical Review of the
 
AID Alexandria, Egypt Wastewater Treatment
 
Facilities EIS Documents (USEPA)
 

Additional data were obtained from numerous field visits, individuals,
 
organizations, selected engineering textbooks, and general sanitary
 
engineering literature.
 

Complete copies of some of the above documents were unavailable. In
 
some 	instances, data (particularly tables and figures) were missing.
 

FORMULATION AND DESCRIPTION OF ALTERNATIVES
 

A large number of solutions are possible for resolving the overall
 
problem of wastewater collection, treatment, and disposal inAlexandria.
 
The master planning process therefore must include methodology to suc
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solutions by rejecting the least appropriate
cessively screen potential 

The
until only those alternatives best suited to the situation remain. 


remaining alternatives can then be carefully analyzed and compared in
 

order to select the best solution.
 

For the purpose of this master plan review, the progressive screening
 

integral part of several of the separately bound appenprocess is an 

Appendix J examines various conventional liquid and sludge
di.:es. 


processes, selects the most viable and formulates these into
 treatment 

treatment 
and disposal alternatives in which effluent is directly 

or
 

Appendix K similarly 	formulates
indirectly discharged into the sea. 


alternatives in which effluent is applied to the land's surface.
 

alternatives
After the initial screening process, five viable overall 

These were:
remained and were analyzed in detail. 


o 	 Alternative IA--Sea Disposal with Three Primary Plants
 

o 	 Alternative IB--Sea Disposal with Two Primary Plants
 

0 	 Alternative 11--Secondary Treatment with Effluent
 

Discharged to Drains
 

o 	 Alternatives IlIA and IIIB--Land Application
 

more 	detail in the following sec-
These alternatives are described in 


tions.
 

Alternative IA
 

disposal alternative 	recommended by the 1978
This 	alternative is the sea 


Master Plan with the 	aduition of primary treatment and sludge
 

New primary treatment plants would be located at
 treatment/disposal. 

The capacity of the
Ras El-Soda (585 Ml/d) and Kait Bey (195 Ml/d). 


West Treatment Plant, currently under construction, would be expanded to
 

200 Ml/d. Chlorinated effluent from th, West and Kait Bey plants would
 
8-km 	outfall
be discharged into the Mediterranean Sea through an 


A 10-km outfall at Sidi Bishr would

extending seaward from Kait Bey. 


Sludge would be uewatered and
similarly serve the Ras El-Soda plant. 

local farmers. The existing East Treatment
composted for distribution to 


Plant would be rehabilitated in this alternative (as is the case with
 

all alternatives) and would provide 45 Ml/d capacity of secondary
 
This 	oork woulo be completed prior to
(activated sludge) treatment. 


raw sewage
other construction, which would reduce the frequency of 


,%s discussed in Appendix J, Alternative IA was found to be

discharges. 

a less favorable alternative than Alternative IB and was not 

evaluated
 

further.
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Alternative IB
 

This alternative is similar to Alternative IA except that only two pri
mary treatment plants would be required. The largest, at Ras El-Soda,
 
would be the same as for Alternative IA. The second, a larger (395
 
Mi/d) expansion of the West plant, would serve the balance of the
 
sewered area of Alexandria. Each plant would have its own outfall simi
lar to Alternative IA. Sludge treatment and disposal, as well as the
 
rehabilitation of tile East plant, would be as previously described. As
 
discussed inAppendix J, this alternative was found superior to
 
Alternative IA; therefore itwas fully evaluated inChapters 4 and 6 of
 
this report.
 

Alternative II
 

Alternaive II differs from Alternative IB in that secondary treatment
 
by biological towers would be provided in addition to primary treatment.
 
Effluent would be discharged to the Qala and Weqf Drains from two plants
 
sized and located as inAlternative IB. Long sea outfalls would there
fore not be required. Inother respects Alternative II is similar to
 
Alternative IB. This alternative, as discussed in Appendix J,was found
 
to be reasonably economically attractive. For environmental reasons,
 
questionable reliability, and because the effluent discharge would
 
violate Egyptian law, this alternative was not included in further eva
luation.
 

Alternatives IlIA and IIIB
 

These alternatives would reuse the treated Alexandria effluent to irri
gate up to 76,000 feddans of new farmland reclaimed from the western
 
desert. Raw sewage would be pumped via a long, multiple-barreled force
 
main system to a site 60 km southeast of central Alexandria. The East
 
Treatment Plant would be rehabilitated as with previous alternatives to
 
provide 45 Ml/d of capacity. All other flows (980 Ml/d) would be used
 
for irrigation. The West Treatment Plant (nuw under construction) would
 
be i.onstructed to its design 85 Mi/d capacity prior to completion of the
 
irrigation system. Together with the East plant, itwould prevent some
 
of the raw sewage discharges now occurring. Upon completion of the
 
irrigation system, the West plant would be converted to provide
 
industrial pret-eatment.
 

Two differing possibilities for the treatment and irrigation portions of
 
Alternative III were considered. Alternative IlIA would provide
 
wastewater treatment by anaerobic lagoons followed by rapid infiltration
 
into a ground water storage systeia. The highly treated water would be
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neede(i for irrigation by center pivot
withdrawn by a series of wells as 

unrestricted by water quality paramemechanisms. Crops grown would be 


ters other than dissolved solids. Alternative IIIB would provide
 
Lagoon effluent after
 wastewater treatment by anaerobic lagoons only. 


screening would be used for irrigation by center pivot mechanisms.
 

Crops grown would be generally restricted to feed and forage.
 

IlIA 	and IIIB were found

As addressed in Appendix K, Alternatives 


attractive and were therefore fully evaluated in Chapters 4 and 6 of
 

this report.
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TERMS USED IN THIS REPORT
 

The international metric system of weights and measures is used
 

One Egyptian area measurement, the feddan,
throughout this report. 

which is equal to 0.42 hectare, is also used.
 

level at Alexandria.
Elevations used are based on mean sea 


Where

The unit of monetary exchange used is the Egyptian pound 

(LE). 

and vice
are converted to US dollars ($)

necessary, Egyptian pounds 

= $1.00. The exchange rate
 versa at the rate of exchange of LE 0.70 


= $1.00 after preparation of the initial draft report

changed to LE 0.82 is
 
and is likely to change again before construction of the project 


completed. Therefore, the influence of changes in the exchange rate was
 
on
 

tested in a sensitivity inalysis to determine the potential impact 


the study conclusions (see Chapter 6).
 

no star~lardized authoritative source for the
 
Unfortunately, there is 


English spelling of many Arabic proper nouns and place 
names.
 

Transliteration of Arabic sounds into English varies among 
different
 

For the purpose of this report, WWCG has adopted a standard
 sources. 

in English. We are


spelling that approximates the Arabic sounds 


indebted to Dr. Hassan Mitwally of the University of Alexandria 
for his
 

assistance in developing the following Arabic-Engliss glossary of proper
 

nouns.
 

Arabic-English Glossary of Place Names
 

Mahmoudiya Canal
Abu El-Matimir 

Mamoura
Abu Hummus 

Mandara
Abu Qir 

Manshiya
Abu Soliman 

Marsa Matru R. R.
Alam El-Marqab 

Mex
Agami 

Miami
Amria 

Minyet El-Basal
Anfoshi 
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Asafra Moharrem
 
Bacos Mohsein Pasha
 
Bahari Montazah
 
Bahig Vuhit Drtin
 
Bir Masoud Mustafa Pasha
 
Bisiry Noubaria Canal
 
Bulkley Nouzha
 
Burg EI-Arab Port Est
 
Dekhella Qala Drain
 
Dir Ramleh
 
Fleming Ras El-Soda
 
Furn E1-Gueraya Ras El-Tin
 
Gabbary Roushdy
 
Gheit El-Enab San Stefano
 
Glym (Glymenopoulo) Sidi Bishr
 
Gomrok Sidi Gaber
 
Hadra Silsila
 
Hagar El-Nawatiya Siouf Keblia
 
Ibrahimia Smouha
 
Kafr El-Dawar Sporting
 
Kait Bey Tabia
 
Karmouz Umum Drain
 
Khurshid Wadi El-Natroun
 
Kom El-Dikka Wadi EI-Qamar
 
Lake Idku Wardyan
 
Lake Maryout Weqf Drain
 

Zahriya
 

Acronyms
 

A/GOSD 	 Alexandria General Organization for Sanitary
 
Drainage
 

APD 	 Alexandria Planning Department
 

AWGA 	 Alexandria Water General Authority
 

CDM 	 Camp Dresser & McKee, Inc.
 

CAPMAS 	 Control Agency for Public Mobilization and
 
Statistics
 

CH2M HILL 	 CH2M HILL International, Inc.
 

ECG 	 Engineering Consultants Grrup
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M&E 


MFDT 


UNDP 


UNESCO 


USAID 


USEPA 


WWCG 


Metric Units
 

cm

2 
cm
 

gm 

ha 

hr 

hp 

kg 

km 

km2 


kt 

kW 

kWh 

mg 

mm 
m
2 
m
 
3 
m
 

m3/sec 


mg/l 

ml 

Ml 

mmho/cm 

ppm 

tonne 

sec 

ug-at 


Metcalf & Eddy International, Inc.
 

Ministry of Finance, Department of Taxation
 

United Nations Development Program
 

United Nations Educational, Scientific, and Cultural
 

Organization
 

United States Agency for International Uevelupment
 

United States Environmental Protection Agency
 

Wastewater Consulting Group
 

centimetre
 
square centimetre
 
gram 2
 
hectare = 
10,000 m
 

hour
 
horsepower
 
kilogram
 
kilometre = 1000 m
 
square kilometre = 100 ha
 

knot
 
kilowatt
 
k.owatt-hour (power)
 
i.1ligrams
 
millimetre
 
metre = 1000 mm
 
square metre
 
cubic metre = 1000 litres
 
cubic metre per second
 
milligram per litre
 
millilitre
 
megalitre 106 litres = 1000m 

3
 
= 


micromho per centimetre
 

parts per million
 
metric ton = 1000 kg
 
second
 
microgram-atom
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Abbreviations
 

ADWF 

BOD 

BODR 


cal 

CIF 

COD 

CU 

DO 

dw 

DWF 

EC 

ep 

FC 

fd 

FOB 

gcd 

HWL 

IDOD 

lcd 

LE 

LR 

Mlls 

MPN 

MSL 

No. 

O&M 

pH 


p/ha 

PDWF 

pt 

SS 

TDS 

TPP 

WTPD 

ZID 

% 

$ 


average dry weather flow
 
biochemical oxygen dermand (5-day)
 
basis of design report
 
degrees Celsius
 
calorie
 
import price (dock delivery)
 
chemical oxygen demand
 
consumptive use
 
dissolved oxygen
 
dry weight
 
dry weather flow
 
electrical conductivity
 
effective precipitation
 
fecal coliforms
 
feddan (.42 hectare)
 
export price
 
grams per capita per day
 
high water level
 
immediate dissolved oxygen demand
 
litres per capita per day
 
Egyptian pound
 
leaching requirement
 
Egyptian Millem = LE 0.001
 
most probable number (coliforms)
 
mean sea level
 
number
 
operation and maintenance
 
logarithm of reciprocal of hydrogen ion
 
concentration
 
people per hectare
 
peak dry weather flow
 
Egyptian plaster = LE 0.01
 
suspended solids
 
total eissolved solids
 
top priority project
 
wet tons per day
 
zone of initial dilution
 
percent
 
United States dollar = LE 0.70 (at parallel
 
or "tourist" rate)
 

1-16
 



CHAPTER 2
 

PLANNING CONSIDERATIONS
 

INTRODUCTION
 

To prepare a cost-effective and technically sound wastewater master
 

plan, the existing and projected growth patterns for the project area
 

must be studied and incorporated into the planning process. This
 

chapter first describes the project area and then discusses the popula

tion projections and land use considerations used to review the 1978
 

the existing and projected populations,
Master Plan. Based on 

wastewater flows were estimated for Alexandria through the year 2000.
 

Appendix C presents the detailed development of all the planning projec

tions.
 

Project Area
 

is shown in Figure 2-1. It includes the
The sewerage system study area 

heavily urbanized areas of Alexandria, and Mex Dekheila, Amria, and Abu
 

Qir. For study purposes, the project area was subdivided into three
 
and eastern zones)
heavily urbanized inner areas (the western, central, 


and three outer areas (Mex Dekheila, Amria, and Abu Qir). A larger
 
for the land application investigation.
study area was used 


for this Master Plan Update is essentially the
The urbanized study area 

same as that considered in the 1078 Master Plan. Detailed sewerage
 

system master planning for the oucer areas of Mex Dekheila, Amria, and
 

Abu Qir was not included in the scope of work for this review and
 

Studies of these outside areas are scheduled in the near future
update. 

and will be discussed in a separate report.
 

Climate
 

There are two seasons in
 

summer, which lasts from May through October, and winter
 
Alexandria lies in an arid Mediterranean zone. 


Alexandria: 

from November through April. The summer is characterized by hot dry
 

days and cooler nights. Winter is cooler, with the majority of rainfall
 
a duration of 3 to 5 days,
occurring during these months. Storms have 


or less at regucontain variable quantities of rainfall, and occur more 


lar intervals.
 

The summer temperature in the study area averages 27 degrees C during
 

the day and 20 degrees C at night. In winter, the averages drop to
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Frost and freezing
19 degrees C for daytime and 9 degrees C at night. 


conditions seldom occur.
 

Annual evaporation is high and
Total annual rainfall averages 192 mm. 


exceeds total rainfall by an nrder of magnitude. Winds are predomi

',,a mean wind speed is somewhat higher
nantly from the northwest. 

during the winter, but rarely do wind speeds exceed gale force (34
 

knots).
 

Public Health
 

Although improvements have been made in recent years, the public 
health
 

Statistics for
of the Egyfitian people continues to be generally poor. 


the country as a whole have been presented in detail by others, notably
 

the World Health Organization, and will only be discussed briefly here.
 

A more detailed presentation on public health conditions in Alexandria
 

appears in Appendix I, Environmental Data Base Review.
 

The average life expectancy in Egypt has risen from 42 years in 1947 to
 
Infant


53 years in the early 1970's; mortality rates have also fallen. 

a


mortality rates, which are a good indication of the public health of 


country, have decreased but are still high. Between 1962 and 1973,
 

of every ten infants died.
approxi-3tely one out 


The waterborne diseases of typhoid, paratyphoid, bacillary dysentery,
 

amoebic dysentery, and infectious hepatitis are all endemic to Egypt.
 

indicate the incidence of waterborne diseases in
Available statistics 

Alexandria. Since the relationship between the incidence of enteric
 

diseases and availability of potable water supplies and wastewater
 

disposal facilities has been well demonstrated, the presence of these
 

indication of inadequate facilities. Poor
as an 

sanitation or nonhygenic habitats may also be a primary source of
 

disease transmission.
 

diseases may be taken 


POPULATION
 

The population of Egypt was approximately 42 million in 1980 and is 
pro

jected to increase to approximately 66 million by 2000. During the
 

period from 1976 to 1980 the nationwide annual population growth was 2.4
 

In response to this potential increase in population, the
 percent. 

Egyptian government has planned for the development of satellite cities
 

Even with such development and an
outside existing urbanized dreas. 

intensive industrial planning effort, urbanized Alexandria will continue
 

to expand over the next 20 years.
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Existing Population
 

The Central Agency for Public Mobilization and Statistics (CAPMAS) con

1976 census and estimated the 1980 population
ducted the official 

in this study.
residing in Alexandria. These statistics have been used 


census tracts as indi-
The Alexandria Governorate is subdivided into 14 

Table 2-1 presents the 1976 and 1980 population by
cated in Figure 2-2. 


This table indicates that the population of Alexandria
 census tract. 

was 2,319,000 and 2,537,000 for the years 1976 and 1980, respectively,
 

which represents an annual increase of 2.27 percent.
 

Alexandria is a major sea resort. Therefore, the impact of its seasonal
 

population must be considered when planning wastewater facilities. For
 

this purpose, the 1980 peak seasonal population has been estimated at
 
The
approximately 400,000, which concurs with the 1978 Master Plan. 


The estiseasonal population is mainly located in the Montazah area. 


mated 1980 peak monthly seasonal population and its distribution are
 

presented in Table 2-2.
 

Projected Population
 

tract are
Population projections for the years 1990 and 2000 by census 


presented in Table 2-3. The projections indicate that, by the year
 

have a permanent population of 4,660,000. This
2000, Alexandria will 

projection indicates that the population will increase annually by 3.08
 

percent between 1980 and 2000, which is somewhat greater than the L.Z7
 

percent annual increase experienced between 1976 and 1980. We believe
 

a projection of 4,660,000 is moderately conservative. For
that 

wastewater planning purposes, conservative (high) population projections
 

ensure that planned facilities are Adequate to meet
should be used to 

the future needs of a community. In the event that population growth is
 

delayed
deferred, then components of the system can either be phased or 


to meet actual growth experience.
 

The population projections presented in Table 2-3 are in substantial
 
However, the
 agreement with those developeJ in the 1978 Master Plan. 


has been modified somewhat. Planning
distribution among census tracts 

officials of the Governorate of Alexandria, as well as district chiefs,
 

indicate that the growth 
in older districts of the city shoula be
 

tailed to alleviate already overcrowded conditions. Accordingly,
 

tracts of Gomrok, Minyet El-Basal, Labban, and Karmouz (FigLre
 

2-3) are shown to have a stabilized population between the years 1990
 

and 2000. To compensate for this adjustment, a substantial growth is
 

indicated in Montazah. This plan of development is consistent with past
 

growth patterns and local planning concepts.
 

census 
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Projected seasonal populations are also shown on Table 2-3. Montazah,
 

Bab Sharky, Ramleh, and Agami (Dekheila tract) will continue to grow as
 
area.
recreational centers, with the major growth occurring in the Agami 


Present
Seasonal population growth is expected in the Amria area. 

the year 2000, the
seasonal population estimates indicate that by 


Agami-Amria areas will accofmnodate a monthly peak seasonal population of
 

This implies a maximum seasonal population for the Alexandria
230,000. 

area of 670,000.
 

LAND USE
 

The land use map developed for this investigation is shown on Figure
 

The map inuicates existing and future residental and industrial
2-3. 

future facilities
developments, and the location of existing and 


expected to have a major impact on the development of Alexandria. The
 

map was developed from data secured from the Planring Department of the 
field investigations.
Governorate, other appropriate agencies, and 


Urbanization in Alexandria has occurred linearly along the coast,
 
the older parts of th, city (Gomrok). Development has
extending east of 


influence of the port activities in
not extended west hecause of the 

Minyet El-Basal and the lack of infrastructure in the western areas.
 

to the south has been delayed by agricultural activities in
Development 

the area, the Mahmoudiyd ,nd Montazah Canals, and Lake Maryout which
 

Present
 are natural barriers to development of the southern area. 


planning concepts propose the development of Ainria City south of 
The planned development envisions an
Alexandria along Desert Road. 


and a majorurbanized area larqke enough to house 500,000 persons 

industrial free zone. This planned development with proper access to
 

port facilities nay well accelerate the development of the portion of
 

the southern area that is south of take Maryout, part of which is out

side the Governorate.
 

P79 people per hectare (p/ha)Population densities ranqe from a high of 
to 481 and 31 p/ha in the Ramleh andin a portion of the central zone, 

Montazah census tracts, respectively (see Appendix C). Typically, popu

the w.stern are substantiallylation densities In Southern and areas 

lower, ranqinq ifron I to 11, respectively.
 

Resident lii 

(SadatMajor residential deve.lopnents Aro planned In PMria and Montazah 


City), which art located on the southern and eastern areas of the
 
have limited water and wastewater
Governorate. lhese areas presently 

servIce, If their development potent ial Is to be real ied, then ade

quate water and wastewater facilities must he provided in the very near 

future,
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Areas that are proposed for immediate development or are now under deve

lopment are located in Ras El-Soda, Vidi Gaher, and Ramleh. 

use map shows more than sufficient land within the GovernorateThe land 
prijected population forto dCcoaITJ)ldte d populdtion of 4,60,000, the 

the year 2010. however , to house this population anl to mtweet the qoals 
require the activefor drcoiuitodatinq seasonal population, qrowth will 

development of western and southern areas. 

To accommun(odate a perlanent )opj)l at !on of 4,60O,000, and to ma nta in 
residentialreasonable levels of density in developed areas, additional 

areas will he required. To provide this need, wq anticipate that the 

areas of Sieut Manshiya, LI Bahameyeh, aid Mahmoudi)a Keblia will be 

developed to house a population of 162,00(0 by the year 2000. These 

residential areas will accoiMrModate, along with twmria and Sadat City, 
more than 5(0 percent of the population growth expectec between 1980 and 
2000. 

As indicated in Figure 2-3, the residential areas that are to be deve

loped beyond the year 2000 lie east of the planned City of Amria and 
Matrouh Road. This pattern of development iswest of [ekheila, south of 


consistent with present planninq concepts and past growth trends, and
 

recoqnizes the speed with which water and wastewater facilitites may be 

developed or e tended to these areas. 

Seasona I 

As indirated in Fiqure 2-3, the qrnwth in seascnal population will
 

iWMact the Aqami and Arr'ia areas. Aqami has, over the years,
 

experienced unplanned resort development. Our investigations indicate
 
that averaqppu lation densities are approachin 250 to 300 peonle per
 

These
hectdre , with appreciahly hiqher densities alonq the shoreline. 
densities prec lude the ose of septic tank systems for wastewate. dispos

al (the present pract L.), and acr,(idin(ly indicated the teed for 

wastPwater (Olect. ion ani trut,,nt facilities. l)ue to irreqular 

and %treet patterns, provmdinq wastewater faciliLies in thishousin,: 
area will ho i if i.ul t anI vxpersive. 

Amria resortSo that sih ilar prnhlems do not develop for he pruposed 

arcd, we retotred that planninq qoals adri programs he developed quickly 
permit infrastrucand implemented for this area. lhii will providing 


Lure facilities at a more reasonable Cost.
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Industrial
 

The city of Alexandria is one of the major industrial centers of Egypt,
 

employing approximately 14 percent of the country's manufacturing labor
 
in Abu Qir, Siouf Keblia,
force. Existing industrial areas are located 


Smouha, Nouzha, and Dekheila.
 

the land use map, areas that are expected to undergo
As indicated on 

located in Amria, east of Amria,
substantial Industrial development are 


along the northern edge of Lake Maryout, in Dekheila and Karmouz, 
and in
 

Abu Qir along Abu Qir Bay. Other significant industrial developments
 

consist of a major petroleum transfer station located inthe western
 

part of the Governorate and a proposed nuclear energy project located
 

west of the petroleum transfer station.
 

Warehouses supporting the actiwities in the western port are located in
 

Minyet El-Basal and Dekheila. Grain storage facilities are being
 
expanded in the Dekheila area. With the development of the proposed
 

Dekheila port facilities, warehousing activities should increase in
 

these areas limiting their potential for residential development.
 

The forecasted rate of industrial development presented inthe 1978
 

Master Plan has not been realized. One of the contributing factors may
 

have been the lack of good wastewater service. Accordingly, Inplanning
 

for wastewater service in industrial areas, we have assumed that the
 
be accelerated so that
estimated growth rate between 1980 and 1990 will 


1990 planning goals will be achieved.
 

WATER USE
 

In the 1978 Master Plan, water use by category (e.g., domestic

governmental use, etc.,) was established and used to estimate existing
 

and projected wastewater flows. Inthe absence of wastewater flow
 
We have reviewed the water
records, this is an acceptable procedure. 


use projections presented inthe 1978 Master Plan and find them accep

table for the purpose intended (i.e., projecting wastewater flows). The
 

following paragraphs briefly discuss our analysis, which ispresented in
 

more detail inAppendix C.
 

Existing Water Use
 

Estimated 1976 water consumption by category is presented inTable 2-4.
 

Studies (Alexandria Waterworks Master Plan) of water preduction records,
 

water sales, and an intensive analysis of eight selecteu areas were used
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to determine unit domestic and (lovernimental ,consumpt ion rates, 

industrial consumption, other uses, and the quantity of water lost 
in the system. These studies indicated that, within thethrough leakage 

study area, the unit domestic consumption, and unit governmnental con
30.0 litres per capita per day (Icd), respecsumption was 116.5 and 

developedtively. The water consumption data presented in Table 2-4 was 
based on this analysis. Losse% were taken as 15 percent of the total 

estimated water consumption in the study area. 

In the absence of metered data, the methodology used in developing 
which included some actual measurement of waterexisting water uses, 

production, is the only reasonable recourse available to evaluate par

ticular water uses. However, due to time absence of specific water sales 

data in certain categories and the practice of providing free water to 

certain categories of users, the analysis must be somewhat subjective 
is undertaking a
in nature. The Alexandria Water General Authority 

program to improve its metering programs. A/GSISD should follow the 
recordedresults of this program closely so that, in the absence of 

the data be used to more accurately predictwastewater flows, can 
future flows.
 

Projected Water Use
 

Table ?-5 indicates unit consumption projections used in the 1978 Master
 

Plan to develop water consumption projections from 1976 to the year
 

2000. Unit domestic water consumption rates are expected to increase
 
the planning period, a 1.32-percent
from 116.5 to 159.4 Icd over 

now
This rate of increase is appreciably higher than that
increase. 

being experienced in the United States and appropriately reflects a
 

society experiencing rapid development.
 

Industrial per capita cofisumption ranges from 44.3 to 70.2 Icd, which
 

represents an annual increase of 1.9 percent over the study period.
 

Other categories of unit water consumption are estimated to remain rela

tively constant with system losses ranging from 15 to 12 percent of the
 

total demand. 

3ince the unit water consumption projections appear conservative and are
 

in reasonable agreement with studies the consultant has undertaken
 

elsewhere and in Egypt, the unit water consumption data as set forth in
 

the 1978 Master Plan was used in this investigation.
 

WASTEWATER FLOWS AND CHARACTERISTICS
 

In developing wastewater master plans, the identification of existing
 

wastewater flows and characteristics is an important element in the pro
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This is because future wastewater flows and characteristics are
 cess. 

flows and characmore accurately projected when existing wastewater 


teristics have been properly identified. Our findings indicate a need
 

for a wastewater flow, sampling, and analysis program to better 
define
 

existing wastewater flows and characteristics. The need for such
 

programs is fully discussed in Appendix C.
 

Our findings also indicate that existing and future wastewater flows as
 

too low. However, for com
developed in the 1978 Master Plan may be 


used with some minor adjustparison of disposal alternatives they were 

When the basis of design reports are
 ments in this investigation. 
 ensure


recommend that flow design parameters be adjusted to 
prepared, we 

meet the future needs of their service
 that the proposed facilities will 


areas.
 

Existing Wastewater Flows
 

In the 1978 Master Plan, analysis determined the percentage 
of water
 

the wastewater

consumption that could be expected to be returned to 


a wastewater return
 system. This analysis apparently indicated that 


ratio of 83 percent of the domestic and commercial water consumption
 
comwastewater flows derived from all 


would adequately account for all 

Using an 83-percent


munity activites, excluding industrial flows. 


return ratio, a wastewater flow of 100 lcd was deemed appropriate for
 

determining the 1977 wastewater flow generated through 
domestic, commer-


Based on the 1976 unit
 
cial, and governmantal activities in Alexandria. 


set forth in Table 2-6, this wastewater flow
 water consumptions as 

represents only a 68-percent return when domestic, 

commercial, and
 

water demands are considered. We believe this return rate
 
guvernmental 

to be low in the light of tonditions in Alexandria and our experience
 

elsewhere in Egypt.
 

Domestic
 

generated from all community activities,
Table 2-7 presents the estimated 1977 wastewater flows. 


wastewater flows include wastes 


other than industrial, and were determined by multiplying the population
 

served by a unit wastewater flow of 10J lcd.
 

a 1978 Master Plan survey
Industrial discharge estimates were bdsed on 


that covered 145 industries and detailed data secured 
from 129 of these
 

This indicates that 129 industries account for 90 
percent


industries. 

the industrial
The information on


of the industrial waste discharge. 

as part of this Master Plan (Appendix D).


wastewater flows were reviewed 


This review found that conditions have not changed 
significantly since
 

the earlier study, particularly in the inner areas.
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Projected Wastewater Flows
 

analysis of population statistics, water consumption, and
Based on 

wastewater flow data, the following assumptions were used in estimating
 

future wastewater flows:
 

population projec-
Total permanent and peak monthly seasonal
0 

tions were used in projecting future wastewater flows. The
 

estimated flows accordingly represent peak monthly wastewater
 

flows for the year under consideration.
 

0 	 The population distribution developed for this review was used
 

in determining wastewater flows from specific areas.
 

0 	 The area within each district was determined by actual measure

ment using recent aerial mapping.
 

0 	 Unit domestic wastewater flows were assumed to include
 

domestic, commercial, and governmental activities. Unit
 

domestic wastewater flows as presented in the 1978 Master Plan
 

and subsequent reports were used throughout.
 

o 	 In accordance with the industrial update as presented in
 

Appendix D, present and future industrial wastewater flows as
 

set forth in the 1978 Master Plan were used.
 

include military
0 	 Where applicable, a special allowance to 

areas was used in
installations, hospitals, and recreational 


developing future wastewater flows.
 

infiltration
o 	 Infiltration rates were determined using the 


curves presented ir.Appendix A of this report.
 

Wistewater flows for the years 1990 and 2000 were developed and are
 

Tables 2-8 and 2-9 indicate that the total
shown in Tables 2-8 and 2-9. 

average daily flow during the maximum month can be expected to reach
 

1115 and 1476 Mi/day by the years 1990 and 2000, respectively. Industry
 
flow In the
is expected to contribute more than 50 percent of the total 


year 2000. This is in accordance with local planning concepts to main

tain Alexandria's role as an industrial center of Egypt.
 

As part of this investigation, future wastewater flows indicating
 

average annual, peak monthly, maximum day, and maximun hourly rates of
 

flows were developed for the central and western zones, Nouzha, and the
 

area that i: tributary to the proposed Ras El-Soda Treatment Plant.
 

These projected flows are shown in Appendix J.
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Existing Wastewater Characteristics
 

Wastewater characteristics determine the type and degree of treatment
 

required and the impact the wastes will have on collection systems and
 

the ecology of the disposal environment. Wastewater characteristics are
 

normally defined by noting the oxygen demand (BOD and COD), solids and
 
(mainly heavy metals)
nitrogen concentrations, and various constituents 


The characteristics of
that may interfere with the treatment process. 

have on the environment
wastewater also determine the impact sludge will 


if applied to land.
 

The 1978 Master Plan estimates that the domestic BOD contribution in
 
Since the 1977
1977 was approximately 50 grams per capita per day. 


population was estimated at 2.8 million, this implies a domestic BOD
 

loading of 140,000 kilograms per day (kg/day).
 

Industrial survey
Industrial wastewater loads were evaluated through the 

Estimated industrial BOD and COD
undertaken in the 1978 Master Plan. 


were 145,000 and 280,000 kg/day, respectively. Miscellaneous
loadings 

an adverse impact on existing
constituents that might be harmful or have 


and proposed wastewater treatment processes were also identified. The
 

findings of this survey are presented in Table 2-10.
 

Under present planning concepts, all industrial wastewater, except
 

cooling waters, will be discharged to the wastewater system. The
 

loadings indicatui in TAble 2-10 are of sufficient magnitude to warrant
 
Anvestigatirg their impact on proposed treatment processes. Prelimina,'y
 

investigations indicate that several constituents may be excessive, and
 
required to reduce their concentrations
industrial pretreatment will be 


before discharging them to the wastewater system.
 

Projected Wastewater Characteristics
 

Domestic BOD contributions were estimated in the 1978 Master Plan to
 
Industrial BOO conincrease from 50 to 74.6 grams per capita. 


increase from 640 milligrams per litre
centrations are estimated to 

700 mg/l by 2000, which is a nominal increase. Using
(mg/l) in 1971 to 


for the years 1990 and 2000 derived from
these criteria, 1100 loadings 

These estimates
domestic and industrial sources have been estimated. 


are presented in Tables 2-11 and 2-12, respectively.
 

the wastewater system will
Tdble 2-12 indicates the total OD loading on 


be over 900,000 kg/day, of which 56 percent will be contributed by
 

based on a unit domestic contribution of 74,6
industries. Domestic BO, 
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grams per capita will account for the remaining 44 percent of the total
 

loading. A unit domestic contribution of 74.6 grams per capita per day
 

implies an appreciable increase in the standard of living in Alexandria.
 

However, it does not allow for a widespread use of electrical dish

washers, clothes washing machines, or garbage grinders. In projecting
 

future industrial BOD loadings, the present !nix and diversity of
 

industry has been assumed to hold throughout the planning period. This
 

implies that future industries that may contribute larger BOD loadings
 

should be considered on a case-by-case basis.
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Table 2-1
 

1976 AND 1980 POPULATIONS BY CENSUS TRACT
 

Census Tract 


Gotwok 


Labban 


Karmouz 

Mina of Alex. 


Ramleh 

Montazah 


Bab Sharky 

Attarlne 


Manshlya 


Moharem Bay 


Sidi Gaber 


Dekhella (includes Agaml) 


AprIa 


Mlnyet El-Basal 


Alex. Total 


1976 	 1980
 

142.800 	 156,464
 

78,496 86,003
 

213,737 234,179
 

501 547
 

446,155 	 488,828
 

310.054 	 336,706
 

215,639 	 236,265
 

75,062 82,238
 

44.485 	 49,129
 

336,228 368.386
 

134,516 147,382
 

45,868 50,255
 

47,025 51,522
 

227,725 249,505
 

2,318,291 	 2,537,409
 

Source: Central Agency for Public Mobilization and Statistics.
 

Table 2-2
 

ESTIMATED 1980 PEA( MONTHLY SEASONAL POPULATION
 

Population
Census Tract 


200,000
 

Bab Sharkey 85,000
 

Ramlah 


Montazah 


40,000
 

Sidi CGaber 
 50,000
 

Dekhella (Includes Agaml) 25,000
 

400,000
Total 


Sources 1978 Master Plan
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2000 

Table 2-3 

POPULATION PROJECTIONS FOR YEARS
 

1990 AND 2000
 

Total Population
Seasonal Population 


1990 2000 1990 

Permanent Population 


Census Tract 1990 2000 


- - 160,000 160,000
Goarok 160,000 160,000 

- - 90,000 90,000
Labban 90,000 90,000 

- - 250,000 250,000
Karmouz 250,000 250,000 


- 1,000 1,000-Nina of Alex. 1,000 1,000 

50,000 54,000 6AO,000 124,000


Ramleh 600,000 700,000 

205,000 214,000 1,023,800 1,614,000
818,800 1,400,000 

65,000 66,000 369,000 426,000
 

Montazah 


Sidi Gaber 304,000 360,000 
- - 85,000 85,000

Attarlne 85,000 85,000 

. - 52,000 52,000

Manshlya 52,000 52,000 
- - 406,900 449,300

Moharem Bay 406,900 449,300 

361,000 394,100


Bab Sharky 261,000 288,100 100,000 106,000 


80,000 160,000 138,300 224,600

Dekhella 58,300 64,600 


(includes Agaml)
 
233,000 570,000


Amria 193,000 500,000 40,000 70,000 

60,000

Minyet El-Basal 260,000 260,000 -20,000 

4,080,000 5,330,000

Alex. Total 3,540,000 4,660,000 540,000 670,000 


2-14
 



Table 2-4 

1976 ESTIMATED WATER OONSUWTION BY CATEG'CY 

Average Water Consumptlona
 

Category 	 (1000 m3/day) Percent 

50
281.3
Domestic 

106.9 	 19
Industrial 

72.3 	 13
 

Other 	 19.1 3 
15 

Government 


81.4
Losses 


561.0 	 100
 

PlanSource: Alexandria Waterworks Master 

aDes not Include the 39.000 m3/day that Is consumed In the Marsa Metrouh 	 and 

western areas, the western desert, and southern Beheirla.
 

Table 2-5 
UNIT WATER PROJECTIONSCODNSUWETION 

TO 2000 BY CATEGORY 
(Icd)
 

Category 1976 1982 1990 2000 

Domestic 116.5 129.2 1483 159.4 

Industrial 44.3 64.1 70.2 70.2 

Government 30.0 31.0 32.0 32.0 

Other 7.9 8.0 9.0 9.1 

Losses 33.7 40.1 39.1 37.3 

Total 	 232.4 272.4 296.6 306.0 

Source: 1978 Master Plan 
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Table 2-6
 

1976 WATER CONSUMPTION BY CATEGORY
 

Daily 	 Unit

Population 


Consumption
Consumption
Served 


3

(1000 m /day) (Icd)


(10001s) Category 


116
281
Domestic-commerclal 


Governmental 72 

2414 


30 

146
353
Subtotal 


a 

Other uses	 19 .8
 

154
372
Total 


Source: Alexandria Waterworks Master Plan
 

aincludes nongovernment Institutions, water sales stations, fire-fighting systems.
 

Irrigation, and smai1 special 
rate users.
 

Table 2-7
 

ESTIMATED 1977 WASTEWATER FLOWS
 

Population
 

Total Alexandria (permanent plus
 
2,800,0004
seasonal peak) 

2,380,000
Within presently severed areas 


(percent severed - 85%)
 

100
 
Domostic sowago (lcd) 


Wastewater flows (MI/day)
 

Domestic:
 
238
Sewerod areas 
42

Unsewered areas 

280


Total 


Contaminated Industrial:
 
89


To severs 


To drains, canal, and the See 	 137
 

226

Total 


Infiltration (4300 ha x 0.15I/sec/he) 56
 

Average dry weather flow:
 
53


In sewered areas 

179


In unsewered areas 

562


Total 


Source: 1978 Master Plan 
plus 0permanent population (2.302 million) tims Snnull growth rate (2.71)a19 76 


a seasonal popu' :tion peak of 358,000
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Table 2-8
 

ESTIMATED 1990 WASTEWATER FLOWS
 

Total
 

Domestic Avera e Average Special 

Unit Domestic Industrial 


Average
 
0 Allowancec Infiltration Flow


Area Populationa Rate Flows Flow 


District (ha) (1000's) (Icd) (MI/day) (MI/day) (MI/day) (MI/day) (MI/day)
 

Inner Areas 

Western zone 1,068 576 105 60 92 - 13 165 

Central zone 1,322 933 125 117 28 4 21 170 

Eastern zone 4,306 2,061 118 243 130 4 33 410 

Nouzhad 266 25 83 2 25 - 2 29 

Outer Areas
 

Ahu QIr 1,100 75 112 a 132 2 	 18 160
 

10 72

Amrla 1,535 146 132 19 43 

Mex-Dekhella 1,027 104 87 9 102 8 119 

Unsewered 160 -- - " 

552 10 105 1,125
Totals 10,624 4,080 458 


aIncludes seasonal population.
 

blncludes domestic, governmental, and coamercial flows.
 

CIncludes allowances for military establishments, hospitals, and recreational centers.
 

dNottzha flow Is carried separately from the balance of the eastern zone to facilitate East Treatment
 

Plant analysis.
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Table 2-9
 

ESTIMATED 2000 WASTEWATER FLOWS
 

Unit Domestic Industrial Total
 

Domestic Average Average Special Average
 
c 


Area Populationa Rate Flowsb 
 Flow Allowance Infiltration Flow
 

District (ha) (1000's) (Icd) (MI/day) (MI/day) (MI/day) (MI/day) (MI/day)
 

Inner Areas
 

Western zone 1,265 602 125 75 IO - 15 200 

Central zone 1,322 1,016 136 137 34 4 20 195 

Eastern zone 4,660 2,741 122 334 189 4 35 562 

Nouzhad 521 30 100 3 36 - 3 42 

Outer Areas
 

Abu QIr 1,480 106 108 12 150 2 10 174 

62 - 16 136A Ila 2,900 430 136 58 

167
Mex-Dekhella 1,350 135 103 14 144 9 

Unsowered 270 - " " 

108 1,476
Totals 13,498 5,330 633 725 10 


alnclides seasonal population.
 

bincludes domestic, governmental and commercial flows.
 

Clncludes allowances for mlll'ary establishments, hospitals, and recroatIonal centers.
 

dNouzha flow Is carried separavely from the balance of the eastern zone to facilitate East Treatment
 

Plant analysis.
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Table 2-10
 
MISCELLANEOUS CONSTITUENT LOADINUS
 

Loadings 

Constituent (kg/day) 

Iron 209 

Chromi um 65 

Copper is
 

Manganese 
 26
 

45Zinc 
0.03
Fluoride 

4
 

Lead 


Sulfide 

9
 

14Nickel 
06Cobalt 


Source: 1978 Master Plan 

Table 2-11
 

ESTIMATED 1990 BIOCHEMICAL OXYGEN DEMANDLOADS
 
(kg/day) 

Total
Domestic Industrial
District 


inner Areas
 

62,000 104.000
Western one 42,000 


Central zone 70,000 
 19.000 ",000 

B,000 240.000Eastern zone 152,000 
Noloa 2,000 17,000 19,000 

186,000 4 ., (WSubtotal 266.000 


Outer Areas
 

Abu Qlr 6,000 69,000 97,000 

Ai Is 11.000 29.000 40.000 
17.000Me.-Dekhel Ia 80006 

27,000 I67.000 214,000
Subtotal 


Unsewered 6.000 -- 0 

Total 299,000 37),000 61:,000 

to facilitateeNousha flow Is carried separately from the balance of the eastern zcne 

East Treatment Plant analysls.
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Table 2-12 

ESTIMATED 2000 BIOCHEMICAL OXYGEN DEMAND LOADS
 

{kg/day)
 

Domestic Industrial Total
District 


Inner Areas 

122,000
Wasterio zone 45,000 77,000 

102,000
Central zone 78.000 24.000 


Eastern zone 207,000 132,000 339,000 

2.000 25,000 27.000
Njuzhaa 


Subtotal 332,000 258,000 590,000 

Outer Aroas
 

Abu QIr 11.000 105.000 116,000 

AwIia 32.000 43,000 75,000 

Mex-Dekhella 10.000 101,000 111,000
 

249,000 302.000
Subtotal "0.O00 


--- 10,000Unsewerd 10,000 


Total 395,000 507,000 902,000
 

&Nouzha flow Is carried separately from the balance of the eastern zone to facilitate 

East Treatment Plant analysis. 
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CHAPTER 3
 

EXISTING SITUATION
 

The existing sewerage system inAlexandria is comprised of gravity
 
cillectors, pump stations, force mains, and treatment plants, all of
 

various ages and in differing operating conditions. These system com

ponents were reviewed as part of the 1978 Master Plan and various improve
ments, both immediate Top Priority Projects (TPP's) and long-term
 
projects, were recommended. As part of this Master Plan Review these
 

components were re-evaluated as were the recommendations of the 1978
 
Master Plan. Another objective of the review was to develop and recon

mend short-term improvements to the system to be constructed prior to
 
Because of
implementation of a long-term wastewater management plan. 


the nature of many of the improvements, they will actually be long-term
 
An example is the project to improve the East Treatment
in nature. 


Plant where modifications are recommended to enhance the plant operabil
ity regardless of which wastewater management plan is selected.
 

This chapter describes the existing system components, their condition,
 
and the recommended short-term improvements. Each of the system com

ponents isdescribed and analyzed indetail in the appendices to this
 

report. Therefore, the reader should refer to the following appeiedices
 
for a detailed discussion of each system component:
 

Appendix E--East Treatment Plant Evaluation
 
Appendix F--West Treatment Plant Evaluation
 
Appendix G--Pump Station Review
 
Appendix H--Collection System Review.
 

SYSTEM DESCRIPTION
 

The existing sewerage system is divided into 3 zones--central, western,
 

and eastern--and includes approximately 150 km of main interceptcrs,
 
1500 km of secondary collectors and street sewers, 30 km of force mains,
 
32 pump stations, and two treatment plants. Figure 3-1 illustrates the
 

main features of the existing system including major conveyance pipelines,
 

pump stations, treatment plants, and wastewater discharge and overflow
 
points.
 

For the most part, wastewater isnow discharged untreated into area
 

waterbodies Including the Mediterranean Sea and Lake Maryout. The
 

exception has been brief periods when the East Treatment Plant has
 

operated. The major discharge points are the Kait Bey outfall on the
 
Mediterranean Sea, the Tabia pump station discharge to Abu Qir Bay, and
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local drains into the Western Harbor. Additionally, numerous local
 
overflows are located along the Mediterranean shore. Finally,
 
wastewater discharged into Lake Maryout is eventually released into the
 
Western Harbor by the Mex pump station.
 

Central Zone
 

Wastewater from the western part of the central zone is collected by two
 

separate systems and discharged to the Mediterranean Sea through the
 
Kait Bey outfall or directly into the Western Harbor. In the eastern
 
portion, three separate systems convey wastewater to the Kalt Bey out
fall.
 

Western Zonri
 

In the western zone, wastewater from the northern tributary areas
 
discharged to the Western Harbor, and that frim the southern areas
 
discharged to Lake Maryout. When the construction of the West Treatment
 
Plant is completed, present plans call for all the western zone
 
wastewater to be treated and discharged to Lake Maryout.
 

Eastern Zone
 

Wastewater from the western portion of the eastern zone goes to the
 
Smouha Drain and eventually discharges to Lake Maryout. In the eastern
 
portion of this zone, wastewater is collected by numerous individual
 
systems that collect both stormwater and wastewater in parallel con
duits. At the individual pump stations, stormwater is pumped to the sea
 
while wastewater is eventually pumped to the East Treatment Plant. When
 
the system is surcharged, as is normally the present situation, com
bined flows are disc iarged to both the sea and the East Treatment Plant.
 
The East plant is presently not operating, so untreated wastewater is
 
discharged, eventually to Lake Maryout, from this source.
 

SEWERAGE SYSTEM
 

The following discussion of the existing sewerage system is divided into
 

reviews of the gravity, pump station/force main, and treatment systems.
 
In many cases, discussing one part of the sewerage system separately
 
from the remainder is difficult. Therefore, as appropriate for
 
clarity, interfice of the system components is described. The reader is
 
referred to Appendix H of this report for an evaluation of the existing
 
system as well as Special Report No. 2 of the Alexandria Wastewater
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Facilities Development Program, April 1977, for a complete system inven
tory.
 

Gravity Systems
 

Central Zone. The gravity collection system in this zone is the oldest
 
one inAlexandria. In its western portion, two systems collect the
 

The Port Est system has
wastewater and convey it to different points. 

many smaller collectors tributary to the Port Est collector, which
 
follows the Eastern Harbor shoreline to the Kait Bey pvnip station. From
 
there, sewage is pumped to the sea through the existing Kait Bey out

fall. The remaining portion isserved by local sewers, which discharge
 
directly into Ihe Western Harbor. A new interceptor and pump station
 
now under construction will convey the wastewater now emptying into the
 
Western Harbor to the Port Est system, where itwill also be tem
porarily discharged to the sea through the existing Kait Bey outfall.
 

Inthe eastern portion of the central zone, three systems convey the
 
wastewater to eventual disposal through the Kait Bey outfall. Two of
 
the systems are served by the Sporting and Smouha pump stations, which
 
purip the flows into the third system. The combined wastewater is then
 
corveyed by gravity in collectors running parallel to the Eastern Harbor
 
shoreline to the Kait Bey pump station. Stormwater that exceeds the
 
capacity of the stormwater conduits overflows at points along the har
bor. The excess flow at the Sporting pump station flows directly to
 
the Medit,-ranean Sea at the station, while that from Smouha pump station
 
flows by gravity to the Smouha Drain, a large canal located south of the
 
Mahmoudiya Canal.
 

Western Zone. The western zone collection system is presently inan
 
interim state of operation until the West Treatment Plant is completed.
 
Flows from the northern three tributary areas flow directly to the
 
Western Harbor while those from the southern f3ur areas go directly to
 
Lake Maryout. When the West plant isfinished, all flows will be pumped
 
there for treatment and disposal to Lake Maryout in a single outfall.
 
This plan may be altered depending on the wastewater management plan
 
selected.
 

Eastern Zone. The eastern zone collection system conveys all wastewater
 
from this zone to two points to the south. The western portion of the
 
zone flows to the Smouha Drain by gravity through two large collectors
 
which discharge under the Mahmoudiya Canal through a siphon. The Smouha
 
Drain eventually discharges to Lake Maryout. Two collectors, the Hagar
 
El-Nawatiya and the Mohamed Ali, serve large areas adjacent to the
 
Smouha Club. The Sidi Bishr, Sarwat, and Glym pump stations serve the
 
areas north along the Mediter.anean Sea and pump inseries to the Mohamed
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All system. The Sidi Gaber station is currently not operating, but is
 

planned to pump stormwater to the sea.
 

The eastern portion of the zone is a system that has a series of 10
 

local subsystems, each with Its own pump station and force main
 
Eventually all flow goes
discharging to the next pump station westward. 


to the No. 11 East pump station either directly or through the Abu
 
East pump station, the wastewater
Soliman interceptor. From the No. 11 


is pumped to the East plant, when it is operating, or to the Smouha
 

Drain when the plant is out of service. Currently all of the system Is
 

operating in a surcharged condition, so that mixed storm and sanitary
 

sewage is discharged to the sea and the East Treatment Plant or Smouha
 

Drain.
 

Existing System Condition and Deficiencies. Some of the sewers serving
 
constructed
Alexandria are in good condition and have been designed an( 


according to modern standards. These can be incorporated Into an
 
service.
expanded system and should provide many more years of useful 


However, many older interceptors were constructed at very flat slopes.
 

This causes solids to settle and drastically increaset maintenance
 

rpquirements. In addition, the former practice of matching invert ele

vations at pipe size changes causes flooding in upper areas when the
 

downstream system is full.
 

Several sections of collapsed sewers urgently need repair. Some sewers
 

have been or are currently being replaced under the Top Priority Project
 

sections need to be repaired or replaced.
(TPP) program, but more 

A/GOSD staff are currently preparing a list of additional collapsed
 

immediate
sewers. A concentrated program should be initiated to start 


repairs on these sewers.
 

In addition to older portions of the system that are surcharg;ed. the
 

newer eastern zone system (consisting of dual collectors for sanitary
 

and storm sewage) also operates in a surcharged condition. This
 

surcharge is caused by the improper operation of the pump stations and
 

not by interceptor deficiency. It the pump stations wre operated
 
system would be adequate to handle flows at
correctly, the collection 


the present time.
 

Table H-2 shown in Afpendix II surrarizes the deficlenoles in the present 
It was compiled after analysis of the capacities and velocitiessystem. 


of the existing sewers and is based on information obtained through
 

discussion with A/GOSD staff.
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Major Pump Stations and Force Main Systems
 

Appendix G of this report evaiuates the existing pump station and force
 

main systems. The reader should refer to that appendix for a detailed
 

discussion of those systems as well as Special Repcrt No. 2 of the
 

Alexandria Wastewater Facilities Development Program, April 1977, for a
 

complete system inventory.
 

Central Zone. Four pump stations are located in the central zone:
 

Sporting, Isiry. Sinin Pasha, and Kalt Bey.
 

The Sporting station discharges either stormwater or combined stormwater
 

and wastewater to an overflow to the sea, 
or wastewater or combined flow
 

to a force main to the gravity interceptor system paralleling the
 

Eastern Harbor shoreline. The station has five pumps: two at 720 m3/hr
 
3/hr and 25 m nf 600
aqd 3S m of head, two at 900 m head, and one at 


m/hr and 20 m of head. The force main is 410mm in diameter and 760 m
 
long.
 

The basic purpose of the Bisiry pump station is to prevent local flooding
 

from the surcharged Ras El-Tin collector. It pumps to the collector
 

general Interceptor through a force main 210m IQng and 510 mm in
 
head.
diameter. The station's rated capacity is 600 m/hr at 15 m total 


The Sinin Pasha pump station also relieves local flooding in thn Mohamed
 

Ali Square area. The excess flow from local collectors is pumped to the
 

collector general interceptor through a force main 510mm n diameter
 

and 70 m long. The rated capacity of the station is 600 mi/hr at a
 

total head of 15 m.
 

!TieKait Bey pump station is a major facility that py/hs into the
 

existing outfall. It has a rated capacity of 3000 m /hr at a total head
 

of 5 m. There Is no force main; rather, the sewage is lifted to a
 

receiving chamber to pruvide sufficient head to discharge by gravity
 

through the outfall.
 

Western Zone. Western zone pump stations Include:
 

o No. I West
 

o No. 2 West
 

o No. 3 West
 

o New Furn El-Gueraya
 

o Old Furn Li-tueraya
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o Industries
 

o Gheit El-Enab Main
 

o Gheit El-Enab Auxiliary
 

o Mohsein Pasha
 

The No. 1 West station is not presently operating because the West
 

Treatment Plant is not yet completed. When it '- omes operational, the
 

No. I West pump station will lift sewage fror Iabbary collector to
 

the plant headworks. The station has a ratea .ity of 1440 m /hr at
 

a total head of 13 m. It discharges through a iurce main 1300 m long and
 

610 mm in diameter.
 

At present, the No. 2 West pump station pumps directly to the Western
 
Harbor. When the West Treatment Plant is completed, however, it will
 

pump directly to the No. 3 West pump station, which in turn, will pump
 

tj the plant. The rated capacity of the station is 576 m
3/hr or 436
 

m /hr at 15 m or 8.7 m of tota! head, respectively, depending on high

speed or low-speed, single-pump operation. The proposed force main to
 

the No. 3 West pump station is 1150 m long with a 356-mm diameter.
 

When the West Treatment Plant is completed, the No. 3 West pump station
 

will discharge to its headworks. At that time this station will also
 
receive wastewater from the No. 2 West pump station. Until completion
 

of the West Treatment Plant, the No. 3 West pump station will continue
 

to pump to a nearby agricultural drain that flows to Lake Maryout. The
 

station's rated cepacity is 1440 m
3/nr at a total head of 14 m. The
 

force main is 780 m long and 559 mm in diameter.
 

The new Furn El-Gueraya pump station is intended to replace the old Furn
 

El-Gueraya station. It will pump both wastewater and combined
 
wastewater and stormwater. The wet well at the station is compartmen
talized, one for dry weather flow and a second for wet weather flow.
 

the dry weather flow will be pumped to the West plant when it is
 

completed, while wet weather flow will be discharged to the Gabbary
 
The rated capacity of
collector for final discharge to Lake Maryout. 


this station is 720 m3/hr at a total head of 10 m. Special Report No. 2
 

for the Alexandria Wastewater Facilities Development Program indicates
 
that the new Furn EI-Gueraya station will not be able to pump wastewater
 

to the new waste treatment plant when it is complete because of improper
 

pump selection. According to this report, the estimated head required
 
to pump to the West plant at rated discharge is about three times the
 

rated pump head and exceeds the pump shutoff head. At the present time,
 

flow from the Gheit EI-Enab collector, which is tributary to the new
 
pump station, is diverted to the old Furn El-Gueraya station because the
 
West plant is not completed.
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The old Furn El-Gueraya pump station receives wastewater from a collec
or serving the Furn El-Gueraya tributary area and a portion of Ghelt
 

El-Enab tributary area. All sewage thus collected is pumped northward
 

underneath the Mahmoudlya Canal to the Mahmoudiya east collector where
 

it flows by gravity toward the Mohsein Pasha pump station. However,
 

most of the sewage returns to the south side of the canal through the
 

Mohsein Pasha bypass siphon located just south of the Mohseln Pasha pump
 

station. The sewage then flows by gravity past Gheit El-Enab main pump
 

station into an open drain that discharges Into Lake Maryout. The
 

station's rated capicity is unknown, but it contains two pumps with
 
capacities of 300 m /hr and 600 m /hr, respectively. Its force main Is
 

204 mm in diameter and about 150 m long. This pump station will be
 

abandoned when the new Furn El-Gueraya station is placed into operation.
 

The Industries pump station pumps mostly untreated industrial wastewater
 

to Lake Maryout at present through a temporary force main that is 700 m
 

long and 610 mm in diameter. It will pump wastewater to the West
 

Treatment Plant when it is completed through a force main 3500 m long;
 

approximately 1600 m of the force main is 610 mm in diameter, and 1900 m
 

of it is 914 mm in diameter. The pump station's rated capacity is 2160
 
m3/hr and 1440 m3/hr at high and low speeds, respectively, and the heads
 

are, respectively, 23 m and 10 m.
 

The Gheit El-Enab main pump station receives sewage from the eastern
 

part of Ghelt El-Enab and lifts it to an open pit adjacent to the sta

tion structure. The sewage then flows by gravity in an open drain
 
leading to Lake Maryout. When the lake is high, it overflows into a
 

sewer near the Industries pump station, which returns it to the station's
 
wet well. Two horizontal pumps then pump this reverse flow into the
 

open drain adjacent to the station. The pump station's rited capacity
 

is unknown, but the six pumps vary in capacity from 300 m /hr at 4 m of
 
total head to 900 m3/hr at 15 m of head.
 

The Ghelt El-Enab auxiliary pump station has two pumps, each with a
 

rated capacity of 600 m3/hr at about 10 m of total head and one pump
 
(900 m3/hr) at about 25 m of total head. This station serves the south

central portion of Ghelt El-Enab and is intended to pump wastewater
 
through 1200 m of force main 254 mm in diameter to the Ghelt El-Enab
 
main pump station. Due to problems with the force main, this station
 

has apparently never worked as designed. Instead, sewage is pumped to
 

the Furn El-Gueraya collector, which currently conveys it to the old
 

Furn El-Gueraya pump station.
 

The Mohseln Pasha pump station receives wastewater from a sewer in
 

Mohsein Pasha Street serving the Mahmoudiya east and west collectors and
 

local lateral sewers. Sewage is then pumped through either of two force
 

mains, each 610 mm in diameter, for about 370 m to the Salah El-Din
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collector, from which it is eventually conveyed by gravity to the Kait
 

Bey pump station for disposal in the sea. Flows in excess of the
 

station's capacity flow south through a siphon beneath the Mahmoudiya
 
Canal to an open channel that discharges into Lake Maryout. The pump
 
station has four pumps: two at 1200 m

3/hr at 15 m of head and two at 480
 

mJ/hr at 11 m of head.
 

Eastern Zone. The eastern zone has 19 pump stations: Numbers I East
 

through 11 East, Montazah, Mamoura, Hospitals, Sidi Bishr, Sarwat, Glym,
 

Sidi Gaber, and Smouha.
 

The No. 1 East pump station receives sewage from its own tributary area
 

and the Montazah, Mamoura, and Hospitals pump stations. Sewage is
 

pumped directly to the No. 5 East pump station through about 2000 m of
 

force main 406 mm in diameter before entering a force main 559 mm in
 

diameter, which also conveys sewage from the No. 3 East pump station. In
 

addition, No. I East pumps stormwater through about 70 m of force main
 

356 mm in diameter to a force main 508 mm in diameter that discharges to
 
The latter also conveys stormthe Mediterranean Sea at Mandara Beach. 


water from the No. 2 East pump station. Sewage from Mamoura can also be
 
in order to reduce the
diverted directly to the No. 2 East pump station 


peak demand oQ No. 1 East during the summer. The stetion's rated capa

city is 648 mJ/hr or 428 m /hr at 34 and 15 m of total head, respec

tively, with high-or low-speed, single-pump operation. The storriiater
 

pumps have rated capacities of 516 or 436 m3/hr at 15 and 8.7 m of head,
 

respectively, at high or low speeds, respectively.
 

The No. 2 East pump station receives sewage from its own tributary area
 

and pumps it directly to the No. 6 East pump station. Sewage is pumped
 

through about 1250 m of force main 356 mm in diameter before entering a
 

force main 508 mm in diameter, which can also convey :ewage from the No.
 

4 East pump station. In addition, No. 2 East pumps f'ormwater from its
 

own tributary area and through about 1250 m of force main 406 mm in
 

diameter before entering a force main 508 mm in diameter, which also
 

conveys stormwater from the No. 1 East pump station. Stormwater from
 

both :tatinns is discharged directly to the Mediterranean Sea at Mandara
 

Beach. The :tation's rated capacity is similar to No. 1 East.
 

station receives sewage from its tributary area and
 

pumps it dire,-tly to the No. 5 East pump station. Sewage is pumped
 

through about 100 m of force main 356 mm in diameter before entering a
 

force main 559 ,nm in diameter, which also conveys sewage from the No. 1
 

The No. 3 East pump station also pumps stormwater
 

The No. 3 Ea:t puiltp 


East pump station. 

from its own tributary area and the Nos. 5 and 4 East pump stations.
 

This stormwater is pumped through a force main 559 mm in diameter
 

directly to the Mediterranean Sea at Bir Masoud. The rated capacity of
 

the No. 3 East pump station is 540 m
3/hr at 17 m of head for the sewage
 

pumps and 1440 m 3/hr at 10 m of head for the stormwater pumps.
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The No. 4 East pump station pumps sewage from its own tributary area and
 
Sewage is pumped through about
directly to the No. 6 East pump station. 


50 m of force main 356 mm in diameter before entering a force main
 

508 mm in diameter, which also conveys sewage from the No. 2 East pump
 

The No. 4 East pump station also pumps stormwater from its own

station. 


Stormwater is
tributary area directlv to No. 3 East pump station. 

mm in diameter before
pumped through about 600 m of force main 36 


entering a force main 406 mm in diameter, which also conveys stormwater
 3/hr

from No. 5 East. The pump station's rated capacity is 540 or 410 m
 

a total head of 17 and 9.8 m and high- or low-speed, single-pump
at 

operation, respectively.
 

The No. 5 East pump station receives sewage from its own tributary area
 

and from the Nos. 1 and 3 East pump stations. Sewage is pumped through
 

a force main 559 mm in diameter and 2950 m long to the Abu Soliman
 

siphon, which passes under the Montazah Canal and discharges into the
 

Abu Soliman collector. The sewage then flows by gravity to the No. 11
 

The No. 5 East pump station also pumps stormwater
East pump station. 

from its own tributary area through a force main 305 and 406 mm in
 

diameter, and 970 m to the stormwater wet well at the No. 3 Elst pump
 

station. The station's capacity for sewage is 1440 or 1102 m /hr at 25
 

or 15.5 m of head, with high- or low-speed., single-pump operation. For
 
248 m /hr at heads of 20 and
pumping stormwater, the capacity is 360 or 


9 m, respectively, at high- or low-speed, single-pump operation.
 

The No. 6 East pump station receives sewage from the Nos. 2 and 4 East
 
a
 pump stations and its own tributary area. Sewage is pumped through 


force main 509 mm in diameter through the Abu Soliman siphon to the Abu
 

Soliman collector. The sewage then flows by gravity to the No. 11 East
 

The No. 6 East pump station also receives stormwater from
 pump station. 

area and pumps it through a force main 405 mm in diameter
its tributary 


Bishr. The pump station's
directly to the Mediterranean Sea at Sidi 


capacity for pumping sewage is the same as for the No. 5 East pumR sta
3 /hr at
tion. cor pumping stormwater, the rated capacity Is 540 or 410 m
 

20 or 9 m of head and at high- or low-speed, single-pump operation,
 

respectively.
 

The No. 7 East pump station receives sewage from its own tributary area
 

and pumps it directly to the Abu Soliman collector. Sewage Is pumped
 

through about 300 m of force main 356 mm in diameter before entering one
 

457 mm in diameter, which also conveys sewage from the No. 8 East pump
 

station. Once in the Abu Soliman collector, sewage flows by gravity to
 

the No. 11 East pump station. The No. 7 East pump station does not have
 

separate stormwater pumping capability. Its rated capacity is the same
 

as 
for the No. 4 East pump station.
 

The No. 8 East pump station receives sewage from its own tributary area
 

and pumps it directly to the Abu Soliman collector. Sewage is pumped
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through about 530 m of force main 406 mm in diameter before entering a
 

force main 451 mm in diameter, which also conveys sewage from the No. 7
 

East pump station. Once in the Abu Soliman collector, sewage flows by
 
gravity to the No. 11 East pump station. The No. 8 Last pump station
 

does not have separate stormwater pumping capability. Its rated capa

city is the same as for No. 4 East.
 

The No. 9 East pump station is intended to pump sewage from its own trib

utary area to the No. 10 East pump station, but it has never been
 

placed into operation. Flow tributary to this station is diverted
 

through the Hagar El-Nawatiya collector to the Smouha Drain. According
 

to Special Report No. 2 for the Alexandria Wastewater Facilities
 

Development Program, the difference in elevation between the influent
 

the No. 9 East pump station and the influent sewer
sewer invert at 

invert at the No. 10 East pump station would allow construction of a
 

gravity sewer with capacity equal to the rated pump discharge. The need
 

for the No. 9 East pump station is therefore not apparent. Its rated
 

capacity is 396 and 263 m3/hr at 3 and 10 m of head, at high- or low

speed, single-pump operation, respectively.
 

The No. 10 East pump station receives sewage from its own tributary area
 

and pumps it through a force main 508 mm in diameter directly to the wet
 

well of the No. 11 East pump station. It is also intended to receive
 

sewage from the No. 9 East pump station, which has not been placed into
 

The No. 10 East pump station was also intended to pump
operation. 

directly to the Hagar El-Nawatiya collector near the No. 9 East pump
 

station; however, the stormwater force main has not been completed and
 

the stormwater pump is not used. Therefore, any stormwater received at
 

this pump station is eventually discharged to the No. 11 East pump sta

tion. The rated capacity of the station for pumping sewage is 1296 and
 

871 m3/hr at 10 and 4.5 m of head at high- or low-speed, single-pump
 

operation, respectively. For stormwater pumping, the rated capacity is
 

the same as for the No. 6 East pump station.
 

The No. 11 East pump station receives sewage directly from the No. 10
 

East pump station and the Abu Soliman collector. The Abu Soliman
 

collector receives sewage from its own tributary area and the remainder
 
through the Nos. 5, 6, 7 and 8 East pump stations.
of the eastern zone 


Discharge from the Montazah, Mamoura, and Hospitals pump stations also
 
Sewage thus collected
eventually reaches the No. 11 East pump station. 


is pumped through about 4000 m of force main 1200 mm in diameter
 

directly to the headworks of the East Treatment Plant (when operating)
 
The rated capacity
or to the Smouha Drain when the olant is bypas ed. 


at high-speed, single-pump operation is 4320 m/hr at 28 m of head, and
 
3/hr at a head
at low-speed, single-pump operation the capacity is 2898 m
 

of 11.8 m.
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The Montazah pump station receives sewage from its own tributary area
 
and pumps it through about 450 m of force main 294 mm in diameter to a
 
sewer located inHorreya Avenue. Sewage then flows by gravity to the
 
No. 1 East pump station. The Montazah pump station also pumps storm
water from its own tributary area through about 550 m of force main
 
294 mm in diameter directly to the Mediterranean Sea near the western
 
wall surrounding the Montazah Palace grounds. For pumping sewage or
 
stormwater, the rated station capacity at high-speed, single-pump opera

tion is 288 m3/hr at 25 m of head. At low-speed, single-pump operation,
 
the capacity is 191 m3/hr at 11 m of head.
 

The Mamoura pump station pumps sewage from its own tributary area
 
through about 3500 m of force main 356 mm in diameter directly to the wet
 
well of the No. I East pump station. Originally, output from this pump
 
station was not included in the design criteria for the No. 1 East pump
 
station and, because of the influx of summer residents, its discharge
 
contributes to that station's capacity deficiency. A second force main
 
leading to the No. 2 East pump station provides the flexibility to pump
 
to either station. Rated capacity is432 m3/hr at a total head of 35 m.
 

The Hospitals pump station receives sewage from several hospitals and
 
conveys it through a force main 152 mm inoiameter to the No. 1 East
 
pump station. Its rated capacity is288 m3/hr at a total head of 15 m.
 

The Sidi Bishr pump station serves a small tributary area along the
 
Mediterranean Sea and pumps sewage through a force main 254 mm in
 
diameter to a gravity collector about 350 m west along the Corniche.
 
This station can also pump directly to the sea by using a second force
 
main 254 mm in diameter, which discharges about 220 m west of the sta
tion location. The rated capacity Is300 m3/hr at about 8 m of head.
 

The Sarwat pump station receives sewage from its tributary area, which
 
includes the Sidi Bishr pump station and lifts itto an adjacent manhole
 
located in the Corniche. The seavage then flows by gravity to the Glym
 
pump station. The station's rated capacity is similar to that of the
 
Sidi Bishr pump station.
 

The Glym pump station receives sewage from its own tributary area and
 
the Sarwat pump station (including Sidi Bishr), and pumps itthrough
 
either of two parallel force mains 457 mm in diameter to a gravity
 
collector about 170 m west along the Corniche. The sewage then flows by
 
gravity to Horreya Street past the old Sidi Gaber pump station and even
tually into the Smouha Drain. Ultimately, this sewage is pumped into
 
Lake Maryout. The station has four pumps: one rated at 480 m /hr at 15
 
m of head, two rated at 480 m3/hr at 10 m of head, and one rated at 540
 
m3/hr at 25 m of head.
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The new Sidi Gaber pump station will have two pumps that will be able to
 

pump up to 121,000 m3/day at idm of total head. This pump station will
 

be able to pump flows through either of two force mains 610 m in
 

diameter directly to the Mediterranean Sea. However, according to
 
Special Report No. 2 (April 1977), this pump station is unnecessary.
 

The flows that this station would be pumping could be a~commodated by
 

the Cromer collector, which has a capacity of 260,000 ms/day. This
 
principal contribucollector could accept the full capacity of its two 


tors (the Abu Qir and Sidi Gaber collectors) and the flow designated for
 

the Sidi Gaber pump station without becoming surcharged.
 

The Smouha pump station receives sewage and industrial waste from its
 

tributary area and pumps it through about 1050 m of force mains 660 mm
 

in diameter to the Horreya-New collector. Sewage then flows by gravity
 

to 	the existing Kait Bey pump station for disposal in the sea. Flow in
 

excess of station capacity continues by gravity to the Mohamed Ali
 
This sewage is ultimacollector, which conveys it to the Smouha Drain. 


tely discharged into Lake Maryout. The pump station has two pumps at
 
900 m3/hr and two at 1800 m3 /hr rated at a total head of 26 m.
 

Existing System Condition and Deficiencies. Many deficiencies are
 

common to most of the pump stations in the system. These include:
 

o 	Inadequate wet well volume
 

o 	Poor access to wet and dry wells
 

o 	Ponr wet and dry well ventilation and lighting
 

o 	Insufficient bottom slope in wet wells which allows
 

solids to collect, decompose, and produce explosive or
 

toxic gases
 

o 	Improper pump suction design
 

o 	Excess suction and discharge velocity
 

o 	Lack of standby power
 

o 	Lack of flowmeters
 

o 	Potential presence of explosive gases in the pump
 

rooms of stations that pump both stormwater and sewage
 

o 	Inefficient pump operation due to improper pump
 

selection
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o 	Lack of screening equipment in disrepair
 

o 	Presence of corrosive and toxic industrial wastes
 

that have caused or will cause severe deterioration
 
of equipment--particularly true at the Industries
 
pump station in the western zone
 

o 	Inoperability of the direct current power supply for
 

circuit breaker control
 

For a detailed discussion of specific pump station and force main defi

ciencies, the reader should refer to Appendix G.
 

Treatment System
 

two treat

ment plants: The East plant and the West plant. The East plant is
 
The existing Alexandria wastewater management system includes 


designed to provide secondary treatment while the West plant, which is
 
For a
still under construction, will provide primary treatment. 


complete description of these facilities and recommended improvements,
 

the reader is referred to Appendices E and F for the East and West
 

plants, respectively.
 

East Treatment Plant. The East plant receives flow from the No. 11 East
 

pump station. The plant is located near the Hydrodrome in the Smouha
 

area, and its discharge is to the Qala Drain leading to Lake Maryout.
 

The plant capacity at average flow is 45 MI/day and at peak flow is 70
 

Ml/day.
 

The East plant is designed to provide primary clarification and acti

vated sludge secondary treatment. The incoming wastewater is screened
 

by a manually cleared bar screen in the influent channel preceding flow
 

measurement by a Venturi flume. Next, grit is removed in sixaerated
 
the land around the plantsite. The
grit chambers and spread on 


wastewater then is pre-aerated in six pre-aeration tanks for removal of
 

scum and other floating debris by flotation and skimming. It then
 

receives primary clarification and activated sludge secondary treatment
 

prior to being discharged to the Qala Drain.
 

and scum and sludge
Scum from pre-aeratlon is disposed of in a landfill, 


from the primary clarifiers are air-dried and made available as a soil
 

Sludge from the primary clarifiers includes
amendment to area farmers. 

both primary and waste activated sludge.
 

West Treatment Plant. The West plant, located on the north shore of
 

Lake Maryout, Is designed to provide primary treatment to an average
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wastewater flow of 85 Mi/day. This plant is presently under construc
tion and has not yet operated. When completed it will provide pretreat
ment by grit removal, screening or comminuting, and pre-aeration; and
 
primary treatment by sedimentation. The incoming wastewater flow will
 
be 	measured by a Venturi meter and then comminuted. Alternatively, it
 

may be screened by manually cleaned bar screens. The flow will then be
 

degritted in aerated grit chambers and pre-aerated for scum removal.
 

The wastewater will then be treated by primary sedimentation prior to
 

the planned, temporary discharge to Lake Maryout. Scum and grease
 

removed in pre-aeration are to be disposed of by landfilling. Primary
 

scum and sludge will be air-dried on sand drying beds, and dried sludge
 

will be made available to local farmers as a soil amendment.
 

Existing Plant Conditions and Deficiencies. Major deficiencies exist at
 

the East plant that severely limit its capability to perform as
 

intended. These major shortcomings include:
 

o 	Lack of appropriate screening at the headworks
 

o 	Lack of adequate grit handling capabilities
 

o 	Inability to control sludge concentration from the
 
primary clarifiers
 

o 	Insufficient plant air supply
 

o 	Insufficient plant air piping
 

o 	Inappropriate sludge withdrawal mechanism in the secon
dary clarifiers
 

o 	Inadequate return and waste activated sludge pumping
 

and control capabilities
 

o 	No effluent disinfection
 

o 	Insufficient sludge drying bed and dried sludge
 
storage area
 

o 	Inappropriate or inoperable electrical and instrumen
tation and control systems
 

Even though the West plant has not yet operated, several major deficien

cies have been noted that will limit its intended function. These
 
include:
 

o 	Inadequate grit handling capabilities
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o 	Improper sludge hopper design inprimary sedimentation
 
basins
 

o 	Improper sludge transport capabilities to sludge
 
drying beds
 

o 	Insufficient sludge drying bed and dried sludge
 
storage area
 

o 	Inappropriate or inoperable electrical and instrumen
tation and control system
 

CURRENTLY PLANNED PROJECTS
 

Sewers, Pump Stations, and Force Mains
 

InAugust of 1977, Special Report No. 4 of the Alexandria Wastewater
 
Facilities Development Programs was published as a part of the 1978
 
Master Plan Study to identify top priority projects (TPP). These are
 
urgently required works for which design should be commenced immediately
 
and construction or implementation undertaken at the earliest possible
 
opportunity. Following isa list of the TPP that were identified in
 
Special Report No. 4:
 

o 	 Institutional and Operational Changes
 

- Implementation of the sewer use law
 

- Collection and disposal of wastes
 

- Sewer cleaning program
 

- Vehicle replacement
 

- Prohibition of building inDekheila
 

o 	 Repairs and Replacements inthe Existing System
 

- Contracted sewer cleaning and inspection
 

- Collector general relief sewer
 

- Western Harbor system
 

- Reconstruction of collapsed sewers
 

- Manhole cover replacement
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-	 Smouha stormwater drain 

- Drainage relief--Mohamed All Square
 

Sporting pump station and force main
 

Bisiry force main extension
 

- Hospitals pump station and force main 

- Rehabilitation of eastern zone pump stations 

0 	 New Service to Unsewered Areas
 

- Ras El-Soda system
 

- Siouf Keblia system
 

- Mex-Dekheila system
 

- Nouzha system
 

- Abu Qir system
 

The above projects are in various stages of development. None have been
 

completed, but most recommended construction/renovation projects have a
 

completed design report. The TPP end implementation of the original
 

Master Plan recommendations will correct most of the deficiencies in the
 
The 	remainder will be corrected by improvements
existing system. 


discussed inthis chapter and inAppendices G and H.
 

Treatment Plants
 

Besides completion of construction at both the East and West plants, the
 

only planned treatment plant improvements are the installation of new
 
are intended to supply
compressors at the East plant. These compressors 


air for both pretreatment and secondary treatment processes, and will
 

replace failed, smaller units. Completion of the compressor project is
 
anticipated to be mid-1981.
 

RECOMMENDED SHORT-TERM IMPROVEMENTS
 

Sewers
 

Of the deficiencies listed inAppendix H, Table H-2, only two will not
 

be remedied by the completion of the top priority projects or the 1978
 
Master Plan recommendations. 
 These 	concern the Ibrahimia and the
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Gabbary collectors. Only routine maintenance is required to correct
 

problems in these sewers; therefore, the only additional short-term
 
for the efficient use
needs are to emphasize those TPP that are critical 


of the existing collection system.
 

intense sewer 

Other
 

As suggested in Appendix H, an cleaning program must be
 

implemented. This is also a recommended top priority project. 


nonstructural top priority projects that should be emphasized are
 

of solid wastes, and implementation of a sewer
collection and disposal 

use law.
 

Implementation of these latter projects will help prevent extraneous and
 

incompatible wastes from entering the sewerage system where they pre

sently cause serious operational and structural problems.
 

Pump Stations and Force Mains
 

The immediate need for major pump station upgrading is not excessive,
 

but minor repairs and improvements in housekeeping techniques are needed
 

Pump stations appear to be in better condition than
in all stations. 

was reported following the 1977 inspection done as part of the
 

Alexandria Wastewater Facilities Development Program. However, safety
 

is still an item that needs to be emphasized.
 

The structural condition of most of the stations is fairly good and no
 

major work is required. The electrical systems of nearly all pump sta

tions are deficient in the area 
of fault current protection. Most of
 

the equipment is in fairly good ondition, but the failure of the
 

d.c. power supplies has rendereu the protective relay systems inopera

tive. Mechanically, a few stations require major changes to meet pre

sent needs. These include undersized stations along the coast where
 

the increase in summertime population and the resulting increases in
 

flow far exceed the flows produced by the resident population and win

tertime rainflow.
 

Recommended improvements to the existing force mains consist of
 

repairing leaks and collapsed pipes, and Installation of new alternate
 

lines and valving to render diversion capabilities operable. Appendix G
 

contains a complete listing of all recommended short-term pump station
 

and force main improvements.
 

Treatment Plants
 

East Plant. Recommended modifications to the East plant include rehabi

litation and installation of new equipment to improve
 

o Screening facilities
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o Flow measurment
 

o Grit removal and handling
 

o Pre-aeration system
 

o Primary clarifiers
 

o Aeration basins
 

o Secondary clarifiers
 

o Plant air supply system
 

o Sludge pumping facilities
 

o Electrical and instrumentation and control systems
 

Also additions to the sand drying beds and installation of disinfection
 
Appendix E contains a detailed description
facilities are recommended. 


of all recommended improvements. These are needed regardless of the
 

final wastewater disposal plan.
 

West Plant. Recommended improvements to the West plant are based on
 

providing primary treatment to an average flow of 85 Ml/day. which is
 
least 5 years if
the present intention. This would be the case for at 


land application is the selected wastewater disposal option. That
 

period of time would allow implementation of the land application
 

After that, the plant would become an industrial waste
system. 

If sea
pretreatment facility with the effluent being land applied. 


disposal is selected, then the plant would be expanded to accomodate
 

an average flow of 395 Ml/day from the western and central zones. Such
 
and are discussed In
improvements would be of a long-term nature 


Appendix J.
 

to ; verage flow of 85 M4/day, modifi-
For providing primary treatment 


cations are reconended to the following p1int systems:
 

o Flow measure-nent
 

o Grit removal and handling
 

o Comminuting and screening
 

o Pre-Apration
 

o Primpry clarifiers
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o Sludge transport
 

o Electrical systems and instrumentation and control
 

Further additions to the sand drying beds are recommended. Appendix F
 

contains a detailed description of the rdcommended improvements.
 

Costs of Recommended Short-Term Improvements.
 

for the recommended short-term improvements areEstlmatLd capital costs 

listed in Appendices E, F, G, and H.
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CHAPTER 4
 

SEA DISPOSAL ALTERNATIVE IB
 

INTRODUCTION
 

The 1978 Master Plan recommended sea disposal of sewage treatment plant
 

at Kait Bey and a 10-km outfall in the
effluent through a 10-km outfall 

vicinity of Sidi Bishr. The proposed sewered area was divided into
 

three zones:
 

o 	 The central zone with a treatment plant at Kait Bey
 

o 	 The western zone with an enlarged treatment plant at the
 

existing West plant site
 

The inner and outer eastern zone with treatment plant near the
0 

Ras El-Soda area
 

The treatment plants were to provide preliminary treatment before
 
to provide secondary treatdischarge. Additionally, the East plant was 


ment to flows from the Nouzha area prior to their discharge through the
 

Qala Drain system to Lake Maryout.
 

Following publication of the 1978 Master Plan, an environmental impact
 

recommended primary treatment and effluent disinfection prior
statement 
 to
 
to sea disposal. Accordingly, one of the purposes of this study was 


into 	the sea and to determine
reexamine a system to discharge effluent 

the possible impacts.
 

This review included an examination of the following changes to the data
 

and proposed alternative in the 1978 Master Plan.
 

o 	 Updated flows resulting from the planning study as discussed in
 

Chapter 2
 

0 	 Different locations for treating flows from the central and 

eastern zones flows as discussed in Appendix J 

0 	 Alterations in the wastewater conveyance system as
 

discussed in Appendix M
 

0 	 The addition of primary sedimentation, effluen4 disinfection,
 

and sludge management processes as discussed in Appendix J
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o 	 Adjustments t the preliminary designs of the sea outfall as
 
discussed in Appendix L
 

A complete system using sea disposal of primary effluent would consist
 
of the following components:
 

o 	 Wastewater collection as described in Appendix H
 

o 	 Wastewater conveyance as described in Appendix M
 

o 	 Wastewater treatment as described in Appendix J
 

o 	 Effluent and sludge disposal as described in Appendix L
 

The reexamination, cost review, and economic assessment of the sea
 
disposal alternative presented in this chapter considered the con
veyance, treatment, and disposal components as integral parts of one
 
total system. That is,costs and other factors were considered
 
together. Wastewater collecticn system costs and impacts are not con
sidered in this chapter as the collection system is common to all con
veyance, treatment, id disposal alternatives considered.
 

Principal components comprising the sea disposal alternative are
 
depicted on Figure 4-1. The central zone Flows would be conveyed to the
 
Central pump station where they would be pumped to the West plant.
 
Western zone flows would be collected and pumped to the existing plant
site and combined with the central zone flows. The inner and outer east
 
zone flows would be collected and pumped to the Ras El-Soda plant.
 

The West plant would be a primary treatment facility having an average
 
dry weather flow capacity of 395 Ml/d. It would be expanded from the
 
existing (under construction) 85 Ml/day primary plant. This facility
 
would be upgraded at the same time capacity is added. Upgrading should
 
include all recommendations for this facility presented in Appendix F,
 
West 	Plant Evaluation, except that no additional sludge drying beds
 
would be added. Sludge from the full 395 MI/d plant would be mechani
cally dewatered prior to composting.
 

Figure 4-2 is a preliminary layout of the proposed 395 Ml/day facility.
 
The effluent would be disinfected and pumped to the Central pump station
 
near 	the Eastern Harbor. From there it would be pumped through an out
fall 	8 km long, terminating 40 m below sea level in a diffuser 450 m
 
long. The West plant, its Influent conveyance facilities, and effluent
 
disposal facilities would be constructed in one stage. Construction in
 
two or more stages is not appropriate because the 1991 flows are
 
expected to be almost 86 percent of the design year 2000 flows. Staged
 
construction would not be cost-effective in this situation.
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The flows conveyed to the Ras El-Soda site would receive treatment at a
 

new prikry plant having an averak,2 dry weather flow capacity of 585
 
The


Ml/d. Figure 4-3 is a preliminary layout of the proposed facility. 


effluent would be disinfected. An onsite pump station would pump the
 

Bishr outfall. This outfall would be
effluent to and through the Sidi 

km long, and would terminate in a diffuser
2600 mm in diameter and 10 


400 m long located 55 m below sea level. Construction of the plant
 

would be staged by delaying construction of 25 percent of the primary
 
facilities and


sedimentation tanks, 12.5 percent of the chlorination 

Year 1991 flows are
20 percent of the employee housing until 1990. 


No year 1990

estimated at 75 percent of the design year 2000 flows. 


facilithe influent conveyance or effluent disposal
capacity staging of 

be cost-effective.
ties is recommended because such staging would not 


Processing of solids removed in the primary sedimentation step 
at the
 

West and Ras El-Soda plants would be by onsite vacuum filtration.
 
the West plant. The


Dewatered solids would be composted onsite at 

locO1 farmers for use


resulting stabilized solids would be available to 

the Ras El-Soda
Solids dewatered ac 
as a fertilizer/soil conditioner. 


site would be transported by truck 10-15 km to a composting site south
 

the Delta Highway to Cairo. Composted sludge would be
of the plant near 

farmeirs.
available for use by local 


The East plant and its influent conveyance system are common components
 

disposal and land application alternatives. In each

of both the sea 

case, the East plant would be upgraded to an average daily 45 Ml/d capa

city and would provide activated sludge secondary treatment. Necessary
 
A preliminary plant
plant modifications are described in Appendix E. 


layout is presented on Figure 4-4.
 

The East plant currently receives its influent from the No. 11 East pump
 
disposal alternative,
station, as shown in Figure 4-1. Under the sea 


these flows would ultimately be discharged to the Ras El-Soda plant once
 

The East plant would then serve the Nou. a area and

it is operational. 

would receive flows from the new Nouzha pump station (70 Ml/d firm
 

capacity).
 

The nitrified effluent from the upgraded East plant is expected to be of
 
BOD and suspended
high quality, containing approximately 20 and 30 mg/l 


This effluent would be initially discharged to
solids, respectively. 

the existing drain around the ltydrodrome. This drain discharges through
 

the Qala pump station to the Qala Drain, which in turn discharges to the
 

Once the plant's ability to produce a high
Lake Maryout main basin. 

quality effluent is demonstrated, effluent reuse by industry or agri

culture in the Hydrodrome vicinity should be encouraged.
 

Sludge produced at the East plant would be dewatered and dried onsite in
 

The dried sludge would be stored for approximately 1-1/2
drying beds. 
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years to allow for pathogen decay. Following onsite storage, the aged
 
sludge would be made available to local farmers for use as a much-needed
 
soil 	amendment.
 

The year 2000 capacity plant upgrade would be constructed in a single
 
stage. Single-stage construction is Justified by the need to provide
 
maximum service for flows from the No. 11 East pump station until the
 
Ras El-Soda plant and its associated sea outfall are in service.
 
Single-stage construction of the influent conveyance facilities is also
 
justified on the basis of cost-effectiveness.
 

FEASIBILITY
 

The types of wastewater conveyance, treatment, and disposal facilities
 
to be provided under the sea disposal alternative have long histories of
 
successful construction and operation. While many of the works would be
 
massive, the technological bases used in de!ign, construction, and
 
operation are well understood. Applying existing technology in
 
Alexandria would likely be challenging for several reasons in the
 
following order of descending difficulty:
 

1. Assurance of adequate industrial pretreatment to avoid unaccep
table environmental impacts on the sea and prevent operating
 
problems at the East plant
 

2. 	 Successful activated sludge process control and general opera
tion of the East Treatment Plant, even when assuming adequate
 
pretreatment of industrial discharges to the plant
 

3. 	 Construction of the outfalls at Kait Bey and Sidi Bishr
 

4. 	Operation and maintenance of sludge dewatering facilities at
 
the West and Ras EI-Soda treatment plants
 

5. 	Construction of the West Treatment Plant expansion and the Ras
 
El-Soda plant
 

6. 	 Operation and maintenance of the chlorine feed facilities serving
 
the West, Ras EI-Soda, and East plants
 

Construction, operation, and maintenance of system components not men
tioned above should be easily accommodated, based on the best
 
demonstrated construction, operation, and maintenalnce practices evi
dent in the Alexandria area.
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Industrial Pretreatment
 

Much of the sea disposal system's ultimate success in protecting the
 

public health and general environment depends upon its ability to pre

vent discharge of toxic substances into the environment where they can
 
food chain and create hazards. This


become concentrated in the aquatic 

in turn depends on adequate control and pretreatment of industrial
 

sewer system.
wastewater discharged into the 


It has been successfully
Industrial pretreatment is not overly complex. 


implemented by many industries (in the United States and Europe) in each
 

category of toxic substances discharge. The greatest challenge in
 

be acquisition of technology, but institutional
Alexandria will not 

controls to assure adherence to required pretreatment performance, both
 

Achievement of adequate pretreatment (or
as to schedule and degree. 

exclusion) of toxic substances will also require that attention be given
 

to financing the pretreatment facilities.
 

of toxic substances
Industrial pretreatment must not stop with control 

Systems must also be provided to prevent
discharged to the sewers. 


Included in this
discharges of incompatible wastes into the sewers. 


category are wastes having an excessively high or low pH and those con

taining gross solids, oil, grease, flammables, and excessively high
 

fiber and settleable solids concentrations. Such wastes must be
 

(1) stoppages in the collection and conveyance
pretreated to avoid 

system, causinq raw sewage overflows and bypasses, (2) destruction of
 

facilities by acid
collection, conveyance, treatment, and disposal 

adherence, and (3) overloading of
attack or closure through scaling or 


to the extent treatment is compromised and
treatment unit processes 

treatment unit bypass is made necessary.
 

East Plant Process Control
 

the East plant will largely 	depend on process
Successful treatment at 

The acticontrol and operation of the activated sludge unit process. 


at the East plant can best be described as
vated sludge process design 

be mandatory.
"high rate". Careful and expert process control will 


This can best be assured through employment of at least two process
 

control engineers, each meeting educational requirements and having
 

several years of succssful 	operational control at activated sludge
 
at the East plant. These process control
facilities similar to those 


engineers should have full authority over the activated sludge unit pro

cess operation.
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Outfall Construction
 

Constructing the sea outfalls will be a challenging undertaking, but
 
operating the outfalls should be relatively easy. Outfall placement is
 
expected to present some problems for even large experienced contrac
tors. The greatest concern centers on quality attainment and contrul in
 
outfall pipe manufacture. Stringent quality control procedures must be
 
enforced in pipe manufacture, outfall placement, and outfall protection.
 

Sludge Dewatering
 

Preliminary desig.; criteria, layouts, and cost estimates assume mechan
ical dewatering of raw primary sludge by coil media vacuum filters.
 
Should Alternative IBbe selected for implementation, sludge dewatering
 
by continuous belt press equipment should be considered as an alter
native to vacuum filter dewatering during preparation of the basis of
 
design reports on the West and Ras EI-Soda plants. At that time, pri
mary sludge from the East plant could be tested on pilot devices as
 
necessary for final selection between these equipment types and finali
zation of design criteria.
 

Operation and maintenance of mechanical sludge dewatering facilities
 
require skill and dedication on the part of the operation and main
tenance staffs. Operation would involve polymer mixing and feeding,
 
sludge pumping, sludge conveyance by belt conveyor, vacuum filter opera
tion, and operation of ancillary vacuum pumps, filtrate pumps and
 
numerous drives, and other mechanical devices. The sludge flow to dewa
tering would have to be maintained at least 16 hours a day. Failure to
 
keep sludge feed cuncentrations at or above four percent solids, prop
erly operate and maintain equipment, or properly mix and feed polymers
 
can disrupt sludge dewatering. Any prolonged disruption (a day or more)
 
would result inthe need to bypass treatment in the primary sedimen
tation tank, which would significantly reduce disinfection effec
tiveness. These concerns could best be addressed by retaining at least
 
two sludge dewatering supervisors with extensive vacuum filter
 
experience at each primary plant. These supervisors could then assist
 
intraining other staff members.
 

Treatment Plant Construction
 

Constructing the Ras El-Soda plant and expanding the West plant would
 
require modern construction techniques, sophisticated construction sched
uling, and skilled labor. Of these, acquisition of sufficient skilled
 
labor to install/construct the mechanical, electrical, and control
 
systems would likely present the greatest challenge. Such skilled labor
 
is currently inshort supply. However, tois shortage could be mitigated
 
through use of expatriate labor having the necessary skills.
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Chlorine Feed Facilities
 

Proper operation and maintenance of chlorine feed facilities would be
 
Use should be made of skilled
required to protect the public health. 


to

and experienced chlorine systems operations and maintenance personnel 


assure continuous and appropriate chlorine feed.
 

ENVIRONMENTAL IMPACTS
 

The sea disposal alternative provides for acceptable treatment with a
 

minimum amount of land dedicated to wastewater conveyance, treatment,
 

and disposal systems. Chlorinated primary effluent would be introduced
 

two discharge locations, 8 and 10 km
into the Mediterranean Sea at 

offshore from Alexandria.
 

Effluent disposal at these d4stances and at depths of 40 and 55 m should
 

ensure adequate dilution anJ dispersion of the wastewater with little or
 

people, provided the concerns previously discussed
 no direct impact on 

Summarized below are the anticipated environare adequately addressed. 


impacts associated with the conveyance, treatment, and disposal
mental 

is based on the environmenportions of this alternative. This summary 


tal impact sections presented in the appendices dealing with treatment
 
review (L), and conveyance
alternatives (J), sea disposal and outfall 


system alternatives (M).
 

Conveyance
 

zone
Construction within limited spaces is required to convey central 


flows to the West Treatment Plant and from the plant to the Kait Bey
 
The prooutfall. This will result in short-term major adverse impacts. 


posed force main route follows existing roadways through densely popu-

Approximately
lated neighborhoods between the West plant and Kait Bey. 


an area of high density commercial uses in
1 km of the route traverses 

the downtown shopping area. Near the existing Kait Bey pump station,
 

the roadway is narrow and congested. Thus, construction will further
 

aggravate existing transportation problems and severely disrupt activi

ties at nearby businesses. However, we do not anticipate the need to
 

demolish buildings.
 

Construction of the effluent force main between the Ras El-Soda plant
 

However, some relocation of
 and the shoreline will be less difficult. 

existing residences will be necessary along this route.
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Treatment
 

Large primary treatment plants would be constructed at the West and Ras
 
El-Soda sites. The existing East plant would remain in operation but
 
would discharge secondary effluent to the Qala Drain.
 

The long-term adverse environmental impacts associated with each of the
 

three sites include:
 

o Potential hazards associated with chlorine storage and
 

transport in densely populated areas
 

o Potential odor problems near the sites
 

In addition, construction on the Ras El-Soda site would preclude
 
existing alternative plans for multifamily housing.
 

Effluent Disposal
 

Effluent discharges to the Mediterranean Sea should not cause major adverse
 
environmental impacts. Effluent dilutions of 1000 to 1 within I km of
 
the outfall diffusers and on the order of 4500 to I at the Alexandria
 
beach areas should, in conjunction with effluent disinfection, ade
quately protect public health. Dissolved oxygen reductions near the
 
outfall diffusers should not exceed 10 percent of ambient levels off the
 
Alexandria coast.
 

An insignificant positive impact on fish production can be expected as a
 
result of wastewater nutrient discharges to the Mediterranean Sea.
 
These nutrient discharges are estimated, in the 1978 Master Plan, at
 
approximately 10 percent of the nutrient load discharged by Nile floods
 
prior to completion of the Aswan High Dam. The Nile floods discharged
 
large quantities of nutrients in short periods of time, enhancing algae
 
blooms and increasing fish production. Unfortunately, the much smaller
 
year-round discharges from the outfalls will be continuously diluted.
 
Increased algae production will be small and highly diluted. The low
 
algal concentration cannot be expected to significantly increase fish
 
production. While any impact on fish, however small, should be posi
tive, no wastewater impact, positive or negative, will be expected on
 
local shellfish production. This 's largely because no shellfish beds
 
are known to exist in the outfall area. Further quantification of
 
wastewater impacts on fish and shellfish will require additional field
 
investigation.
 

Some minor adverse impacts will be unavoidable. An area encompassing
 
approximately 33 km2 may be impacted by sediment deposition rates
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greater than ten times the normal background rate. Slight increases in
 

the density and dominance of a few benthic organisms may be noted in
 

this area. However, no noticeable change is expected in the local
 

fisheries off the Alexandria coast. The potential 
for localized algal
 
a negligible
blooms at the discharge sites exists, but these should have 


impact due to their remote offshore location.
 

CONSTRUCTIBILITY
 

Constructibility of some sea disposal system elements has been pre-


Other than outfall and treatment plant construction
viously discussed. 

at the West and Ras EI-Soda sites, no construction problems are antici

pated to require solutions beyond local (Egyptian) capability. The
 

following sections briefly review the constructibility of the major
 

system components.
 

Conveyance System
 

Pumping and pipeline elements comprising the sea disposal conveyance
 

system would be constructed with less difficulty than would elements of
 

Local are familiar
the treatment and outfall facilities. contractors 


with the local materials and construction techniques to be used.
 

the greatest problem encountered
Control of ground water will likely be 


in construction of pipelines, particularly deep gravity interceptors.
 
be important to permit pipe
Sophisticated ground water control will 


necessary to avoid structural damage to adjacent
layinq; it will also be 

structures.
 

in construction of pump stations
Materials and equipment supply problems 

These problems can be readily overcome,
and pipelines could exist. 


however, by prepurchasing large pipe, pump motors, dnd electrical gear
 
In many cases,
for subsequent installation by the various cintractors. 


tenders for materials and equipment contracts can be sought several
 

months in advance of design completion on a given system element.
 

Treat ent Plants
 

Lack of a large local skilled labor pool would likely inhibit timely
 

treatment plant construction. This can be mitigated by use of skilled
 
labor supply is inadequate.
expatriate labor where the local 


Sophisticated construction scheduling and management techniques would be
 

needed. These modern construction methods would be needed to complete
 

4.9 



construction in a reasonable amrount of time (3 years). Fach plantitte 
should, for instance, be provided wi"n its own concree itch plant. 

Concrete "gang forming" Lechniques shrould Ibe employed u I og reusble., 
lined panel forms. Concrete must 1w pournid imechdICdlly not ,Wid lly. 
All major treatment plant equiprent shuslI be prepurchaseid to avoid 
adverse Imrpacts on the construction sh.edue and to provide the rtulimul'i 
applicability and qualdity of eqUilp)went incorporated into the work. 

Outtal is 

The outtalls would pout' the greatest construction challenge associated 
with the sea disposal alternative. Very few contractors are experiinced 
in this type of construction. Simiolarly, the labor skills nceded are 
relatively unique and specialied. ronstruction haards are hiqgh.,r than 
those associated with onshore construction, and thus risks are also) 
greater. These challenqes wouI,1 he translated into higher costs, since 

the contractors Must add continqiency costs and higher profit narclins to 
cover the risks taken. 1hese additiOr,' costs are reflected in the 
estimated outfall costs.
 

Quality control is generally difficult, but achievable, In casting the
 
larqe 	diameter reinforced concrete outfall pipe and placing it in the 
sea. Inspection and testing of pipe before it is placed will be an
 
absolute necessity, as will be rejection of inferior pipe and Joints,
 

SC HEDULE
 

FIqure 4-5 presents the anticipated schedule for sea disposal system 

Implem'entation. This schedule was based on several assumptions:
 

o 	 The madnittJe of work as It can be defined currently 

o 	 Use of moulernr construction, construction scheduling, and 

construct ion miaqiment tW'.'rniuges 

o 	 Importation of expatriate labor to supplerwent local labor 

supplies where these are inadequat e by reason of numbers or 
skill level 

o 	 Time of (onstru( t in ivqjirvd fur %ilmiiar fa fliltes in the 
United States, adjIusteol topn rtvlwed individual elementi 	 prolfe(t 
construction tonditinni i ni AlnextdrIa at I the t ir of construc. 

t 1on 

The outfall constru(tion Is nn tie irItilal path of total %yst'r (Oon le

tion. This should hu kept Ip"mind i nqtIVriew of the' subsequent 
discussion on prin( ipal system e'le.',nt sf.hedules. 
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East Plant Upgrade
 

comn.n to both the sea disposal and land application
This project is 

specific facility 	additions and
alternatives. Appendix E reconmends 


modifications that need to be effected to render the plant functional
 

These add!tions and modifications should be
 in its intended service. 

due haste. Construction completion and successful
constructed with all 


operation will reduce pollutant loads to the receiving drains and Lake
 

Maryout, and the effluent disirffection will benefit puilic health.
 

Design of the East plant upgrade is shown to begin in June 1981, with
 

design completion in April 19R?. Major equipment (pumps, air blowers,
 

air diffusers, and some piping and electrical gear) would be pre
require between 18 and
purchased. Construction is anticipated to 


Full operation could
19 months, concluding by the end of March 1984. 

The plant would treat flows from
begin upon construction completion. 


the No. 11 East pump station until 'her the Nouzha area wastewater
 

conveyance system is operational or L e Ras El-Soda plant and Sidi Bishr
 

outfall are operable.
 

Conveyance System
 

The conveyance system design is shown to begin in July 1981 and be
 

complete by the end of February 1983, allowing 19 or 20 months for
 

design. Major equipment, to in-lude pumps, motors, elortrical
 

switchgear and large diameter pipe, should be prepurchased as indicated.
 
1983 and conclude in February
Construction is shown to begin in Aprt41 


to 35 'onths. Construction
1986, for a total 	construction time o' 34 

earlier date with ea, ler than scheduled completion of
could begin at an 


design on one or more conveyance project elements. Construction comple

those conveyance system elements delivering wastewaters to the
tion of 

delayed. The rationale behind
Ras El-Soda and East plants could also be 


later completion would be the late, June 1988, startup date on the Ras
 

EI-Soda plant and Sidi Bis: outfall. Until that plant and outfall are
 

to the East plant 	could continue to be
operational, wastewater influent 

from the existing No. 11 East pump station.
 

Any modification of the conveyance system construction schedule from
 

that shown on Figure 4-5 should be preceded by a study of benefits to be
 

derived by early completion of system components discharging to the Ras
 
some Ras EI-Soda area
EI-Soda and East plants. Tenporary discharge of 


drains near the plantsite
flows to the West collector or other local 


would be an improvement over the uncontrolled local discharges and
 

overflows that would otherwisc occur.
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West Plant Expansion and Upgrade
 

Early construction of the West plant upgrade and expansion would provide
 
some benefits by alleviating local sewage overflow and by eliminating
 
dry weather discharges to the beach areas in the central and western
 
zones. Once the West plant and its associated conveyance facilities are
 
operational, chlorinated effluent discharge could be into Lake Maryout
 
until the Knit Bey outfall is completed. Plant effluent could also be
 
pumped to the existing Kait iey outfall during the winter as a means of
 
reducing organic loading to Lake Maryout.
 

The schedule shown on Figure 4-5 indicates design of needed West plant
 
work commencliig in July 1981, with design completion anticipated 19
 
months later in February 1983. Major equipment and critical long
delivery-time materials would be prepurchased during design for sub
sequent installation by the contractor(s). Construction is shown to
 
require 36 months. This is ipproximately 150 percent as much time as
 
would be required to construct the facilities in the United States.
 
Plant startup and staff training would begin in February 1986 and be
 
concluded in June of that year. Full plant operation would begin in
 
April 1986.
 

Ras EI-Soda Plant
 

The Ras EI-Soda plant first-stage construction is scheduled to be
 
completed at the time the Sidi Bishr outfall is completed. This allows
 
considerable undesignated time in the Ras EI-Soda schedule. Design and
 
construction could be moved forward in time by 2 years should interim
 
discharge of chlorinated plant effluent to the Weqf collector or other
 
local drain system be deemed appropriate. Any substantial discharges to
 
the Weqf or other local drain would, however, likely require expansion
 
of the drain and effluent pumping capacities.
 

One substantial benefit in delaying the Ras EI-Soda plant design and
 
construction, as presented on Figure 4-5, would to spread out the total
 
resource commitments for the West plant and Ras EI-Soda plant design and
 
construction. Design of the Ras EI-Soda plant would follow that of the
 
West plant, reducing the number of staff needed at any time. This
 
should provide opportunities for design economy. Peak construction
 
materials and labor needs un the Ras El.Soda plant would not occur until
 
after the West plant labor and materials input reached a low level or
 
ceased altogether. As a result, less expatriate labor would need to be
 
employed during constructio., and less stress would be placed on local
 
materials supply.
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The Ras El-Soda plant design would, by recommended schedule, begin in
 

July 1983 and be completed 19 months later inFebruary 1985. As with
 

the West plant expansion and upgrade major equipment and critical
 

materials would be prepurchased dur'ig design. First-stage construction
 

take 36 months. While this facility is larger than
time is expected to 

area
the West plant project, the plant will be totally new and a large 


is available for construction staging. These considerations should make
 

the 3-year, first-stage Ras El-Soda plant construction schedule
 

Plant startup and staff training would begin in February 1988
feasible. 

and conclude inJune 1988. Plant operation would be expected to begin
 

the plant and the Sidi Bishr outfall
in June 1988, after construction on 


is completed.
 

Opportunities exist for staged construction at the Ras El-Soda plant.
 

The second and final stage of construction would need to be in place at
 

the end of 1990 to avoid exceeding the design capacity of the primary
 
The design,
sedimentation tank under projected 1991 design flows. 


for this
equipment prepurchase, construction and startup schedules 


second-stage project are depicted on Figure 4-5. Design Is shown to
 

This design effort will be relatively minor,
require only 7 months. 

consisting of updating the original design for equipment, materials and
 

construction detail changes, and preparation of prepurchase and
 

construction tender documents.
 

an adequate amount of
Construction is shown to require only 18 months, 


time given the construction involved.
 

Outfalls
 

Appendix L presents a detailed discussion of studies that need to be
 

design. Also described are the outfall
undertaken prior to outfall 

a basis of this reoort. The schedule
conttruction methods assumed as 


Figure 4-5 for outfall studies, design, and construction
shown on 

reflects the study needs and construction methods outlined in
 

Appendix L.
 

schedule shows design beginning in January 1982,
The recommended outfall 

only 6 n,onths after the needed additional studies are started, and
 

ending In May 1983, only 6 months after these additional studies are
 

"ta.t track" approach is necessary because the outfalls
complete. This 

sea
the critical path of the implementation schedule for the 


system.
 
are on 


5 years,
Outfall construction aid testing is estimated at almost 


beginning inJuly 1983 with completion in une 1988. Both outfalls
 

would be constructed simultaneously. One pipe casting plant would be
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established inAlexandria to service the two outfall projects. Actual
 
outfall construction inthe sea isexpected to be practical only two
 
shifts per day, for as few as 150 days per year due to visibility and
 
wave conditions. For estimating purposes, construction during two
 
shifts per day over 240 days per year was assumed. This constraint,
 
together with the long outfall lengths involved, makes the 4-year,
 
11-month construction schedule necessary.
 

Since the Kait Bey outfall is shorter, its construction will likely be
 
completed first. Upon completion, the West plant discharge could be
 
directed through this outfall to the sea.
 

CAPITAL COST
 

The estimated capital costs to fully implement the sea disposal alter
native are summarized inTable 4-1. Detailed capital costs for the
 
inaividual components comprising the tc'al system are presented in the
 
following appendices:
 

o Conveyance facilities, Appendix L
 

o Treatment facilities, Apppendices E, F, and J
 

o Outfalls, Appendix L
 

The costs inTable 4-1 are presented in local (LE), foreign exchange ($) 
and total (LE + 0.7 x $) Egyptian pound categories. All costs are at 
end-of-1980 values. 

Salvage values for all sea disposal system components at the end of year
 
2000 are presented inTable 4-1 as negativ2 numbers. The salvage values
 
are presented for the purpose of present worth calculations presented
 
later inthis chapter. Salvage values indicted are based on straight
line depreciation from full value (inend of 1980 LE) to zero value when
 
the end of useful service life is reached. Expected service lives for
 
the various system components are listee in Table 4-2.
 

OPERATION AND MAINTEJANCE COSTS
 

Estimated annual operation costs, (end-of-1980 LE values) are detailed
 
for conveyance facilities inAppendix M, treatment facilities in
 
Appendix J, and outfalls inAppendix L. Costs are presented at 1980,
 
1990, and year 2000 flow rates ineach of these appendices. Operation
 
and maintenance (O&M) costs estimated for each principal system com
poner. during the time period from the initial part-year of operation
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through 1989 are obtained by interpolation between 1980 and 1990.
 

Likewise, annual costs for the years 1991 through 1999 are estimated by
 
The sum of the individual system
interpolation between 1990 and 2000. 


Also 	indicomponent O&M costs are presented inTables 4-3 through 4-9. 


cated in these tables are the quantities of consumables estimated to be
 

used as related to the estimated O&M cost by category.
 

Annual O&M costs in Tables 4-3 through 4-9 are presented for years:
 

1984/85--the 2 years when only the East plant is operating,
 

receiving plant capacity flows from the No. 11 East pump sta

tion (Table 4-3)
 

1986--the first partial year of conveyance facilities and West
 

0 

0 

plant operation (Table 4-4)
 

0 	 1978--the first full year of conveyance facilities and West
 

plant operation (Table 4-5)
 

o 	 1988--the first partial year of Ras EI-Soda riant and outfall
 

operation (Table 4-6)
 

o 	 1989--the first full year of Ras El-Soda plant and outfall
 

operation (Table 4-7)
 

1990--the first year of 11 successive years through year 2000
 o 

O&M costs are expected to increase in a
in which annual 


straight-line fashion (Table 4-8)
 

0 2000--the last year of the pvesent worth analysis (Table 4-9)
 

for the full sea disposal system in years
Estimated annual O&M costs 

1991 through 1999 can be obtained by straight-line interpolation between
 

the values shown in Tables 4-d and 4-9.
 

TECHNICAL ASSESSMENT
 

This section addresses the sea disposal alternative as it pertains to
 

the following parameters:
 

o 	 Operability
 

o 	 Maintainability
 

o 	 Reliability
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o 	 Flexibility
 

o 	 Expandability
 

o 	 Potential for upgrading treatment
 

o 	 Energy consumption
 

Evaluation of the sea disposal system by each parameter assumes complete
 
system operation (conveyance, treatment, and disposal).
 

Operability
 

System operation should be relatively simple, with the following few
 
exceptions:
 

0 	 The East plant activated sludge operation would be relatively 
difficult and would require special attention and process 
control staffing. 

o 	 Mechanical sludge dewatering at the West and Ras El-Soda
 
plants would also require special operational attention and
 
staffing with experienced key operators.
 

o 	 Chlorine feed facilities at all three plants would require
 
some experienced key staffing.
 

The rationale behind these special operational considerations has been
 
previously discussed.
 

Operability of all other system components, other than the outfalls, has
 
been either directly or indirectly demonstrated inAlexandria. Outfall
 
operation would be simple, requiring little operational attention.
 

Maintainability
 

The most difficult aspect of system maintainability will likely be 4n
 
relation to the conveyance facilities after maintenance staffs for the
 
plants and conveyance facilities have been trained.
 

A/GOSD personnel have become well acquainted with the difficulty of
 
maintaining collection and conveyance systems. Future maintenance will
 
be made less difficult if implementation and enforcement of the
 
appropriate industrial waste pretreatment requirements and ordinances iN
 
accomplished. This, together with exclusion of incompatible wastes anL
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improved facilities design, will result in fewer problems with pump and
 

pipe stoppages, equipment and materials degradation, and pipeline
 
breaks.
 

Proper maintenance of pumo stations and treatment plants will largely 

depend upon the acquisition and training of key staff. This will be
 

most critical in the area of electrical and control specialists.
 
spare part stocks will be necessary to complement the abilityAdequate 

of qualified maintenance staffs in keeping all mechanical, electrical,
 

and control systems online.
 

and periodic outfall maintenance would
Annual inspections of the outfall 

These inspection and mainbe subcontracted to marine specialists. 


tenance requirements are detailed in Appendix L.
 

Reliability
 

Physical reliability of the sea disposal alternative would be expected
 

to be quite good, provided conditions and concerns presented under the
 

previo,,s sections concerning operability and maintainability are satis

factorily addressed.
 

Failure of individual items of imahinery at large treatment plants is
 

quite p:obahle. For this reason, .he anticipated design incorporates
 

redundant units for all critical elements and a dual power supply
 

system. Specific design criteria related to reliability dre discussed
 

in detail inAppendix J. The sea portion of the two outfalls does
 

represent one area where redundant facilities are simply not feasible.
 

Here reliance must be, placued on the best available design and construc

tion practices rather thain on providing redundancy. Well designed and
 
trouble-free
constructed oitfalls hise proven to be renarkably 

true for Alexandria.
throughout th- world and this should also be 

due to natienal
Conceivably, a major undersea break could occur 


saboage. In such a case,
catastrophe, major maritime accident, or 


IT expected to possess the capability to effect repairs
A/GOSD coulA not 

usinq their own forces and equipment. Rather, a contractor experienced
 

This would result in unain outfall construm.tion wo)uld be required. 

voidable delay drini which the only possible action on the part of
 

A/GOS) would be to increase operating viol'lance and provide increased
 
type and localevels of disinfritlon. lepending on lime time of year, 


tion of failure, and other conditions, these actions nay very well be
 
beach contamination.
sufficient to avoid potential 

The certainty of meeting pollution coJntrol and public health obje'tives 
in excluding or pretreating orcould be compromised by lack of uccvi 

If toxic wastes continue to be discharged to
incompatible toxic wates. 
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the sewers, the toxic substances would become concentrated In aquatic
 

sea lif,, and returned to Alexandrian and other Egyptian residents
 

through the food chain. Primary treatment does little to remove toxic
 

materials, and chlorine disinfection can actually enhance toxicity.
 

Successful operation of the East plant will be u~pendent upon elimina

tion of most toxic discharges to its influent flow. Failure to ade

remove these wastes could render the activated
quately pretreat or 

ischarged.
sludge facilities inoperable and primary effluent would be 


rlexibty
 

Flexibility in operation of the sea disposal system would be minimal.
 

The one exception is the flexibility to use the outfalls for discharge
 
as primary effluent. The outfalls would
of stormwater overflows as well 


excess capacity during early years of operation to
have significant 

On the negitive side, the outfalls represent a
enable this practice. 


flexibility in regard to altersignificant investment and will have no 

Investnative points of discharge or effluent reuse without a loss of 


ment.
 

Any subsequent
Inflexibility is a characteristic of primary treatment. 

in the land applicadecision to productively reuse the wastewater, as 


tion alternative, could include continued primary plant operation and
 
a land application site.
the consequent elimination of pond treatment at 


Such a decision would, however, be burdened by considerable additional
 
and O&M
costs. The anaerobic pond system would have much lower capital 


costs than would the mechanical primary treatment facilities with their
 

associated sludge management systetnS.
 

Secondary treitrrnt facilities at the East plant will provide for some
 

operational flexibility. Proximity of the discharge to potential
 
should provide for flexibility
industrial and agricultural water users 


a high quality
in future effluent Use once the ability to obtain 


eftluent hd, been denonstrated.
 

[xpandabilJtY
 

The wastewater itI1eirtce tystmqm conponent% (Appendlx M) are (onfigured 

to accurtidat' flow, through year 2030. Capacity to convey flows 

greater than ihose proj'cted through year ?0(0 would only require addi
tional pu'-ps and aisc(iate1 rw.'hanlcal and electrical work at pumping 

and Sollk' parallel pipelines wherr two-%tat9e Lormtruction forstations 
required flows was determlnel: (nst-effective. Ihe year 40(30 i'rvlcv
 

iN!at or very near thp saturation level.
area population Is rp,,cte,' to 
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--re given a very high expandabilityTherefore, the conveyance facilities 

rating.
 

The three treatment plants would be designed to handle year 2000 flows.
 

Expansion of the plants to acconvoodate flows at service area saturation
 

would be possible given the following conditions:
 

Plants are expanded by like or less land consumptive proo 

cessps.
 

No effluent upgrade, other than that provided by "enhanced
 
to the wastewater
 

0 

primary treatment" (e.g., adding chemicals 


before the primary %edimentation process), is included in the
 

expansions.
 

0 Tne entire 41 ha is acquired for the Ras El-Sodi plant site
 

o Sludge compost operations at the West plant are moved'offsite.
 

'.iot
0 Mechanical sludge dewatering of a portior of the East 


sludge is provided onsite, with the dewatered sludE , :ii
 
the offslte compost facilities.
composted at one of 


The outfalls should be designed to accouniodate year 2030 peak flows.
 

Potential fur Unoradinq Treatment
 

Sea discharge could conceivably require secondary treatment or "enhanced 

primary treatment" in the future. Interim permissiot. to discharge 
of the United Stateswastewaters to the Pacific (cean off the west coast 


is b'lnq granted (in the condition that enhanced primary treatment be
 

afforded. Thi% generally involves chemical (polymer, lime, alum or 

ferric (rilorid.e) addition ahead of primary sedimentation. The chemi
convencally coagulated and flocculated wastewater Is then settled 4n 


tional primary sedimentation tanks. lhe chemical addition results In
 
BOO
significantly incre sed toxIL rrmovals and Some decreise in effluent 


and suspended so1 concentrations. Sludge production Is increased by
 

che oldition and increased solids removal efficiency.
virtue of the :al 

practice is to permit ocean discharge only after
Current United %taces 

enhanced primary tratment in locations where it is presently believed 

no significant environmental problems will result. Otherwise, secondary 

treatment will be required In the future. 

El-Soda facilities to enhanced primary
Conversion of the West and Ra 

plants could be accommodated on the proposed sites. Expansion of
 

4.19
 



enhanced primary treatment facilities to serve saturated service area
 

flows would be possible if the constraints previously mentioned are
 

appropriately addressed.
 

Both the West and Ras LI-Soda plants could also be upgraded to provide
 

biological tower secondary treatment to year 2000 flows as indicated in
 
Appendix J. Offslte composting of West plant sludge would be required.
 
The entire 41-ha Ras El-Soda site would be occupied by treatment and
 

ancillary works and would not accovinodate secondary treatment of
 
lhe West plant site could be expanded
saturated service area flows. 


into Lake Maryout to accornuodate secondary treatment of these maximum
 
future flows.
 

Energy Consumtion
 

Estimdted annual consumption of electricity (kWh) and liquid fuel
 

(litres) is presented in Tables 4-3 through 4-9. Total estimted annual
 
enerqy consumption in each of the yeart 1984 through 2000 is displayed
 

In millions of kilocalorles (kcal x 10 ) in Table 4-10. Energy consump

tion Is shown in three categories: (I) fuel, (2) electrical power
 
directly used, and (3) electrical powr indirectly used in production of
 

chlorine for disinfection. Power fir chlorine manufacture is included
 

in Table 4-10 jirce It would constitute a significant portion of the
 
ener(ly @oonitmrt iide to system operation. 

The conrvrs io of electrical consumption (kWh) to kcal x 10 ),.sumes the 
power will be produced by ocnerators fired by fossil fuels operating at 
an efficiency of 2? percent electrical tnerqy produced from the fuel 
enerqy cons,-ruw(. Noi% assutiwes Alexaidrla', wastewater conveyance trr-at

merit, and disposal projects will re(uire new fossil-fueled power Tjvt i'
tors !ecause L.Jyt's low cost hydrol o,.e Is, or will soon be, coinitted 
to iv'et other necessary or pr duttie demands. 

P[SINT WOkTII /,. YSV 

The sintll, r.', Iiportant (onsidirat lon in evaluatIni wv proposed 

wasttewater wuijr,,ent %ystefi Is,,,nerally the systei'i upact on finan
cial resource%. Th ' pre'n! wu th technique Is srefuI in this evaluation 
and is used tuqre. 

it. ,rfe-'nt 
pOund5 , "y jrilk ',JISYst t'l C('po.,iI. reparate prtesent worth amounts 
art, [rr;,.ntrd for oSt Irnfit,,i , nd if aul 

fable 4-1i d elnll-rd-uf-1J) worth (rists, in enid-i-19)0 

Int-l operat Pmintenance (OI) 
(.0't % t') h' t".penidr1d Ihtit ywvr, UOM. A 0'-pr'rent discoujnt rate was 
useJ. ih1, pr,.snt wi h (,! eich principal -rponent's year ?0 salvage 
value 1%%hown as 7 ttejatlve rurer In Table 4-11. 
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All prices used In calculating OM present worth amounts are end-of-1980
 
01 costs and their present worths amounts
Egyptian market prices. 


would likely be higher if price controls and subsidies did not impact 

the labor, energy, and consumables markets. 
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--- 

System Coponent 


Last Plant Upgrade 


Conveyance System 


West Plant .panslon
 

& upgrade 

Ras EISoda Plant, 

lst Stage 

Ras [I-Soda Plant, 

2nd Stage 

Outtalls 

Total 


Midpoint 


of Capital

Expendituret 


1/26/83 


1/l/84 


7/31/84 


7/31/86 


3/14/90 


10/1/5 


aformidpoint of capital a.pendltures
a 

Table 4-1 

SUP4ARY OF ESTIMATED CAPITAL OSTS 

SEA DISPOSAL ALTERNATIVE IB 

(costs in and-of-1980 prices) 

foreln Total End of Year 

Local Exchange Capltcl 2000 Selvage 

Cost 
(106 Li) 

fr t Cost 
(106 LE) 

value 
(106 LEI 

6.7 16,1 9.6c 

95.5 ..4 162.3 103.2 

21.5 49.8 62.4d *
4
d 

35.4 60.0 77o4 39.1 

4.4 9.3 1009 7.5 

100.9 45.0 140.4 105.2 

278.4 212.9 469.5 2980. 

e fea lure 4-5 

bincludes local costs LIE)plus torolgn e.chenlj costs a? $1.00 US * LE 0.7 

Clnclkdes a salvage value of Lt 8 mlIllon to 0(count for the smIvage vfle 

rc. new constructionof *litlng constructlon and LI 1.6 million tj account 


envisioned under Alternative ID.
 

dIncludes land cost at Lt 600,000. 
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Table 4-2 
SERVICE LIFE PARAI4ETLRS
 

SEA DISPOSAL ALTERNATIVE IS
 

Type of Component Service Life
 

Permanent
Land 


westewater Lo.nveyance and outtell structures 50 years
 

(including outfell pipes, Interceptors,
 

force meins, end t.nnc's)
 

Other structures 40 years
 

(includinq plant buildings. concrete process
 

tenkige, basIns, lift statlin structures)
 

Process equipment 15 yeaws
 

(Including maJor process equipment such as
 

sedlmenterln tank mechanisms, vacuum filters;
 

steel proest tenks and chemical storage
 
facilities) 

Auxiliary equipment i5 yaors 
(including Instruments and control facilities; 

sevage pumps, end electrical mutorsl mechanical 

equipment such as compressors, sorat ion system. 

and chlorinatorsi power generating facilities) 
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Table 4-3 

SUMMARYOF ESTIMATED 1984 AND 1905 ANNUAL &M4COSTS 

SEA DISPOSAL ALTERNATIVE 18 

(103 LE, end-of-1980 prices) 

Labor Power fuel Chemicals Materials Total 

System 
Component 

1000 
Mandays Cost t0 kWh Cost 

1000 
Litres Cost Tonnes Cost Cost Cost 

East Plant Upgradq 11.12 72 29 256 12 I 93 35 506 870 

Conveyance System 0 0 0 0 0 0 0 0 0 0 

West Plant 0 0 0 0 0 0 0 0 0 0 

Rs El-Soda Plant 0 0 0 0 0 0 0 0 0 0 

Outfalls 0 0 0 0 0 0 0 0 0 

Total 11.12 72 29 256 12 I 9) 35 $06 10 

Table 4-4 

SUMMARY OF ESTIMATED 1986 AN0NUALOM EOSTS 
SEA DISPOSAL ALTERNATIVE 18 
(10 3 

LE, end-of-19CO prices) 

Labor Poer fuel Chemicals MaterIals Total 

System 

Component 

tO0 

Mandays Cost 106 kWh Cost 
1000 

itre, Cst Tonnes Cost Cost Cost 

East Plant Upgrade 11.12 72 29 256 12 I 93 35 506 870 

Conveyance System 11.08 72 15 134 0 0 0 0 204 410 

West Plant 22.05 143 9 0 146 5 1,21 1,153 I11 1,569 

wa I-.d4 Plant 0 0 0 0 0 0 0 0 0 0 

outals 0 0 0 0 0 0 0 0 0 0 

Total 44.25 2e? 53 410 160 6 1.34 1,11 6 2,049 
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Table 4-5 
SUMMARYOF ESTIMATED 1987 ANNUAL O&MCOSTS
 

SEA DISPOSL ALTERNATIVE 18
 
(103 LE. end-of-1980 prices) 

Labor Power Fuel Chemicals Materials Total
 

System 1000 6 I000 
Cost CostCompcnoni Mandays Cost 10 kWh Cost Lltres Cost Tonnes Cost 

I 93 35 506 870
East Plant Upgrade 11.12 72 29 256 12 


0 291 621
Conveyance System 15.83 103 22 227 0 0 0 


13 116 223 8 1,959 1,834 273 2,436West Plant 31.94 207 


0
Ras El-Soda Plant 0 0 0 0 0 0 0 0 0 


0 0 0 0 0 0 0 0Outtalls 0 0 


382 64 599 235 9 2,052 1,869 1,070 3,929Total 56.89 


Table 4-6
 
SUMVRY OF E.IIMATED 1988 ANNUAL 04 COSTS
 

SEA DISPOSAL ALTERNATIVE IB
 

(103 LE, end-of-1980 prices) 

Labor Power Fuel Chemicals Materials Total 

System 1000 6 1000 
Cowponent Mandays Cost 10 kWh Cost LItres Cost Tonnes Cost Cost Cost 

East Plant Upgrade 11.12 72 29 256 12 I 93 35 506 870 

Conveyance System 41.30 268 34 357 0 0 0 0 514 1,139 

West Plant 32.38 210 13 119 227 8 1,997 1,870 277 2,464 

Ras EI-Soda Plant 20.56 134 7 64 319 11 1,252 1,134 192 1,535 

0 0 0 79 88
Outfalls 0.09 9 0 0 0 


Total 105.45 693 63 796 558 20 3,342 3,039 I,58 6,116
 

4-26 



Table 4-7
 

SUMMARY 1989 ANNUAL OLMCOSTS
OF ESTIMATED 
SEA DISPOSAL ALTERNATIVE lB 
(10 3 

LE. end-of-1980 prices) 

Labor Power Fuel Chemicals Materials Total 

System 
Component 

1000 
Mondays Cost 106 kWh Cnst 

1000 
Litres Cost Tonnos Cost Cost Cost 

East Plant Upgrade 11.12 72 29 256 12 I 93 35 506 870 

Conveymnce System 63.00 410 45 530 0 0 0 0 704 1,644 

West Plant 33.82 220 14 122 232 8 2,036 1,906 281 2,537 

Ras El-Soda Plant 40.13 261 14 124 627 22 2,458 2,227 269 2,903 

OuttalIs 0.16 16 0 0 0 0 0 0 146 162 

Total 148.23 979 102 1,032 871 31 4,587 4,168 1,906 8,116 

Table 4-8 

SUM4ARY OF ESTIMATED 1990 ANNUAL OV COSTS 

SEA DISPOSAL ALTERNATIVE 18 

(103 LE, end-of-1980 prices) 

Labor Power Fuel Chemicals Materials Total 

System 

Component 

1000 

Mandays Cost 

6 

10 kWh Cost 

1000 

Litres Cost Tonnes Cost Cost Cost 

East Plant Upgrade 11.12 72 29 256 12 1 93 35 506 870 

Conveyance System 63.00 410 47 549 0 0 0 0 704 1,663 

West Plant 33.26 217 14 125 236 5 2,074 1,942 285 2,577 

Ras EI-Soda Plant 42.19 275 1 126 663 24 2,597 2,353 383 3,161 

OutfallIs .16 16 0 0 0 0 0 0 146 162 

Total 149.73 990 105 1,056 911 33 4,764 4,330 2,024 8,433 
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Table 4-9 
SUMMARYOF ESTIMATED 2000 ANNUAL aM4 ODSTS 

SEA DISPOSAL ALTERNATIVE 18 
(103 LL, end-of-1980 prices) 

System 
Component 

Labor 
1000 

Mandays Cost 

Power 

106 kWh Cost 

Fuel 
1000 

Litres Cost 

Chemicals 

Tonnes Cost 

Materials 

Cost 

Total 

Cost 

East Plant Upgrade 

Conveyance System 

West Plant 

11.12 

63.00 

35.36 

72 

410 

230 

29 

59 

16 

256 

620 

146 

12 

0 

280 

I 

0 

10 

93 

0 

2,458 

35 

0 

2,285 

506 

704 

320 

870 

1,734 

2,',91 

Ras El-Soda Plant 50.36 327 21 178 917 33 3,527 3,230 467 4,235 

Outtalls .16 16 0 0 0 0 0 0 146 162 

Total 160.00 1,055 125 1,200 1,209 44 6,078 5,550 2,14.3 9,992 
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Table 4-10
 

SUMMARY OF ENERGY REQUIREMENTS
 

SEA DISPOSAL ALTERNATIVE IB
 

(kcal x 109) 

Chlorine 

Year Liquid Fuel Electricitya lanufactureaib Total 

1984 - 77 I 78 

1985 - 77 I 78 

1986 1 141 15 157 

1987 2 170 23 195 

1988 4 223 38 265 

1989 7 273 49 329 

1990 7 280 50 337 

1991 7 286 52 345 

1992 7 291 54 352 

1993 8 296 53 359 

1994 8 301 56 365 

1995 8 306 58 372 

1996 8 312 60 380 

1997 8 317 62 387 

1998 9 322 63 394 

1999 9 328 65 402 

2000 9 333 66 408 

Total 102 4,333 768 5.203 

produced by fossil-fueled generators operating at fuel-to-electricity
 

conversion efficiencies of 32 percent.
 
bElectrlclty to produce chlorine used for effluent disinfection Is Included 


aAssumes power Is 

as an
 

Assumes 50 percent of the power used In producingIndirect commitment of resources. 

chlorine and caustic In a diaphragm or membrane cell plant Is asigned to production of 

chlorine (1500 kh/tonne).
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Table 4-11
 

ESTIMATED PRESENT WORTH
 

SEA DISPOSAL ALTERNATIVE 1B
 

ILE, end-of-1980 prices)
 

a
 
Present Worth (106 LE)


Salvage
 

System Component Capital OLM Value Total,
 

7.9 3.0 19.0
East Plant 14.1 + 	 

- 32.2 - 110.8
+
Conveyance System 132.4 10.6 

50.7 + 19.2 - 10.4 - 59.5
West Plant 


Ras El-Soda Plantb 62.3 + 20.2 	 - 14.6 * 67.9 

- 32.8 - 74.6
Outfalls 	 106.4 + 1.0 

Total * 365.9 + 56.9 	 - 93.0 331.8 

aDIscount rate of 6 percent used
 

blncludes Stage I and Stage 2 construction, capital, and salvage values.
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YEAR 

SYSTEM COMPONENT/ACTIVITY 4 BEGINNING OF ANALYSIS PERIOD 12/31/80 	 END OF ANALYSIS PERIOD 1213112000 
- 1982 1983 1984 ;03N 1986 198? 1988 1989 1990 991 1992 1993 1994 1995 1996 1997 1998 1999 2000_9_0 _981 

EAST PLANT 'JPGRAOE | 

PREI ARE DESIGN' 
I 

ORDER CRITICAL F QUIPMENT AND MATERHIALS I 3/2 53 
" 2 

CONSTRUCT 

STARTUP 

OPERATE 

CONVEYANCE SYSTEM 

PREPARE DESIGNI 

ORDER CRITICAL EQ(UIPMENT AND MATERIALS 7 1/84 SEE 
CONSTRUCT AND TEST NOTE 

OPERATE 

WEST PLANT EXPANSION AND UPGRADE 

PREPARE DESIGNd I I I 
ORDER CRITICAL EQUIPMENT AND MATERIALS 7/31/4 

CONSTRUCT 
STARTUP m 
OPERATE U 

RAS EL SODA PLANT 
PR'PARE DESIGN ac I I I I 
ORDER CRITICAL EQUIPMENT AND MATERIALS I 7/1I /49 

CDNSTRUCTC 
STARTUP -I-

OPERATE -
OUTFALLS 

PREPARE OCEANOGRAPHIC STUDIES 

PREPARE DESIGNaI10/1/85 

CONSTRUCT AND TEST 
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CHAPTER 5
 

LAND APPLICATION ALTERNATIVES
 

In the 1978 Master Plan, land application of the wastewater was con
sidered and 'ound not to be feasible when cjmpared with the sea outfall
 
alternative. Since that time, however, some of the basic assumptions
 

As a conand interpretations used in that analysis have changed. 

sequence, one of the main objectives of the Master Plan Review was to
 

reexamine the p.ssibility of land application for effective treatment in
 

combination with beneficial 
reuse of the water and nutrients.
 

As a result of a reconnaissance investigation, two viable land applica
tion alternatives were developed. These alternatives have been
 
designated as IlIA and 1111 and are presented in detail inAppendix K.
 

The related conveyance systems (discussed in Appendix M) and treatment
 

systems (discussed in Appendix J) are combined in this chapter with land
 
application systems to form Alternatives IlIA and 1113.
 

As in Chapter 4, wastewater collection costs and impacts are not con
sidered because they are common to all the alternatives.
 

DESCRIPTION OF ALTERNATIVES
 

Alternatives IlIA and III consist of conveying wastewater to the
 
desert, providing pretreatment, and using it to irrigate farm crops.
 
These major project features are shown on Figures 5-1 and 5-2. Once the
 

East and West treatment plants are rehabilitated and/or completed, they
 
will be used to treat wastewater flows up to their full capacities.
 

The difference between Alternatives IlIA and 1111 lies in the level of
 

pretreatment and the cropping pattern. The conveyance system and the
 
use of the East and West plants would be the same in each alternative.
 

Alternative IlIA provides a higher degree of pretreatment than 1113.
 
This would allow the wastewater to be used on high value crops.
 
Alternative 1110 provides only primary level pretreatment; consequently
 

only forage, fiber, and seed crops could be irrigated with the effliuent.
 
High water- and nutrient-using forage crops are proposed; this signifi
cantly reduces land requirements and capital costs.
 

As described in Appendix K, suitable irrigation sites were investigated
 
throughout the greater Alexandria area. The site finally selected for
 

the land application alternatives is located as shown on Figures 5-1 and
 
5-2 and is identified as the East Site.
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Alternative IliA
 

Conveyance System. The major facilities in the conveyance system are
 
he sand Desert pump stations and their related force mains.
 

The remaining in-city facilities wotd be generally the same as for
 
in detail in Appendix M.
Alternative II and are discussed 


a
 

total dynamic head if	92 in. It would require four 4000-hp pumps plus
 

All pumps would have variable speeds.
 

The East pump station 	would have a design capacity of 895 Mi/day at 


two redundant pumps. 


The West pump station's design flow of 650 Mi/day would require three
 

3500-hp pumps with two additional pumps in reserve. The Desert pump
 

station would include flow equalization basins to reduce pipe and pump
 

sizes. It would be designed to pump 1255 MI/day, against a 92-m head,
 

using six 4000-hp pumps with two additional pumps in reserve. 
 The flow
 

equalization would be provided ii 'ircular concrete tanks provided with
 

conical bottoms. The wastewater wbuld enter and exit the tanks through
 

drains in the bottoms. Pumps would divert flows in excess of 1255
 

Ml/day from the Desert pump station inlet to the tanks. Discharge from
 

the tanks woild be by gravity through flow control gates back to the
 

pump station Inlet. maintaining pump station flows at or near 1255
 

is empty. Ihe equalization tank
Ml/day until the equdlization tankage 

to minimize (1) sedimentation in
 contents would be mixed by diffused air 


the tanks and associated cleaning requirements and (2) odor release.
 

Final design may not preclude release of unacceptable odors. For that
 

the design would provide for subsequent addition of tank covers
 reason 

and odor scrubbing of exhaust air when and if needed.
 

The force mains froci the Last pump station to the Desert purip station
 

would consist of 	two pipelines 1750 mm in diameter and 38 km long. the
 

the West pump station would consist of two pipelines
force mains fruor 

1450 mm in diameter and 33 km long. 
 Three pipelines 1850 mm in diameter
 

44 km from the Desert pump station
would convey the wastewater the final 


to the land application site.
 

con-

Land Application System. Alterrative IlIA Is a system which would 


sist6f pretreatment by anaerobic lagoons, followed by rapid infiltra

tion 
for additional high-level treatment and ground water storage. The
 

the East Site are such that all of
soil anc ground water conditions at 

be stored in the aquifer during the
the excess wastewater flows can 


recovered for use during the
winter. The stored water would then be 

in the surnner. Except for dissolved minerals,
peak irrigation season 


high quality and could be used

the recovered ground water would be of 


for irrigation of most crops, including high value crops that would
 

result in significant economic returns.
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Based on a conceptual design fo" the year 2000 wastewater flows, major
 

features of the system wouli include:
 

o 	 210 ha cf anaerobic lagoons with an average detention time (in
 

service) of 3 days
 

o 	 Production and agricultural reuse of 254 million kg/year (dry
 

weight basis) of dewatered sludge
 

o 	 1540 ha of rapid infiltration basins, loaded at a rate of 21
 
m/year
 

0 	 Storage of 19 percent of the annual wastewater volume in the
 

ground water system beneath the site
 

0 	 223 ground water recovery wells
 

o 	 A combination of concrete-lined canals and pressure pipelines
 

for distribution of the 
treated effluent to the irrigation
 

system
 

o 	 444 center pivot irrigation machines
 

23,000 ha (54.160 fd) of cultivated land, irrigated at an
 

average rate of 1.5 in/year
 
o 

o 	 Total land area of 31,000 ha (13.000 fd) 

the site
a 	 Administration and support facilities located on 


as
East 	Ireat.ent Plant. The last plant could be used In the same way 


proposed orthe sea disposal alternative. That is, it could be
 

upgroded to an activated sludge secondary treatment plant with a capa

city 	of 45 MI/day. Chlorinated effluent would then be discharged 
to the
 

Qala Drain.
 

West 	Treatment Plant. A phased approach Is recorTv, nded to make use of
 

the West pTan-t.C6-nstruction would first be completed for primary
 

treatment of 85 Ml/day of donestic wastewater for discharge to Lake
 

Maryout. This would provide some interim relief to the lake.
 

Additional sludge drying bed area would be provided over that In the
 

original design.
 

When 	the desert land application system is completed, the domestic
 

wastewater flow would be diverted to the land application system. The
 

West plant could then be modified for industrial wastewater pretreat

ment. The pretreated Industrial fl?'is could tl- 0'"- be safely sent to
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the land application system. Since the plant, as modified for
 

industrial pretreatment, would not be a part of the domestic sewerage
 

system per se, the cost of operating the plant (after irrigation
 
Also, an esticommences) has not been considered in the cost analysis. 


mated LE 16.7 million salvage value of the West plant has been credited
 

to domestic wastewater treatment.
 

Alternative 1118
 

The conveyance system and East and West Treatment Plants would be the
 

same as described for Alternative IIIA. The only differences would be
 

in the design and operation of the land application systems.
 

InAlternative IIIB, irrigation would follow primary treatment in
 

anaerobic ponds. n.though significantly less capital-intensive than
 

ii would also provide fewer benefits and less revenues
Alternative lilA, 

to offset the annua. cost of the system. Pretreatment would again be by
 

additin~l emergency storage capacity. No
anaerobic lagoons bu, with an 

seasonal storage wou d be provided, however, so crops would be overirri

gated io the winter ,nd sone land taken out of production in the summer.
 

With 	only primary treatment, the selection of crops would be limited to
 
lorage and other non'ood crops for public health reasons.
 

Based on a conceptuil design for the year 2000 wastewater flows, the
 

major features of tiis land application system would include:
 

0 	 520 ha o" anaerobic treatment/storage lagoons with an average
 

detenticn time of 8.75 days
 

o 	 5 days' emergency storage capacity
 

o 	 Production and agricultural reuse of 340 million kg/yr (dry
 

weight basis) of dewatered sludge
 

0 	 A combination of concrete-lined canals and press-ire pipelines
 

for distribution of th' effluent to the irrigation system
 

o 	 Screening of the wastew,-Ler before irrigation
 

o 	 276 center pivot irrigation machines
 

0 	 14,700 ha (34,240 fd) of cultivated land, irrigated at an
 

average rate of 2.4 m/year
 

0 	 Total land area of 18,500 ha (44,!00 fd)
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o Administration and support facilities located on the site
 

ANALYSIS OF ALTERNATIVES
 

The land application alternatives are analyzed in the following sections
 
for techrical feasibility, environmental and social concerns, construc
tibility, scheduling and staging options, and costs.
 

Technical Feasibility
 

All of the elements of the land application alternatives, taken sepa
rately and in combination, are feasible. Te conveyance system consists
 
of several pipelines and pump stations. The size and quantity of the
 
facilities may be relatively large, especially the Desert pump station
 
and force mains, but only conventional and well-proven design, construc
tion, and operation practices would be required.
 

Anaerobic lagoons, which are proposed for both alternatives, are simple,
 
inexpensive, and reliable for primary level treatment of high-strength
 
wastes. This method will satisfy the treatment requirements for the
 
subsequent rapid infiltration and/or irrigation systems.
 

The rapid infiltration system of Alternative IIIA is also a well-proven
 
technology, which iscapable of providing very high levels of treatment
 
if properly employed. It is a method of treatment that has received an
 
increasing amour of interest in the United States and has been the
 
object of num'rous research and observation projects in recent years.
 
Based on these studies, design and operation guidelines have been
 
established which can help ensure reliable performance. The soil and
 
ground water conditions of the East Site appear to be very favorable for
 
rapid infiltration and for storing water inthe aquifer. However,
 
detailed geologic and ground water studies will be required to optimize
 
the design for basin layout and effluent recovery.
 

The effluent recovered from the rapid infiltration system will be
 
suitable for irrigation of most crops except those that are highly salt
sensitive. Pathogens inthe raw wastewater wouild be almost completely
 
removed by the rapid infiltration process, so public health concerns
 
should not restrict crop selection. In fact, wells located down grad
ient from rapid infiltration systems in the United States are commonly
 
and safely used for domestic water supplies.
 

Alternative IIIB does not include the high level of treatment and the
 
seasonal storage provided by the rapid infiltration system of
 
Alternative IIIA. Itutilizes primary effluent for irrigation of non
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food crops with safeguards that are consistent with standards currently
 

employed by the World Health Organization and various agencies inthe
 

United States. The concept of overirrigating the forage crops in the
 

winter months is also quite feasible ifwater-tolerant varieties are
 

selected and the soils are well drained (which isthe case over 
most of
 

the selected site).
 

Environmental Impacts
 

Both land application alternatives provide for acceptable wastewater
 

treatment and disposal with overall net benefits to the public health of
 

urban Alexandria. Inaddition, each alternative conserves water and
 
This is an important con

nutrients for agricultural production. 

sideration in a rapidly growing country where less than 3 percent of the
 

Thus, the large land area requirements of each
total land is arable. 

alternative are not necessarily an adverse impact; rather, the proposed
 

land use isboth compatible with nearby uses and even desirable.
 

Summarized below are the significant environmental impacts, both benefi

cial and adverse of each land application alternative. Mitigation
 

measures that may be necessary to minimize some of the adverse impacts
 

This summary is based on the environmental impact sec
are discussed. 

tions presented in the appendices dealing with Treatment Alternatives
 

and Conveyance System
(J), Land Application of Wastewater (K), 


Alternatives (M).
 

The beneficial environmental impacts associated with
Alternative ILIA. 

this alternative include:
 

Improving the public health of Alexandria's residents area due
0 

to the provision of an adequate sewerage system
 

Reusing wastewaters and sludge to increase agricultural pro0 

duction
 

Using otherwise undevelopable land to produce high value crops
o 


Encouraging the eventual development of rural decentralized
 o 

communities
 

Providing employment during construction and operation
o 


Reducing the consumptinn of fertilizers for crop production
o 


Potential adverse impacts include:
 

A localized risk, which exists with any irrigation system,
o 

that parasitic diseases, such as schistosomiasis, could
 

become endemic at the land application site
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Increased ground water flow from the land application site
o 

towards Wadi Natroun
 

Possible contamination of downstream water supplies ifthe
 
desert conveyance pipeline fails near major canal crossings
 

0 


Energy requirements for pumping flows to the land application
 
site
 

0 


Localized odor problems near the anaerobic lagoons and the
 
Desert pump station
 

0 


o 	 Disruption of potential archaeologic resources along the con

veyance route and at the land appitcation site
 

With proper planning, most of these adverse impacts can be minimized or
 

avoided. Integrating public health considerations early into the
 

planning and design of the land application and irrigation systems 
can
 

minimize the potential risk to worker health and productivity from para

sitic diseases that are common to irrigated lands inEgypt. Incoming
 

workers should be screened for parasitic diseases and educated in proper
 
hygiene. The system should be designed to minimize worker contact with
 

surface waters and to control the propagation of intermediate hosts and
 

disease vectors. The rapid infiltration system will provide a high
 

level of protection against passage of wastewater pathogens to the irri

gation system and, subsequently, crops produced. Appendix K describes
 

the natural mechanisms present inthe rapid infiltration beds providing
 
this protection.
 

Increased ground water flows would result from the percolation of a por

tion of the wa'ir applied for irrigation. Much of this would flow in a
 

southerly direction, affecting ground water levels inthe northern part
 

of Wadi Natroun and increasing the area of existing saline lakes. This
 

impact would be similar for any type of reclamation project in the area
 

and should be addressed as part of a comprehensive geohydrological ires
tigatlon.
 

Contamination of the Drinking Water Canal, and the Nasser and Noubarla
 

Canals due to potential leaks along the conveyance pipeline can be eli

minated if the crossings are designed with this potential problem in
 
Pipeline crossings of the major canals could be accomplished by
mind. 


either submarine or overhead means. Submarine crossings would be less
 

subject to sabotage but much more difficult to repair if ruptured.
 
Overhead crossings, if used, would simplify inspection for leakage and
 

could be designed to contaip lpakage and discharge by gravity to a point
 

away from the canal. Localized odor problems near the anaerobic lagoons
 

can be minimized to a certain extent by accounting for prevailing winds
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in the final site layout and landscape design. Reconnaissance
 

archaeological surveys should be conducted in collaboration with local
 

experts to minimize and avoid, if possible, the destruction of any
 

significant archaeological resources.
 

The beneficial and adverse environmental impacts
Alternative IIIB. 

similar to those described for
anticipated with this alternative are 


Alternative ILIA. Somewhat greater public health risks are expected
 
In addition,
since the irrigation system relies on primary effluent. 


fewer benefits will be expected with agricultural production. Energy
 

requirements are only slightly less than for Alternative ILIA.
 

Constructibility
 

As discussea in Appendix M, the most difficult construction required for
 
Parts
the land application alternatives will be the conveyance system. 


of the 38-km and 33-km legs of the pipelines from the East and West pump
 
This will require
stations will cross existing ani reclaimed wetlands. 


Also, the Noubaria Canal
construction on elevated pile sLpports. 

crossing will have to be cartfully designed and constructed so as not to
 

interfere with barge traffic and irrigation water supplies.
 

The 44-km section of the pipeline from the Desert pump station should be
 

easier to construct. It will be buried and require only local dewa

tering. Our cost estimates assume that a foreign company would
 

establish a plant in Egypt to manufacture the large diameter pressure
 

pipe needed for the system.
 

The East and West pump stations will probably require dewatering during
 

However, this should not be a major hindrance since no
construction. 

deep excavation will be needed. These two pump stations may also
 

require pile foundations.
 

The magnitude and nature of the conveyance system construction will
 

require large, established contractors with proper equipment and
 
not have major problems
experience. However, capable contractors should 


and should be able to finish the work in an acceptable time period.
 

Construction of the pretreatment and irrigation facilities should pre

sent no problems in implementation. Little of the construction, earth

drilling, onsite pipeline and canal installation, and center
work, well 

pivot assembly requires special skills or technology not now available
 

in Egypt.
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Schedule/Staging
 

Figure 5-3 presents the estimated implementation schedule and staging
 
possibilities for the land application alternatives. The timing would
 
be essentially the same for IlIA and IIIB. The scheduled initial opera
tion of the land application system was delayed until July 1988, which
 

is the earliest possible operation date of the sea disposal alternative.
 

This was done to facilitate comparison of the land application and sea
 

disposal alternatives in the present worth cost analysis. In reality,
 
the land application system could be constructed sooner and start
 

operating as early as September 1986.
 

The conveyance system, especially the long pipelines to the land appli

cation site, will require the most time for construction. As discussed
 
in Appendix M, several months would be required for a foreign contractor
 

to set up a pipe production plant in Egypt. Then another few years
 

would be required to manufacture the pipe. Therefore, the conveyance
 
system will be the controlling component of the implementation schedule.
 
The land application system could be constructed in a shorter time
 

period than shown, but it could not start operation until the conveyance
 
system is completed.
 

Processes at the West Treatment Plant would be changed from domestic
 
sewage treatment to industrial pretreatment when the land application
 
system begins operation. However, the plant should be completed in the
 
interim to reduce discharge of untreated domestic sewage flows to Lake
 
Maryout as soon as possible. The East plant upgrading can proceed inde

pendently. It should also be completed as soon as possible to help
 

imprnve the quality of Lake Maryout. It is on the same schedule as for
 
Alternative IB.
 

The land application components of Alternatives IIIA and IIIB can be
 
staged to match increases in wastewater flow. A 5-year staging interval
 
was used for the present worth analysis, although shorter or longer
 

intervals could just as well be used. The conveyance system might
 
include some minor staging by the addition of pumps as flows increase.
 
However, the structures would be completed for the year 2000 design flow
 

capacity. No staging was assumed in the present worth analysis because
 
the pumps represent only a small portion of the overall cost. All of
 

the barrels of the pipelines must be completed to handle the peak flows
 
expected by 198.
 

Capital Costs
 

The estimated capital costs of the land application alternatives, as
 

they would occur in a staged construction program, are presented in
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Detailed capital costs for the individual com-
Tables 5-1 and 5-2. 

ponents comprising the total system are presented in the following
 

conveyance facilities (M), land application facilities (K),
appendices: 

. The costs are presented in
and treatment facilities (E,F, and J) 


local, foreign exchange, and total categories as inChapter 4.
 

The year 2000 salvage values and the value of the West Treatment Plant
 
Expected service
in 1988 are shown as negative costs inthe tables. 


These

lives for the various system facilities are listed inTable 5-3. 


were used with the straight-line depreciation method to determine
 

salvage values.
 

The land area used in the land application system was assumed to have a
 

salvage value of LE 2200 per feddan. This does not include the salvage
 
those
value of the general site improvements and irrigation system, as 


The salvage value of
 are included separately on Tables 5-1 and 5-2. 

LE 2200 per feddan is based on a total value 	for the land, with improve

f the improvements, which
ments, of LE 3000 per feddan less the value 

are about LE 800 per feddan.
 

Typical land values in the area, after 10 to 15 years of reclamation,
 

are LE 5000 or more per feddan. Ineconomic terms, this figure could be
 

said to represent the present worth value to the farmer of his future
 
more conservative value
net agricultural returns. For this analysis, a 


of LE 3000 was used because, without wastewater, the site might not have
 
*he land would have a greater value than
 a water supply. Still, 


unreclaimed land because salts would be leached from the root zone, wind
 

breaks would be established, organic matter would be increased in the
 

soil, and it is possible that ground water or Noubaria Canal water
 

supplies could be developed. Thus, development of the wastewater irri

gation system would significantly increase the value of the land.
 

The total land value was based on data provided by Dr. M. A. Khalil of
 

the University of Alexandria, Agricultural Economics Department, plus
 

The area used for the land application system was
other data sources. 

assumed to have essentially no initial cost since it has very limited
 

economic value without an irrigation water supply.
 

Operation and Maintenance Costs
 

The sum of the annual operation and maintenance costs for each of the
 

system components and the net crop income for the two land application
 
Annual costs for
alternatives are presented inTables 5-4 through 5-12. 


the farm operation (the production and handling of crops) are contained
 

in the net crop income and are not included in the quantities or costs
 
chemicals, and materials. The annual costs 	are
for labor, power, fuel, 
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presented inmore detail for each of the component systems intheir
 
respective appendices. As inChapter 4, the annual costs are presented
 
for each year when a significant facility is added, and values for
 
intermediate years can be computed by interpolation.
 

The net crop income, also shown in Tables 5-4 through 5-11, isassumed
 
to increase from a net cost inthe year of initial startup (1988), to
 

full income after 5 years (1993). After that, the net income will be
 

to the irrigated land area (which is proportional to
proportional 

As discussed inAppendix K, full crop production is
wastewater flow). 


not to be expected from reclamation projects until salts are leached
 

from 	the root zone and some organic matter is added to the soil.
 

Annual O&M costs inTables 5-4 through 5-12 are presented for
 

Alternatives IIIA and IIIB for the following years:
 

0 	 1984--the 1 year when only the East plant is operating (Table
 

5-4)
 

0 	 1985 through 1987--the 3 years when both the East and West
 

plants are operating (Table 5-5)
 

0 	 1988--the year the conveyance system to the desert and the
 

land application systems start operations and the West plant
 
cea %soperation for domestic sewage treatment (Table 5-6)
 

1989--the first full year of operation of the conveyance and
0 

land 	application systems and the East Treatment Plant (Table
 
5-7) 

0 	 1990--The first year of 11 successive years through year 2000
 
in which annual O&M costs are expected to increase ina
 
straight line with flow (Table 5-8)
 

0 	 1991--the third year inthe 5-year period required for the
 

cropland to reach full production (Table 5-9)
 

o 	 1992--the fourth year inthe 5-year period required for the
 

cropland to reach full production (Table 5-10)
 

o 	 1993--the last year in the 5-year period required for the
 

cropland to reach full production (Table 5-11)
 

0 2000--the last year of the present worth analysis (Table 5-12)
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TECHNICAL ASSESSMENT
 

Operability
 

Each of the individual components of both land application systems is
 
The conveyance
straightforward and would not be complicated to operate. 


system does not require that the pumping rates be matched perfectly to
 

the incoming wastewater flow. The pretreatment and storage systems at
 

the land application site provide a large daily flow equalization oppor

tunity between the conveyance and irrigation systems; therefore,
 
be critical. Anaerobic
matching flow between those two systems will not 


are very simple to operate; the major operational ,aquirements

lagoons 

are control of the outgoing flow rate to maintain the desired water
 

level in the lagoons, and periodic draining and sludge removal.
 

Normal operation of the rapid infiltration system inAlternative IlIIA
 

consists only of directing the wastewater to the basins in the proper
 
The water table levels must be monisequence for flooding and drying. 


tored so that the ground water mound can be properly managed and the
 

most efficient use made of the wells.
 

Operation of the distribution and irrigation systems will be like that
 
center pivot system, except that the irrigation
for any conventional 


schedule must be more carefully coordinated with both the water supply
 

and the farming operations. This isparticularly true of Alternative
 

IIIB as no seasonal storage of wastewater would be provided.
 

described for
The operability of the East Treatment Plant would be as 


the sea disposal alternatives. Operation of the West plant, as proposed
 
in Alternatives IIIA and IIIB, would be simpler than the greatly
 
expanded and more complicated plant proposed inAlternative 18.
 

Maintainability
 

Ifcorrosive industrial and other incompatible wastes are kept out of
 

the sewerage system, the conveyance and land application facilities
 

should be easily maintained. Although they cover a large area, all of
 

the facilities will be very accessible. Most of the equipment, with the
 

exception of the center pivots, is relatively common and does not
 

require highly trained field maintenance crews. The alignment controls
 
on the pivots are highly technical, but with a few trained staff, could
 
be efficiently maintained.
 

Maintainability of the East Treatment Plant would be the same as for
 

Alternative IB. The smaller West plant would be simpler and easier to
 

maintain than the larger plant proposed in the sea disposal alternative.
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The conveyance system pump stations will be extraordinarily large. This
 
does not necessarily create a difficult maintenance condition. The pro
posed design would include overhead cranes and lifting devices to aid
 
maintenance crews. Two redundant pumps per station would be provided so
 
routine service could be performed regularly. The larger pump passage
ways should preclude plugging. Skills required to adequately maintain
 
such large pump stations are locally available as is evidenced by the
 
many large pump stations inoperation on the widespread Egyptian canal
 
and drain systems. The pipelines should require very iittle maintenance
 
except for routine, regular servicing of the vacuum and air relief
 
valves. These will require frequent service by trained technicians.
 
Access to those located inwetland crossings would be facilitated by
 
causeways or catwalks connecting to the access road as needed.
 

Reliability
 

The conveyance system isthe least reliable aspect of the land applica
tion alternatives. However, its reliability is similar to that of the
 
conveyance systems necessary for the sea disposal alternative.
 
Additionally, if a failure did occur, such as a pipeline break, the
 
public health impacts would be much less for land application where the
 
conveyance system is located mostly in remote areas.
 

The anaerobic lagoons are very reliable for providing the level of
 
pretreatment required for land application. The facility includes
 
little mechanical equipment that could fail. Subsequent discharge from
 
the lagoons to the rapid infiltration basins (Alternative IIIA) or
 
directly to the irrigation canals (Alternative IIIB) would be by gravity
 
flow. Therefore, power outages would not directly affect the operation.
 

The rapid infiltration system of Alternative lilA is conservatively
 
designed so that itshould provide very reliable treatment and opera
tion. Very little mechanical equipment and no pumping would be required
 
to spread the wastewater on the basins. Pumping the treated effluent
 
from the ground, which is an integral part of the rapid infiltration
 
system, would be reliable due to the large number of wells incorporated
 
in the design. Mechanical fdllure of a few wells would affect only a
 

small percentage cf the rapid infiltration basins. Power outages
 
lasting several days could occur with no adverse impact on the ground
 
water.
 

The major concern would be power outages that could last for more than a
 
few days. If this very unlikely event were to occur, especially during
 
hot weather, many crops would be damaged or killed because the soil has
 
a low moisture-holding capacity. The risk of crop damage due to a long
term power outage is the same as for other nearby irrigation projects.
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However, the land application site should have a relatively reliable
 

power supply because of the major double circuit 220-kV transmission
 

All of the required transformers and
line that crosses the site. 

part of the land
distribution systems would be newly constructed as 


reason their reliability should be good.

application project. For this 


The onsite wastewater distribution and irrigation systems should 
be very
 

The system is composed of many
reliable, especially taken as a whole. 


separate units--pump stations, sections of canals, and center 
pivots--


This would allow the remainder
that can all be isolated if they fail. 


of the system to continue operation.
 

in the

The reliability of the East and West plants would be the same as 


sea disposal alternatives.
 

reliabi-
Alternatives ]IIA and IIIB would have about the same overall 


lity. Alternative IIIB may have slightly greater problems in irrigation
 

because the wastewater will have received a lower level of pretreatment
 

and some remaining solids may plug the irrigation equipment. 
However,
 

land area and no intermediate
this alternative would also involve less 

the rapid infiltration system of Alternative
treatment process (i.e., 


IIIA), which makes it a simpler system.
 

Flexibility
 

Both the conveyance and land application systems have some flexibility
 

to adapt to changing future conditions. The conveyance system end point
 

However, future increases inwastewater
will be fixed at the East Site. 

othEr points along the route, treated and
flow could be withdrawn at 

The multiple pipeline arrangement also
used for crop irrigation.. 


increases the opportunity to pump at a wider range of flow rates.
 

The land application systems have flexibility in pretreatment, staging,
 

crop selection, and farm management. Initially, Alternative IIIA could
 

be built similar to IIIB, with the rapid infiltration system being added
 

The facilities of both land application systems can be
 at a later date. 

actual


staged, which allows them to be more closely matched to 


wastewater flow increases.
 

can be adjusted to a degree to
The cropping pattern of both systems 

The management of the


match market conditions and maximize income. 


irrigation and farming systems can be accomplished by a range of
 

options, from totally public to totally private enterprises.
 
more flexible in crop selection and
Alternative IIIA would be somewhat 


farm management than IIIB, due to the higher quality water for 
irriga

tion and the provision of seasonal storage.
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The East plant flexibility options'would be the same as for Alternative
 

IB. The West plant could be kept as originally planned for primary
 

treatment and discharge. e upgraded for better domestic sewage treat
ment, or be used for inaustrial pretreatment.
 

Expandability
 

The conveyance system could be expanded by extending its length or
 

adding branch pipelines, increasing flow equalization capacity, addii,g
 

larger or more pumps, and by adding additional parallel pipelines.
 

Suitable land is available in toe area adjacent to the East Site that
 

could be used if the system were to be expanded. Crop irrigation could
 

also be expanded by serving lands adjacent to the conveyance system
 

Both the East and West plants could be expanded or upgraded to a
route. 

limited degree as discussed in Chapter 4 and Appendix J.
 

Potential for Upgrading Treatment
 

Alternative IIIB could be upgraded at a later date by adding rapid
 

infiltration, which would essentially be implementing Alternative ILIA.
 

If during design a decision were made to accommodate such an option, the
 

irrigation system could be designed to leave a suitable area for later
 

addition of rapid infiltration basins.
 

Energy Consumption
 

The estimated annual consumption of electricity and fuel for each of the
 

systems is presented in Tables 5-4 through 5-12. The total energy
 

usage, expressed in the common units of billions of kilocalories (kcal x
 

109) for eacii of Lhe years of operation from 1984 through 2000, is pre

in Table 5-13. As in Chapter 4, the energy value of electricity
sernLed 

is computed usiry a 32-percent efficiency rate for converting fossil
 

fuel to electric e-er. 

PRESENT WORTH ANALYSIS
 

The same present worth atialysis method described in Chapter 4 was used
 

for the land application alternatives. Table 5-14 presents the combined
 

present worth costs for Alternatives IlIA and IIIB, which include capital
 

costs, operation and maintenance costs through the year 2000, and the
 

salvage values at the end of the period. The present worth of
 
for Alternative IIIB
Alternative IlIA is LE 346.8 million, while that 


is about 7 percent higher, at LE 368.8 million.
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As with sea disposal, operation and maintenance costs would likely be
 

higher ifprice controls and subsidies did not impact the labor, energy,
 
the crops grown, the net
and consumables markets. Also, depending on 


farm income could be higher or lower than the values used in the analy

sis, depending on government controls. Sensitivity to such changes Is
 

discussed inChapter 6.
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Table 5-1 

SUMKARY OF ESTIMATED CAPITAL COSTS 

LAND APPLICATION ALTERNATIVE IliA 

(costs In end-oI-1980 prices)
 

Foreign Total (nd-of-Year
 

Midpoint tL'caI Exchange Capital 2000 Salvage
 
Costb Valuec
of Capital Cost Cost 


System Component Expendlturoa (106 LEI (106 S) (106 LEI (116 LE)
 

Site and Route Investigations
 

and Environmental AnalysIs IZ/31/81 2.3 3.4 4.7 
 0
 

d 

450.4d
1/15/87 542.9 39.0 640.2d
Conveyance System 


259.90Land Application Syitem 


lit stagel 2/6/87
 

Treatmentt 31.1 135 40.5
 

Irrlgatlong 67.9 57.1 107.9
 

2nd steges Y/1/90
 

Treatment 3.4 07 3.9
 

IrrigatIon 7.1 So1 1007
 

3rd stogel 7/1/95
 

Ireatment 3.2 0.3 3.4
 

Irrigation a.. So$ 12.
 

tast Plant Upgrade 3/26/1) 6.1 '1.4 16.1 9.6 

West Plant Upgrade 5/6/84 5.6 6.0 10.0 16.7c 

16.7 In 19HW
 

619.2 245.9 649.9 719.9 In 2=000Total 


for mdK Int ut capltal e.pendItwres se IIgure 5-S. 
1
 

bInclvdos local costs LII)plus frallnI .( anje cosq at $1.00 Ui 1.1 0.7. 

cie salvaje value .1 t'e West llant will -k In lWosS rather then In .1000. 

dnIAlvdos LI 2.5 allllon Iltto ,t. 

InACIV09% ri.4Il.0,ae*va fEtc. all three tstjo,% i ,.,,strilii i 
pli the liaedsalvage vilI Of 

Li 151 &111l .
 
IInclujst anarot(i II Itrlloeth.A. a 0i n
r op 14 In It and t-r I It the aid.IAlitati fociliilee. 

Jlnclidt irilitlIn, dralhai* and a I ltn tit,* ielI lst loin t1lllle. 
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Table 5-2 
SUI44RY OF ESTIMATED CAPITAL COSTS 

LAND APPLICATION ALTERNATIVE ll'.
 

(costs In end-of-1980 prices)
 

Foreign Total End-of-Year
 

Midpoint Local Exchange Capital 2000 Salvage
 
Costb Valuec
 

of Capital Cost Cost 

a 


(106 LE) (1061) (106 LE) (106 LE)
System Component Expenditure
 

Site and Route Investigations
 

and Environmental Analysls 12/31/81 
 1.5 2.2 3.0 0
 

d 

Conveyance System 1/15/87 54 2 .9d 139.0 640.2 4 5 0 . 4d 

165.2(0)
Land Application System 


tst stage: 2/6/87
 

Treatmentf 
 13.0 3.7 15.6
 

61.7 26.9 80.5
Irrigatlong 


2nd stage: 7/1/90
 
Treatment 
 1.5 0.3 1.7 

6.7 2.1 8.2
Irrigation 

7/1/95
3rd stage: 
1.6 0.4 1.9Treatment 
7.1 3.2 9.3Irrigation 


East Plant Upgrade 3/26/83 6.7 13.4 16.1 9.6 

10.0 16.7c
West Plant Upgrade 3/6/84 5.8 6.0 €

16.7 In 1988

648.5 197.2 786.5 625.2 In 2000Total 


aFor midpoint of capital expenditures see Figure 5-3. 
LLE 0.7.
bincludes local costs (LE) plus foreign exchange cost at 11.00 US 


In 1988, rather than In 2000.
CThe salvage value of the West plant will occur 

dlncludes LE 2.5 million land cost.
 

value from all three stages of construction, plus the land salvage value ofelncludes the salvage 

LE 95.3 millo . 

flncludes anaerobic lagoons, rapid Infiltration, and a portion of the administration facilitle. 

Irrigation, dralnag4, and a portion of the administration facilities.glncludes 
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Table 5-3
 
SERVICE LIFE PARAMETERS
 

LAND APPLICATION ALTERNATIVES lilAAND 1118
 

Service Life
Type of Component 


Permanent
Land 


Water conveyance structures
 

(including pipelines, canals, and
 
50 years
drains), earthwork, and wIndbreaks 


Other structures (including buildings,
 

concrete structures, canal linings,
 
40 years
and pump stations) and wells 


Electrical systems and domestic water
 
30 years
system 


Auxiliary equipment (Including
 
Instrument and control facIlities;
 

pumps and electrical motors, canal ga.'es,
 

and water screens), vehicles, center pivots
 
15 years
and other sprinkler systems, and fences 
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Table 5-4 
SUMMARY ESTIMATED 1984 O&MCOSTSOF 

LANDAPPLICATION ALTERNATIVES IliA ND IIIB 

(103 LE, end-of-1980 prices) 

Labor Power Fuel Netb 
1000 Matlisa Farm Totalc1000 

System Components Mandays Cost IO6 kith Cost Litres Cost Cost Income Cost 

. . . ..Conveyance System .. 

. . . .
Land Application System .. 


- 870 
East Plant Upgrade 11.12 72 28.8 256 12 I 541 


.-" - -West Plant Upgrade .. 


1 541 - 870 
Total 11.12 72 28.8 256 12 


alncludes chemicals for East plant operations.
 

crop production costs; see Appendix K.bNet farm income equals gross crop Income less 

Is sum of labor, power, fuel, and materials, less farm Income.
cTotnl 

Table 5-5
 

SU4MARY OF ESTIMATED 1985-1987 OU4 COSTS
 

LAND APPLICATION ALTERNATIVES IliAAND 1118
 

(103 LE, end-of-1980 prices) 

Notb
Fuel
Power
Labor 

1000 MattIsa Farm Total1000 6 


Income Cost
Cost Litres Cost Cost
System Components Mandays Cost 10 kWh 

. . .. . . .Conveyance System 

. . . . .. .Land Application System 


541 - 870

East Plant Upgrade 11.12 72 28.8 256 12 I 


11 1 482 - 540
West Plant Upgrade 8.0 53 0.4 4 


1,023 - 1,41019.12 125 29.2 260 23 2
Total 


chemicals for East plant operations.
elncludes 

farm Income equals gross crop Income less crop production costs; see Appendix K.bNet 

labor, power, fuel, and materials, less farm Income.
cTotal Is sum of 
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Table 5-6 
SIMMARY OF ESTIMATED 1988 O&M COSTS 

LAND APPLICATION ALTERNATIVES lilAAND IIIB 
(103 LE, end-of-1980 prices) 

NtbFuelPowerLabor 

1000 I000 atlIs 
a Farm Total 

€ 

106
System Components Mandays Cost kwh Cost LItres Cost Cost Income Cost 

Alternative IIIA
 

Conveyance 49.76 324 92.2 816 - - 819 - 1,959 

Land Application System: 

Treatment & Rapid 

Infiltration 4.23 61 17.8 185 - - 84 - 330 

Irrigation & Agriculture 14.82 176 29.1 303 - - 487 1,950 2,916 

Administration & Support 3.85 59 - - 215 7 38 - 104 

East Plant Upgrade 11.12 72 28.8 256 12 1 541 - 870 

West Plant Upgrade 4.00 27 0.2 2 6 1 241 - 271 

Total 87.78 719 168.1 1,562 233 9 2,210 1,950 6,450 

Alternative 111 

C.onveyance 49.76 324 92.2 816 - 819 - 1,959 

Land Application System:
 

Treatment 2.21 36 - - - - 12 - 48
 

Irrigation & Agriculture 11.82 142 26.6 196 - - 417 1,200 1,955
 

Administration & Support 3.27 52 - - 233 8 36 - 96
 

East Plant Upgrade 11.12 72 28.8 256 12 I 541 - 870
 

West Plant Upgrade 4.00 27 0.2 2 6 1 241 - 271
 

Total 82.18 653 147.8 1,270 251 10 2,066 1,200 5,199
 

aincludes chemicals for East plant operations. 

bNet farm Income equals gross crop Income less crop production; costs se Appendix K. In the first 

year, no crops are harvested; therefore, cost of crop production Is Incurred with no off

setting crop sales. 

cTotal Is sum of labor, power, fuel, and materials, less farm Income. 
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Table 5-7 
SUMMARY OF ESTIMATED 1989 O&M ODSTS 

LAND APPLICATION ALTERNATIVES lilA AND IIIB 

(10 
3 

LE, end-of-1980 prices) 

b
NetLabor Power Fuel 

1000 MAt'Is Farm Total

1000 


Cost Cost Income Cost
System Components Manday Cost 106 kWh Cost Litres 

Alternative IlIA
 

- - 1,638 - 3,976
99.52 647 192.0 1,691
Conveyance 


Land Application System: 

Treatment & Rapid 

Infiltration 8.80 

Irrigation & Agriculture 30.79 

Administration & Support 8.00 

127 

366 

123 

37.0 

60.6 

-

385 

630 

-

-

-
448 

-

-
15 

176 

1,012 
79 

-

-2,647 
-

688 

-639 
217 

East Plant Upgrade 

West Plant Upgrade 

11.12 

. 

72 

. 

28.8 
. 

256 
. 

12 
-

I 

-= 

541 - 870 
-

Total 158.23 1,335 318.4 2,962 460 16 3,446 -2,647 5,112 

Alternative 1118
 

192.U 1,691 - - 1,638 - 3,976
Conveyance 99,52 647 


Land Application System:
 
- - 25 - t004.61 	 75 - 

- 869 -972 601
Treatment 


Irrigation & Agriculture 24.62 296 55.4 408 

- 485 17 75 - 200 
Administration & Support 6.81 108 

541 - 870 
East Plant Upgrade 11.12 72 28.8 256 12 1 


-

West Plant Upgrade 


276.2 2,355 497 18 3,148 -972 5,747
146.68 1,198 


alncludes chemicals for East plant operations. 

bNet farm Income equals gross crop Income less crop production costsj see Appendix K. 

and materials. loss farm Income. 

Total 


CTotal Is sum of labor, power, fuel, 
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Table 5-8
 

SUIM4ARY 1990 O14 COSTS
OF ESTIMATED 

LANDAPPLICATION ALTERNATIVES IlIA NO IIIB 
(103 LE, end-of-1980 prices) 

b
NtFuelPower 

1000 Mattis
a 

Farm Totalc 
Labor 

1000 
Income CostSystem Components Mandays Cost W0 kWh Cost Litres Cost Cost 

Alternative IIIA 

Conveyance 99.52 647 199.7 1,753 - - 1,638 - 4,038 

Land Application System: 
Treatment I Rapid 
Infiltration 9.13 132 36.4 399 - - 182 - 713 

Irrigation & Agriculture 31.96 380 63.0 655 - - 1,053 -5,500 -3,412 

Administration & Support 8.30 128 - - 465.1 16 82 - 226 

East Plant Upgrade 11.12 72 28.8 256 12 1 541 - 870 

West Plant Upgrade . --" - " " 

Total 160.04 1,359 329.9 3,063 477.1 17 3,496 -5,500 2,435 

Alternative 111
 

Conveyance 99.52 647 199.7 1,753 - - 1.638 - 4.038 

Land Application System: 
- 104.- - 26Treatment 4.78 78 


56.0 	 424 - - 902 -2,019 -385 

18 78 - 208 
Irrigation & Agriculture 25.56 306 

Administration & Support 7.06 112 - - 503 

I 541 - 870

East Plant Upgrade 11.12 72 28.8 256 12 


West Plant Upgrade
 

515 19 3,165 -2,019 4,835
Total 	 148.04 1,217 286.5 2,433 


alncludes chemicals for East plant operations.
 
bNet farm Income equals gross crop Income less crop production costs; see Appendix K.
 

CTotal Is sum of labor, power, fuel, and materials, less farm income.
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Table 5-9 
SUMMARY 1991 014 COSTSOF ESTIMATED 

LANO APPLICATION ALTERNATIVES lilA AND IIIB 
(103 LE, end-of-1980 prices) 

Labor Power Fuel Notb 

1000 atols 
e 

Farm Total 

System Components Mandays Cost 10 kWh Cost Litres Cost Cost Income Cost 
1000 

Alternative IlIA 

Conveyance 99.52 647 205.6 1,799 - - 1,638 - 4,064 

Land Application System: 

Treatmnt & Rapid 

Infiltration 9.36 135 39.4 409 - - 187 731 

Irrigation & AgrIculture 32.77 390 64.5 671 - - 1,079 -8,501 -6,361 

Administration & Support 8.51 131 - - 477 16 84 - 231 

East Plant Upgrade 11.12 72 28.8 256 12 1 541 - 870 

West Pli-t 'pgi ide . .- - - -

Total 161.28 1,375 338.3 3,135 489 17 3,529 -,501 -455 

Alternative 11113
 

- 1,638 - 4,084Conveyance 99.!2 647 205.6 1,799 -

Land Application Systems
 
- 27 - 107Treatment 4.90 80 - - -

Irrigation & Agriculture 26.20 315 59.5 435 - - 924 -3,120 -1,446 

Administration & Support 7.24 115 -  516 18 80 - 213
 

East Plant Upgrade 11.12 72 26.8 256 12 1 541 - 870 

West Plant Upgrade . ._-" 

Total 148.98 1,229 293.9 2,490 528 19 3,210 -3,210 3.,828 

alncludes chemicals for East plant operations.
 

bNet farm Income equals gross crop Income less crop production costsi see Appendix K.
 

CTotal Is sum of labor, power, fuel, and materials, less farm Income.
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Table 5-10 
SUMMARY 1984 O&M COSTSOF ESTIMATED 

LAND APPLICATION ALTERNATIVES IIIA AND 1118
 
(103 LE, end-of-1980 prices)
 

NetbFuel
Labor Power a 
 Total
Mattis Farm
I000
1000 

System Components Mandays Cost 10 kWh Cost Lltres Cost Cost Income Cost 

Alternative IIIA
 

Conveyance 99.52 647 211.5 1.845 - - 1,638 - 4,130 

Land Application System:
 
Treatment & Rapid
 
Infiltration 9.59 138 40.4 419 - - 192 - 749 

Irrigation & Agriculture 33.56 399 66.1 688 - - 1,105 -11,644 -9,452 

Administration & Support 8.72 134 - - 488 17 87 - 238 

East Plant Upgrade 11.12 72 28.0 256 12 1 541 - 0
 

West Plant Upgrade . . . . . . . .
 

Total 162.51 1,390 346.8 3,208 500 18 3,563 -11,644 -3,465
 

Alternatlwv 1118
 

Com -lance 99.52 647 211.5 1,045 - - 1,638 - 4,130
 

Land Appll:jtlon Systems
 

Treatment 5.02 82 - - - - 20 - 110
 

Irrigation & Agriculture 26.83 323 60.9 445 - - 947 -4,279 -2,564
 

Adminlstrntlon & Support 7.42 118 - - 528 19 81 - 218
 

East Plant Upgrade 11.12 72 28.8 256 12 1 541 - 870
 
. ...
W e st Pla n t U p g r a d e ... 


Total 149.91 1,242 301.2 2,546 540 20 3,235 -4,279 2,764
 

aincludes ciemlcals for East plant operations.
 

bNet farm It.come equals gross crop Income less crop production costs; see Appendix K.
 

CTotal Is sum of labor, power, fuel, and materials, less farm Income.
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Table 5-11 
OF ESTIMATED 1993 014 COSTS 

LANO APPLICATION ALTERNATIVES IIIA ANDI1IIB 
SUMMARY 

3
(10 LE, end-of-1980 prices) 

Labor Power Fuel aNetb 

1000 MatIs Farm Total1000 

System Componants Mandays Cost 106 kWh Cost Litres Cost Cost Income Cost 

Alternative IIIA
 

- 4,173
1,888 - - 1,638

Conveyance 99.52 647 217.3 


Land Application System: 

Treatment & Rapid 
Infiltration 9.82 142 41.3 429 - - 196 - 767 

Irrigation & Agriculture 34.37 

Administration & Support 8.93 

406 

138 

67.7 

-

704 

-

-

500 

-

17 

1,131 -14,974 -12,731 

89 - 244 

East Plant Upgrade 11.12 72 28.8 256 12 I 541 - 870 

West Plant Upgrade -. - - -. -. 

Total 163.75 1,407 355.1 3,277 512 18 3,595 -14,974 -6,617 

Alternative 1111
 

- 1,638 - 4,173
Conveyance 99.52 647 217.3 1,888 -

Land Application System:
 
- 28 - 1125.14 	 84 - - 

- - 969 -5,500 -3,744 
Treatment 


Irrigation & Agriculture 27.48 331 62.4 456 


Administration & Support 7.60 120 - - 541 19 84 - 223
 

12 I 541 - 870

East Plant Upgrade 11.12 72 28.8 256 


West Plant Upgrade .
 

553 20 3,260 -5,500 1,634
Total 	 150.85 1,254 308.5 2,600 


aincludes chemicals for East plant operations.
 

bNet farm Income equals gross crop Income less crop production costs; see Appendix K.
 

cTotal Issum of labor, power, fuel, and materials, less farm Income.
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Table 5-12 
SUMMARY 2000 O&M0)STSOFESTIMATED 

LAND APPLICATION ALTERNATIVES IIliA PD 1118 
(103 LE, end-of-1980 prices) 

Labor Power Fuel Notb 
1000 Matt Isa Farm Totalc1000 


Income CostSystem Components Mandays Cost 10 kWh Cost Litres Cost Cost 

Alternative IIIA 

99.52 647 256.9 2,206 - - 1,638 - 4,491Conveyance 


Land Application System: 
Treatment & Rapid 
Infiltration 11.44 165 48.0 499 - - 228 - 892 

irrigation & Agriculture 40.04 
Administration & Support 10.40 

475 
160 

78.7 
-

818 
-

-

581 
-

20 

1.315 -17.807 -15,199 
103 - 283 

East Plant Upgrade 11.12 72 28.8 256 12 I 541 - 870 

West Plant Upgrade - - - " _" 

Total 172.52 1,519 412.4 3,779 593 21 3,825 -17,807 -8,66 

Alternative IIIB
 

Conveyance 99.52 647 256.9 2,206 - - 1,638 - 4,491 

Land Application System:
 
- - - 33 - 131Treatment 5.98 98 

530 - - 1,127 -6,538 -4,497Irrigation & Agriculture 31.98 384 72.0 

Administration & Support 8.84 140 - - 629 22 97 - 259 

I 541 - 870
East Plant Upgrade 11.12 72 28.8 256 12 


West Plant Upgrade - - 

641 23 3,436 -6,538 1,254
Total 157.44 1,341 357.7 2,992 


aIncludes chemicals for East plant operations.
 

bNat farm Income equals gross crop Income less crop production costs; smo Appendix K.
 

cTotal Issum of labor, power, fuel, and materials, less farm Income.
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Table 5-13 
OF ENERGY REQUIREMENTS
SUMMARY 

LANO APPLICATION ALTERNATIVES IlIA ND IIIB 
(kcal x 109) 

Alternative IIIA Alternative IeI 

Year 
Liquid 
Fuel Electricity

8 
Chlorine 

Manufactureb Total 
Liquid 
Fuel Electricity' 

Chlorine 
Manufacture, Total 

1984 - 77 1 78 - 77 1 78 

1985 - 78 1 79 - 78 1 79 

1986 - 78 1 79 - 70 1 79 

1987 - 78 1 79 - 78 1 79 

1988 2 451 1 454 2 396 1 399 

1989 
1990 

4 
4 

853 
884 

1 
1 

858 
889 

4 
4 

740 
768 

1 
1 

745 
773 

1991 4 907 1 912 4 788 1 793 

1992 4 929 1 934 4 807 1 812 

1993 4 952 1 957 4 827 1 832 

1994 4 974 1 979 4 846 I 851 

1995 
1996 

4 
4 

996 
1,018 

1 
1 

1,001 
1,023 

4 
5 

865 
883 

1 870 
889 

1997 4 1,039 1 1,044 5 902 1 906 

1998 
1999 

4 
4 

1,061 
1,083 

I 
1 

1,066 
1,088 5 

921 
940 

1 927 
946 

2000 5 11105 _7 1,111 5 959 L 965 

Total 51 12,563 17 12,631 55 10,953 17 11,025 

akssumes energy conversion efficiencies of 32 percent.
 

bElectrlclty to produce chlorine Is Included as an 
Indirect commitment of resources. Assumes 

50 percent of power used In producing chlorine and caustic Ina dlaphregm of membrane cell 

plant Isassigned to production of chlorine (1500 kWh/tonne). 
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Table 5-14 
ESTIMATED PRESENT WRTHS 

LAND APPLICATION ALTERNATIVES IliA AND 1118 

(10 3 LE, end-of-1980 prices) 

Salvage
 

System Components Capital O&M Value Total
 

Alternative IIIA
 

Site and Route Investigations 

and Environmntal Analysis 4.5 + 0 - 0 4.5 

a 

Land Application Systemb 119.2 + -46.9 - 81.8 w -9.5 

East Plant Upgrade 14.1 + 7.9 - 3.0 a 19.0 

West Plant Upgrade 8.3 + 1.4 - 10.0 -1.1 

Conveyance System 450.4 + 24.1 - 140.6 333.9 

236.2 346.8
Total 596.5 + -13.5 -

Alternative 1118
 

Site and Route Investigations
 

and Environmental Analysis 2.9 + 
 0 - 0 a 2.9 

24.1 - 140,6 a 333o9 
b 

Conveyance System 450.4 + 

Land Application System 77.9 + -12.3 - 51.5 - 14.1 

East Plant Upgrade 14.1 4 7.9 - 3.0 19.0-

West Plant Upgrade 8.3 + 1.4 - 10.8 -1.1-


211 368.8
Total 553.6 205.9 


aDiscount rate of 6 percent used.
 

bincludes Stage I, 2, and 3 capital and salvage values.
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CHAPTER 6
 
EVALUATION OF ALTERNATIVES
 

INTRODUCTION
 

This chapter evaluates aiid compares the three most viable alternatives
 
for wastewater treatment and disposal which have been developed based
 

upon a reconnaissance level investigation. These alternatives are:
 

o IB Sea Disposal with Two Primary Plants
 

o IlIA Land Application with High Income Crops
 

o IIIB Land Application with Forage Crops
 

The USAID Handbook has been used af the basic guideline for the eva

luation of alternatives. The Handbook does not specify a rigid methodo

logy. Rather, it permits the exact methodology to vary so the most
 

credible and relevant approach can be used for a particular project.
 

The guidelines provide for either cost-effectiveness or cost-benefit
 
analyses to be used in evaluating alternatives. A cost-effectiveness
 
analysis is usually the more appropriate technique when the project's
 

output cannot realistically be assigned monetary values. A cost-benefit
 
analysis is usually more appropriate when the project's outputs are pri

marily marketable items or when they can be valued in i.,metary terms.
 

Wastewater treatment projects have traditionally been evaluated using
 
are
a cost-effectiveness analysis because pollution control benefits 


largely nonmonetary in nature. A cost-effectiveness analysis is an
 

effective tool for considering both quantitative and qualitative fac

tors. 
 Therefore in comparing the three most feasible alternatives for
 

Alexandria wastewater treatment and disposal, a cost-effectiveness ana

lysis was used as the basic tool for comparison. However, the land
 

application alternatives provide measurable monetary benefits in addi

tion to pollution control benefits. Therefore, a cost-benefit analysis
 

was performed to consider whether the additional cost of either land
 

application alternative is justifiable on the basis of the additional
 

benefits that would accrue.
 

The cost-effective analysis is presented in the following section. The
 

cost-benefit analysis is presented in the subsequent Economic
 
Analysis section.
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COST-EFFECTIVENESS ANALYSIS
 

This evaluation considers both quantitiative and qualitative 
factors.
 

be estimated in strictly numeri-

Quantitative factors 	are items that can 

cal terms. These quantitative factors are listed below:
 

o Capital costs (foreign exchange, local, total)
 

Operation and maintenance costs
 

Present wurth (total capital, total O&M, total)
 

o 


o 


o 	 Energy consumption
 

items that cannot be quantified, but that affect
 
Qualitative factors 	are 

the suitability of the alternatives. The qualitative factors that are
 

used are listed below:
 

o Reliability and 	flexibility
 

o Overall operability
 

o Environmental factors
 

o Socio-political 	factors
 

Determining an alternative's reliability is a subjective judgment that
 

assesses the probability of continuous, acceptable operation 
and the
 

cause/effect relationship among events that may interrupt continuous
 

Flexibility depends 	on the ability to adapt an alternative's
operation. 
 as wastewater
 
various components to accommodate changed conditions such 


quantity or quality, growth rate, and effluent quality requirements.
 

levels
 
Overall operability 	of an alternative concerns the operator 

skill 


difficulty of maintenance, and the necessity for
 
required, the ease or 

and obtainability of 	spare parts.
 

Included under the general heading of environmental factors are the
 

relative adverse impacts to the terrestrial and aquatic environments,
 

and the relative benefit/risk to public health.
 

Socio-political factors include the acceptability of the alternatives by
 
interest groups.
government officials, the general public, and special 


Each alternative will respond differently to changes inthe financial
 

assumptions used for cost estimating or cost-effectiveness analyses.
 

For example, an alternative that iscapital-intensive 
but low in opera
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tion and maintenance costs will have a certain 20-year total present
 
Another alternative
worth cost associated with a given discount rate. 


that is not capital-intensive but ishigh inoperation and maintenance
 

costs may have the same 20-year present worth cost with the same
 
discount rate. However, if the discount rate ischanged, the two alter

natives will then have different 20-year present worth costs.
 

Sensitivity to such changes and the severity of economic impacts asso

ciated with these changes are important attributes of the alternatives.
 

Determination of such impacts is termed a sensitivity analysis. This
 

chapter presents sensitivity analyses for changes in the following quan

titative factors:
 

o Capital costs
 

Costs of labor for operation and maintenance
o 


o Energy costs
 

o Net crop returns
 

o Foreign exchange rates
 

o Land values 

o Infrastructure costs 

o Discount rates
 

o Primary effluent chlorination during bathing season only
 

Selecting the most suitable alternative requires decisions based on
 

quantifiable and non-quantifiable factors. Obviously, the best solution
 

for Alexandria should be as economical as practicable--but isan econo

mical solution with questionable reliability and flexibility better than
 

more costly, but also more reliable and flexible, system? The answer
 a 

to such a question largely depends on the value one places on money and
 

one's willingness to invest prequality. The answer may also depend on 

to avoid potential future operation and maintenance costs
sent capital 


or vice versa. Depending on the value or significance given each quan

titative and qualitative factor, different alternatives may be perceived
 

as superior.
 

Methodology
 

Two basic criteria are paramount in selecting the most suitable solution
 
The alternative
for wastewater treatment/disposal for Alexandria. 


should be the least costly system capable of meeting the overall
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objective; and, the alternative should be acceptable by social, politi
cal, environmental, engineering, and wise investment standards. The
 

first of these criteria requires that alternatives be compared as to
 

their cost-effectiveness. To perform a cost-effectiveness analysis pro

perly, the time value of money must be considered. This is accomplished
 
by expressing future expenditures in present costs. The results are the
 

costs and receipts over the analysis timeframe.
present worth of all 

This present worth methodology is used for all economic comparisons.
 

Qualitative factors do not lend themselves to such rigorously quan

tifiable expressions. They can, however, be subjectively grouped from
 

best to worst in relation to their individual impacts.
 

Evaluation of Quantitative Factors
 

Commitment of resources must always be given prime consideration in
 
choosing among acceptable alternatives that will achieve the primary
 
goal. The following quantifiable factors related to resource commitment
 

were considered in the evaluation of the three final alternatives.
 

o Capital cost
 

o Operation and maintenance cost
 

o Total present worth cost
 

o Energy consumption
 

The relative effects of these factors are shown inTables 6-1 through
 
6-4.
 

a cost data base for review
Cost Estimating. The development and use of 

and update of the 1978 Master Plan isas described inAppendix B. The
 

cost data base is for end of year 1980, or just prior to the time of its
 
preparation. It reflects rapidly advancing construction practices in
 
Egypt to avoid escalating costs based on outdated construction prac
tices.
 

Capital costs were estimated using the following techniques:
 

size or capacity curves based on USA experience
o 	Cost vs. 

adjusted for (1)type of work (earthwork, process equipment,
 
concrete) to reflect local costs and (2)timeframe of cost
 
curve data base to reflect end-of-1980 costs.
 

o 	Cost vs. size or capacity curves prepared specifically for the
 
Alexandria projects using end-of-1980 actual labor rates, labor
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productivity and materials costs obtained by WWCG's cost
 
research in Egypt. Appendix B lists the principal material and
 
labor unit costs used in developing construction, operation and
 
maintenance costs. Locally based construction cost curves for
 
pump station and sewer projects are also presented.
 

o 	 Preliminary design, quantification of thc construction and
 
extension of these quantities using locally obtained unit
 
costs, as described above, together with pricing information
 
received from the USA on equipment and materials to be
 
imported.
 

Construction contingencies, varying from 20 to 40 percent depending upon
 

the nature of the work, are included in capital cost estimates as
 
described in Appendix B. The specific construction contingencies
 
assumed for each project are presented in the capital cost tables
 
throughout this report. An additional amount of 15 percent of construc
tion plus contingencies is included in all capital cost estimates to
 
cover engineering, legal, and administrative costs.
 

Capital costs are presented by local cost, foreign exchange, and total
 
cost categories. An end-of-1980 exchange rate of LE 0.70 = $1.00 U.S. 
is assumed for purpose of total cost presentation. All costs are cate

gorized as either local or foreign. If the needed material, equipment, 

labor, or service can be obtained in Egypt, it was included as a local 
cost; if not, it is included In the foreign exchange category. The cost 

categories are defined more specifically as follows: 

Local Cost Items 	 Foreign Exchange Cost Items
 

Site and earthwork Process equipment
 
Concrete Process mechanical
 
Masonry Instrumentation A control
 
Metals Hoisting and conveying
 
Wood and plastic (as available) equipment
 
Thermal and moisture protection Process electrical systems
 
Doors and windows Ductile iron, asbestos
 
Painting and finishes cement, and large diameter
 
Special interior fixtures steel pipe
 
Furnishings
 
Plumbing
 
Light HVAC
 
Lighting
 
Concrete, concrete cylinder,
 

and glass reinforced plastic
 
(GRP) and small diameter
 
steel pipe
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The use of Egyptian construction contractors is generally 
assumed.
 

a fashion similar to
 Operation and maintenance costs are estimated In 

Principal unit prices used
 

that used for construction cost estimating. 
 Labor costs for all
 
are presented in Tables B-i and b-2 of Appendix 

B. 


portions of Alternatives IB, 1lIA and 
IIiB, with the exception of the
 

land application portion of the last two alternatives, 
average approxi-

Land application
in end-of-19

80 costs.
mately LE 6.50 per man per day 

estimated at approxi

system portions of Alternatives 1IlA and 1118 were 


mately LE 12.95 per man per day, reflecting a higher proportion 
of pro-


Labor rates used include fringe and overhead
staff.
fessionals on 

70 percent of USA
 burdens. Labor productivity was assumed at 


experience.
 

Principal commodities used in the operation and maintenance 
estimates
 

include:
 

Power at LE O.O/kWh for the first 500 kW of demand, plus LE
 o 
 a demand charge
O.OO5/kWh where demand would exceed 500 kW, plus 


of LE 25.0/kW
 

o Chlorine at LE 0.30/kg
 

o Polymer at LE 4.50/kg dry weight
 

Present worth cost estimates are for the 20-year time 
period beginning
 

They include
 
at the end of 1980 and ending at tVe end of year 2000. 


capital, operation, maintenance, and replacement costs, and end-of-year
 
A 6-percent
on straight-line depreciation.
2000 salvage values based 


Service life parameters used in calculating

discount rate is used. 


In present worth analyses are presented in
 replacement costs included 

Chapters 4 and 5, Tables 4-2 and 5-3, respectively.
 

in the
the 	capital costs occur
Capital Costs. Most, if not all, of 


Syp-ortfon of a project's useful life. Projects that may be ideal P1
 

all 	other measures may be impractical because of their-ex-cess demand
 

UrWniiT Te Mal cifaprffil izT5 n7 
 - -_ 

The 	alternative wastewater management plans available 
to A/GOSD vary
 

Table 6-1 sunmmrizes these needs.
greatly in their capital needs. 

largest capital requirements; Its cost in
 

Alternative 1liA has the 


end-of-1980 costs is estimated to be nearly LE 850 million, or about
 

more than the least capital-intensive alternative,
80 percent 
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require a capitalization of nearly
Alternative IB, which is estimated to 

Inflation through construction
LE 470 million in end-of-1980 costs. 


will result in a further disparity in capital needs.
 

Operation and Maintenance Costs. Long-term satisfaction with and per

formance of the wastewater management alternative selected will be
 

st:cigly influenced by operation and maintenance (O&M) costs. Systems
 

wItn high O&M are frequently neglected during periods of economic dif

ficulty and fall into disrepair.
 

Operation and maintenance costs, estimated for each alternative through
 

Land treatment with production
year 2000, are presented in Table 6-2. 

far the best alternative with respect to O&M.
of high value crops is by 


Net crop returns would more than offset O&M costs through year 2000.
 

flow from the project would actually be positive after 1991
The cash 

Yhe second land application system


when cropping is fully established. 

are grown, has a lower annual crop


alternative, where forage crops 

return and higher total O&M costs. 	 The sea disposal system rates
 

total O&M costs of LE 124 million
 
poorest in this evaluation with its 


through year 2000.
(based on market prices for power and fuel) 


The present worth of the sea disposal O&M costs could be reduced by
 

LE 5.4 million by eliminating chlorination of sea dischdrges during all
 

but the 4-month summer bathing season. Information available for prep

aration of this report is inconclusive as 
to the need for year-round
 
reach a conclusion in this
chlorination. Additional studies needed to 


regard are recommended in Chapter 7, "Conclusions and Recommendations."
 

Cost-effectiveness sensitivity to the need for year-round chlorination
 

is discussed in the section, Sensitivity Analysis.
 

All O&M costs and present worth evaluations assume certain levels of
 

effective crop production and farming efficiency. If these levels are
 
farming operations, the net O&M costs
not achieved during the actual 


will increase for Alternatives IlIA and 11113 and resulting present worth
 

costs may favor Alternative IB.
 

Total Present Worth Costs. The usefulness of present worth cost eva
as used
luations has been fully discussed. The present worth analysis, 


in this effort, considered not only capital and O&M costs through year
 

2000, but also included salvage values and the time value of money as
 

well.
 

From a total cost standpoint, the system having the lowest present worth
 

present worth costs associated with each
cost is preferred. Total 

alternative are summa.rized in Table 6-3. T le present worths of the
 

costs and
three alternaLIves are closely grouped whhie those of capital 


O&M costs a-e widely separated. The high capital costs of the most
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capital-Intensive alternative are largely offset by a negative O&M cost
 

and a high salvage value. Alternative IIIA is estimated to have a pre
sent worth cost 4.5 percent greater than that of Alternative IB. The
 

Alternative IIIB present worth cost is estimated to be 11.3 percent
 
greater than that of Alternative IB.
 

Energy Consumption. Energy consumption is an important evaluation cri
terion because t represents an irretrievable commitment of a scarce
 
natural resource.
 

The impact of the commitment can be measured either by the quantitative
 
measure of the energy amounts committed, or indirectly through inclusion
 

of energy costs in comparison to total O&M costs. Energy costs at the
 

current Egyptian market rate are included in the O&M costs previously
 
discussed. Overall cost-effectiveness sensitivity to energy costs is
 
further discussed in the section, Sensitivity Analysis.
 

Estimates of the amount of energy that will be consumed are shown in
 

Table 6-4. These estimates assume all electrical energy consumed by the
 
project will be produced in fossil-fuel-fired plants. This assumes that
 
Egypt's low-cost hydroelectric power is or soon will be committed to
 
other necessary or productive uses.
 

As shown in Table 6-4, Alternatives IIIA and IIIB require more than twice
 

the energy than Alternative IB. Such a comparison is complicated by the
 
fact that the end results obtained t.' the land application alternatives
 
differ greatly from those achieved by sea disposal. All three alter
natives effectively dispose of sewage; the land application alternatives
 
also provide the means (and are therefore charged with the energy
 
requirement) to irrigate up to 54,000 feddans of land for food produc
tion. If the energy requirements to irrigate a similarly sized parcel
 
with Nile River water (assuming it was available) were added to the
 
energy required for sea disposal, the sum would likely be very similar
 

to the energy needs of the land application alternatives. If effective
 
sewage disposal and increased food production are both high priority
 
needs and represent national objectives, then directly comparing the
 

amounts of energy consumed in each of the alternatives is invalid.
 
Correspondingly, if sewage disposal, per se, is the prime objective,
 
then a direct comparison is valid and provides a useful comparative
 
parameter.
 

Evaluation of Qualitative Factors
 

While cost-effectiveness is a prime factor in evaluating alternatives,
 
nonmonetary criteria are also appropriate tests. These additional fac
tors are qualitative In nature and include the following:
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o Reliability and flexibility
 

o Overall operability
 

o Environmental factors
 

o Socio-politlcal factors
 

Table 6-5 summarizes each alternative's ability to meet the objectives
 
associated with each qualitative factor.
 

Reliability and Flexibility. We believe both land application alter
natives offer somewhat more reliability and flexibility than the sea
 
disposal system. Their reliability is enhanced by system simplicity.
 
Wastewater pumping would be the most complex and probably the least
 
reliable element ineach case. Raw wastewater pumping is common to all
 
alternatives. The pipeline conveyance system employing three parallel
 
force mains to the land application site would add to the reliability of
 
the two land application alternatives.
 

Treatment in the land application alternatives would be by anaerobic
 
pond system, with the only necessary pond function being a reduction in
 
settleable solids concentrations. The sea disposal system would depend
 
upon mechanical treatment and sludge dewatering facilities. These faci
lities would be more complex and less reliable. Reliability of the
 
facilities following treatment is considered equal for the alternatives
 
considered. These facilities (outfalls, infiltration basins, and irri
gation systems) are all highly reliable.
 

System flexibility favors the land application system. Wastewater could
 
be removed from the force main system upstream from the land application
 
site at any point, treated, and reused to meet future agricultural and
 
industrial needs along the way. Once treated at the land application
 
site by rapid infiltration inAlternative liA, the recovered water
 
could be pumped to the adjacent canal system carrying water from the
 
Nile River.
 

Construction of the sea disposal system would require a large capital
 
expenditure for outfalls, which would be suited to only one purpose-
discharge of treated wastewaters to the sea. The primary plants could
 
be converted to secondary treatment facilities to help meet future
 
industrial and agricultural water needs; however, mechanical secondary
 
treatment and associated sludge management would be costly. This cost,
 
together with the costs for conveying treated effluent to reuse points
 
would be much greater than the cost of either land application system,
 
even when discounting the lost investment in outfalls.
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Any future requirement for upgrading the effluent quality could result
 

in the need to add chemical or secondary treatment to the sea disposal
 

This would add greatly to capital and O&M costs.
 
treatment plants. 

The land application systems should not be impacted by mandates for an
 

upgraded effluent quality since no effluent would 
be released into the
 

general environment.
 

All three of the alternatives are judged to be equal when considering
 
Ineach
 

flexibility in accommodating unanticipated (increased) flows. 


case, system expansion can be accommodated.
 
4


As shown inTable 6-5, all systems are given an acceptable rat ,g for
 

overall reliability ard flexibility.
 

Overall Operability. Operability considerations favor the Land
 

Application Alternative IlIA first, the Sea Disposal Alternative 
second,
 

Alternative IlIA is
 and the Land Application Alternative IIIB third. 


ranked most acceptable because of its simplicity, low levels of opera

required, and the limited use of components
tion and maintenance skill 

subject to wear and breakdown. Operating the pump stations would be
 

more demanding than operation of any other component. 
Raw sewage
 

atten
pumping is common to all alternatives. Very little operational 


tion will be required for the treatment ponds and infiltration basins.
 

Operation of the irrigation wells and irrigation system would be relati

vely simple when compared to operation of mechanical 
treatment facili

those in the sea disposal system.
ties such as 


for the three alternatives would be fairly

Total labor requirementq 

similar. The projected tutdil staffs for the year 2000 would be 615 for
 

Alternative IB,664 for Alternative ILIA, and 606 for 
Alternative IIIB.
 

The figures for the land application alternatives include staff required
 

for conveyance, east plant operation, and operation of the land applica

tion systems through irrigation. Labor requirements for farming are not
 

they could become part of a separate organizaincluded inthese totals as 
 staffs noted here, the
 
tion outside of A/GOSD. Inaddition to the total 


management staff of A/GOSD would have to be considerably augmented to
 

The extent of this augmentation should be
 control the new operation. 

part of the ongoing management review.
defined as 


disposal system is given a lower operability rating than
 
While the sea 

the land application system inAlternative ILIA, its operability is
 

that of the land application system inAlternative
judged superior to 

IIIB. This isjustified by the sea disposal system's use of well
 

In the land
 
established technology with proven operating results. 


are grown, pretreatment would be
 application system where forage crops 

some solids may pass
by ponds and screens only. Concern exists that 
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screen system, creating stoppages in pumping and application equipthe 

ment. 
 The sprinkler nozzles used to apply the partially treated
 

wastewater would be particularly vulnerable to plugging and would
 
In addition, the lack of
require considerable operational attention. 


water storage would constrain the operation of the agricultural activi

ties.
 

The albove comparisons have excluded any consideration of the farming
 

operation. The farm is an integral part of the total system of
 

Alternatives lilA and 1111, especially regarding economic comparisons
 

involving income from crop production. If operation of the 54,000 fed

effective in crop production and
dan farming operation Is not as 


resultant income generation as assumed, the effectiveness of Alternatives
 

IlIA and IIIB in providing adequate effluent disposal will not be
 

Impaired; however, the present worth comparisons and resultant economic
 

raokinq of the land disposal alternatives will be significantly affected.
 

Environmental Concerns. Alternative IlIA is again favored when measured
 
conby environmental factors. This alternative would require the least 


dge on one hand and people on
tact between untreated wastewater and sl 

the other. Operators would have little or no reason to come into con

treatment ponds or in the infiltration
tact with the wastewater in the 

is contrary to experience at mechanical treatment plants
basins. This 


Once the
such as those associated with the sea disposal system. 

zone below the
wastewater would pass through the aerobic treatment 


it would be of tertiary or near
infiltration beds in Alternative ILIA, 

drinking water quality except for nutrients and dissolved solids.
 

Appendix K describes the natural treatment processes in the aerobic zone
 

below the infiltration beds. Water pumped from the ground would
 

a very low disease risk. Treatment, including disinfection, and
exhibit 

discharge of wastewater to the sea (Alternative 11). will also greatly
 

reduce the possibility of negative impact on public health.
 

Alternative IHIB might result in greater environmental ;mpacts because
 
Personnel
partially treated wastewater would be applied to crops. 


working around the irrigation system would occasionally come Into direct
 
as an
contact with the wastewater, and the crops themselves could act 


intermediary in exposing workers and others who might handle the crops
 

to pathoqens.
 

pretreatment and
All alternatives ijst depend upon effective industrial 


toxic waste exclusion programs to avoid environmental damage. Aquatic
 

crops grown on any land application system would
life in the sea or 

serve to concentrate the toxics. The toxi.i 
 would in turn be
 

transmitted to the human population through luod consumption.
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Soco-Political Concerns. Project implementability often hinges on its
 

social and political acceptability. Acceptability or degree of accep

tance is measured by many standards and objectives, some of which have
 

their roots in culture, others religion, and still others the political
 

structure. Generally, the standards and objectives of concern do not
 

have unanimous support. They do have a tremendous bearing on selection
 

among alternatives nonetheless.
 

Soclo-political considerations inAlexandria favLr wastewater reuse.
 

Both the land applicat!nn alternatives are judged superior to sea
 

disposal for the following reasons:
 

sea. This would
 

remove constraints, real or imaoined, in bathing at the many
 

beaches in and adjacent to Alexandria. Tourist-related busi

nesses might be expected to benefit from the assurance that
 

the sea and its beaches were free from any and all sewage,
 

treated or otherwise. Cultural, religious, economic, and
 

political standards and objectives all have bearing here.
 

o 	 Wastewater would be removed from the 


0 	 The agricultural reuse of wastewater could provide economic
 

benefits to Egypt well beyond the scope of this study.
 

Water, not land, may be the critical ingredient to increased
 

agricultural production, and the land application alter

natives could add directly to Egypt's crop production.
 
Nutrients In the reused water would have value in that the
 

incremental increase in crop production would result from a
 
increase In consumption of manufactured
less-than-incremental 


fertilizers. The land application systems, particularly
 

Alternative 1ILA, would produce several 
hundred direct and
 

indirect Job opportunities over and above the employment that
 

would result from the sea disposal system.
 

to be cost0 	 The land application system has the potential 

effective in the long run. While the cost-effectiveness analy

sis stops at the end of year 2000, the Alternative li1A land
 

application system does not start "paying out" until 1991. The
 

users and taxpayers of the 21st century would be the primary
 

financial beneficiaries. The desire to build a system pro

mising this long-term benefit does have considerable merit in
 

long-range economic planning, if initial capital requirements
 

fit the current financial priorities and capabilities of Egypt.
 

While soclo-political considerations favor land application over sea
 

disposal, the two land application alternatives cannot be viewed equally
 

since Alternative lilA would provide significantly greater socio

political benefits.
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Sensitivity Analy!is
 

a large
The cost-effectiveness analysis of alternatives depends to 


extent on the validity of the estimates on which it is based. Planning
 

level estimates cannot be as 
accurate as estimates based on detailed
 

construction plans. Therefore, a sensitivity analysis was performed to
 

determine the effect of potential changes. Potential changes investi
gated included:
 

o 	 A 20-percent capital cost increase
 

o 	 A 50-percent O&M labor cost increase
 

o 	 A 600-percent energy cost increase
 

o 	 A 50-percent net crop income increase over current market prices
 

- $1.00 U.S.
o 	 Devaluation of the Egyptian pound from LE 0.7 to 0.9 


n 	 LE 2000 per feddan increase insalvage values of irrigable
 
land
 

o 	 Inclusion of "social" infrastructure costs at LE 500 per
 
feddan
 

o 	 Changing the "opportunity" cost of money (present worth
 
3 and 9 percent, respectively
discount rate) from 6 percent to 


o Chlorination of Ras E-Soda and West Treatment Plant effluents
 
during the 4 sunwmmr bathing months only
 

inthe present worth of all estimated costs
The individual chan(ge 

through the year 2000 caused by each of these possible changes is shown
 

on Table 6-6.
 

As anticipated, capital and ener(ly cost increases, discount rate
 

increases, the additional infrastructure costs, and part-time chlorina

tion 	adversely affect land application alternatives more than sea dispo

sal. Operation and maintenance labor cost increases affect all
 

alternatives essentially equally. The remaining changes affect the sea
 

disposal alternative ,wore ahversely than the land application alter
natives.
 

ECONOMIC ANALYSIS
 

Preceding sections of this chapter have concentrated on economic and
 

qualitative comp)arison methods as they are normally employed inthe pro
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cess of facilities planning inU.S. practice. Incumbent in such analy

ses are certain conditions:
 

o 	 Inflation is assumed to have an equal impact on all com

modities except, in some cases, on energy.
 

Salvage values represent the value of the remaining useful
 

life of a facility after the end year of the present worth
 

analyses rather than Lhe value of a "sale" of the asset.
 

o 


o 	 Current actual commodity prices are used.
 

This 	type of analysis works well in situations where subsidies, price
 

supports, and price controls are absent, and nationwide self-sufficiency
 
These
in terms of all requisite project labor and materials Is present. 


requisites are not the case in Alexandria. Among other commodities,
 

food, fuel, and electrical power are subsidized in Egypt; I.e., inten

than world market prices. Labor and housing rentionally sold at less 

tal rates are likewise government-controlled, presumably at levels
 

The Egyptian pound is not a
consistent with the subsidies employed. 

rate 	of exchange vis-a-vis the U.S.
"hard" curreocy. While the official 


d~ilar Is approximately 82 pt. per dollar (up from 70 pt. per dollar In
 

early 1981), there Is every indication that if the pound were to be
 

allowed to "float" against 	the dollar, the exchange would currently be
 

90 to 95 pt. per dollar.
 

represent very significant
Because such conditions as 	mentioned can 

solution to Alexandria's sewerage needs,
constraints to any overall 


USAID has asked that an analysis based on a "free market approach" be
 

included in the comparison of alternatives. The accomplishment of a
 

rigorous "free market approach" analysis would be an extremely complex
 

undertaking and is outside the scope of work currently authorized for
 

this report. The collexity arises because of the fact that within
 

Egypt, as elsewhere in the world, comodity prices and costs, prevailing
 

subsidies and controls, etc., are all interrelated. Therefore, a major
 

change In one Item Inevitably leads to a chain reaction of pressures to
 

force reactive and complementary changes in other items. A "free market
 
so
approach" analysis Is nevertheless an important comparative tool and 


a preliminary analysis was conducted and is presented inAppendix N.
 

The following i a suamiary of this analysis.
 

Study Approach 

conducted from the national viewpoint. Its
The eronomic analysis was 

purpose was to provide Egyptian and USAID officials with a basis for
 

deciding which wastewater disposal alternative would provide the
 
the economy of Egypt a. a whole. Therefore,
greatest net benefit to 
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opportunity costs and prices (often referred to as "shadow prices") were
 

used in measuring benefits and costs. These shadow prices reflect
 
economy
the real cost of production inputs and outputs to the national 


with the influence of market distortions removed. Examples of distor

tions that have been removed include artificially low prices for some
 

crops caused by government controls, and subsidized prices for some farm
 

production items such as fertilizers, credit, and improved seeds.
 

The economic analysis is based on a usefiol life for project facilities
 

of 50 years. However, the structures i 'zed for the year 2000
 

design flow capacity.
 

Data used in the analysis were obtained by a review of previous similar
 

studies, published and unpublished information available from Egyptian
 

government agencies, interviews with knowledgeable professionals, site
 

investigations by the study team, and engineering cost estimates. The
 

data are regarded as adequate for the purposes of updating the master
 

plan. However, more detailed investigations will be required to confirm
 

the economic feasibility of the selected alternative.
 

Project Benefits
 

The benefits of each project were measured on the basis of the "with and
 

without principle." The future conditions that would result from the
 

project were compared with conditions anticipated to occur without the
 

project. Thus, the net improvements would be benefits attributable to
 
the project.
 

The adverse environmental impacts associated with taking no action to
 

improve the wastewater facilities of Alexandria are regarded as unaccep

table. The public health consequences of increased population densities
 

in nonsewered areas and increases in the discharges of untreated
 
The risks of contacting contaminated
wastewater flows would be severe. 


water would increase dramatically. In addition, the worsening of beach
 

pollution could have a significant adverse impact on the important
 

tourism economy of the Alexandria region.
 

provide the necessary protec-
Alternatives IB, IIIA, and 1IB would all 

tion to public health and the environment. However, the land applica

tion of reclaimed water would result in additional benefits for
 

Alternatives IlA and 1116. Consequently, the benefit analysis was
 

focused primarily on determining the incremental irrigation benefits
 

for the land application alternatives.
 

Irrigation benefits were measured on the basis of a farm budget analy

sis. Direct Irrigation benefits were defined as the return to water
 

(net farm income) that would result from irrigating with the reclaimed
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water. The return to water was calculated as a residual by estimating
 
gross crop income and deducting crop production costs (including a
 
return to farm labor) and returns on investment (6 percent) and to mana

gement (1percent of gross income).
 

The return to water was calculated for representative crops expected to
 

be grown inthe irrigation service area. The anticipated cropping pat
tern was then used as a basis for calculating the weighed average bene
fit on an annual basis.
 

Direct irrigation benefits at full project development would amount to
 
LE 42.0 million per year for Alternative IlIA and LE 5.0 million per
 

year for Alternative IIIB. The computations of these benefits are shown
 
in Tables 6-7 and 6-8.
 

For either land application alternative, full crop production would not
 
be achieved for about 5 years after irrigation was begun. Crop
 
production--and hence direct irrigation benefits--would be low during
 
the first few years of irrigation. During this period, salts would be
 
leached from the root zone and organic matter incorporated into the
 
soil. This 5-year development period is reflected in scheduling the
 
irrigation benefits from each land application alternative. The sche
dule of benefits also reflects the projected increase in wastewater
 
flows up to the year 2000 design capacity.
 

In addition to the direct irrigation benefits, Land Application
 
Alternative IIIA would provide important benefits inachieving the
 
national goal of food security. The annual value expressed in 1980 sha
dow prices of food crops produced with the year 2000 wastewater flow
 
would be LE 71.2 million at 1980 price levels.
 

Project Costs
 

A schedule of construction, operation and maintenance, and replacement
 
costs, along with the monetary benefits and net benefits for Alternatives
 
IB,IlIA and IIIB, are presented inTable 6-9 through 6-11, respectively.
 

Since
The costs are based on shadow price levels at the end of 1980. 

the costs are based on shadow prices, they differ to some extent from
 
those based on anticipated market prices, as presented in other sections
 
of the report.
 

Energy costs are an important consideration inevaluating the land
 
application alternatives. The energy requirements for both land appli
cation alternatives would be substantially greater than for the sea
 
disposal alternative. Energy costs (power at LE 0.056/kWh) in the eco

nomic analysis were based on marginal rates (shadow prices) which
 
reflect the full cost of developing new sources of energy supply.
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Comparison of Alternatives
 

The comparison of alternatives was made on the basis of an incremental
 

analysis. Both of the land application alternatives would be substan
tially more costly in terms of initial capital cost than the sea dispo
sal alternative. All three alternatives would achieve the basic purpose
 
of maintaining public health and envirunmental standards. Therefore,
 
the focus of the analysis was on whether the additional costs for land
 
application of the wastewater would be justified on the basis of the
 

additional economic benefits.
 

The internal rate of return (IRR) was computed as a measure of the eco

nomic worth of the land application increments. The IRR is the interest
 
rate at which the present worth of the future flow of monetary benefits
 
would be equal to the future flow of monetary costs. It indicates the
 
discount rate at which the benefit-cost ratio would be 1.0.
 

The IRR for incremental costs and benefits for Alternative IIIA is 7
 

percent over a 50-year period of analysis at the foreign exchange rate
 
of LE 0.70 = $1.00 U.S. For Alternative IIIB, incremental project costs
 
would exceed incremental benefits even at an interest rate of zero.
 

A Sensitivity Analysis of the Internal Rate of Return
 

A sensitivity analysis was also conducted to determine whether the IRR
 
would be significantly influenced by different assumptions about costs
 
and benefits or variations from the estimates. Results of this sen
sitivity analysis for Alternative IIIA are presented in Table 6-12.
 

A delay of 5 to 10 years in the time required to attain full crop yields
 

would reduce the IRR from 7.0 to 5.5 percent. .J construction costs
 
increase 10 percent above the estimates, the IRR would be 6.3 percent.
 

Substantial amounts of electricity would be used for pumping in
 
Alternative ILIA. A marginal rate of LE .056 per kWh was used to com
pute energy costs in this economic analysis. If this rate is increased
 
10 percent, the IRR would be 6.6 percent. Please note that marginal
 
rates are substantially higher than market rates for electricity.
 

If the shadow prices for crops produced on irrigated lands are increased
 
10 percent, the IRR would increase to 8.9 percent. This indicates the
 
study results are significantly influenced by the level of crop prices.
 

The IRR decreased to 6.8 percent if the salvage values at the end of
 
the 50-year period of analysis are excluded. Although the salvage
 
values are substantial, they are heavily discounted in the analysis on a
 
present worth basis.
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The IRR increased from 7.0 percent to 7.7 percent when the foreign
 
= $1.00 U.S. 
to LE 0.85 = $1.00
exchange rate was changed from LE 0.70 


This indicates that the use of an artificially low exchange 
rate


U.S. 

tends to understate the benefits in relation to the costs for
 

If the trend toward devaluation of the Egyptian
Alternatives IIIA. 

currency continues, land application of the wastewater under Alternative
 

IlIA will become increasingly desirable.
 

some delays in reaching full project develop-

In conclusion, it appears 

ment or minor variations in construction costs, electricity costs, or
 

crop prices could occur without significantly influencing the economic
 

Of those variables tested, changes in
 feasibility of Alternative ILIA. 


crop prices and the foreign exchange rate appear to have the greatest
 

Another critical factir, of
 
potential influence on study results. 

course, is the achievement of the assumed farming production 

outputs.
 

This is related to the ability of the farm operator to implement and
 

maintain farming practices at consistently high levels 
in order to
 

achieve the assumed crop production.
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CHAPTER 7
 
CONCLUSIONS AND RECOMMENDATIONS
 

INTRODUCTION
 

This chapter sets forth the principal conclusions and recommendations
 

reached from the reconnaissance-level studies and analyses described in
 

the preceding six chapters and the appendices to this report. Emphasis
 

is placed on conclusions and recommendations pertinent to the choice
 

between the basic alternatives for wastewater management discussed in
 

These are sea disposal and land dpplication.
Chapters 4, 5, and 6. 


These alternatives have been described in detail in Chapters 4 and 5,
 

respectively, and evaluated in detail in Chapter 6 of chis report. The
 

conclusions and recommendations presented in this chapter have their
 

bases not only in this report and its accompanying volume of appendices,
 

but in discussions and considerations involving A/GOSD, USAID, and WWCG
 

that have taken place since the initial drafting of this report in
 

May 1981.
 

The draft report, republished in final form after revisions to accom

modate comments received and the addition of this chapter, a new
 

Appendix N, and an executive summary, constitute the final report on the
 

Review and Update of the 1978 Alexandria Wastewater Master Plan.
 

WWCG's contract for review and update of the 1978 Master Plan envisionLd
 

relatively quick adoption of a wastewater management plan following
 
At prepublication of the draft review and update report in May 1981. 


sent, a wastewater management plan has not been selected. Additional
 

information has been developed and analyzed since the draft report was
 

A part of that additional information base is represented by
published. 

the addition of APPENDIX N, ECONOMIC ANALYSIS. This additional work
 

expanded the economic analysis of the sea disposal and land application
 
studies have reaffirmed that the two
alternatives. These additional 


in total present worth cost terms. In
alternatives are nearly equal 

terms other than total present worth costs, the alternatives are quite
 

different. Major differences include operation and maintenance require

ments, land requirements, and, most importantly, requirements for ini

tial capital funding.
 

The delay in selecting a wastewater management plan has rendered sched

ules 	in this report outdated. Further delays beyond this writing will
 

further outdate the schedules, resulting in the following two impacts:
 

o 	 The population of Alexandria, Egypt, will continue to be
 

impacted by the water pollution and public health impacts
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for an additional time
resulting from improper sewage disposal 

equal to the delay (now 5 months and increasing).
 

Capital costs of the wastewater management plan that is imple

mented will be increased an estimated 1 to 1-1/2 percent per
 

month of delay because of inflationary pressure.
 

0 


CONCLUSIONS
 

This review and update study was directed by the scope of the contract
 

sea and land based systems for the disposal of
to investigate both 

sewage from Alexandria. In accomplishing this task, efforts were to be
 

made to identify and determine the feasibility of a disposal system
 

which would make beneficial reuse of Alexandria's wastewater through
 
land application alternative has
irrigation. A technically feasible 


It, along with a sea disposal alternative, represents a
been identified. 

sound choice for the solution of wastewater disposition in the
 

Alexandria area.
 

Based on the information currently available, both of these alternatives
 

appear technically feasible from an engineering standpoint. Both alter

native wastewater management plans will functionally meet the principal
 

wastewater mangement goals of safely disposing of Alexandria's wastewater
 
Each will remove Alexandria's
and protecting the recreational beaches. 


or reuse it
 wastewater from the immediate area and either dispose of it 


in a fashion recognized as technically adequate and safe. The choice
 

between alternatives may, however, be dictated by capitalization require
future field investigations,
ments, by land availability, by results of 


or by some combination of these.
 

Implementation of either of these alternatives will require considerable
 

additional study prior to undertaking final design. The required prede

sign work consists mainly of field studies and is outlined in
more
 

detail in the recommendations section of this chapter.
 

Sea disposal is much less capital-intensive than land application.
 

Using LE 0.85 = $1.00 U.S., and end-of-1980 prices as a basis, sea
 

disposal would require expenditures of about LE 510 million, and land
 

application would require expenditures of about LE 886 million, a dif

ference of LE 376 million.
 

If the impact of inflation is considered, this capital cost difference
 

becomes much greater. For example, assuming an inflation rate of 15
 

and a variable rate (9 percent in 1981 decreasing
percent on local costs 

to 5.7 percent in 1990) for foreign exchange costs, and an exchange rate
 

related to inflation by the ratio of local cost e;calation factor to
 

foreign exchange cost escalation factor, the cunstruction cost for sea
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disposal would total LE 1011 million. On a similar basis, the construc

tion cost for land application would total LE 2260 million. The cost
 

differential, expressed in inflated (rather than constant) currency
 

values, would be nearly LE 1250 million. Foreign exchange costs would
 
be $388 million for sea disposal and $385 million for land applica

tion.
 

Based on 1980 prices, sea disposal will require significantly larger net
 

outlays, from an econooic viewpoint, for operation and maintenance than
 

will land application. This is due to the income which will be received
 

from the sale of crops produced by the land application system. The
 

magnitude of this cost differential is dependent on the assumptions on
 

which the calculation is based but is significantly large and favors
 
land application regardless of the basis of computation. Using shadow
 

prices as a basis, projected operating and maintenance costs associated
 

with sea disposal for the period 1981 through 2000 total about LE 199
 

million, while with land application a net revenue (crop returns minus
 

costs) of about LE 60 million would be received. On this basis the dif

ferential between the two alternatives is about LE 259 million, favoring
 
land application.
 

The higher capital costs associated with the land application alter

native are mainly due to the costs associated with conveyance of the
 

wastewater to the r';!rest feasible application site which is located
 
about 60 km south of Alexandria in an undeveloped area of sandy desert
 

soils. All closer sites investigated were found to be unsuited for
 

large-scale land application systems because of conflicts with e.;isting
 
land uses or unfavorable site conditions.
 

The anticipated cost-effectivness as measured by the total present worth
 

cost of both alternatives, using 1980 prices, is essentially equal.
 

Variations in the discount rate employed in the analysis do not change
 

the near equality significantly. We conclude that, with the information
 
presently at hand, the present worth costs of the two alternatives are
 

not a decisive factor in determining which alternative to implement.
 

Because of the nearly equal cost-effectivness of the two alternatives,
 

an analysis was made to determine the internal rate of return which
 

might be realized if the additional cpita (beyond that required for
 

sea disposal) was spent to implementland application. Using shadow
 
prices as a basis, a base exchange rate of LE 0.70 = $1.00 U.S., and a 

50-year time span, this analysis indicated that the internal rate of
 

return, (i.e., the discount rate at which the present worth of benefits
 

received equals the present worth of costs incurred) would be 7 percent.
 

This figure would increase to about 7.7 percent if an exchange rate of
 

LE 0.85 - $1.00 U.S. were used. This finding indicates that land appli

cation will be economically advantageous if returns of 7 to 7.7 percent
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or less are considered acceptable. Ifcapital is limited, the financial
 

merit of this alternative can be compared to other potential investment
 
a whole. Ifother
opportunities inthe national economy of Egypt as 


investments are typically yielding returns lower than this, land appli

cation would be preferred.
 

We conclude that sea disposal is potentially less flexible than land
 

application and about equal in its ability to effectively deal with safe
 

disposition of Alexandria's wastewater.
 

A/GOSD and the A/GOSD Board of Directors favor the land application
 

alternative if the questions of capital fin3ncing, land availability,
 

and technical feasibility can be satisfactorily answered. They also
 

believe that the option of land application or beneficial reuse of
 

sewage effluent should be retained inany finally adopted long-range
 

plan.
 

Both alternatives require that toxic industrial wastes be pretreated or
 
This is a critical need which must be
excluded from the A/GOSD system. 


accomplished regardless of the alternative selected.
 

While both alternatives are considered functionally acceptable, the
 
The sea dispobenefits which would flow from the plans are not equal. 


sal plan would provide appropriate treatment and disposition of
 

wastewater into the Mediterranean Sea. The land application alternative
 

would, inaddition to appropriate disposition of wastewater, provide
 

other benefits. Principal among these would be the addition of about
 

54,000 feddans of irrigated land. Implementation of the land applica

tion alternative could help Egypt meet the following national goals:
 

o Self-sufficiency in food production
 

o Increased productive employment
 

0 Decentralization of the population through the development of
 

new small villages needed to accommodate the treatment and
 

farming operations
 

Land application could be constructed ina time period approximately
 
sea disposal; however, needed field investigations
2 years less than for 


which must precede either of the des.igns would require more time for
 
sea d;sp:sal. Considering needed field studland application than for 


ies, predesign, design, and construction as a whole, land application
 
disposal.
could potentially be operable about 1 year before sea 


Utilization of interim treatment and disposal strategies could substan
delay for the sea disposal altertially reduce the importance of such a 


native.
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Regardless of the wastewater management alternative selected, a critical
 

need exists for field investigations necessary to further define design
 

criteria related to the disposal elements of either alternative. This
 

predesign related field work may reveal design constraints rendering
 
and more or less costly.
either alternative more or less functional 


Since fewer unknowns appear to be associated with the sea disposal than
 

with the land application alternatives, field studies for sea disposal
 

should require less time.
 

least one summer season in the case of
Necessary field work must span at 

the outfall studies and at least one growing season in the case of the
 

land application system. Implementation of the land application system
 

will require completion of an environmental assessment and/or an
 

environmental impact statement in order to qualify for USAID funding.
 

USAID has indicated this work could be done concurrently with the other
 
field work so as to not unduly delay design work.
 

Inflation costs associated with delaying an overall wastewater manage

ment system selection and implementation are at least LE 4.7 million per
 

month for the sea disposal alternative and LE 8.5 million per month for
 

the land application alternative. These delay costs are extremely
 
significant and should be minimized to the fullest extent possible.
 

Further reevaluation of the currently available data and issues which
 
likely to produce a result indicating
affect the two alternatives isnot 


The basic conclusion,
clear superiority of one over the other. 

regardless of how the data isanalyzed, is quite likely to remain that
 

the salient factors are:
 

0 	 Sea disposal would require significantly less capital expen
ditures, would be less flexible, and could require larger net
 
outlays, from an economic viewpoint, for operation and main

tenance.
 

0 	 The validity of the assumptions made in this report concerning
 
the engineering and financial viability of both alternatives
 
cannot be completely confirmed without additional data
 
obtainable only from actual field investigations and related
 

studies. Fewer unknowns appear to be associated with the sea
 
disposal alternative, however.
 

o 	 Either alternative can effectively and safely dispose of
 
Alexandria's wastewater.
 

o 	 Delaying a decision to attempt to reanalyze existing infor
mation will prove fruitless and inconclusive.
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Delaying a decision to acquire additional information until a long-range
 

wastewater management plan is selected and approved is unnecessary and
 

will result in increased costs ranging from LE 4.7 to 8.5 million per
 

month of delay. In addition, the current public health hazards caused
 
worsen and the earliest possible time
by wastewater in Alexandria will 


for correction will be delayed.
 

Given the inconclusive results of the analysis of currently available
 

data, the probable social and economic cost of delay, and the need for
 

additional study before definitive design can begin on all parts of
 

either alternative, we conclude that Alexandria's best interests could
 

be served by the adoption of a phased implementation plan.
 

This plan calls for the immediate identification of the financial and
 

land acquisition constraints associated with the land application alter

native. If financial constraints make initial implementation of the land
 
feasible, the option of land application
application alternative not 

some form should be retained as a long-range
and/or wastewater reuse in 


goal in any wastewater disposal plan adopted.
 

The phased plan should consider maximizing the potential values of
 

expanding the east and west plants in conjunction with full utilization
 

treatment capacity of Lake Maryout and the replacement
of the natural 

at the location of the existing Kait Bey
and 	extension of one outfall 


to reduce the treated sewage flows being discharged into Lake
outfall 

Maryout and to eliminate untreated sewage being discharged into the sea.
 

The objective would be to provide primary sewage treatment service to
 

the entire Alexandria population at the earliest possible time, while
 

improving the physical and aesthetic qualities of Lake Maryout and the
 
sea.
 

Significant advantages of the phased implementation plan are: the
 

apparent availability of funds for both the local and foreign costs of
 

the 	program; early resolution of critical flooding and pollution
 

problems; reduction in pollution of drains, Lake Maryout, and the
 

Mediterranean Sea; early service to outside areas (Abu Qir and
 

Dekheila-Agamy); and improved collection and treatment of sewage flows
 

to the year 2000.
 

RECOMMENDATIONS
 

Phased Implementation Plan
 

We recommend that A/GOSD adopt a phased wastewater management imple

mentation plan consisting of the following:
 

1. 	Adopt a program to best provide interim treatment and disposal of
 

Alexandria wastewater flows as soon as possible based on local and
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foreign funds available at that time. The planned development should
 
center on the roles the east and the west plants can play inmini
mizing the pollutional load to Lake Maryout and the sea.
 
Consideration should be given to expanding both plants immediately
 
to "high rate" primary plants to serve as much of the greater
 
Alexandria area as possible. Inaddition, consideration should be
 
given to supplementing the natural treatment capacity of a portion
 
of Lake Maryout through selected dredging, supplemental aeration, and
 
other means.
 

2. Conduct marine studies to determine the design data needed to
 
construct the new p'neline at the existing Kait Bey outfall.
 

3. 	Identify possible capital financing constraints associated with the
 
land application options. Conduct field studies needed to confirm
 
the technical and economic feasibility of the land disposal system
 
when funding sources have been identified.
 

4. 	Adopt lend disposal as the goal for disposal of wastewater in
 
Alexandria, and continue to investigate alternate means of
 
financing. When funds are available, divert the sewage flow to land
 
disposal on a phased program. In the event all flows can be
 
diverted to the lana, the Kait Bey outfall can be used for storm
water flows and emergency standby. Should difficulties be encoun
tered during the phased implementation program that cannot be
 
resolved with regard to land disposal, A/GOSD should reevaluate other
 
alternatives presented inthis report.
 

5. 	Continue with ongoing design and construction activities.
 

Other Recommendations
 

Additional recommendations as contained inTechnical Appendices and in
 
Chapters 1 through 6 of this volume are summarized in tabular form in
 
Table 7-1. Table 7-2 lists the recommended field work associated with
 
the sea disposal alternative. Similarly, Table 7-3 lists the recom
mended field work associated with the land application alternative.
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Table 7-1 
SUMRY OF RECO0ENATIONS 

Recommendation 

During the preparation of the basls of design reports, 

measure actual wastewater quantities to ensure that 

the facilities will be adequate to meet future needs. 

Conduct a more extensive sewage sampling and analysis 

program before final design to determine the con

centrations of toxic materials and the effects of
 

treated wastewater and sludge disposal on land or sea.
 

to start Immdiate 

repairs on sewers needing repair or replacement--
Accelerate a concentrated program 

especially those Ir a collapsed or partially collapsed 

condition. 

Emphasize those TPP's In the short-term that are critical 

for the efficient use of the existing collection system 

Including an Intense sewer cleaning program, a program for
 

collection and disposal of 
solid wastes, and Implemen

tation of a sewer use law. 

Implement effective Industrial pretreatmentAdopt and an 
program and a noncompatible waste program. Monitor the 


that adequateGOFI pretreatment program closely to ensure 

pretreatment of Industrial wastes Is accomplished prior to 

discharge Into the Alexandria sewer system. Implement an 

Industrial waste sampling program with more and longer
 

sampling In order to adequately assess the pretreatment 

needs and best pretreatment methods. 

as soon as possible,Implement an east plant upgrading 

utilizing Improvements shown InAppendix E. (This 

recommendation Is now under review by A/GOSD with 

consultation from USAID and WWCG). 

All now sewer systems should be designed for sanitary 

severs only with separate storm sewers and drainage 

systems employed for stormwter flows. 

Report Discussion Location 

Chapter 2, p. 2-0 and Appendix C, 
pp. C-10, 12, and 13 

Chapter 3. p. 3-4 

Chapter 3, p. 3-16 and Appendix H, 
pp. *-I and H-9 

Chapter 4, p.4-5 and Appendix 0, 

p.D-5 

Chapter 4, p. 4-5 and Appendix E, 

pp. E-17 through E-19
 

Appendix A, p. A-1O 
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Table 7-1 (continued) 

SUMARY Of RECOOKNOATiOdS 

Recomendation Report Discussion Location 

Conduct a more detailed Investigation of Industrial Appendix D, pp. D-2 through 0-3 

wastewater Ilows for Individual basis of design 

reports. 

Implement wast plant Improvements as listed In Appendix F. Appendix F, pp. F-9 through F-li 

Implement existing pump station Improvements as Appendix 0, pp. G-12 through G-21 

outlined In Appendix G. 

Continue TPP projects Identified In the 1977 Special Appendix H. pp. H-5 through H-9 

Report No. 4 Including, but not ilimitd to, solid waste 

(i-2), sever use (I-i), and manhole replacement (11-5). 

Regularly clean the Ibrahimla and Gabbary collectors. 

Improve the environmental data base. Appendix I. pp. 1-14 and I-is 

Conduct a reconnaissance level archaeological survey Appendix M, p. -18 

prior to final route selection for the land disposal 

alternative pipelines. 
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Table 7-2
 
MEMCIQCD FILO W FOR
 

Ti SKA OISPOSA t.ALTrbATIVE 

escr IptionIt" 


Wind Sad wave 41t6 to estlablih elin borRS 00k tt* 

WlOw Studies 	 outlell Sad mconst.ctlo wlNdOl--OSq full year of 

cootlauous d"ta Is essential; loNg" rlcords would ba 

statistlcaly benelicil. Studies funded by the 

0IiOU-LOSCO are empected to provide much oJ the date 

reqvired. $Upleintrydata should be collected at we 

by specially installed wave end wind Instrumts.
 

Vin 4 


Seawaotr density profiles for 	 lmo c dltions re deil-
Oeslity Pro-

file Studies nitoly requlred and records for #-. aopiute year are 

preferred. 

Current Dots 	 Continuous current Infor etlon foe at least one auoe 

end prelerably for one yea Is reqvired. Two atered 

arrays supplamented by drogu studios at each outfall 

location Should be provided. 

Dye Studies 	 A series of tWeo y drops should be aed Ov several 

deys, time dwing the suor to determine vertical sad 

horlsontal eddy diffusion rates.
 

The bottom shoold be resurveyed along each outfIll
6-,d*A Surveys 


*.ad 4thymtry 	 o Iy-eAt. 

Gaotechnlcal studies long each outfall robte, with spe

clal studies In yeas to be frenched. are required. 
Geotechalcel 


Studies 

Tht* studles %ftuld Include shallow drlllq (to 10 a
 

below tho mudlilne) end laboratory tasting of aseples.
 

nutrients, chlorooyll, twbldlty,water Quality 	 Water column ata on 

St4dis 	 light trasisolsion. toerstures sallnlty, pH. sa
 

disslved o1rpen should be collected lot I r.
 

Sedijent soples should be collected for particle sineSedment 
Stuffes 	 analysis. percent volatile solids, 11. am organic car

bon. Settling troes should be 	 used to measure sttling 

rates and partIcle site dIstributlOns. 
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Table 7-2 (continued)
 
RMCWENDEO FIELD WOR.FOR
 

THE SEA DISPOSAL ALTERNATIVE
 

DescriptionIte 

Mesurements should be made of 	collfor bacteria deathSecterIal 
ti m

Ole-off Studies 	 rates over under amblont conditions. 

Smthic Animal Benthic anImals should be collected by divers or by grab 

Studies samples. Collection should be b minimm of four times 
per yea for at least I yewn and at several stations 
around each outfall site. Samples should be sieved
 

through I-sr screens and analyzed by accepted scientific 
methods. 

Fish Studies 	 Fish should be collected In the area by otter trawls. 

Smles should be analyzed for stomach content. chlori

nated hydrocarbons. and trace metals. 

Beach Use A 12-amonth study of beach use should be undertaken 

Studies to better establish the need for yea-round chlorina

tion of wastewater discharges. 

Library 	 Detailed library research should be done to obtain 

Research 	 available date on oceanography, marine biology, and 

water qua1It v In the Alexandria area. This search 

should Include universities and various UN and Egyptian 

agencies. 

Project Delivery A parallel 	study to the fieid work should be undertaken 
a detailed project Implementatlon schedule,Analysis 	 to develop 

determine needs for advanced procurement of materials 
such as a pipe plant, identify materials supply sources, 

Identify quelified and Interested construction 
contractors, snd establish construction practices and 
techniques.
 

Preliminary Preliminary design activities should refine design 

Design criteria and prepare preliminary layouts end 

budget level .apltal and OLMestimates based on the 

results of above studies. 
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Table 7-3
 
RECOMENDED FIELD WM FOR
 

THE LAND APPLICATION ALTERNATIVE
 

Description
Ites 

Site Surveys 	 Ground and serial surveys of the proposed site should 
be conducted to produce a base msp of the proposed site 

(1:2.500 scale with contours at 0.5 a). 

Pipeline Route Transmission pipeline routes should be surveyed and 

Surveys investigated, including soundings end bottom sampling 
of Lake i4aryout and marsh crossings. 

Geological 	 Geological Investigations should include a slsic survey 

(approximately 24,000 a of profiles), and stratigraphicInvestigation 
and shallow borings. Stratigraphic borings should be 
approximately 250 m deep, while shel low borings should 
extend to approximately 20 m below the misting water 
table. 

GeohydrologIcal Goohydrological Investigations should determine ground 
aquifer properties by shallow aquifer InfiltrationInvestigations 	 water 

and recovery tests, and well tests. 

Ground Water A mathematical model should be developed for ground water 
Model ovement and quality studies. This model will form the 

basis for rapid Infiltration system design and environmental 

Impact studies. 

Soil Survey 	 The agronomic and physical properties of surface soils should 

I - surveyed at the proposed site (mapping to 1.25.000 scale). 

A crop trial program at or ner the proposed site should beCrop Trials 
conducted for at least one growing season using water of 

a quality similar to that epected from the rapid 
infiltration system. The program should demstrate 
responses of various crops to water qualiIty, methods of 

Irrigation, and manegement practices. 

should be planned,AgronomIc 	 Detailed cropping patterns and methods 
future yields shooId be estimated, end Irrigation require

ments should be Identified. In eddition, the merket 
potential for crops and required infrastructure and 
processing facilities should be determined. 

Assessment 
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Table 7-3 (continued)
 

RECOMMENOED FIELD WORKFOR 

THE LAND APPLICATION ALTERNATIVE 

Description
Itam 

reviewed and theEnvironmental 	 B'j.ellne environmental conditions should be 

projected developments assessed.Assessment 	 impact of 

Information 	 An Informational program for governmental officials, the 

Program 	 academic comunlty, and the Interested public should be 

conducted it various stages during the study. This program 

should Include one workshop at which noted esperts on 
various aspects of land application systems would be Invited 

to mike presentations and review progress on the project to 

date.
 

A study, parallel to the field 	Investigation, should beProject Delivery 


Analysis 	 prepared to develop and present a schedule for advanced
 

materials and equipment procurement and construction of 

facilities for the conveyance and lend application system. 

The study should also Identify 	materials and equipment 

sources, define construction and advanced procurement 

contracts, Identify qualified and Interested suppliers and 

contractors, and establish construction practices and tech

niques. 

Design criteria should be refined and preliminary layouts
Preliminary 


Design 	 prepared of conveyance system, treatment, rapid Infiltra

tio, Irrigation, drainage, farm operation, and cmunity 

facilities. In eddition, capital and operating costs 

should be estimated as well as resource ead manpower 

requirements. 
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APPENDIX A
 

UPDATED MASTER PLAN CRITERIA
 

This appendix presents the general rationale and criteria used in the
 

preparation of this updated Master Plan Report for Alexandria. These
 

have been formulated through review of the 1978 Master Plan and studies
 
of Egyptian, international, and United States practices relevant 
to
 
wastewater facilities.
 

DESIGN PERIODS
 

Each eleAent in a wastewater system is designed for a specific period,
 

throughout which it is expected to serve the needs of that system.
 

Design periods vary with the type of element and depend upon many fac

tors, including resistance to deterioration, construction and operating
 

costs, flexibility of performnance under various conditions, and rate of
 

obsolescence. Design periods recommended for the Alexandria facilities
 
are shown in Table A-1. In general, these design periods are the same
 

as the ,,timnated service lives of facilities discussed in Appendix B.
 

Generally, the sLi~ng of elenwnts IN based on the anit ipated capacity 
required through the design year. Technical 4nd economic considerations
 

may warrant the Installation of a smaller element Initially. to be
 
followed a5 the loading increases by a second or even additir- il ele

ments. Such items as large diA-ter pipelines and force mi,. require 

evaluation on a case-by-car c sis. 

WASTEWATR ILOWI 

Dor,.1ifc Wastewater
 

Dcmivstlc wastewater flow% as projected In the 1910 Mister Plan were 
estimated from a comhination of data including the then present and 

anticipated future water consumption rates, load use projections, and 
anticipated population densities. This data and methodology resulted In 
the e01tmited per capita Cofvsti. wa tewater flows shown in Table A-2. 
Study of anticipated fature (domOStIC and 9overnmental water use provided 
the results Shown in T.:'le A-J. Compariscn of Tables A-2 and A-3 is 

L(M~pI1cated by the rdct that the water supply records an-i the .eweragt 
records use different geographical %ubdivilslons. In spite of this, the 
facts IndicAte that anticipated per ,apita Domestic sewage flows com

puted on the basis of anticipatei future water use are significantly
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higher than those used in the 1978 Master Plan. These differences are
 

illustrated in Table A-4. The accuracy of future water demand projec

tions cannot be verified in this study 
nor can current sewage flows be
 

accurately known without actual measurement. The water use projections
 

indicate a combined domestic and governmental water use of 196 Icd
 

during the peak tourist season by the year 2000. Water use of this
 
therefore, we see no
 magnitude In other developed countries is common; 


to doubt the possibility that water use in Alexandria
 
apparent reason 


If this occurs, we believe the per

may reach 196 Icd by the year 2000. 


be too low.

capita sewage flow allowances listed in Table A-2 will 


for design purposes.
Consequently, we do not reconend their use 

verified without field measure;Iowever, since their accuracy cannot be 


and since it is necessary to compare sewerage alternatives devew~ent, 

loped in this Master Plan Review with those recommended In the 1978
 

was appropriate to
Master Plan on a consistent basis, we determined it 


use the 1978 figures for comparison purposes only. We strongly recom

flow measurement and water te investigation be
 mend that a program of 


added as a task to be completed during the preparation of all bases of
 

design reports (BOOR's) preceding actual design of sewerage facilities.
 

the purposes of developing sewerage alternatives for comparison with
 
For 

the 1978 Master Plan, the per capita sewage flows listed in Table A-?
 

These flows along with new population projections (see
were used. 

Appendix C), industrial sewage flow projections (see Appendix D),
 

area measurements
infiltration allowances based on Figure A-I, and new 


and peaking factors based on Figure A-2 formed the basis for the spe

sewer area, which are shown in Appendix C.
cific flows by 


Industrial Wastewater
 

taken from the updated industrial Information Is
Industrial flows were 


presented in Appendix D of this report.
 

Inf 11trat ion
 

the consultants
[xtensive studies undertaken in the United States by 

flow In a sewer
indicate that Infiltration flow as a percentage of total 


system will decrease with an increase In tributary areas. 
 These studies
 

also Indicate that %ewers constructed with gasketed com)resslon
 

joints have an appreciably lower infiltration rate than older sewers,
 

which were constructed with henip.mfrtar or hon%)-tar joints. Based on
 

as indicated in
these observations, desiin peak infiltration curves 

these curves be used


Flyure A-I were developed. It is recommended that 

the older sewer curve
for the design of -ewerS in Alexandria. with 


applicable to any new construction that employs hemp and mortar joints.
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In the event that sewers with gasketed compression Joints become
 

available in Egypt. then the new sewer curve should be used in deter
mining infiltration rates. Infiltration analyses in other parts of
 
Egypt indicate that in areas where the condition of sewers Is poor and
 
the ground iater level high, the infiltration rate nay be higher than
 

the infiltration rate given by the old sewer curve. However, where such
 
conditions are known to exist, it would be more cost effective to pro
vide a rehabilitation program rather than nrovide capacity for the
 

excessive infiltration rates.
 

Peaking Factors and Minimun Flows
 

Jur analysis of the peaking factor curvL. Figure A-2, which was used in
 

the preparation of the 1978 Master Plan, indicates that the peaking fac

tors are adequate even If a substantial quantity of the infiltration
 

Into the system is eliminated. The consultants therefore adopted Figure
 
A-2 for use in updating the Master Plan.
 

The minimum flow through a sewer system for cities of Alexandria's size
 

is commonly found to be one-half of the average flow. Because of the
 

potential for excessive infiltration, the ratio of minimum flow to
 

average flow may be larger than 0.5.
 

WAST[WATER COLLECTION SYSTLM
 

Sewers
 

Sizes. The minimum size of sanitary sewers should be greater than the
 

size-of the building connection in general use. This is desirable
 
because the sewer should be capable of passing all solid materials that
 

flow through the building connections. Current practice in Alexandria
 

follows this recomTmendation; building connections are generally 15 cm,
 

and the minimum allowable street sewer size Is 20 cm.
 

Hydraulics. Sewer cdrryinj apacity will be determined using the
 

Wa-ii~f~nqr6rriula with "n" equal to 0.013 and the pipe flowing full at the
 

design peak flow rate. Flow velocities In sewers should Ideally be suf

ficient to prevent the deposition of solid matter. In flat areas, pro

viding slopes that are sufficiently steel) Is ltfflcult and costly. 

Failure to provide such slopes In Alexandria, however, can cause dif

ficult and expensive maintenance problems becaise such sewers are fre

quently blocked by sand, stones, and other forrign matter. Such 

blockages are known to occur in devPI,;,'"i areis, where flows are mini

mal and loose building materials or su-p, ided solids from dewatering
 

operations are liable to enter. filockag.s and sluggish flow have a
 

further detrimental effect In that the wastewater can turn septic and
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allow the formation 	of corrosive and foul-smelling hydrogen sulfide. In
 

order to prevent deposition from normal waste flows and to reduce the
 

incidence of blockage, sewers should be laid at slopes that ensure velo

cities capable of transporting sand particles up to a size of approxima

tely 0.2 nun. Table A-5 presents the reconnended minimum slopes and
 

resultant maximum and minimum velocities for commercially available
 

Egyptian standar'd pipe sizes. Also prpiented in Table A-5 are the abso

should be used only when the reconmnended slopes
lute minimum slopes that 

these flatter slopes imp ly
are unattainable. It should be realized that 


greater operating and maintenance costs.
 

-uction practice In
Sewer Construction Materials. Present sewer con 


Alexandria uTfMTITei-Toca-Tlproduced bell and spigot vitrified clay pipe
 

to 600 mm. For larger sewers, locally manufactured glass
in sizes up 

reinforced pipe is used. Construction experience has indicated that
 

locally manufactured vitrified clay pipe is unsatisfactory for several
 

reasons:
 

Pipe strength and dimensional characteristics are not
 

uniform.
 
o 


0 	 Pipe may be porous to such an extent that ground water may
 

infiltrate the pipe itself.
 

0 	 Pipe is often out-of-round, making jointing difficult.
 

Internal pipe surfaces may be rough, increasing friction
o 

losses.
 

o Pipe may not be true in linear dimensions because of warping.
 

For these reasons, A/GOS{). with the assistance of Boyle Engineering and
 

WWCG, is exploring the following alternatives:
 

or U.S. sources)
o 	 Spigot-spigot vitrified clay pipe (from local 


with a collar type joint (fromn the U.S.).
 

0 	 Polyvinyl chloride (PVC) pipe with compression type joint, or
 

"0 ring (froxn U.S.).
 

or foreign sources.
0 	 Reinfor(ed (oncrete sewer pipes from local 


be made based on
Reconmwindatlon. for %e'wer construction materials will 


the fidingIs of thl'. Invest igat ion.
 

Manholes. Manholes 	should be constructed at changes in slope, size of
 

antlat all setwer junctions. The recommended maximum
pipe-,or direct ion, 

spacing of man )Ile% i Shown in Table A-6.
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The manholes should be 122 cm in diameter with a minimum clear opening
 

of 60 cm to provide adequate access for maintenance purposes.
 

Construction should be from precast sections, equipped with tongue-and

,roove joints with a rubber gasket or a waterstop joint, and with cast
in-place manhole bases. Manholes should be equipped with drop
 
connections where elevation differences between connecting sewers are
 
sufficient to permit the use of standard fittings.
 

Pump 	Stations and Force Mains
 

The following criteria are recomnended for pump stations:
 

o 	 The finn capacity of the pump station, i.e., the
 
capacity assuming the two largest pumps are out of
 
service, must match the peak sewage flow rate.
 

o 	 The number of pumping units instal'ed should be equal
 
to the number required for peak flow plus two standby
 
pumps.
 

0 	 Pumps should be sized so that excessive flow fluctuations
 
do not occur at sensitive downstream facilities, such as
 
treatment plants. Alteinatively,variable speed pumps
 
would be required.
 

0 	 Pump stations should be provided with bar screens
 
to protect the pumd and force mains from blockage
 
and should also have a flow measuring device.
 

o 	 Force mains should be designed to maintain self
cleaning velocities wiLh a normal maximum velocity of 
approximately 2.0 metres per second (m/s) and a mini
mum velocity of 0.6 m/s. Tn cases .here other fac
tors such as economics, pump selection, or
 
maintenance of minimum velocity dictate the use of
 
higher maximum velocities, an upper limit of 3.0 m/s
 
may be utilized. Force main should be sized to
 
dctonmnodate the peak and minimum sewage flow rates
 
deliverable by their associated pu-ip stations within
 
the velocity range indicated above. Force mains
 
should be coistructed of cast-iron or ductile iron
 
pipe with suitable thrust blocks provided at changes
 
of ,!li'y cr.t.
 

Pump stations should be of wet-dry well type. Wet wells should be
 

divided into two compartments to facilitate cleaning and maintenance.
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Maximumi design water level in a wet well should be below the invert
 

leve' of incoming sewprs. Low water level should not be below the pump
 

casing level. Wet wells should be sized so that the interval between
 

pump starts is not so short as to damage associated electrical equip

ment, nor so long as to permit stagnation of wastewater. Dual power
 

sources or standby power should be provided at puMp stations where loss
 

of power would otherwise cause flooding.
 

Pumps should be of a nonclog type capable of handling solids up to 75-mm
 

spheres. Generally. they should be of the vertical shaft type, driven
 

by electric motors set above possible flood level. Water seals are
 

recommended. Dry wells should be equipped with automatic sump pumps and
 

standby hand pumps.
 

WASTEWATER TREATMENT
 

Process Selection
 

Wastewater treatment facilities should be designed to produce an
 
receiving water or
effluent that will not have an adverse imp.Lt on 


lands. In the absence of definitive and complete effluent quality stan

dards, we are proposing various degrees of treatment depending on the
 

method of disposal. Table A-7 indicates the treatment facilities recom

mended for alt(rnative methods of disposal. Since the quality of
 

effluent needed for most industrial purposes would require sophisticated
 

and costly treatment processes, we have not included industrial 
reuse.
 

Views on appropriate treatment technology are changing rapidly.
 

Sophisticated activated sludge and physical-chemical processes, devised
 

to conserve land and produce a consistently high quality effluent even
 
traditional
in cold climates, are being viewed less favorably than more 


processes that are less energy and operation intensive. This is par

ticularly true in developing countries with warm, arid climates where
 

simpler treatment systems such as stabilization ponds are not plagued by
 
in colder
cold weather inefficiency, which often precludes their use 


climates, and where sufficient land is usually obtainable.
 

Likewise, the reuse of treated wastewater for agricultural production is
 
the plant nutrients it
increasingly encouraged in recognition of 


contains; thus it is vie,4ed as a resource to be used rather than a
 

nuisance to be disposed of.
 

All the treatment processes proposed in this study are capable of pru

ducing an acceptable effluent with a minimum of mechanization and do not
 
The specirequire sophisticated operation and maintenance procedures. 


fic detailed design criteria for the unit processes involved in these
 

treatment systems are presented in Appendixes J and K.
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Reliability and Flexibility
 

In order to ensure that wastewater treatment plants can provide a con
sistently acceptable effluent, the following design standards are
 
recorinended:
 

o For treatment plants receiving total flow from pump stations
 
the design peak flow should be equal to the sum of all the
 
firm capacities of the pump stations separately discharging to
 
the plant.
 

0 	 For each unit process, with the largest flow capacity unit out
 
of service, the remaining units should be capable of handling
 
the design peak flow. Accordingly, bypassing any unit process
 
will 	not be required.
 

o Each unit process should consist of a minimum of two units,
 
including bar screens, aerated grit chambers, and chlorine con
tdct tanks. 

0 	 Two backup pumps and blowers should be provided for each set
 
of pumps and blowers that serve the same function. The capa
city of the pumps and blowers will be such that with any two
 
units out of service, the remaining units will have capacity
 
to provide for peak flows.
 

0 	 Two sources of electric power should be provided at each
 
plant, with each source of power transformed to usable voltage
 
through a separate transformer.
 

o 	 An emergency generator should be provided with sufficient
 
capacity to provide for emergency lighting, ventilation,
 
chlorination and alarm systems.
 

Sludge Management
 

Sludge management includes the treatment, transportation, and disposi
tion of sludge solids resulting from wastewater treatment. Treatment
 
processes proposed herein are those that are consistent with the
 
wastewater treatment systems earlier discussed. They are capable of
 
reliably producing sludge characteristics suitable for agricultural use,
 
with a minimum of complex mechanization or sophisticated operation and
 
maintenance procedures. The recommended processes do not require large
 
amounts of energy or chemical additives.
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Transportation processes proposed include both truck and pipeline
 

transport and are dependent on the location of sludge use and sludge
 

treatment, as well as the sludge moisture content.
 

The specific detailed design criteria for the unit processes involved in
 

sludge management associated with wastewater treatment systems are 
pre

sented in Appendix J. Table A-8 indicates the sludge treatment pro

use with various wastewater treatment
cesses recommended for 


alternatives.
 

STORMWATER DRAINAGE FACILITIES
 

Quantity of Stormwater
 

Stormwater quantities were computed using the rational method in which
 

is related to rainfall intensity by the formula:
the quantity of runoff 


Q - O.24CIA
 

where: Q - peak runoff rate in megalitres per day (Ml/d) 
C runoff coefficient 
I = oesign rainfall intensity in millimetres per 

hour (mm/hr) 
A drainage area in hectares (ha) 

Runoff coefficients used were based on the zone principle of estimating
 

runoff for a rectangular area. These coefficients are affected by the
 
and the duration of the rainfall.
percent of impervious surface area 


Table A-9 shows the runoff coefficients used.
 

Rainfall Intensity and Duration
 

Curves indicating the relationships between rainfall intensity and dura

tion for storm frequencies of 2, 3, and 5 years are presented in Figure
 

These curves were based on data taken from the report, "Alexandria,
A-3. 

Egypt--Rainfall Characteristics (January 1979)."
 

Design Rainfall Frequency
 

storm drainage system is
The appropriate design storm frequency for any 

Economic justification is usually the
 

a function of numerous factors. 

for the majority of systems, the cost
most significant factor and, 


should not exceed the expected benefits over the life of the system.
 

The March 1979 report, "Alexandria Sewerage Top Priority
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Projects--Proposed Storm Drain Design Criteria," proposed that a 5-year
 

storm frequency be employed in high value residential and commercial
 

property areas, and a 2-year storm frequency be employed in average value
 

residential areas and industrial areas. We generally concur with these
 

selections and recommend a 5-year storm frequency for areas with a high
 

potential for property damage or disruption to transportation and com

munication systems associated with stormwater runoff. For less sen

sitive areas and areas where future drainage facilities are planned, we
 

recommend a 2-year frequency.
 

Inlet Time and Time of Concentration
 

Inlet time is the time required for stormwater falling on a surface to
 
a street gutter),
reach established surface drainage channels (such as 


and to travel through surface channels to the nearest inlet point of the
 

drainage facilities. Inlet times vary with ground slope, surface
 
to a surface channel. Inlet
characteristics, and distance of travel 


time may be computed by the formula:
 

Ti = L 0.30 
M .s 

where Ti - inlet time in minutes
 
L - horizontal distance to inlet In metres
 
S = average slope of surface In metres/metre 
C - average "C" factor of contributing area
 

"C" varies from about 0.17 for a dense grass surface to about 0.85 for
 

smooth paved surface.
 

The time of concentration is the sum of the inlet time plus the time of
 

flow in the storm sewer to reach the point under consideration. Time of
 

flow is computed by calculating the distance travelled in the storm
 

sewer to a selected point and dividing it by the average full pipe velo

city using the Manning equation to determine full pipe volume and, for a
 

given pipe cross-sectional area, flow velocity.
 

The inlet time in Alexandria is influenced by the permeability of the
 

soils, the slope of the topography, and the storage available in the
 

catchment area. Our analysis indicates that the storage in many catch

ment areas 
is high because of the inability of stormwater runoff to
 

reach paved areas and the storage available in paved areas. For this
 

reason, we recommend that the inlet times shown in Table A-9 be used for
 
design purposes.
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Storm Drain lesign
 

the appropriate
The hydraulic analysis of storm drains will be based on 


storm frequency, and pipe sizes and slopes will be selected based on
 

Manning "n" values of 0.013 for new circular conManning's formula. 

duits, 0.015 for old sewers; 0.012 for new box culverts; 0.015 for new,
 

concrete-lined, float-finished open channels; and 0.025 for new unlined
 

be used. For new closed conduits, pipe sizes and slopes
channels will 

will be selected to achieve design flow velocities between 0.7 and
 

be designed to
3.0 m/s. Open channels, which are easier to clean, will 


achieve velocities in the range of 0.9 to 2.5 m/s.
 

Street inlets will preferably be located as necessary to prevent surface
 

of 100 m and will not be trapped. The circhannel flows in excess 

cuitous nature of many of the existing street layouts may, for economic
 

reasons, preclude provision of inlets in all streets. Manhole spacing
 

for storm drains up to 1200 mm in diameter will not exceed 100 m and for
 

larger pipe sizes will not exceed 150 m.
 

A minimum pipe size of 300 mm will be used between street inlets and
 
be used between manmanholes and a minimum pipe size of 375 mm will 


holes.
 

600 mm and rein-
Pipe materials will be vitrified clay for sizes up to 


forced concrete pipe for larger sizes.
 

COMBINED SEWER SYSTEMS
 

The 1978 Master Plan recommended that new sewer systems for the
 

Alexandria area be designed for sanitary sewage only and that separate
 

storm sewers and drainage systems be employed to control 
stormwater
 
new
flows. WWCG concurs with this recommendation and proposes that all 


lateral sewer systems be designed as separate sewers for collection of
 

wastewater only.
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Table A-I 

RECOMEENED DESIGN PERIODS FOR 

WASTEWATER FACILITIES 

Design Period
 

Element 
 (yr.)
 

Gravity Sanitary Sewers
 

Branch 
 50
 

20Interceptors a 

Interceptors 50 

Storm Sewers 50 

Force Mains 20-30
 

30-50
Submarlne Outfalls 

Pump 	Stations
 

Structures 40-50
 

Equipment 
 10
 

Treatment Plant
 

Process Structures 20-30
 

Other Structures 
 10-20
 

Process Equipment 10-15
 

Other Equipment 6"10
 

Instrumentation & Control Equipment 	 10-15
 

aTo be used where physical limitations wiii not permit the construction of a parallel 

facility at a later date. 

Table A-2 

1971 MASTER PLAN EST;LATED DOMESTIC WASTEWATER FLOWS 
Ilcd)
 

Sewerage Region Year 2000 	 Year 2030 

161
 

Central Zone 136 164
 

Western Zone 125 


Eastern Zone 	 130 


150
 

Other Areas
 

Abu QIr 108 135
 

Mex-Dekhella 103 
 127 

Nouzha 	 100 133
 

Ras EI-Soda 107 	 133 

Sadat City 108 133
 

Slouf Keblia 108 
 133
 
-136
Arla 

Source: 	 1978 Master Plan--Sanitary Sewer Design Criteria Report. February 1979 

Note: 	 Figures Include allowance for commerclal, government, publlcand dry Industries 

wastewater flows. 
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Table A-3 

YEAR 2000 GEOGRAPHICAL DISTRIBUTION Or WATER DEMANO 

FOR DOMESTIC ANOOOVERNMENTA.LUSE 

Total Dom. Per Capita Per Capita 

Permanent Seasonal Total and Gov't Dom.&Gov't Sewage Based 

Water Population Population Population Water Use Water Us* on 80%Return 

R IonOs (O001s) (0001s) (1000's) (MI/d) (Icd) (Icd) 

Eastern Zone 
a 

Ramleh 705 54 759 175 230 184 

Montazah 841 214 1,055 256 243 194 

Sadat City 500 --- 500 91 182 146 

Subtotal 2,046 268 2.314 522 

Average 226 181 

Central Zoneb 

Manshlya 56 -- 56 9 161 129 

AttarIne 93 - 93 17 183 146 

Moharrem 

Bey 369 -- 369 58 157 126 

Bab Shar

key 530 173 703 153 218 174 

Subtotal 1,048 173 1,221 237 

Average 194 155 

Western Zone 

Gomrok 170 -. 170 26 153 122 

Labban 112 -- 112 18 161 129 

Karmouz 242 -- 242 50 124 99 

MInyet El-

Basal 370 - 370 42 114 91 

Subtotal 894 894 116 

Average 130 104 

Dekhella 137 155 292 56 192 154 

182 146
- 445 81AmrIa 445 


Source: 1978 Master Plan, Vol. III, Appendix B
 

aThe eastern zone water distribution area Includes Abu QIr, Ras EI-Soda, and Slouf Keblila 

whereas the eastern zone sewered area (Table A-2 and A-4) does not. 

bThe central zone water distribution area Includes Nouzha whereas the central zone sewered 

area (Tables A-2 and A-4) does not. 
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Table A-4 
COMPARISON OF DOESTIC SEWAGEFLOWS 

(1978 MAS1r. PLI) ANDFLOWSBASED ON AN 

SOS RETURN OF PROJECTED WATER USEFOR THE YEAR 2000 

(Icd)
 

80e%Return ofSewerage 197e Master Plan 

Region Allowance Projected Water Use 

201130Eastern Zone 
158
136
Central Zone 


125 104
Western Zone 


218
108
Abu Qlr 

103 154 

97 
Mex-Dekhella 


100
Nouzha 

178107Ra El-Soda 

Sn,lat City 108 146 
156
108
Slouf KeblIa 

146
136
Aw":a 


Average, all
 

regions 125 157
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Table A-5
 

MINIMUM SEWER SLOPES
 

Absolute Velocity of Flowb
 
Velocity of Flowa
Recommended 


Full Flow 25% Flow Min. Slope Full Flow 35% Flow
 
Sewer 


Diem. Min. Slope 


(cm) (/m) (r/s) (r/s) (4/m (rn/s) (r/s) 

0.52 	 0.0040 0.65 0.51 
20 0.0053 0.75 


0.510.50 	 0.0030 0.66
25 0.0037 0.74 

0.0022 0.64 
 0.49
 

30 0.0032 0.77 0.53 
0.0015 0.61 0.47 

37.5 0.0025 0.79 0.54 


45 0.0021 0.82 
 0.56 	 0.0012 0.62 0.48
 

0.0010 0.61 
 0.47
 
50 0.0018 0.81 0.56 


0.50
0.000 0.66

60 0.0017 0.89 0.61 


0.94 0.65 0.0008 0.71 0.55

75 0.0014 


0.67 	 0.0008 0.81 0.61
 
90 0.0012 0.99 


0.68 	 0.0006 0.89 0.69
 
105 0.0010 1.00 

aBased on manning's formula, n - 0.013. Minimum velocity computed based on 10% of peak 

25% of pipe diameter for
Instantaneous flow, which Is equivalent to a flow depth of 


pipes laid at the recommended minimum slope.
 

bBased on Manning's formula, n - 0.013. Minimum velocity computed based on 20% of peak
 

Instantaneous flow, which Is equivalent to a flow depth of 35% of pipe dlameter for pipes
 

laid at the absolute minimum slope.
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Table A-6 
MANHOLERECOMMENDED SPACINO 

Sewer Diamete, 	 Maxlmum Spacing 
(cm) 	 (m)
 

40
20 and 25 

50
30 and 37.5 


45 and 60 	 60 
6060. 75. 90 and 105 
60122 cm and over 

Table A-7 
PROPOSED WASTEWATER IREATMENT FOR 

INTENOED RECEIVING WATERS OREFFLUENT USE 

Method of Disposal 	 Proposed Treatment Plan 

Restricted Irrigationa 	 Anaerobic ponds-
surface Irrigation
 

irrigationb 	 Anaerobic ponds-
rapid Infiltration
 

Drain 	 Activated sludge.
 
trickling filters, or
 
stabilization ponds
 

Primary treatment
Sea 


aUse of effluent fra this process would be restricted for use on crops such 

as forage, seed. and fiber crops or crops that would require procaslng to 

destroy all pathogenic organisms. 
buse of effluent from these processes would not I.e the above restrictions due 

to the high degree of ireatment. 
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Table A-8
 

PROPOSED SLUDGE TKATWNI1 IMCESSES
 

TO PRODUCESLUDGE SUITABLE FOR AGRICULTURAL USE
 

Wastewater 
ot Proposed Sludge TreatmentTypeTreatment 

ProcessMethod Sludge 

Air dewetering In out-of-
StabilIed
Anaerobic 

service lagoon plus
Primary
Lagoons 

storage after removsl; 
truck transport of 
devatired sludge to 

agricultural use
 

Vacuum filter devateringRaw Primary 
plus windrow method of

Primary 


Treatment 

comyostlng; truck 

transport of finished com

post to agricultural use 

or
 

Air drylnn on sand dryingRaw BlendedSecondary 

beds plus 1- to 2-year
Primary andTreatment 
storage; truck transportSecondary 
of dried sludge to 

agricultural use; truck or 

pipeline transport of 

liquid sludge to drying 

beds
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labie A-9 

R.WOff OUJFFICIENTS M) INLEt ?IIMS 

Sv~elper vIow
 

Tim Pew'vljw Suurrefa$uETAce I(vloJi $Srw ce 
Minutes (10 Imper~vious) i50 J fwvlou s) I R011 ittrh~) 

10 .11 .S70 Sze6 

20 .66 .429 .59)
 

.471 .63630 .105 

45 551 .519 .666
 

.35 .719
 

73 .4? .592 .764
 
60 .588 


90 .448 .611 .795 

5 .477 .647 .601 

.114.651
1491 


135 .00O .663 .811 

ISO .517 .67 ,AN6
 

ISO .39 .690 .640
 

240 .76 .7?0 .663 

.4O3
300 .607 .45 

360 .654 .768 .90? 

inlet Tims 

Population Inlet Im 

i)engIty Permeab IiI t Slope (.Ii) 

High Low w4oderate to High 10-15
 

medlum madIum kLwerato 1-20
 

Low High Mder'te 1,0
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AP#PENDIX B
 

COST DATA BASE UPDATE
 

Due to the magnitude of the project and variety of components, project
 
costs for this Master Plan Review were developed utilizing a number of
 
conceptual, budget, and definitive level estimating techniques. In all
 
instances final costs are specific to Egyptian construction methods and
 
materials. Foreign costs were utilized only for materials that are not
 
currently available inEgypt.
 

Multiple resources were used in developing project costs; these included
 
visits to appropriate ministries, discussions with local contractors and
 
material suppliers, visits to local construction sites, and reviews of
 
current bid tenders and previous reports submitted on this and other
 
appropriate projects.
 

Estimates are conceptual or planning level and are based on the design
 
information outlined in other portions of this report. Costs presented
 
herein were only developed for purposes of comparison and should not be
 
construed to have definitive level accuraLy.
 

DATA BASE DEVELOPMENT
 

In order to effectively develop cost estimates for the various project
 
components, a data base had to be established. This base includes labor
 
and material costs as well as in-place unit costs for common construc
tion items. The three tables following the text of this appendix list
 
the basic costs used as the foundation of the cost data base.
 

A significant effort was made to recognize the rapidly advancing
 
construction techniques used by local contractors and to avoid esca
lating costs based on outdated construction practices.
 

The labor, equipment, and material costs shown inthe tables were
 
researched and basic unit costs were developed from this data. Labor
 
and material costs (Tables B-1 and B-2), do not include any markups;
 
however, the in-place unit costs (Table B-3) reflect appropriate taxes,
 
fringe benefits, and contractors' overheads and profits.
 

In those instances where cost curves based on U.S. construction
 
experience were used, they were specifically adjusted by type of work
 
(e.g., earthwork, concrete, process equipment) to reflect local costs.
 
Additionally, curves were checked for variations inthe cost Intensive
 
items, and more discrete techniques were used to verify their accuracy
 
under local conditions.
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To facilitate this cost estimating, curves were developed for major pro

ject components. Where appropriate, these figures are included
 

following the tables in this appendix. The basic assumptions for each
 

curve are listed on the figure. All other costs were developed on a
 

case-specific basis for the sizes and capacities required.
 

All costs were developed on an end-of-1980 cost base. An exchange rate
 

of 0.70 was used when necessary to convert U.S. values to Egyptian
 

values.
 

COST ANALYSIS TECHNIQUES
 

In order to accurately assess each alternative, consideration must be
 

given not only to the capital cost of construction but also to the 
cost
 

of operating and maintaining the facility. Additionally, the effects of
 

time on the value of money must be considered in the economic analysis
 

of the project.
 

Operation and Maintenance Costs
 

Where
Operation and maintenance costs were prepared using two sources. 


possible, local power, fuel, material, and labor requirements were
 
supplemented by published requirements for
calculated. This data was 


appropriate unit processes and facilities developed from experience with
 
In each case the
 a number of operating plants in the United States. 


estimated quantities for power, fuel, material, and labor were based on
 
a quanlocal conditions. Where published U.S. experience was used as 


tity base, the quantities were adjusted to local conditions using fac

tors appropriate for the specific item and process.
 

1980 unit prices and
The estimated quantities were extended by local 

for each project component (e.g., pump
summed for a total annual cost 


station, force main, treatment process). These techniques will permit
 

future adjustments if required by changes in the project definition.
 

Estimates of the operation and maintenance costs were made for current,
 

1990, and design year conditions, with consideration given to the impact
 

Annual costs for the intervening years,
of phased construction. 

1982-1989 and 1991-1999, were estimated by straight-line interpolation.
 

unit prices. Shipping is included
End-of-1980 values were used for all 

as part of the cost of chemicals that must be imported.
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Present Worth Analysis
 

cost of the various project alternatives
 
as
 

An accurate review of the real 

requires an analysis accounting for the time value of money as well 


In a present worth analconstruction, operating, and maintenance costs. 

ysis, all future costs are reduced to their present worth and summed
 

rate used for this project was
for each alternative. The base discount 

6 percent.
 

For purposes of this analysis, inflation was assumed to affect all prices
 

equally and is therefore not addressed.
 

The following service lives were used in the analysis:
 

Type of Component Service Life (years)
 

Gravity Sanitary Sewers
 
50
Branch 

20
Interceptors 

50
Interceptors l 

50
Storm Sewers 


20-30
Force Mains 

50
Submarine Outfalls 


Pump Stations
 
40-50
Structures 


10
Equipment 

Treatment Plant
 

20-30
Process Structures 

10-20
Other Structures 

10-15
Process Equipment 

6-10
Other Equipment 


10-15
Instrumentation & Control Equipment 


1To be used where physical limitations will not permit the construction
 

of a parallel facility at a later date.
 

Salvage values for equipment and structures were estimated on the basis
 

of straight-line depreciation during the service life of the component.
 

Land was taken at 100 percent of its value.
 

The salvage value associated with a project or portion thereof is the
 

remaining value that project or portion thereof provides by virtue of
 

the fact that it can continue to serve in its same role for some time
 

period beyond the analysis timeframe. This is not to be confused with
 

B-3
 



and is different from the value of a useful commodity remaining which
 

could be sold at the end of the analysis.
 

The design year used inthe analysis of alternatives was 2000. Inthose
 

instances where phased construction is contemplated, appropriate adjust

ments were made.
 

Annual costs for the land application alternatives reflect the return on
 
Treatment alternatives and
investment realized from harvesting crops. 


sea disposal alternatives do not result in any monetary return.
 

BASIC 	ASSUMPTIONS
 

Specific assumptions for the project components are included with each
 
However, in order to equitably evaluate the
conceptual estimatc. 


various alternatives, a set of basic assumptions was established. The
 

following assumptions were used throughout as appropriate.
 

Assumptions for Capital Costs
 

o 	 Costs do not include escalation. All costs are end-of-1980
 
values.
 

0 	 Customs, duties, import taxes are excluded from the capital
 
costs.
 

follows:
o 	 Costs are segregated into Egyptian and U.S. costs as 


Egyptian 	 U.S.
 

Site and earthwork Process equipment
 
Process mechanical systems
Concrete 


Masonry 	 Instrumentation & control
 

Metals 	 Hoisting and conveying
 
Wood and plastic equipment
 

(as available) Conveying equipment
 
Thermal and moisture Process electrical systems
 
protection
 

Doors and windows
 
Painting and finishes
 
Special interior fixtures
 
Furnishing
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Plumbing
 
Light HVAC
 
Lighting
 

Allowable contingencies are as follows:
0 


- Sewer work 25%
 
- Pump stations 25%
 
- Force ains 20%
 
- Treatment plants 25%
 
- Transmission mains 20%
 
- Sea portion of otfalls 40%
 

0 	 Costs are at an order-of-magnitude level with an expected
 
accuracy of +30 to -50 percent (i.e., the actual cost may be
 
expected to be in the range of 50 percent greater to
 
30 percent less than the estimate).
 

o 	 An exchange rate of LE 0.70 = $1.00 is used.
 

o 	 Shipping costs are included for all U.S. imported equipment
 
and material.
 

o 	 Labor and materials required will be available at the time of
 

construction.
 

o 	 An adequate power supply will be brought to the site by
 
others.
 

Assumptions for Present Worth Analysis
 

o 	 Interest rate Is 6 percent.
 

o 	 Capital recovery period Is through the year 2000.
 

o 	 Land application alternatives Include return on investment
 
for crop yield.
 

o 	 Straight-line depreciation Is used for equipment and struc
ture salvage values.
 

o 	 Land salvage value is taken as 100%.
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Assumptions for Operation and Maintenance Costs
 

o 	 Local labor, power, chemical costs are used.
 

Shipping is considered as part of the replacement cost of
 
imported items.
 

o 


o 	 Annual maintenance costs for equipment and struLtures are
 
taken as a percent of their capital value.
 

o 	 Pipeline maintenance includes routine cleaning as well as
 
repair and replacement.
 

CONCEPTUAL ESTIMATES
 

Conceptual level estimates as defined by the American Association of
 

Cost Engineers are based on cost-to-capacity curves, factored equipment 
costs, and costs of similar projects adjusted for escalation and
 

geographical location. The expected accuracy of such an estimate is +30
 
to -50 percent.
 

It is not possible to predict the impact of future conditions including,
 
but not limited to, bid climate conditions, labor and material availabil

ity, unknown subsurfac( conditions, the effect of escalation or
 

variations in project concept due to new data or constraints.
 
Furthermore, no definitive design on which to base estimates of quan

titles and other estimates has been developed. Costs should therefore
 
be considered conceptual and used only as planning level tools.
 
Priority in developing costs was given to maintaining unbiased cost
 

estimates for the various alternatives and sensitivity analysis of cost

intensive items.
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Table B-1
 

ASSUMED AVERAGE LABOR RATES
 

700 LE/mo
Professional 


Clerical 
 350 LE/mo
 

Operation staff average 
 6.5 LE/day
 
a 
 7.5 LE/day 

SemIski Iled 

Skilled

5.5 LE/day
 

c 
 3.0 LE/day
Unskl Iled


'Examples: electrician, finish carpenter, plasterer, mason, piumber
 

bExamples: mechanic, rough carpenter, rodman
 

CExamples: earthwork laborer. watchman, material handler, concrete and
 

mortar mixer
 

Table B-2
 

ASSUMED AVERAGE MATERIALS COSTS
 

LEItem 

6.50/m3
Granular bedding 3

IO.00/m
Concrete gravel 


5--,V/m3

Sand 


Facing brick 
 100/1000
 

50/1900
 

Plywood 40/im
 

Lumber 


Structural brick 


200/i 
3
 

880/tonne
Rebar-deformed 

70/tonne
 

Fabricated steel 


Cement 
I.O0/kg 

Power supply
 

Up to 500 kW 
 O.O/kWh
 

More than 500 kW 
 0.005/kWh
 

25/kW
Power demand 

0.30/kg
Chlorine 

0.035/I
Diesel fuel 

4.50/kgPol ymer 
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Table B-3 

ASSUMED IN-PLACE UNIT COSTS 

Item LE 

Trench excavation 

2 m 
2.10/ 

m3 

3m 4.30/m3 

4 m 6.40/m3 

5 m
6 M 

8.60/m3
10.60/m3 

7 m 12.90/m3 

8 M 

Structural excavation 

15.10/m3 
3.00/m

3 

Imported backfill 

Native backfIll 

i/m3 
1.50/r3 

Haul and waste 0.60/m3/kr 

Land leveling I.05/m3 

Grubbing 75/ha 

Unimproved roads 9,400/ku 

Secondary roads 34,700/k 

Primary roads 59,500/,m 

Paving 12/m2 

Piling, 400 mm 30/m 

Sheeting 

Wood removed 

Wood left In 
Steel 

place 

6/1 
2 

18/m 
2 

33/m2 

Manholes 450/vertical metre 

Dewater Ing-sump 7.50/in 
Dewatering-well point 

Canal lining 

24/m 
75/m3 

Concrete without reinforcing 

Slabs on grade 

Walls, straight 

6/m 
3 

145/m
3 

Walils, curved 190/03 

Slabs, elevated I4Wm 

Reinforcing, deformed 

Masonry 

Plaster 

0.65/kg 
40/3 
4.O0/m2 

Fabricated metal work 2.10/kg 
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APPENDIX C
 

PLANNING CONSIDERATIONS UPDATE
 

The main purpose of this appendix is to update the wastewater flow pro

jections presented in the 1978 Master Plan. To achieve this objective,
 

population, water use, and land use projections as presented in the 1978
 

Master Plan were reviewed. The projections were then updated to reflect
 

Information that has become available since the preparation of the 1978
 
Master Plan.
 

The limits of the sewerage system study area are shown on Figure C-i.
 

To facilitate the evaluation of various collection and treatment alter
natives, the study area has been subdivided into two principal divi
sions, the inner and outer areas, as indicated in Table C-i and on
 

Figure C-i.
 

The scope of work covers the period between the years 1980 and 2000.
 

This is consistent with the time interval considered in the 1978 Master
 
Plan.
 

POPULATION AND LAND USE
 

Data received from the Alexandria Planning Department (APD); the
 

Ministry of Finance, Department of Taxation (MFDT); and the Central
 
Agency for Public Mobilization and Statistics (CAPMAS) were used to eval

uate the population forecasts presented in the 1978 Master Plan.
 

The findings of our investigation are presented and discussed in the
 

following paragraphs.
 

Existing Population
 

Permanent Population. Populdtion statistics provided by CAPIIAS and pre

sented in Table C-indicate that for the years 1976 and 1980 the popu

lation of Alexandria was 2,319,o00 and 2,537,000, respectively. This
 
represents an annual increase of 2.27 percent.
 

As indicated on Figure C-2, the Alexandria Governorate encompasses 2722
 

square kilometres and is subdivided into 14 census tracts. Table C-2
 

presents (based on information supplied by CAPMAS and MFTD) the popula

tion for the years 1976 and 1980, and the numbers of structures and
 

dwelling units for the year 1980 by census tract. This information was
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used to determine the density of dwelling units and populations by cen

sus tract for the year 1980. The resulting densities are presented in
 
Table C-2.
 

Existing population and dwelling unit densities indicate that the pat

tern of development in Alexandria has been linear, with the major deve

lopment occurring along the coast to the east of the downtown area.
 
Within this pattern of development, population densities range from a
 

high of 879 people per hectare (p/ha) in Gomrok, to 487 in Ramleh, to
 

31 in the far eastern zone of Montazah when the entire area of that cen

sus tract is considered. Those areas in Montazah that are north of the
 

Montazah Canal have much higher densities than those parts of Montazah
 

located south of the canal. Population densities in the Montazah tract
 

range from 500 p/ha in the west end to 69 p/ha in Abu Qir.
 

Similar development has not occurred west of the downtown area because
 

of the influence of port activities in Minyet El-Basal and the lack of
 

infrastructure in the western areas. Except for the planned city of
 

Amria and the industrial free zone, development to the south has not
 

occurred because much of the area is devoted to agricultural uses. The
 

Mahmoudiya and Montazah canals and Lake Maryout also provide natural
 
barriers to the development of the southern area.
 

Seasonal Population. Alexandria, due to its location along the
 

Mediterranean shore, its fine beaches, and excellent tourist facilities,
 

is a major summer resort area. It attracts tourists not only from
 

Egypt, but from other Arabic countries and Europe. Because of the large
 

influx of tourists, planning for wastewater facilities must account for
 

the impact of this seasonal population. The 1978 Master Plan estimated
 

that the year 1980 peak month seasonal population would reach 400,000.
 

It also projected that tourists would be attracted to the Alexandria
 

area starting in mid-March through September, a 230 day period. The
 

peak seasonal monthly population was anticipated for August. These
 

assumptions imply that the total seasonal population that was expected
 

to visit Alexandria in the year 1980 was approximately 1,500,000 people.
 

The Ministry of Tourism estimates that in the year 1980 about 1,200,000
 

people visited Alexandria during the tourist season. Since the esti
conmated seasonal population presented in the 1978 Master Plan appears 


servative (high), we have adopted that estimate for projection purposes.
 

The seasonal population occurs mainly in Montazah, Bab Sharky, Ramleh,
 

Sidi Gaber, and the summer resort area of Agami. Montazah has three
 

major resort areas--Mamoura, Montaza Palace, Sidi Bishr and Abu Qir.
 

The estimated 1980 monthly peak seasonal population and its distribution
 
are presented in Table C-3.
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Projected Population
 

Permanent Population. Population projections in the 1978 Master Plan
 

indicate that Alexand, ia can reasonably expect a population of 4,660,000
 

by the year 2000. This represents an average annual increase of 3.08
 

percent when compared with a 1980 population of 2,537,000. This
 
increase of 2.27 perincrease would be greater than the average annual 


cent experienced between 1976 and 1980. A population of 4,660,000
 

represents an increase in the percentage of Egypt's population projected
 

to reside in the Alexandria area from 6.3 to 7.0 between 1980 and 2000.
 

Accordingly, we believe that the population projections presented in the
 

1978 Master Plan are conservative. For wastewater planning purposes,
 

population projections should be conservative to ensure that the planned
 

facilities are adequate to meet the future needs of a community. In the
 

event that population growth is deferred, then the components of the
 

system can be either phased or delayed to meet actual growth experience.
 

Seasonal Population. We believe that the areas of Montazah, Bab Sharky,
 

Ramleh, and Agami will continue to grow as seasonal resort areas. There
 

are also indications that, due to the development of resort facilities
 

along the Mediterranean shore, seasonal population growth will also
 

occur in the Amria area. By the year 2000, the western part of
 

Dekheila, with particular emphasis on the Agami area, will become a prom

inent resort area. This development will be encouraged through pro

viding a more adequate infrastructure, water, and wastewater service in
 

We estimate a peak seasonal monthly population of
the Dekheila area. 

670,000 will visit the Alexandria area by the year 2000, some 70,000
 

This estimate is
 more tourists than estimated in the 1978 Master Plan. 


consistent with development of the Agami coastline as a resort area.
 

For the purpose of planning wastewater facilities, not
Distribution. 

only the total population, but also its geographical distribution must
 

be known. Table C-4 presents the estimated permanent and seasonal popu

lations and densities by census tract. The distribution recognizes that
 
each
the planned developments of Sadat City in Montazah and Amria will 


The table indicates that
have 500,000 inhabitants by the year 2000. 

major population growth will occur in Ramleh, Montazah, Sidi Bishr, and
 

Amria. This growth pattern is in conformance with past growth trends
 

and present planning concepts.
 

Table C-4 indicates that population densities by the year 2000 will
 

range from a high of 899 p/ha in Gomrok to 129 p/ha in Montazah. Areas
 

in Montazah north of the Mainoura Canal will have population densities
 

ranging from 620 in Sidi Bishr to 320 p/ha in Abu Qir.
 

Summary. Table C-5 compares population distributions presented in this
 
For comparison purposes, geographical
study and the 1978 Master Plan. 


districts as defined in the 1978 Master Plan have been used.
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Table C-5 indicates that this Master Plan Update anticipates a smaller
 

proportion of the total estimated population will reside in the central
 

and western zones. Correspondingly, more people will reside in the
 

eastern zone areas of Ramleh, Montazah, and Dab Sharky.
 

These Master Plan Update population distributions are based on an analy

sis of future growth trends and land use in Alexandria. The findings of
 

this analysis indicate that the inner city areas of Gomrok, Labban,
 
are presently overcrowded and are not
Attarine, and Minyet El-Basal 


likely to experience any large population increase over the next 20
 

years. Similarly, due to the potential for commercial and industrial
 
not occur in
development, large permanent population increases will 


Minyet El-Basal and Dekheila. The distributions also reflect 
our esti

mate that Amria and Agami will have seasonal populations of 70,000 and
 

160,000, respectively, by the year 2000. The findings of the future
 

growth trend and land use analysis have been reviewed with 
the
 

Alexandria Planning Department and they concur with the findings of this
 

analysis.
 

has been classified into two major
As previously noted, the study area 


divisions, inner and outer areas, to facilitate the evaluation of
 

various collections and treatment alternatives. These major divisions
 

have been further subdivided into seven and three districts, respec

tively. Estimated year 1990 and year 2000 populations within these
 

districts are presented in Table C-6.
 

Land Use
 

In order to facilitate development of an effective wastewater master
 

plan for Alexandria, a land use map (shown on Figure C-3) indicating
 

existing and future land use was prepared. Th: map is based on data
 

secured from the APD and other appropriate agencies. It indicates areas
 

of existing and future residential and industrial development, and the
 

location of existing and future facilities that will have major impacts
 

on the development of Alexandria.
 

developments are
Residental. The map indicates that major residental 

in Montazah (Sadat City).
planned to the south in Amria, and to the east 


Each of these planned developments is expected to have a population of
 
are now under development or that
500,000 by the year 2000. Areas that 


are proposed for immediate development are located in Ras El-Soda, Sidi
 

Gaber, and Ramleh.
 

If reasonable development densities (400 to 450 p/ha) are maintained,
 

the land use map indicates that sufficient land to provide for needs
 

beyond the year 2000 is available, provided that western and southern
 

areas are actively developed.
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In order to house a permanent population of 4,600,000 by the year 2000,
 
and to maintain a reasonable level of densities in developed areas,
 
additional residental areas will be required. To provide this need, we
 

anticipate that the areas of Siouf, Manshiya, El Bahameyeh, and
 
Mahmoudiya Keblia will be developed by the year 2000 to have a popula

tion of 162,000. These developments, along with Amria and Sadat City,
 
will provide for over 50 percent of the population growth expected bet

ween the years 1980 and 2000. This pattern of development is consistent
 

with past growth trends, and it recognizes the necessity of extending
 

water and wastewater facilities to these areas.
 

For needs beyond the year 2000, the areas most likely to be developed,
 

as indicated in Figure C-3, lie east of the planned city of Amria, west
 
of Dekheila, and south of the Matrouh Road.
 

Seasonal. A peak monthly seasonal population of 670,000 is expected to
 

visit the Alexandria area by the year 2000. Existing recreational areas
 

are expected to accommodate 440,000 of these visitors. The remaining
 

230,000, as indicated on Figure C-3, will be accommodated at Agami and
 

in Amria, west of Agami along the Mediterranean Sea. If this substan
tial seasonal population is to be accommodated in these western areas,
 
water and wastewater service will be required.
 

Industrial. Existing industrial areas, although widely scattered
 
throughout the Governorate, are mainly located in Abu Qir, Siouf Keblia,
 
Smouha, Nouzha, and in Dekheila.
 

Areas that are expected to undergo substantial industrial development
 
are located in the planned city of Amria, along the northern edge of
 
Lake Maryout in Dekheila and Karmouz, and in Abu Qir along Abu Qir Bay.
 

In Amria, an industrial free zone is under development, and it is antic

ipated that such a development will increase the potential for growth
 
in that area. A major petroleum transfer station is located in the
 
western part of the Governorate and a nuclear energy project to the west
 
of the petroleum transfer station is planned.
 

Warehouses (mainly associated with activities of the western port) are
 

located in Minyet El-Basal and Dekheila. With the development of the
 

proposed Dekheila port facilities, warehousing facilities should
 
increase in these areas. This will limit the potential for residential
 
development.
 

Our preliminary studies to date indicate that the forecasted rate of
 

industrial development between 1976 and 1980 has not been realized.
 
Although many other factors may contribute to a low economic growth
 
rate, one reason may be the lack of reliable water and wastewater ser
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vice. Accordingly, in planning for wastewater service for industrial
 

areas, we have assumed that the estimated growth rate between the years
 

1980 and 1990 will be accelerated so that year 1990 planning goals will
 

be achieved. 
We have also assumed that industries will be required to
 

remove all constituents from their oastewaters that would prove harmful
 
proposed treatment processes.
to the wastewater system or 


WATER USE
 

In the absence of wastewater flow records, water consumption records can
 

be used to estimate existing and future wastewater flows. This proce

dure was used in the 1978 Master Plan, and for this purpose, water con

sumption by such categories as domestic, governmental, and industrial
 

This procedure recognizes that many components of
 were established. 

system losses, are not returned to the sewer
water demand, such as 


system.
 

Since ,nurh uinddta presented in the 1978 Master Plan was derived from
 

the 1978 Waterworks Master Plan, the latter study was also taken 
into
 

consideration in the review process.
 

Data Base
 

a data base to establish water consumption
The year 1976 was used as 

within the study area. 
 The Alexandria Water General Authority (AWGA)
 

serves the study area, Marsa Matrouh and western areas, the western
 

desert, and southern Beheira. The study area is subdivided into 38 water
 
To serve this area,
supply districts, which are shown as Figure C-4. 


the AWGA operates six water treatmenS plants with a combined (1976)
 
per day. The quantity of water
nominal design capacity of 558,000 m 


produced by the six water treatment plants is estimated by noting the
 

hours of pumping and relating the pumping capacity to rated pump
 

operating conditions. Flow information from actual metering is used to
 

supplement estimates when available. Actual flow measurments indicated
 
8 to 17 percent too high.
that the estimated production quantities were 


this analysis, and assuming an average 12-percent overestima-
Based on 

per day was reduced to
tion, the 31976 estimated demand of 684,790 m 


600,000 m per day.
 

For each of the water supply districts shown on Figure C-4, an economic
 

classification was established, and unit domestic consumption rates in
 

litres per capita per day (Icd) were determined, based on an analysis 
of
 

To further confirm the findings of this analysis, eight
water sales. 

subjected to an intensive analysis. The


selected areas in the city were 

Table C-7
results of these investigations are presented in Table C-7. 
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indicates that the unit domestic consumption varies widely with economic
 

classification, and that the 1976 area-wide average unit domestic con

115 Icd. In 1976, AWGA served 2,413,700 people within the
sumption was 

study area. Our analysis indicdtes that 780,400 (32 percent) were
 

living within a low income area. Estimated unit domestic water consump

was 65 lcd. This very low water consumption
tion for these persons 

current study area population signifiaffecting nedrly one-third of the 


cantly lowers area-wide average water consumption.
 

Table C-8 indicates the estimated 1976 water consumption by category.
 

Domestic water consumption was determined by estimating the population
 

served, including seasonal, and applying a consumption rate of approxi

mately 115 lcd. Industrial consumption was based on a review of AWGA
 

records, adjusted for underestimation and included an allowance of
 
industries, and
approximately 6000 cubic metres per day to cover small 


not available.
those industries for 	which data from AWGA was 


the basis of the population
Governmental water use was estimated on 


served and a unit consumption of 30 lcd. Other uses include an allowance
 

for water used by ships in the harbor, some commercial establishments,
 
System losses include
charitable societies, and places of worship. 


that could not be identified. System
leakage, waste, and other uses 

losses constitute about 15 percent of the total estimated water consump

tion within the study area.
 

Projected Water Use
 

Future water demands 	are estimated by first developing unit consumption
 

use such as domestic, industrial, and governmental.
rates by category of 

To determine future water demands, the unit consumption rates are then
 

related co population forecasts and an alloiance is made for system
 
Table C-9
losses. This procedure was used in the 197- Master Plan. 


indicates unit consumption projections that were used to develop water
 
Unit domestic water consumption rates were
demands in the study 	area. 


expected to increase from approximately 116 to 159 lcd between 1976 and
 

2000. This represents an annual increase of 1.32 percent. This rate of
 

increase is substantially greater than the rate of increase now being
 

experienced in the United States but is reasonable for developing
 

countries.
 

Industrial consumption is expected to increase from 44.3 to 70.2 lcd
 

over the 44-year period. This represents a 1.9 percent annual increase.
 
remain relatively
Other categories of unit demands are estimated to 


12 percent of the total
constant, with system losses ranging from 15 to 

demand.
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Table C-10 indicates water use projections within the study area by
 

category. Because of the lack of meaningful unit consumption data by
 

category, determination of the actual increase in water demand within
 

the study area between the years 1976 and 1980 is difficult. To do so
 

would require a detailed analysis of water billing data and an extensive
 
beyond the scope of this
field measurement program, both of which are 


study. For approximate evaluation purposes, production records as pro

vided by the AWGA have been reviewed. Table C-11 indicates the quantity
 

of water produced by each of the six water treatment plants serving the
 
The total indientire service area between the years 1976 and 1980. 

production
cates that, between the years 1976 ind 1980, the total 


per day, a 36 percent increase. In
increased fron 600,000 to 816,000 m 3 

the 1978 Master Plan, a total production of 816,000 m per day for the
 

entire service area was expected to be required by the year 1982. Table
 

C-li indicates that water consumption increased faster than that fore

casted.
 

However, production figures for the year 1980 may have been overesti

mated. The AWGA, in determining corrected values of production, used
 

that were developed for 1976 in the 1978 Waterworks
correction factors 

Master Plan Study. 
 Because of the method of measurement, when plant
 

production increases, the relationship between actual production and
 
Therefore the use of 1976 correct;ion
reported production will decrease. 


factors may be in error.
 

Interestingly, the three water treatment plants which experienced the
 

greatest increase in production were Manshiya, Maryout, and Siouf.
 

the central zone, Mex Dekheila including Agami, and
Manshiya serves 

Matrouh. Since the central zone is a relatively stable area, the
 

increased production can be attributed to increased demand in Mex
 
serves Matrouh.
Dekheila, Matrouh, and along the pipeline that 


area and a small portion of Amria.
Similarly Maryout serves the desert 

Plant production records indicate that water demand may have substan-


Siouf serves Sidi Gaber, an area
tially increased in the desert area. 

east of Sidi Gaber as far as Miami, and villages in Manshiya
 

is expected to have an appreciable
El-Bahareyah. This service area 

growth in population within the next 24 years, and water production
 

the Siouf water treatment plant confirm that an appreciable
figures at 

growth in this area has occurred between 1976 and 1980.
 

Analysis of 9 months of water consumption records for the year 1980, by
 

category, indicates that total water demand within the study area,
 
J 


including losses, may be reasonably assumed to be 673,000 m per day.
 

Comparison with estimated demand figures presented in Table C-10 for the
 

year 1980 indicates that the estimated and calculated demands agree
 

within four percent.
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Since the unit water consumption projections appear conservative and are
 
in close agreement with studies the consultant has undertaken elsewhere
 
in Egypt, the unit water consumption data set forth in the 1978 Master
 
Plan was used in this investigation.
 

WASTEWATER FLOWS AND CHARACTERISTICS
 

Identifying existing wastewater flows and characteristics is most impor
tant to the master planning process. Through quantification of existing
 
flows and loads, future flows and loads may be more accurately pro
jected. In addition, knowledge of existing wastewater characteristics
 
often can aid in the selection of a treatment process or equipment which
 
will function best for a given condition.
 

The following analysis of wastewater flows and characteristics is based
 
on the data presented in the 1978 Waterworks and Wastewater Master
 
Plans, and the consultants' experience elsewhere in Egypt. In the
 
review process, particular attention has been given to the relationship
 
between water unit consumption rates and wastewater flows.
 

Because of the extensive industrialization of Alexandria and the use, by
 
industries, of appreciable quantities of water from sources other than
 
the AWGA, the 1978 Master Plan undertook a detailed industrial analysis
 
to determine industrial wastewater flows and characteristics. This por
tion of the study has been reviewed and the findings of this investiga
tion are reported in Appendix D of this report. These findings have
 
been incorporated, as applicable, into the wastewater flows and charac
teristics presented in this appendix.
 

Wastewater Flows
 

Data Basis. Flow data is helpful to the design of system components as
 
it provides a basis for the determination of appropriate unit flow
 
rates, peaking factors, and minimum flows. Normally, historical flow
 
records at treatment plants and pumping stations provide the best source
 
of flow information. However, historical flow information is not
 
available in Alexandria, as flow measuring devices are not installed at
 
pump stations. An acceptable alternative approach under such cir
cumstances is to use the water use data to estimate wastewater flows.
 
This approach was used in the 1978 Master Plan.
 

The 1978 Master Plan estimated wastewater flows for the year 1977.
 

These estimated wastewater flows are presented in Table C-12, and repr.
sent those flows that can be expected to occur within the study area
 
during the peak monthly seasonal period. We reviewed these wastewater
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flows in some detail to determine if they can be used realistically as a
 

basis for projecting future wastewater flows. Although this update
 

slightly modified the 1976 population statistics presented in the 1978
 
not significant
Master Plan, we determined that the 3 percent change was 


enough to warrant revising the population statistics in Table C-12.
 

Existing population estimates are not critical to this analysis, since
 

future wastewater flows will be determined on the basis of population
 

estimated for the period under consideration.
 

Based on information furnished in the 1978 Master Plan, the 1976 water
 
is presented in Table C-13. The
consumption for selected categories 


percentage of water consumption expected to be returned to the sewer
 

system (in the absence of specific wastewater flow data) must be deter

mined by either an analysis of water use and the customs of the local
 

people or by the consultants' experience in similar environments
 

elsewhere. 
 In the 1978 Master Plan, a wastewater return analysis con

sidered all losses as well as consumptive uses. This analysis
 

apparently indicated that a wastewater return ratio of 83 percent of the
 

domestic and commercial water consumption would adequately account for
 
community dCtiviLies, excluding
all wastewater flows derived from all 


industrial flows. Accordingly, a unit wastewater flow of 100 lcd was
 

used to calculate the wastewater generated from all 
sources other than
 
1976 water consumption as set forth
industrial in Table C-12. Based on 


area-wide average 100-1cd unit wastewater flow reprein Table C-13, an 

sents a 68 percent return when domestic-commercial and governmental
 

water demand are considered, and a return of 65 percent when water
 

demands from the classification of other uses 
are considered. We
 
low in the light of conditions in
believe these return rates to be 


Alexandria and our experience elsewhere in Egypt.
 

Since field data is not available to confirm the return rates
 

established in the 1978 Master Plan, we were unable to validate the
 
Since the purpose of
wastewater return rate indicated in that study. 


this report is to develop alternatives to be compared to the sea dispo

have used the unit domestic wastewater flow rates as prosal plan, we 

posed in the 1978 Master Plan as being representative of the quantity of
 

activities excluding industry.
wastewater that may be expected from all 

This has the advantage that all alternative disposal plans may be eval-


We strongly recommend that during preparation
uated on a common basis. 

of the basis of design reports, actual wastewater measurements be under

taken to ensure that the proposed facilities will meet future needs.
 

It should be noted further that the area-wide average unit domestic
 
a basis to determine
wastewater flow rate of 100 lcd has been used as 


the quantity of wastewater in both sewered and unsewered areas. This
 
areas
implies that wastewater production will be similar in both 


Experience indiirrespective of the method of collection or disposal. 
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cates that wastewater production, as with water use, is normally higher
 

in sewered areas. Accordingly, the domestic return rates set forth in
 

Table C-12 should be considered to have only area-wide significance.
 

The quantity of contaminated industrial flows indicated in Table C-12
 

was determined in the 1978 Master Plan after undertaking dn extensive
 
indicated in
industrial survey and analysis. Since this update, as 


Appendix D, has not materially changed these flows, particularly within
 

inner areas, they properly reflect 1977 and 1980 conditions within those
 
industrial
areas. In our proposed study covering outside areas, the 


situation in Amrla, Mex Dekheila, and Abu Qir will 
be more accurately
 

defined.
 

Infiltration allowances cannot be accurately determined without under-

In the absence of actual flow measurements,
taking flow measurements. 


and considering the method of construction and age of the sewers in
 

Alexandria, we have used the infiltration curves presented in Appendix A
 

of this report to determine infiltration. These curves have proven ade

quate in determining infiltration quantities in other parts of Egypt.
 

the use of the old sewer curve, as shown in Appendix A, an
Based on 

infiltration allowance of 82 Ml/day would be an adequate allowance for
 

an area of 4300 hectares.
 

Wastewater Flow Projections. Based on the population statistics and
 

analysis of existing wastewater flows presented in the previous sec

tions, the following procedures were used in estimating future
 

wastewater flows:
 

0 	 Total permanent and peak monthly seasonal population projec

tions have been used in projecting future wastewater flows.
 

The estimated flows, accordingly, represent peak monthly
 

wastewater flows for the year under consideration.
 

0 	 Population distribution as developed for this update review
 

have been used in determining wastewater flows from specific
 
areas.
 

0 	 The area withi each district has been determined by actual
 

measurement using recent aerial mapping.
 

0 	 Unit domestic wastewater flows are assumed to include
 

domestic, commercial, and govermental activities. Unit
 

domestic wastewater flows as presented in the 1978 Wastewater
 
Master Plan and subsequent reports have been used throughout.
 

presented In
o 	 In accordance with the industrial update as 

Appendix 0, present and future wastewater flows as set forth
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19/8 Master Plan have been used in estimating 
future
 

in the 

industrial wastewater flows.
 

allowance to include military
 

and recreational areas has been useu
 
o Where applicable, a special 


Installations, Vspitals, 


in developing future wastewater flows.
 

infiltration
have been determined using the

Infiltration rates 

A of this report. 
0 


curves presented in Appendix 

JO0 in
 are 


Tables C-14 and C-IS, respectively. As indicated, the total average 

daily flow during the maximum month cin be expected to reach 1115 

Future wastewater flows presented for the years 1990 and 


and 

Industrial activities are

1990 and 2000, respectively.
1476 Ml/day by 


of total 	flows. This Is In
 
expected to contribute over 50 percent the 


local planning concepts to maintain Alexandria's role as
 
accordance with 


an industrial center of Egypt.
 

the 1978 Master Plan and
flows developed for
Comparison of wastenater 

flow presented


this study are presented in Table C-l6. Analysis of the 

the Master
 

in Table C-16 indicates that wastewater flows developed for 


Update are within 2 percent of those projected in the 1918 Master
 
Plan 

This result was inticipated, since
 
Plan, being somewhat higher. 


in the 1978 
domestic and 	 industrial wastewoter projections as developed 

used throughout.
Master Plan were 


used solely for
 
The wastewater flows indicated in Table C-16 are to be 


During prepara
comparison of the alternatives developed in this study. 

we recommend 	 that wastewater flow 
tion of the basis of design reports, 


ensure that any facility will be adequate to
 
measurements be made to 

meet the future needs of its service area.
 

Wastewater Characteristics 

Wastewater characteristics are normally defined by noting the chemical
 

demmands solids and nitrogen con
(COD) and biochemical (BOP) oxygen , 

other constituentS.
well as concentrations of various 
Interfere with the treatfwnt procentrations, 	an 


These include heavy metals, whic~h may 

to land or sea.
cess or precludeh fnal dlsposal 

Industrial wattrwaters
Because of the large Industrial wa'trwater flow%, 


will have a major iwpatt on the tharaLte'rit o'.the
o f wastewater 
wastewater .onittIltuents

generated in 	 Alexandria. Certain industrial 


be removed before discharje to the %Pw.r 
 yOytrm, becluie
will have to 

omnthe wast ewat er treatmernt pfcesse
of their potential adwvir' Impa t 


the ecology of the disposal rnvironrewnt, and the collection %ystrm
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Itself, Also, Incertain cases, flow equal ization my be ret idto 
'.prevent the wastewater system from being subjected to excessy 

loads.
 
dralc 


hI ig . In order to determine the characteristics of the Wastewter 
C arted In Alexandria a limited spling program was undertaken 

ring the 2918 lstr hlan, The Pas isnpngIncluded six sites 
and consisted of taking four samples at ecC lte, composited over a 
6-hour period. The flndilngsof this analysis are presented In Table 
C-l/, 

Since, for Any given disposal option, the characteristics of the raw 
wastewater determine the de.mand type of treatment, we believe that a 
more xteslve, swling and Analysis program is required, The program 
Is necessary to: 

9 Aid 14 t6e fiaOnalesig of, treta~at systa 

0 Determine the concentrations of toxic materials 

o 	 Determine the effect of treated wastewater dispoal on lAnd or 
sea, and the effect of sludge disposal on land 

To 	confirm the indicated results shown In Table C-11, e have reviewed 
the W ailytical results developed at te st Treatment Plant labors
toiy from Janu 1919 to april 11t0. for most of this period, the list 
plant was in lilted operation and 439 Iw&l of the rev wastewater 
wer, taken and alyted for , alysis of the data that1. indicate 
IM0 concentrations rag fro a axis" value of 50 OgI to a minlim 
value of, 0mV1 . The avera" concentration over Whperiod we216 
mg/1. ecase of the nature and extent of te sampling, ad In the 

an of flow Wei til this analytical evidence Is at accurate 
,np to ,arrant its t 11 accepace over the ntlre sti. are. 
=evr It does Indicate h Md for a sampling ad analysis program 

to Confirm the flndings prMenteod in Table C-17. 

eeed n Table C.?1 

flows and concetrations give Inthe 1916 Raster Plan, Table C-11 was
 Iased om the fnldin r I 	 end Indutrial wastewater 

deelopd to estimate I9N1 O ad COD loadlg, Table C-11 Indicates 
that I911 doestic W I*leding are 0qivlen to a r capita contribu
tin of M gram of pr capita per day (9d). This Is aut two
thirds of the domestic O Concentratlo eWIenced In the UnitedStats today. for te ftpos of p ecti$s the IM1 Nast*? Pla 
vsed a 191vale 0 god o W it Is, Ilthoh sl tly lower, 
comsistet with e fining reprtd in Tabl C-IS. CO0 vlues nor
illy n free to lIli times valuess that a domestic COD 

cotribution of 114 jed Is conIstent vith the IM contriblton Indi
cated INTable C-II, 
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Industrial wastewater loads were determined in the 1978 Master Pian
 

through an industrial wastewater survey covering some 145 industries.
 

Discharge data for 129 industries, which were estimated to contribute
 
over 90 percent of the indust-.al wastewater flow, were btained. The
 

findings of this analysis are set forth in Table C-19. As indicited in
 

the table, 1971 estimated industrial BOO and COD loadings are based o'i 

average daily .ischarge of 226 MI/day, and ROD and COD concentrations an 

of 640 and 1240 mg/l, respectively.
 

The industrial survey also Identified miscellaneous constituents that
 

night be harm'ful to the wastewater systems or have an adverse impact on
 

existing end proposed wastewater treatment processes. 
 The fWi:,?s of
 

this analysis are presented in table C-20. These loadings dre of suf

ficient magnitude to warrant investigating their impact on the proposed
 

treatment processes. These impacts are discussed in Appendix J.
 

Preliminary investigations indicate that the quantity of such heavy
 
to permit
metals as zinc, copper, and nickel will have to be reduced 


reduced to permit
land application of sludge. Similarly, lead must be 


the proper operation of biological treatment processes, and chromium
 

must 
be reduced to permit land application of effluent on crops.
 

oro Domestic 1O contributions were
ected Wastewater Characteristics. 

f-_TfO 6 gcd between the years 1971
estimate ..f..er . 74_L and
 

2000 in the 1918 Master Plan. COO unit loadings were projected to have
 

the same rate of increase, increasirg from 126 to 140 gcd between the
 

years 1910 and 2000. Domestic 1100 contribution by the year 2000 of 14.6 

gcd is about equivalent to the unit loading experienced in the United 

States today. Accordingly, this implies an appreciable Increase in the 

standard of living in Alexandria over the next 23 years. If th, use of 

becomes
dishwashers, garbage grinders, and similar appliances 

low. values
widespread, the projected value of 14.6 gcd may be COD unit 


BO
have characteristically been taken as approximately 190 percent of 


unit values.
 

The industrial base in Alexandria covers a wide range of activitleS and,
 

the present mnix
in projecting future BOO1)and COD unit industrial loads, 
the planning period. In

and diversity of industry has been assu-vxd over 

the 1918 Master Plan, industrial RO0D concentrations were anticipated to 

range fron 640 mvl1l in the year 1911 to U mg/l by the year 2000. This 

represents a 0.1 perc ent annual increase. Correspondingly, CUB0con
14) mgIl in the year 1911 tocentrations are proJetted !o increase from 


1500 mg/I by the year 200J. 1hese nolinal rates of Increase Irmly that
 

large Indu .trli s. whil(h may (ontribute large HOD and CO)3)
future 

loadings, should be cunsidered on a casr-by-c4.e a.is.
 

Projected BOO1)loads are indicated by district for the years I'YYO and 

2000 on tables C-?1 and L-2?. lhe tables indicate that total area.wido 
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BOD loadings of 672,000 and 902,000 kg/day can be anticipated in the
 

years 1990 and 2000, respectively. For the year 2000, 507,000 kg/day,
 

or 56 percent of the total BOD load, is expected to be derived from
 

industrial sources. This further indicates the impact that the planned
 

industrial growth will have on wastewater master planning.
 

The BOD industrial loadings presented in Table C-21 and C-22 are derived 

froin area-wide loading parameters. The industrial loading indicated in 

any area must be adjusted to reflect actul I conditions when design is 

undertaken.
 

Unsewered Areas. For planning purposes, some allowance should be made
 

foro-rBOoadings from unsewered areas because the septage waste
 

generated should be disposed of at treatment plants. For this purpose,
 

we have used an allowance of 36 grams of BOD per capita per day in esti

mating future BOD loads.
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Table C-1
 
CLASSIFICATION OF STUDY AREA
 

Inner Areas Outer Areas
 

Western zone Abu QIr
 

Centrdl zone Amrla
 
a
Eastern zone Mex-Dekhella
 

aThe eastern zone Includes the future Sadat City and currently
 

unsevered Nouzha, Res El-Soda, and Slouf Bahareyah areas.
 

Table C-2
 
EXISTING POPULATION ND HOUSING DENSITIES IN ALEXANDRIA
 

No. of Densities 

Census 
Gross 
Area 

No. of 
Structuresa 

Dwelling 
Unitsa 

Permanent 
PopulatIonb 

Dwelling 
UnlIta/he People/hac 

Tract (ha) 1980 1980 1976 1980 1980 1980 

Goarok 178 5,490 37,381 142,800 156,464 210 879 

Labban 105 3,333 22,902 78,496 86,003 218 819
 
Karmouz 330 8,402 56,259 213,737 234,179 170 710
 
Mina of Alex. 112 ---- 501 547 - 4.9 

Ramleh 1,003 29,096 43,287 446,155 488,828 143 487 

Montazah 10,860 49,631 200,330 310,054 336,706 18 31 

Bab Sharkey 480 6,747 72,970 215,639 236,265 152 492 

Attarlne 202 2,810 33,620 75,062 82,238 166 407 

Manshlya 75 1,980 78,652 44,485 49,129 235 655 

Moharren Bey 530 15,847 89,200 336,228 368,386 168 695 
Sidi Gaber 1,080 9,216 76,872 134,516 147,382 71 136 

Dekhella 2,900 15,436 26,730 45,868 50,255 9 17 

Amrla 241,504 14,704 26,642 47,025 51,522 I 1 
Minyet El-


Basal 1,667 16,362 54,956 227,725 249,505 33 150
 
Alexandria
 

Total 179,054 819,801 2,318,291 2,537,409 3.14 9.7
26 1,026d 


aSourcsI Ministry of Finance, Tax Department
 

bSource: CAPMAS estimate
 

cpersons per hectare
 

dAlexandria total area does not Include 11,215 he of cultivated land. 
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Table C-3 

ESTIMATED 1980 PEAK MONTHLY
 

SEASONAL POPULATION
 

Peak Monthly Seasonal
 

PopulationArea 


200.000
Montazah 

85,000
Bab Sharkey 

40,000
Ramleh 

50,000
Sidi Gaber 
25.000
Oekhella (Includes Agaml) 


400,000
Total 


Source: 1978 Master Plan
 

Table C-4
 

PRESENT AND FUTURE PROJECTED POPULATION ND
 

DENSITY IN ALEXANDRIA
 

TOTal
DensIty Seasonal
Gross 

Population Population


Permanent Population (p/ha) 


1990 2000 1990 2000 

Census Area 


1990 2000
 
Tract (ha) 1980 1990 2000 

-- 160,000 160,000899 899 --

- 90,000 90,0000 
Gomrok 178 156,464 160,000 160,000 


Labban 105 86,003 90,000 90,000 	 857 857 --

.. .. 250,000 250,000
250,000 758 758

Karmouz 330 234,179 250,000 


9 9 .. .. 1,000 1,000
 
Mina of Alex. 112 547 1,000 1,000 


698 54,000 650,000 754,000

Ramleh 1,003 488,828 600,000 700,000 598 50,000 

214,000 1,023,800 1,614,0001,400,000 75 129 205,000

Montazah 10,860 336,706 818,800 


333 65,000 66,000 369,000 426,000
 
Sidi Gaber 1,080 147,382 304,000 360,000 282 

421 -- -- 85,000 85,000 
Attarlne 202 82,238 85,000 85,000 	 421 


693 693 -  52,000 52,000
 
Manshlya 75 49,129 52,000 52,000 


848 - -- 406,900 449,300
406,900 449,300 	 768 


544 600 100,000 106,000 361,000 394,100

Moharrem Bey 530 368,386 


Bab Sharkey 480 236,265 261,000 288,100 


20 23 80,000 160,000 138,300 224,600
 
Oekhella 2,900 50,255 50,300 64,600 


1 40,000 70,000 233,000 570,000

Amrla 241,504 51,522 193,000 500,000 2 


Mlnyet El
0.000 260,000
155 155 .. 


Basal 1,667 249,505 260,000 260,000 


Alexandria
 
17.8 540,000 670,000 4,080,000 5,330,000
 

Total 261,026 2,537,409 3,540,000 4,660,000 13.6 


alncludes Sadat City
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Table C-5 
PROJECTED PERMANENT AND SEASONALCOMPARISON BETWEEN 

POPULATION DISTRIBUTIONS FOR 2000 

Permanent Population Seasonal Population Total Population 

Master Plan 1978 Master Plan 1978 Master Plan 1978 

District Update Master Plan Update Master Plan Update Master Plan 

Gorok 160,000 170,000 ---- 160,000 170,000 

Labban 90,000 112,000 ---- 90,000 112,000 

Karmouz 250,00m z;z 000 .... .... 250,000 252,000 

Ramleha 770,600 706,000 54,000 54,000 824,600 760,000 

Montazah 1,400,000 1,345,000 214,000 214,00J 1,614,000 1,559,000 

Attarlne 85,000 93,000 ---- 85,000 93,000 

Manshlva 52,000 56,000 ---- 52,0n9 56,000 

Moharrem Bey 449,300 385,000 ---- 449,300 385,000 

Bab Sharkeya 578,500 532,000 172,000 172,000 75C,500 704,000 

Dekhella 64,600 145,000 160,000 160,000 224,600 305,000 

Amrla 500,000 500,000 70,000 ---- 570,000 500,000 

Minyet c 

Ei-Basal 260,000 370,000 .... ... 260,000 370,000 

Total 4,660,000 4,666,000 670,000 600,000 5,330,000 5,266,000 

alncludes part of Sidi Gaber 

bIncludes Sadat City 

Cincludes Mina of Alexandria 
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Table C-6 

PROJECTED POPULATION IN DEFINED DISTRICTS
 

2000
 

Population Population
 

Area (1000's) (1000's)
 

1990 


Inner Areas
 

602
580 


935 1,016
 
Western Zone 


Central Zone 

a 


Eastern Zone 2.115 	 2.811
 

4,429
Subtotal 	 3,630 


Outer Areas
 

79 	 106
 

570
 
Abu QIr 


223
Amrla 

138 	 225
Mex-Dekhella 


901
Subtotal 	 440 


5,330
Total 	 4,070 


aThe eastern zone Includes the future Sadat City and currently unsewered Nouzha, Ras
 

El-Soda, and Slouf Bahareyah areas.
 

Table C-7
 

1976 UNIT DOMESTIC WATER CONSUMPTION
 

(Icd)
 

Range 	 Average
Area Classification 


Lower Income Areas 69-93 80
 

Middle Income Areas 128-156 
 154
 

Higher Income Areas 229-237 	 230 

115
Area-wide Average 


Source: Alexandria Waterworks Master Plan
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Table C-8
 
1976 ESTIMATED WATER CONSUMPTION By CATEGORY
 

Average Water Consumptiona 

Category (1000 m 3/day) Percent 

Domestic 281.3 50
 

Industrial 106.9 19
 

Government 72.3 
 13
 

Other 19.1 3
 

Losses 81.4 15
 

100
Total 561.0 


Source: Alexandria Waterworks Master Plan 

a oes not Include the 39,000 m3/day that Is consumed In the Mersa Matrouh and western5

areas, the western desert, and southern Behelrla. 

Table C-9
 
UNIT WATER CONSUMPTION PROJECTIONS
 

TO 2000 BY CATEGORY
 
(lcd)
 

Category 1976 1982 1990 2000 

Domestic 116.5 129.2 148.3 159.4 

Industrial 44.3 64.1 70.2 70.2 

Government 30.0 31.0 32.0 32.0 

Other 7.9 8.0 9.0 9.1 

Losses 33.7 40.1 39.1 37.3 

Total 232.4 272.4 298.6 30060
 

Source: 1978 Master Plan
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Table C-10 
WATER DEMAND PROJECTION3 TO 2000 BY CATEGORY 

(1000 m /day) 

Category 1976 1980 1952 1990 2000 

Population 

serveda (1,000ts) 

b 

Water use 

Domestic 

Industrial 

Government 
Other 

Losses 

2,413.7 

281.3 

106.9 

72.3 
19.1 

81.4 

2,507.0 

313.0 

144.0 

75.2 
20.0 

96.8 

2,840.0 

366.9 

182.0 

88.0 
22.7 

113.8 

3,604.0 

534.4 

253.0 

115.2 
32.6 

140.9 

4,770.0 

760.4 

335.0 

152.7 
43.2 

178.1 

Total 561.0 649.0 773.4 1,076.1 1,469.4 

Source: 1978 Master Plan 

aincludes seasonal population 

bDoes not Include water use In Marsa Matrouh and western areas, the western desert, and 

southern Behelrla. 

Table C-li 

WATER PRODUCTION BY TREATMENT PLANT, 1976-1980 

(1000 m 
3
/day) 

Year 

Rand 

Point Slouf Manshlya 

Furn 

El-

Gueraya Mamoura Maryout Total 

1976 281.6 155.3 54.2 54.2 25.2 38.1 606.6 

1980 294.8 230.7 160.3 39.5 31.0 59.7 816 

% Increase 5 49 196 -27 23 57 34 

Source: Alexandria Water General Authority, Agency Paper, January 1981. 

Note: Corrected values 
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Table C-12
 

ESTIMATED 1977 WASTEWATER FLOW
 

Population
 
Total Alexandria (permanent plus
 

O0 0602,800seasonal peak) 

Within presently sewered areas 2,380,000
 

(percent sewered = 85)
 

100
Domestic sewage generation (Icd) 


Wastewater flows (MI/day)
 
Domestic:
 

Sewered area 
 238
 
42Unsewered areas 

280Total 

Contaminated Industrial:
 

To sewers 
 89
 
137
To drains, canal, and the sea 


Total 
 226
 

Infiltration (4300 ha x 0.15 I/sec/ha) 56
 

Average dry weather flow:
 
In sewered areas 
 383 

179
In unsewered areas 

562
Total 


Source: 1978 Master Plan 
a1976 permanent population (2.382 million) times annual growth rate (2.70) plus a seasonal
 

population peak of 358,000
 

Table C-13
 

1976 WATER BY CATEGORY
CONSUMPTION 

Dally Unit 
Consumption Demand 

3

Category (i000 m /day) (Icd)
 

116
Domestic-coemerclal 281 

30Governmental 72 

Subtotal 353 146
 

8Other usesa 199 


372 154
Total 


Note: Assumes a population of 2,414,000
 

alncludes nongovernment Institutions, water sales stations, firefighting systems, Irriga

tion, and small special rate users. 
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Table C-14
 

ESTIMATED 1990 WASTEWATER FLOWS
 

Unit Domestic Industrial Total 

Domestic Average Average Special Average 

Area Populatlona Rate Flowsb Flow Allowancec Infiltration Flow 

District (ha) (10001s) (Icd) (MI/day) (MI/day) (MI/day) (MI/day) (MI/day) 

Inner Areas 

Western zone 1.068 576 105 60 92 - 13 165 

Central zone 1,322 933 125 117 28 4 21 170 

Eastern zone 4,306 2,061 118 243 130 4 33 410 

Nouzhad 266 25 83 2 25 - 2 29 

Outer Areas
 

Abu Qir 1,100 75 112 8 132 	 2 is 160 

- 10 72Amrla 1,535 146 132 19 43 


Mex-Dekhella 1,027 104 87 9 
 102 8 119
 

Unsewered 160 -- - "
 

10 105 1,125
458 552
Totals 10,624 4,080 


alncludes seasonal population
 

bincludes domestic, governmental, and commercial uses
 

clncludes allowances for military establishments, hospitals, and recreational centers
 

dNouzha flow Is carried separately from the balance of the eastern zone to facilitate East Treatment
 

Plant analysis
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Table C-15 

ESTIMATED 2000 WASTEWATER FLOWS 

Unit Domestic Industrial Total
 

Domestic Average Average Special Average
 
c 


Area Populationa Rate Flowsb Fluw Allowance Infiltration Flow 

District (ha) (000's) (lcd) (MI/day) (MI/day) (NI/day) (MI/day) (MI/day) 

Inner Areas
 

Western zone 1,265 602 125 75 110 - 15 200 

Central zone 1,322 1,016 136 137 34 4 20 195 

Eastern zone 4,660 2,741 122 334 189 4 35 562 

Nouzhad 521 30 100 3 36 - 3 42 

Outer Areas
 

Abu QIr 1,480 106 108 12 150 2 10 174 

Amrla 2,900 430 136 58 62 - 16 136 

Mex-Dekhella 1,350 135 103 14 144 - 9 167 

Unsewered 270 - -- " " " 

Totals 5,330 633 725 10 106 1,476
 

alncludes seasonal population
 

bincludes domestic, governmental, and commercial uses
 

cincludes allowances for military establishments, hospitals, and recreational centers
 

dNouzha flow Is carried separately from the balance of the eastern zone to facilitate East Treatment
 

Plant analysis.
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Table C-16 
COMPARISON OF WASTEWATER FLOWS FORYEARS 

1990 and 2000 
(MI/day)
 

1978 Updated 

Master Plan Master Plan 

Component Averaae Flow Average Flow 

Year 1990 

Domestic 4%a 458 

Industrial 
Spec lal 
InfiltratIon 

552 
-
7 

552 
10 
93 

Total 1,001 1,115 

Year 2000
 

633
633
Domestic 

725
725
Industrial 

10
-Special 

108
87
InfIltration 


1,476
1,445
Total 


Adjusted to reflect unit domestic wastewater flow rate of 98 lcd InAm-ls,
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Table C-I1
 

SLI44AY OF WASTEWATER GAUGIN3 AN SAWLING PtECRA4
 

jeted
East Swuha Ind. Ghelt Gabbtry Ilt floe eigh 


Plt a Orain P. . al-Ina b (ra In Aver&" _ 


Floe., (m/s)b 

Average 0.) 0.57 0.4) 0.54 0.15 1,I1 -

Range (high) 0.64 0.6J 0.4) 0.b8 0.1 1.1 -

(low) 0.It 0.44 0.45 0.34 0.08 0.) 

QualIty
¢ 

(lej/I. with eOCept IOn Ot 04) 

pH 7.0 1.5 1.0 1.0 1.0 1.0 1 

K305 498 54) 1,100 536 445 )7 

CUU I,)5 14 3,101 1,251 I,C1) 1) 1,145 

OIl & Grease I( 163 1,4)85)4 ISOlob* I) 

Aixallnlty 544 361 441 411? iS I 

(CAC01 ) 

total Solids 1.8)0 I.$3O 116 1,64) 1,610 1,IV l,1l0 

Volatile 6 ) 1,435 160 40. 40 )0 

$.'%penjed 6)'A 11 1,101 65 411 416 3 

V-41 lB) M) 46 .v 50 

3. 

Altbmlrold hit je 5 5 3 1 It I S 

chlorIde 40? P?1 1,848 M48 1) 411 ) 

phos ho6 1 14 t ItO 

N1 56 if %Ammnis (atl 

t .1 . .9 IvI*1. 1. 9Ii 0,A ..fld411ti e IjAt,. t I***l &A 0%41 &.a01l. 

o~er 1 lWvaa 

'A.eraje q.a11ty WS6e 4 * db.,, ... 4~b a l~ ~~he h*C t~ 



IPMADlol 1"'00 O~lg Ued i 

Val rm tI tNPtr DoMDItIIOl 

f.o m no Wat. wm flo am$. LOWO e 

U?3IeaMIl wqg 311 SO No1 0 W4 14 

li I it"? l 134I.4 0Cho~ uvpe SON 1 of I."I-

lis HIS ANOu no 

w" mmo Ael.4wesoa of&No 

IN11
 



Table C-19 
ESTIMATED 1977 INDUSTRIAL 

WASTEWATERLKOS ANDCHNIMACTEISTICS 

Flow IMI/day 

Fro., 

3T
Process 
Coal Ing 	 _ 

USTotal 

Wateater Characwist Ics 
SO (m/I 1 0 

eOo Ikg/da) 14.00 

COD Ik/da) 	 30O,00 

Sowass 190 Mster Pla 

Table C-3 
"ISCELLgouS WlTO L"10S5 

Comel Itvt 

Irm 	 3N 

~ISI 

4)flhc 
4SulINle 

9Lead 

14OIckal ,Coself 

Sveo. ITM vter Ple 



Table C-21 
ESTIMATED 1990 BIOCHEMICAL OXYGENDE4ND LOADS 

(kg/day)
 

Industrial Total
Oistrict Domestic 


Inner Areas 

Western zone 42,000 62,000 104,000 
19.000 69,000
Central zone 70,000 

NOC0 240,000 

Nob m, 100 17,000 19.000 

Subtotal U64,000 16,000 452,000 

Outer Areas 

Abu QIr 0000 69,000 97,000 

rls I1,000 29.000 40,000 

max-Ookhella 111000 690077,000 

Subtotal 27,000 187,000 214.000 

Un evered 

asteran soe 152,000 

6.000 -- 6.0000 

Total 299.000 373,000 672,000 

%uzha flow Is carried separately from the balance of the eastern mote to facilitate Esat 

Treatment Plant nalyils. 
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Table C-22 

ESTIMATEO 2000 BIOCHEMICAL OXYGEN DEMND LOADS 

(kg/day)
 

Domestic Industrial
District 


Inner Areas
 

Western zone 45,000 77,000 


Central zone 78,000 24,000 


Eastern zone 207,000 132,000 


Mouzha 2,000 25,000 


Subtotal 332,000 258,000 


Outer Areas 

Abu QIr 11,000 105,000 


Amira 32,000 43,000 


Mex-Dekhelia 10,000 101,000 

Subtotal 53,000 249,000 


Unsevered 10,000 --

Total 395,000 507,000 


ONouzhe flow Is carried separately from the balance of the eastern 

East Treatment Plant analysis. 

Total
 

122,000
 

102,'00 
339,000 
27,000 

590,000
 

115,000 
75,000
 

111,000 

301,000
 

10.000 

901,000
 

zone to facilitate 
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APPENDIX D
 

INDUSTRIAL UPDATE
 

INTRODUCTION
 

The 1978 Master Plan presented the results of on extensive industrial
 

waste study conducted in 1977. That study Included results of field
 
visits to the Industries that contribute about 90 percent of the
 
Industrial wastewaters generated InAlexandria. The projections of
 
Industrial flows and loadings both current (then) and future were based
 
on the data gathered and reconmended industrial discharge practices.
 

Industrial flows on the whole apparently have not changed much in
 
character since the earlier study. The lack of sewage treatment facili
ties has meant that the pretrtatment recommendation of the 1978 Master
 
Plan has not been carried out.
 

The General Organization for Industry (GOFI) is currently starting a
 
4-year program to add pretreatment facilities to nine industries con
sidered to be of high priority. These industries are listed InTable
 
D-1. Later, but likely within the next 2 years, other Industries will
 
be added to the list to receive pretreatment facilities. This program
 
will also include recomendations for recovery and reuse of constituents
 
previously discharged Into the wastewater and recommendations for water
 
reuse.
 

REVIEW OF ElISTING REPORTS AND DATA
 

GOFI has conducted in-plant reviews of many of the large Industries In
 
Alexandria. These were performed as a part of their program to identify
 
those Industries for which pretreatment and other wastewater rtlated 
programs would be of greatest benefit In Improving the wastewater dispo
sal system of Alexandria. The GOFI staff, together with staff from the 
University of Alexandria and the High Institute of Public Health, also 
searched available data on the Industries and performed related studies. 
The GOfI reports were reviewed as a part of this Master Plan review.
 

The 1918 Master Plan Itself was reviewed. Attempts were made to verify
 
or update the data presented therein. However, water use data for the
 
industries (exempting that contained In the GOFI reports) was unob
tainable during the review period. Therefore, for this review, reliance
 
on the data In the 19l1i Mister Plan (with some revision resulting from
 
the G !:reports) was necessary.
 

The A/GOSD was contacted to determine If there were any private
 
industries which might significantly affect the projections of
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In all, some 371 small
industrial wastewater flows and loadings. 

were found.
industries, employing less than 200 persons each, 


nondischarging,
Essentially, these industries can be classed either as 


except for minimal "domestic" flow, or as insignificant when compared
 

with major industries, which account for about 90 percent 
of the
 

The industries iden
industrial wastewaters generated in Alexandria. 


tified are typically small and are predominantly forming operations (as
 

with plastic goods) producing handicrafts, or are small food products
 

industries.
 

A directory of the industries inAlexandria entitled "Egyptian
 
as 
the update of that directory
Industrial Union" was reviewed, as well 


for 1980. An additional 724 industries were found which included 19 of
 

Of the 724, 146 were determined to be
those listed in the Master Plan. 

One hundred
of no consequence to the industrial wastewater flows. 


Thus,

thirty-five industries or branches were listed in the Master Plan. 


were found in this review. The

1211 individual industries or branches 


Master Plan concluded that 135 of these accounted for 90 percent of the
 
No Information
wastewater flow and 930 for the remaining 10 percent. 


they relate
that might alter the conclusions of the 1978 Master Plan as 

More
 

to planning considerations was discovered during our review. 


detailed investigations will be needed, however, for individual basis of
 

design reports.
 

Location of Major Industries
 

areas of the city. The
Major industries are located in several 


Industries are grouped as one would expect on proximity to transpor-

Figures 0-1, 0-2, and 0-3 show
tation, water supply, and labor force. 


A list of major
the location of major industries by drainage basins. 


taken from the 1978 Master Plan is shown in Table 0-2. No
 
Industries as 


1978 Master Plan were found In the locasignificant changes from the 

tions of the major industries.
 

GOFI Industrial Waste Survey
 

in wastewater flows
Surveys conducted by GOFI Indicated some changes 


from the 1978 Master Plan for several industries. The revised flows are
 

The net result in these changes was to increase the
shown in Table 0-3. 

flow by about three percent. GOFI indepth review of
did not conduct an 


GOFI survey reports reviewed. In

all major Industries nor were all 


fact, the reports reviewed accounted for only one percent of the total
 
some constituents that could be
flow. The surveys did include data on 


Unfortunately, most of
of concern to wastewater treatment and disposal. 


the data are not adequate to permit an Indepth analysis. However, the
 

0-2
 



treat

ment plants.
 
data are helpful in identifying potential problems to municipal 


Staff of the High Institute of Public Health conducted a pilot plant
 

study of treatability of wastewater from industries at Moharrem Bey,
 

which presently discharge wastewater to Lake Maryout. The charac
plant was not
terization of wastes flowing to the 	pilot treatment 


The results of the pilot plant
available at the time of this report. 


study would be most beneficial if complete industrial waste treatment is
 

a viable option. Initially, however, pretreatment of industrial flows
 

with subsequent discharge to the Alexandria sewer system appears to be
 

the most likely method of industrial waste treatment.
 

industrial survey.
The current WWCG scope of work does not include a new 


Therefore, our review of the 1978 Master Plan in conjunction with more
 

recent available information, forms 	the basis for the industrial waste
 
Much of the data are unchanged from
characterization contained herein. 


the 1978 Master Plan. Table D-4 presents data on constituents of the
 

industrial wastewater found at the time of the 1978 Master Plan.
 

Additional ongoing studies are being conducted by the High Institute of
 

Public Health. As these studies are completed, they should be made
 

available to A/GOSD for continuous updating of the information base.
 

Flow and Quality Projections
 

A projection of industrial flow and quality was made in the 1978 Master
 

Plan. Assumptions were made as to the growth of industry; the effect of
 

their wastes on collection, treatment, and disposal; and the degree of
 
The review of the results
pretreatment of industrial wastewater needed. 


of the 1978 Master Plan, together with a review of recent available data
 

did not disclose any information that would tend to change those projec
flow and quality projected
tions. Therefore, the industrial wastewater 


shown 	in the 1978 Master Plan. These projecfor the design year is as 

tions are tabulated in Table D-5.
 

Significant conclusions of the 1978 Master Plan and the WWCG review
 

were:
 

The industries should provide pretreatment.
o 


require
o 	 Different treatment methods and disposal options will 


somewhat different levels of pretreatment.
 

Certain constituents must be removed from the
 

wastewater before it Is discharged into the sewer
 
0 


system.
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Properly pretreated wastewater can be discharged into the
 
sewer system.
 

0 


EVALUATION OF IMPACTS ON TREATMENT/DISPOSAL
 

The impacts of industrial wastewater on municipal sewage treatment and
 
treatment plant effluent disposal/reuse depends on the amounts and types
 
of constituents in the wastewater. Inaddition, the impacts depend on
 

the type of treatment and the location and use of the discharge.
 

Some constituents of industrial wastewater are easily biodegradable
 
given sufficient oxygen to keep the process aerobic or given adequate
 
containment and off-gas handling to keep the process anaerobic and
 
nuisance free. Wastes, particularly from food processing industries,
 
typically contain biodegradable constituents. Wastewater from such
 

a minimum and should
industries should be screened for solids removal as 

have facilities for flow equalization.
 

At the other end of the spectrum of industrial wastewater quality are
 

the chemical, plastics, drug and metal production and finishing
 
industries. Constituents from these industries often inhibit or are
 
toxic to biological treatment processes. Unless treated, they may also
 
be toxic to both plants and animals that may be present inor on the
 
receiving area of the wastewater. Inparticular some constituents such
 
as heavy metals are toxic ineven moderate concentrations. Recommended
 
maximum allowable effluent concentrations for these metals are presented
 
in Appendix L. The impacts of industrial wastes on the spec~fic alter
native treatment processes and alternative discharge (disposal or reuse)
 
options considered inthis study are presented InAppendix J.
 

EVALUATION OF TREATMENT ALTERNATIVES
 

The 1978 Master Plan recommeided pretreatment of industrial flows with
 

discharge to the sewers, with the exception of Industries inthe Abu Qir
 
area. For the Abu Qir industries, an Individual treatment system
 
(evaporation at Lake Idku) was recommended. This review does not
 
address that recommendation since the Abu Qir industries are located
 
outside the area considered for Incorporation into the Alexandria
 
system.
 

Pretreatment facilities to serve certain similar Industries closer to
 
the center of Alexandria were recommended In the Toxic Industrial Wastes
 
Study. September 1978. Included were the textile companies of Hadara
 
and Slouf and the El-Mex Slaughterhouse and Tanneries. A previously
 

study
mentioned, the GOFI staff together with USAID staff have begun a 

of Industrial treatment needs. This work and the subsequent GOFI
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pretreatment program should be monitored closely to ensure that adequate
 
pretreatment of ndustrial wastes is accomplished prior to discharge to
 
the Alexan!rla sewer system.
 

RECOMMENDATIONS
 

Treatment for Industrial Zones
 

Some industries will likely find it more economical to follow the recom
mendation of the Toxic Industrial Wastes Study to pretreat in a regional
 
facility. Benefits may include reduced capital costs resulting from the
 
use of smaller flow equalization tanks and reduced annual costs due to
 
lessened manpower requirements.
 

Pretreatment Requirements
 

Our recommendatioi is that industries should pretreat to the level dic
tated by sewer di charge constraints and constraints imposed by the
 
treatment/disposal option selected. The latter constraints are
 
discussed in some detail in Appendix J.
 

Heavy metals such as zinc, copper and nickel will have to be reduced In
 
amount (not just concentration) regardless of te treatment/disposal
 
option chosen, since they will limit the application of sludge on land.
 
Lead will have to be reduced if biological processes are chosen for the
 
treatment option, and chromium will likely have to be reduced if land
 
application of effluent on crops is the chosen disposal/reuse option.
 

Recommendations on pretreatment needed to remove potentially toxic organ
ic materials cannot be made at present since only inadequate data exist
 
by which to estimate their concentrations, if any, in current wastewater
 
flows.
 

Sampling Program
 

A sampling program is urgently needed In order to obtain better data on
 
industrial discharges. Most of the 1978 Master Plan data came from a
 
limited number of grab samples. More and longer term sampling is
 
required in order to adequately assess the pretreatment needs and best
 
method of limiting the potentially harmful constituents.
 

WWCG recommend% an initial sampling program consisting uf tme following
 
work:
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One 24-hour, flow comnposited sample should be taken daily for
 

10 days plus one grab sample every 3 hours at each of eight
 

sample points.
 

0 

One sample point should be the Influent to the East Treatment
o 

Plant.
 

The remaining seven sample points should be industrial
0 

wastewater discharges (whether presently discharging to a
 

sewer or a drain). The industries chosen should be represen

tative of the Industries discharging the more toxic wastes In
 

Alexandria. For example, discharges should be sampled from
 

the following industries or plants: 1) chemical, 2) metal
 

products, 3) plastics, 4) a large garage. 5) textile, 6)
 

newsprint or cardboard, and 7) tannery.
 

The recommended analyses to be conducted on the samples are as shown in
 

Table D-6.
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Table D-1
 
HIGH PRIORITY INDUSTI4IES
 

SODULED fOR PIRETREATMINT FACILITIES
 

Loa 	 t ion 

Industry 	 (Zone) 


I. Mist ChoIcals Outer west 

7.E a tr Tannery Outer Worst 

3. ItaflotI Spinning inner Vast 
and Weaving 

4. 	 (gyptian Salt loAw veet 
Sod 

. falrecfed Oil ilsa' weet 

A., I *lie Dywra Ab QIr' 

1. 	 (gyplat Ilertoa low' eiat 

oo. t 1p lleA tarth law a? Ielutasks. 
aidllees, 

9, t~~lla^ Sfark law 660t 
6.4 	1046V
 

10. 	liliie fi. 
4
60 0fvt" 0oet 

t W#.t ewof opeiD1li0 1w laowlff, Wi 

a% of*0b fols 

Product
 

Caustic, chlorine A *ods
 
ash 
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ments of the systems. The individual air diffusers and drop piping in
 

the grit chambers are in poor condition, and should be replaced with
 
Finally, handrails
manufactured diffusers of the leafspring type. 


should be provided around the periphery of the grit chambers complex and
 

the individual basin openings.
 

Pre-aeration
 

now under construction. Operation of these
 
The pre-aeration system is 


units will assist plant operation and performance by facilitating the
 

This will enhance primary clarifier
removal of floatable materials. 

operation. Air requirements will be 2900 ms/hr, and the air supply for
 

source as that for the grit

these units is planned to be from the same 


system. This arrangement should be
 chambers and secondary treatment 

changed so that the air for the grit basins and pre-aeration basins is
 

from a supply separate from the secondary plant. The construction
 

drawings indicate that detention time at peak flow will be nearly 25
 
for the Intended operation.
This detention time is sufficient
minutes. 


If handrails are not to be provided in the current design, 
they should
 

as the individual basin ope
be added around the entire unit as well 


nings.
 

Primary Clarifier Flow Splitting
 

be to the primary
Discharge from the new pre-aeration basins will 


clarifier splitter structure. Flow splitting is by submerged broad

crested concrete weirs located on the periphery of the concrete riser
 

Each quadrant weir discharges to a separate clarifier. The flow

well. 


are submerged.
split between clarifiers is unequal, because the weirs 


The nearest clarifiers, Nos. 2 and 3, receive the highest flow. The
 
compromise the primary clarifiers'
 poor flow split, however, should not 


performance since they are conservatively loaded.
 

Primary Clarifiers
 

be in good condition. They are

The primary clarifier tanks appear to 


conservatively loaded with an overflow rate of 16.5 m/day at 45 M4/day
 
are made of thin steel,
and one unit out of service. The V-notch weirs 


are badly corroded, and should be replaced. The weirs are Installed In
 

a peripheral, concentric configuration, and the weir loading is
 

42 m3/m/day at a flow of 45 1I/day. Flow from the center feed well
 

enters the clarification zone through a vertically slotted baffle w~li.
 
New


The openings between the baffles are too narrow and tend to plug. 


baffles with larger openings should be installed.
 

E-4
 



Sludge removal from each clarifier is accomplished by two steel qcrapers
 

supported from a rim drive traveling bridge which turns one revolution
 

every 45 minutes. The mechanisms are badly in need of repair and main

tenance. The thin, corroded, steel nrating on the bridge walkway should
 

be replaced with fiberglass grating. All submerged metal should be
 
a finish
sandblasted, primed with polyamid type primer, and covered with 


coat of coal-tar epoxy paint. Nonsubmerged metal should be sandblasted
 
paint. The scraper
or wirebrushed and coated with an appropriate enamel 


is supported on wheels riding on the clarifier bottom which is badly
 

scored. The wheels should be replaced with a shoe riding on a rail
 
Also, the space between the clarifier
embedded in the clarifier bottom. 


bottom and the scraper needs to be lessened. This could be accomplished
 
on the bottom and installing a piece
by applying a thin layer of grout 


of neoprene rubber or chemically resistant material on the scraper
 

mechanism. These items will be investigated, and a final recommendation
 

made in the basis of design report.
 

scum arms attached
Scum is removed from the clarifier surface by steel 


to the rotating bridge and is discharged to a steel scum trough in each
 
needed for
clarifier. Flushing water is added to the troughs as 


cleaning. The scum arms and troughs need sandblasting, priming, and a
 

coat of coal-tar epoxy.
 

Primary Sludge and Scum Pumping
 

Valves adjacent to each clarifier can be operated to control either
 

sludge or scum discharge. The only motive force available is hydrosta

tic head. Sludge and scum must flow through nearly 100 m of pipe, 150
 
at
to 250 mm in diameter, from the most distant clarifier to a wet well 


the sludge pump building. From there, it is pumped to sand drying beds
 
Waste
for dewatering. Flushing water is provided to clkan the lines. 


activated sludge (discussed later) is returned to the plant influent for
 

co-settling with primary sludge in the primary clarifiers. Combined
 

sludge from the primary clarifiers and primary scum is discharged to the
 

sand drying beds.
 

The usual operation technique at this plant is to waste sludge from the
 
in a graduated
clarifiers when the sludge (after settling 30 minutes 


Problems
cylinder) occupies 50 percent or more of the sample volume. 

if sludge is
are experienced with gravity sludge flow to the wet well 


allowed to thicken to a much greater degree in the clarifiers. WWCG's
 

investigation indicates that the wasted sludge flow averages only about
 

two percent solids.
 

The major problem with the system is caused by the thixotropic nature of
 

When sludge flow ceases, it settles in the pipes. More energy
sludge. 
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Once the sludge
restart the flow.
6ian is available is required to 
 This
 
The
begins to flow, the required energy is reduced 

significantly. 


problem intensifies with increased sludge solids conc, ntrations. 


available energy is about 2 m of hydrostatic 
head. Apparently, this
 

head is insufficient to re-establish sludge 
flow once it stops.
 

Sludge, concentrated to about four percent 
solids, could be removed from
 

A schematic
 
the clarifiers if the sludge transport system 

was altered. 

Four new piston pumps


of a recommended system is shown in Fjgure E-4. 

Two pumps would
 

would be needed, each rated at 0.50 mJ per 
miiute. 


The piping would be arranged so that
 
two clarifiers.
serve each set of 


of two could pump from either clarifier.
 either pump in each set 


Activated Sludge
 

revi-

The evaluation of the secondary aeration system assumed certain 


sions would be made to the aeration system 
influent and effluent eistri-


At the present time, each aeration bank (a set of six
 
bution system. 

aeration tanks and one pre-aeration tank) 

receives flow from t.io of the
 

four primary clarifiers, and discharges to 
two of the secon'jry clarn-


When a primary clarifier is out of service, 
the otier half of
 

fiers. 
 #proximately

the plant, with both clarifiers operating, 

must handle 


The most significant adverse impact of this
 
two-thirds of the flow. 


the shallow secondary clarn
condition is the additional load placed on 


occurs when one secondary clarifier is
 fiers. Another adverse impact 


out of service. This condition causes the loading to double 
on the
 

remaining clarifier serving that aeration 
bank.
 

The impact of these adverse conditions could be lessened if the effluent
 

is combined and evenly distributed to all
 
from all primary clarifiers 


Then all operating aeration tanks would
 aeration tanks in service. 

loading, at a given flow, regardless of the number of
 

receive the same 

primary clarifiers in service.
 

Similarly, if the effluent from the aeration 
tanks is combined and
 

secondary clarifiers, the adverse impact of
 equally distributed to all 
 For example, the
 
clarifiers being out of service would be minimized. 


is inoperable)

increased loading to each clarifier (if one other unit 


Under present conditions,

would be 33 percent if the changes are made. 


to the remaining clarifier
 the loading is increased by 100 percent 
 ser
serving a bank of aeration tanks when the 

other clarifier is out of 


vice.
 

that the effluent from the primary clari-

Consequently, WWCG recommends 

fiers be combined and equally distributed to all 

operating aeration
 

Further, the effluent from both banks of 
aeration tanks should
 

tanks. 
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be combined and equally distributed to all four secondary clarifiers.
 

The following evaluation of the secondary aeration system is based on
 

the assumption that these modifications will be made.
 

In analyzing the aeration system, the following criteria were used:
 

o 	 Average day plant flow = 45 Ml/day
 

Average BOD to aeration = 418 mg/l or 785 kg/hro 


Average ROD to aeration, peak 8 hrs/day - 1200 kg/hr
o 


o 	 Nitrification occurring in the aeration tanks
 

- 25 mg/l
o 	 Average oxidizable nitrogen to aeration 


o 	 Average suspended solids to aeration - 200 mg/l
 

are 68 percent volatile
o 	 Suspended solids that 


are 40 percent nono 	 Volatile suspended solids that 


biodegradable
 

0 	 For purposes of calculating system stability, all primary and
 

secondary clarifiers and all aeration tanks in service
 

The activated sludge system is designed for step-feed operation.
 

Because of the shallow secondary clarifiers (a 2-m sidewater depth),
 

a mixed liquor solids concentration of
 the system should be operated at 


from 1300 mg/l to 1700 mg/1l at the discharge from the basins to prevent
 
Based on this condition and a
overloading the clarifiers with sludge. 


5000 mg/l return sludge concentration, the following conclusions were
 

drawn:
 

The average sludge age should be maintained at approximately
0 

4.4 days when the re-aerated sludge mass is included in the
 

calculation.
 

o 	 The food-to-microorganism ratio (BOD/aeration basin mixed
 

liquor volatile suspended solids) should average 0.38 when
 

including sludge under re-aeration.
 

The average oxygen requirement will be 695 kg/hr per set of
 

aeration tanks, or 1290 kg/hr total.
 
0 


The oxygen requirement during the peak 8 hours during the
 

summer will be 800 kg/hour per set of aeration tanks, or
 

1600 kg/hr total.
 

0 
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Aeration equipment in each aeration tank should be designed to
 
3/min 	at 0.22 atmospheres
o 	

at the rate of 260 m
distribute air 

oxygen transfer rate of
 (atm) gage pressure based on an actual 


3.28 percent with an aerator submergence 2.3 m deep.
 

two sets of aeration tanks should
 
o 	 Air piping in each of the 


the rate of 1600 m3/min.
be capable of distributing air at 


be capable of delivering 190,000
 
o 	 The air supply sys em must 


m
 3/hr of air at 40 C and one atmosphere pressure for secondary
 

plant requirements.
 

The dry weight of waste activated sludge will be approximately

o 


13,800 kg/day at a concentration of 0.5 percent solids 
from
 

the secondary clarifiers.
 
3/hr at
 

Pe8k air requirements at the East 
plant will be about 190,000 m
 

The four new compressors that are being

40 C and 1 atmosphere pressure. 


30,000 m
3/hr at an intake tem

installed at t~is plant are each rated at 


perature of 40 C. and shaft brake horsepower of 
810. The compressor
 

operating conditions at
 motor is rated at 924 hp, however, and actual 


the plant will require using this available power in order to satisfy
 

Because the required discharge

the secondary plant air requirements. 


50 percent of the rated pressure rise,
as much as
pressure may be only 
 be required.

inlet throttling to prevent overloading the motors 

will 


Ammeters to monitor the power draw should be provided. 
By making full
 

more air can be
 
use of the available power, approximately 20 percent 


This would amount to a total per

delivered from the comRressors. 


4 /hr. Consequently, to satisfy the air require
compressor of 36,000 m
 

standby unit, are needed.
 ment, 	seven compressors, including one 


Therefore, three more compressors should be purchased.
 

From the previous analysis of the activated sludge system, the following
 

recommendAtions are made:
 

Increase the air supply to the indicated level.
 o 


Provide new or supplementary air supply and air distribution 

piping. Calculations suggest that if the air piping is 

operating under approximately 0.25 atmosphere gage pressure, 

piping requirenents would be: 

o 

- Primary air supply - 1.42 m in diameter 

- Main feeder to each aeration bank - 1.07 m 

in diameter 
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- Air header, each tank - 0.6 m diameter 

o 	 Install new air diffusion equipment to transfer the indicated
 

oxygen needs.
 

o 	 Provide three additional 36,000 m3/hr blowers with 1000-hp drives.
 

These blowers should be chosen to conform to the actual system
 

requirements.
 

Provide a water spray system at the aeration tanks to suppress
o 

foam.
 

o 	 Install new slide gates at the aeration basins or repair
 

existing ones.
 

0 	 Install handralls around all tanks and the periphery of both
 

aeration tanks.
 

Secondary Clarifiers
 

The four secondary clarifiers are each 34 m in diameter and have a
 

These units should be adequate to meet plant
E1dewater depth of 2 m. 

needs if there is little downtime for any of them and if the mixed
 

liquor suspended solids concentration is maintained between 1300 and
 

1700 mg/l.
 

for activated sludge
The clarifiers are more shallow than is normal 


clarifiers when receiving commonly accepted solids loadings of up to 82
 

For this reason, the secondary plant should
kg/mc/day at average flow. 

be operated so that mixed liquor to the clarifiers will be in the 1300
 

to 1700 mg/l range. This will result in solids loadings of 28.5
 

kg/m 2/day with all units operating. The previously recommended changes
 

to the aeration basin effluent distribution should be made to equalize
 
If these
the loading to each clarifier when one unit is out of service. 


is removed from service, then the
changes are not made and one unit 

second unit, serving that half of the plant would receive a solids
 

loading of 60 kg/m 
2/day when the mixed liquor suspended solids con

and the return sludge concentration is 5000
centration is 1500 rng/l 

is somewhat high for the shallow clarifiers and may result
mg/l. This 


over the weirs into the final eifluent. If the
in excessive solids loss 

are made, then the loading to each clarifier will only be
changes 


38 kg/m 2/day, which will lessen the chance of excess solids being
 

discharged to the effluent.
 

12.5 m/day at average
Clarifier surface loadings are comfortably low at 

be 19.4 m/day with
flow with all units in service. Peak loadings will 
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If the aeration basin effluent distribution modiall units in service. 


fications are not made, then with one unit 
out of service and a second
 

unit receiving half of the plant flow, the peak loading will be 39
 

m/day. This is an uncomfortably high loading, considering the asso

ciated high solids loading of 60 kg/m 2/day, for the shallow clarifiers.
 

However, if the aeration basin
occur. 


effluent distribution changes are made, then 
the surface loading to all
Again, sludge blanket loss may 


units would be 26 m/day, which could be accommodated 
by the existing
 

units with little or no effluent deterioration.
 

are provided with double concentric, peripheral 
weirs.
 

The clarifiers 
 loading conditions.
 
Weir loadings will be conservatively low under all 
 of
 

so will result in unequal loadings to the
Care must be taken to maintain the weirs at the same elevation in all 


the clarifiers. Failure to do 

Since the units are so shallow, the sludge blanket
 

shallow clarifiers. 

not be far below the weirs and localized high weir flows will
 will 
 flow split among


likely cause some sludge blanket loss. Since an equal 


the secondary clarifiers is dependent upon equal hydraulic conditions,
 

at the same elevation.
the clarifier weirs must be 


sludge scrapers supported from
 Each clarifier is equipped with two steel 
 This type of sludge removal
 
a bridge that is equipped with a rim drive. 


Once relatively efficient
 
mechanism is not suited for its intended use. 


and stable operation is achieved in thp secondary 
plant, nitrification
 

Unless the sludge can
 
occur in the aeration tanks.
will almost surely 


be rapidly removed from the shallow secondary 
clarifiers, denitrifica

occur, resulting in sludge flotation and loss over the
 
tion will 


The threat is compounded by the warmth of the
 effluent weirs. 

wastewater during the summertime, making nitrification 

and denitrifica-


For this reason, the existing

tion almost a certAinty in this plant. 


sludge removal mechanisms should be modi',ed to permit rapid sludge
 

"suction" type machines.
 
removal or replaced by rapid sludge removal 


Secondary Sludge Pumping
 

When the secondary plant was operated in the past, return sludge 
was
 

Return sludge
to the re-aeration tanks.
pumped only intermittently 
 This practice will
 
pumping was alternated with waste sludge pumping. 
 con
not result in satisfactory operation; rather, sludge return must be 


Sludge wasting should be used to maintain
 a rapid rate.
tinuous and at 

a preset mixed litor solids inventory under 

aeration and may be con

tinuous or intermittent. If intermittent, it should occur at least
 

at least 2 hours per event.
3 times per day for 


The average

Firm return sludge pumping capacil' should be 455 1/sec. 


over 220 1/sec. Return
 
return sludge flow requirement is'expected to be 
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sludge flow rate should be automatically varied with plant influent flow
 

rate to maintain a return sludge solids concentration of approximately
 

5000 mg/l. The existing secondary sludge pumping system should be
 

replaced with a new ficility similar to that depicted schematically on
 

Figure E-5. Each of t:c four return activated sludge pumps should be a
 

screw pump rated at 230 I/sec. The waste activated sludge pumps should
 
of the existing
be rated at approximately 20 I/sec each. Some or all 


sludge 'rnpsmay be usable in the recommended system. This possibility
 

should be investigated as part of the study for the basis of design
 

report.
 

Effluent Disinfection
 

it should be provided
Effluent disinfection is not practiced now, but 


for public health reasons. Consequently, disinfection capabilities
 

should be installed using the following criteria:
 

o 	 Method--chlorination
 

Maximum dose at peak flow--20 mg/l, 1400 kg/day
o 


o 	 Average dose--5 mg/l, 225 kg/day
 

o 	 Feed system--evaporators and chlorinators with the dose
 

manually set and automatically paced according to plant flow
 

o 	 Evaporators required--2 (one redundant)
 

o 	 Chlorinators required--2 (one redundant)
 

o 	 Chlorine contact volume--970 m
3 in two chambers of minimum
 

..length to width ratio of 40:1
 

Sludge Management
 

now 	under construction,
After 	completion of the 36 sand drying beds 

2 over 3 ha in the total 72 beds.
there will be 32,400 m , or just 


Anticipated sludge will be 13,500 kg/day primary and 13,800 kg/day of
 

waste activated sludge for a total daily dry solids wastage of 27,300
 

in the waste sludge withdrawn from
kg/day. Assuming 2 percent solids 

the primary clarifiers, as is believed to be presently the case, 18 ha
 

of sand drying beds will be required, including support facilities. In
 

addition, 5 ha will be needed for storage of sludge for 1 to 2 years to
 

permit decay of pathogenic organisms prior to distribution to farmers.
 

Therefore, a total of approximately 23 ha will be needed. Only about
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the present plantsite on which these facilities
 20 ha are available at 

For this reason, the suggested changes to the primary
 

can be located. 

that a higher sludge concentration
 sludge pumping system must be made so 


a 4-percent solids concentration can be obtained,
 can be obtained. If 

be expanded to
 

then the drying bed and support facilities would have to 


With 5 ha needed for long-term storage, the 
total land
 

only 9.2 ha. 

Sand drying beds similar to the current design
requirement is 14.2 ha. 


are appropriate.
 

Electrical System
 

a one-line diagram of the existing plant power distribu-
Figure E-6 is 

Electrical power is supplied to the East Treatlment 

Plant
 
tion system. 

U rough two underground aluminum cables by 

the Alexandria Company for
 

Electric Distribution (utility) from a 10.5-kV power distribution center
 

One of the existing underground cables is
 located on the plantsite. 

being replaced and the second cable is not connected. 

The power distri

substation.
bution center is supplied power from only one 


The current carrying capability of each of the two existing cables at
 

This will not provide adequate

10.5 kV is approximately 300 amperes. 
 The two
 
capacity to supply the future load requirements of the plant. 


in the power

are connected from fused interrupter switches
cables 
 in a 10.5-kV switch

distribution center to main oil circuit breakers 

The 1O.5-kV switchboard is clean
 board located in the blower building. 


and appears to be in excellent condition. However, because the d.c.
 

system is inoperative, the only fault current protection that currently
 
assembly. The
 

exists is provided by fuses in the main circuit breaker 

now but not in the future.
 switchboard is capable of meeting plant needs 
 both at
 

The switchboard can be connected to either service cable or 

cannot be
 

once, but since the switchboard bus is not divided, 
the loads 


The main bus in the
 selectively divided between the two services. 


switchhoard is copper with a current carrying capability 
of approxi

circuit breakers are rated 400
 mately 230 uuLjntinuously. The oil 


MVA, 6uU amperes at 10.5 kV. Overcurrent and fault current protection
 

is supposed to be provided by a d.c.-operated control scheme that is
 

presently inoperative; it must be repaired or replaced.
 

The 10.5-kV switchboard and the service cables from the power distribu

tion system do not have adequate capacity to supply the needs of the
 

The copper bus bars in the switchboard
in the future.
treatment plant 

new bus bars that have a minimum current carrying
must be replaced with 


replaced with new
The service cables must be
capacity of 400 amps. 

cables that have matching current carrying capacity. The settings of
 

be changed to correspond with the
 all protective relays will need to 

Two new 10.5-kV oil circuit
 

requirements of the new equipment ratings. 
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breakers will be required for two additional transformers that must be
 

installed.
 

3000-Volt System. The 10.5-kV switchboard presently leeds three trans

formers to provide power at 3000 volts for operation ot the blowers.
 

One of the transformers is rated 750 kVA, 10.5 kV-3000 volt, three
phase, and the other two are rated 800 kVA, 10.5 kV-3000 volt, three

phase. Each transformer has voltage taps at + 21/2 and 5 percent. The
 

transformers and their associated primary and secondary cables are not
 
serve the additional blower loads prtviously recomof adequate size to 


mended.
 

A design and construction program is currently underway that will
 

install fnur new 685-kW blower motors and four 1000-kVA transformers:
 

see Figure E-7 for a one-line diagram of the proposed system. These
 

transformers will not have the capacity needed to power the six
 
.hat will be required. Two additional 1000-kVA transoperating blowers 


formers will be required to assure that adequate capacity will be
 

available to operate the six blowers with one transformer out of ser

vice. See Figure E-7 for a one-line diagram of the proposed system.
 

Care will need to be taken when specifying the transformers and
 
installing the cable systems to assure that all of the transformers can
 

be operated in parallel.
 

The 3000-volt transformers can all be connected in parallel to a
 

3000-volt- switchboard. The 3000-volt switchboard is clean and appears
 

to be in excellent condition and adequate to supply present plant needs.
 
The switchboard has three main circuit breakers, three blower feeder
 

circuit breakers, and two spare circuit breakers. The circuit breakers
 

type rated 400 MVA, 600 amperes at 3000 volts. Overcurrent and
are oil 

fault current protection is intended to be provided by a d.c.-operated
 

control scheme that ispresently inoperative. The switchboard has
 

copper bus bars capable of carrying 1000 amperes continuously.
 

The configuration of the existing switchboard will be modified during
 

the construction program to install new blowers. Figure E-7 is a one
line diagram of the system showing the new transformers. Figure E-8 is
 

a one-line diagram of a system that will provide power to seven blower
 

motors. The system will require seven additional oil circuit breakers
 
or seven high-voltage motor starters, one of the starters would be con

nected to two vus sections by a two-posit ion nonload break selector
 
The existing ;witchboard will aiso require other modifications.
switch. 


The switchboard presently feeds three transformers to
380-Volt SZstem. 

The transformers are
serve the miscellaneous 380 wye/220 volt loads. 


rated 500 kVA, 10.5 kV-380 wye/220 volts, three-phase and have voltage
 

taps at +21/2 and 5 percent. The feeder cables from the 10.5-kV switch
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carrying capability of
boards to the transformers each have a current 

The secondary feeders
 

approximately 120 amperes or 1250 kVA at 10.5 kV. 
two con

from the transformers to the existing switchboards consist 
of 


approximately 500
ductors per phase with a current carrying capacity of 

3H(1 volts. Th, cripaclties of these feelers are
 
amperes or 328 kVA at 

adequate for present tnd future loads.
 

Two of the three 3110 wye/220 volt transformers can be connected in 
at any time. The 380-volt main

parallel to a 380-volt main switchbOld 
old design that uses manually operated switches in
 switchboard is of an 


The doors of the
feeder protectiie devices.
series with fuses as 

for the switch


switchboard must be opened, exposing open bus bars, 

a group of plug


handles to be accessible. The switchboard Includes 

distribution section
 fuses for lighting and outlet circuits and a d.c. 


power for the 10.5-kV and 3000-volt switchboards. The
 
for control 

380-volt switchboard should be replaced with a newer, more modern one
 

that has sufficient capacity for future plant needs.
 

are provided fron the 380-volt
Direct buried underground cable feeders 


switchboard In the blower building to a switchboard 
and motor control
 

panel in the sludge pumping building, to control centers in the grit
 

5ump stations, and to distribution panels in other buildings where
 

380-volt or 220-volt power is required.
 

Ihe grit chamber pumps are supplied power from and
 Grit Chambers. 

room. The
located in each grit pump


controlled by control panels 

panels are old and in bad condition and should be replaced with
 

control 

The associated electrical wiring should
 new equipment of modern design. 


are replaced. Electrical
 
be replaced when the motors and control panels 


switchbnards and control panels would be provided for the grit handling
 

part of the electrical system modifications.
equipmemt as 


The proposed electrical
 Grit Basin and Pre-aeration Basin Compressors. 

include switchboards and control panels for
 

system modifications w1il 


the new pretreatment blowers.
 

be
 
Primary and Secondary Clarifiers. The primary clarifiers can 


controlled from either the motor starters located in the sludge 
pumping
 

building or from control stations located on the platform between each
 

The controls at the clarifiers are mostly dihconpair of clarifiers. 

nected and the wiring is generally inadequate. New control stations
 

should be provided at the clarifiers and connected into new control cir

new motor starter assemblies.
cuits provided as part of 


The slip ring assemblies on the clarifiers are worn but appear to be
 

New brushes should be installed, the contact surfaces
serviceable. 

dressed, and the wiring reconnected. Existing control and power cables
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should be reused unless megger readings taken at the time of reconstruc

tion indicate that insulation failure is likely.
 

SHud e Pcnping Building. The sludge pumping building houses the only
 

Tan uy engine generator at the plant as well as the switchboard and
 

motor control panel supplying the clarifiers, sludge pumps, and other
 
are old,
miscellaneous pumps. The switchboard and motor cuntrol panel 


of antiquated design, in questionable condition, and are inadequate in
 

capacity and space to accommodate the needs of the proposed modifica

tions. They should be replaced with a new motor control center having
 

adequate capacity and space for present and future needs of the plant,
 

and tailored to the needs of the proposed modifications. These modifi

new primary sludge pumps, return activated sludge
cations include r11i 

pumps, and the wdste activated sludge pumps.
 

Existing control and power cables should be reused where existing motors
 
the time of
and equipment are retained unless megger readings taken at 

New control
reconstruction indicate that insulation failure is likely. 


and dower cables should be installed for all new or replaced equipment.
 

in the
Underdrain Pump Station. The existing motor control panel 


underdrain pump station is in poor .ondition and should be replaced.
 
in good condition and should be
Existing power cables appear to be 


reconstruction
retained unless megger readings taken at the time of 


indicate that insulation failure is likely.
 

Disinfection. The necessary electrical system components for the
 

chlorineton system would be provided under the proposed system modifi

cations.
 

Standby Power. Standby electrical 	power is currently provided at the
 
First 380-volt, three-phase power Is
last Treatment Plant in two ways. 


provided for operation of the sludge pumps and clarifier drives by a
 

in the sludge pumping building. The
400-kW engine generator located 

Second, electrical power
engine generator oust be started manually. 


can be supplied to the plant's main switchboard through either of 
two
 

from te utility at 10.5 kV. Three transforunderground primary cables 

mers, each with their own primary and secondary breakers, have been pro

3000 volts for blower operation.
vided to supply electrical power at 


Any two of these transformers are capable of providing adequate capacity
 

three existing blowers. Three transformers, each with
to operate all 

their own primary and secondary breakers, have been provided to supply
 

electrical power at 380 wye/220 volts for general equipment operation.
 

Any one of these transformers has capacity to supply all of the
 
remaining plant loads.
 

The reliability of standby power supplied by duplication of equipment is
 

limited bc~ause of several reasons:
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0 Power to both underground 1U.5-kV service cables is supplied
 
substation.


by one underground feeder from the utility's 


are contransformers
0 Both 10.5-kV services and all of the 


same 10.5-kV switchboard. 
 ihe likelihood of
 
nected to the 

failure within the switchboard 
is low, however.
 

three blowers are
and all 

the same 3000-volt switchboard. 
0 All three 3(1(1-volt transformers 


The likelihood
 
connected to 
 low.
switchboard is also very
of a failure within this 


and all of the low
 
three 38U wye/??O volt transformers
0 All 

380-volt switchboard.
 
voltage loads are connected to the same 

switchboard is low.
 
Again, likelihood of failure within the 


to the aeration basins
the blowers supplying air 
Continuous operation of 

aeration basins from the secondary
 

and the pumps returning sludge to the 

activated sludge waste
 

clarifiers is critical to the success of an 

the blowers, either
 

To assure continuous operation of 
treatment plant. 

approximAtoly 1000 kW or a
 

an onsite power generation station rated 
at 


reliable power supply to the site is essential.
 

from twi separate utility
two dedicat-d feeders
WWCG recomends that 

assure a reliable power supply for the site.
 

substations be provided to 

that are separately
transformers
Each utility substation has several 


transmission loop along the south
 
supplied from a 66-kV double circuit 


side of the city.
 

system, WWCG proposes that
 
increase the reliability of the


To further 
 divided
the 3000-volt switchbo4rd bus tw 

the 10.5-kV switchboard bus and 


shown in Figure -8. [ither one of two
 
and the loads reconfigured as 


0 
volt transformers, one connected
 existing 500 kVA, 10.5 kV-380 wye/?2

provide adequate reliability for
 

to each half of the 10.5-kV bus, will 

new 1000 kVA, 10.5
 

the low voltage needs of the plant. Three of the six 


kV-3,000 volt transformers should be connected to each half of the
 

can operate three
 
Three transformors connected in parallel
10.5-kV bus. 
 operate
Three transformers can 


blowers in a non-overloaded condition. 

in an overloaded cendition. 
 Key
four blowers for a limited time 


the utility serprovided to assure tha? 
interlocking will have to be 

plant's electrical
 

vices cannot be connected toqether through the 


system.
 

The existing plant instrumentation Installed as
 
Plant Instrumentation. 


Much of the t"uipment Is 
part of th( pant-construction is inoperative. 


are not readily available.
 
of antiquated design and spare parts 


be
 
New, modern initrumentation. easily operated and imintained, will 


the propose? reconstruction and upgrading project.
installed as part of 
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The new systemn will include equipment to monitor all critical functions
 

and to present the information for the operators' use where It Is
 

and at a central 
location where the operation of
required for control 

the entire plant can be tonitored. Recording instrunents will be
 

installed for critical 
flows.
 

P[ANI CAPABIL !t
 

to the East plant are wade, it should be
If the suggested dhanlges 


accfnoddtfln9 the following wastewater characterlstics:
capable of 


4S MI/day
o Average dry weather flow 


7O MI/day
0 PeAL flow 


?S,0U kg/day0 BOO, average 


0 000. peak li.hour 1510 kg/hr 

?2?,O I9/,Ay
0 Suspenced solids 


IMrio kg/dayo Aiw~r.nia nitrogen 

Under these (undltifon, achirvable eOrluent quality should be In the
 

O to 3U mj/I for bith BOO) on Suspended solids. Table E-1
 
range of 


for the last plant's unit processes with the
shows the desljn (riteria 
 the plant layout.reco',s~nded irgov- rnlt5 ar d Igure E.9 shows 

plant, the following Improve-
Based oL the previLcys Ansalytsh uf the last 
ments are ocin.
rV Cd: 

o Inlet wutiS 
. ,tora'e thtlnre for .trrveningS (?)
 

. Handrall ,i. d V,trat inj
 

. Cover tvrrvociiyn Inlet
 

0 Grit 0h4er , 
* l ,r. 9cs IMInletS. outlets 

grit (8)* Air.upratrJ diatsra;" p, tV% fur 


cf let)S tordae it( ) 
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- New air drop piping
 
- New air diffusers
 
- Handrails
 
- New air supply system
 

o 	 Pre-aeratlon basins
 
- Handralls
 
- New air supply system
 

o 	 Primary clarifiers 
- New weir plates 
- Neai inlet baffles with 10-cm openings 
- New fiberglass grating for bridges 
- Mechanism painting
 
- Scraper modifications
 

o 	 Primary sludge pumping
 
- Sludge and scum wells (4)
 
- Piston pump, 4)
 

o 	 Modifications to aeration basin influent and
 

effluent distribution
 

o 	 Plant air supply
 
- New blowers with a 36,000 m

3/hr capacity (3) 

o 	 Secondary aeration system
 
- Air supply main piping 

Air supply piping to aeration banks
-

Air supply piping to aeration tanks
 

- Ai," diffusers
 
Water spray system to control foam
 

-


-

- Repair o' replace slide gates
 
- Handrails
 

o 	 Secondary c'arifiers
 
New rapiG sludge removal mechan' ,ng (4) or
 

a retrofi,' )f existing units
 

o 	 Return sludge pumps
 
- Screw pumps (41
 

o 	 Waste activated sludge pumps
 
- Nonclog centrifugil pumps (3)
 

o 	 Effluent disinfection
 
- Contact chamber
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- EvaporaLors (2)
 
- ChIorinators (2)
 

o 	 Sand drying beds
 
-	 An additional 5.6 ha including support
 

facilities
 

Long-term sludge storage
 
- An additional 3 ha
 

0 


o 	 Electrical system improvements 
10.5-kV switchboard additions and modifications 

- 3000-V switchboard additions and modifications 
- 10.5 kV-3,000 volt transformers (3) 
- Repaired d.c. power system 
- 380-volt switchboard 
- Primary and secondary clarifier control stations 
- Repaired clarifier slip ring assemblies 
- New control and power cables 
- Pump house motor control center 

-

-	 Grit pump controls 
-	 Underdrain pump station motor control center
 

0 	 Instrumentation and control system
 
- A complete new system
 

COST 	ESTIMATES
 

Table E-2 lists the capital costs for the recommended improvements to
 

costs are in terms of end-of-1980 Egyptian poundsthe East plant. The 
They 	are based on quantity
(LE) 	and are of conceptual level accuracy. 


estimates of materials and equipment required for the Improvements.
 

Table E-3 shows the estimated operation and maintenance costs 
for the
 

East Treatment Plant with the recommended improvements.
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Table E-t 

PROPOSED DESIGN CRITERIA FOR THE 

EAST TREATMENT PLANT 

Item Des ign Criteria 

General Criteria
 

45 Mi/day average. 40 MI/dayTreatment capacity 

peak
 

Sufficient for all plant.
Standby power 

processes; redundant power 

source
 

3000 volt and 380 volts
Power supply 

3-phase, 50 HZ 

Inlet Works
 

Bar screens 
Mechanically cleaned
Process 

2 cm or lessClear space 
1.2 r/s
 

Depth, max. 


Velocity, max. 

1.5 a
 

0.85 aWidth of screen 
Wheeled containerScreenings discharge 
Returned to plant flow
 

Disposal 


Drainage 

Landfill
 

Effluent weir
Flow measurement 

Grit remova I
 
Aerated grit chgiberssProcess 

existing
 

Pump suction, existing designRemoval equipment 
3 m, existing design
Chamber depth 


Length:wldth ratio 
 2.34:1, existing design 

2 minutes, existing designDetention time 

6 I/s per metre of tank
Air supply 

length 

Grit cleaning and By concentrator followed by
 

a classifier
dewatering 


Oil and grease flotation 
Aeration
Process 

18.6 minutes with I of 6 basinsDetention at peak flow 
out of service
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Table E-1 (continued)
 
FOR THEPROPOSED DESIGN CRITERIA 

EAST TREATMENT PLANT 

Design Criteria
 
Item 

oil and grease flotation (continued) 
29er ater depth, existing
Chamber depth design 

5.24 m, existing designChamber width 
20 m per basin, 6 basins
1.0 m/m3 wastewater/dayChamber length 


Air supplyTotntrc
 
To tank truckSkiming discharge 

To landfll
Skimming disposal 


Circular, existing design
Primary Clarification 


Process 34 m
 

Diameter34
 
2 m
 

Side water depth 

16.5 m/day I average flow, 

Surface loading 
I unit down 

25.6 r/day I peak flow, 

I unit down 

6 hrs
Detention time, average 

42 r 
3/m/day

Weir loading, average 
Rotating rim-drive scraper
 

Sludge/scum removal 

and skimmer, existing 

Piston pumps

Sludge pumping 


With sludge

Scum discharge 


To drying beds with sludge
Scum disposal 


Step-feed with sludge re-

Activated Sludge System


Process aeration, existing design 
Mixed liquor suspended 1300 mg/i-17 00 

mg/I, limited 
solids 
 by shal low depth of existing
 

clarifiers
 

4.4 days Including re-aerated
 
Sludge age 


sludge
 
0.38 based on aeration basin 

Food-to.microorganism 
and re-aeration basin mixed 

ratio 
liquor volatile suspended 

solids
 

10.6 hrs
 
Detention time 


In aeration basins; oxidiz-

Nitrification 


able nitrogen - 25 mg/I 
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Table E-1 (continued) 
PROPOSED DESIGN CRITERIA FORTHE 

EAST TREATMENT PLANT 

Design CriteriaItem 

Secondary Clarification 

Process Circular, existing design 
34 mDiameter 


Side water depth 
 2 m
 

16.5 m/day I average flow,Surface loading 
I unit down
 

25.6 	 /day f peak flow, 
I unit down 

6 hrsDetention time average 
3

Weir loading, average 42 m /m/day 
Rapid sludge removal typeSludge removal 

Firm return sludge
 

pumping rate 39 MI/day
 
Return sludge rate
control Automatically varied with
 

Influent 

flow
 

Screw pumps
Return sludge pumping 


Firm waste sludge
 

pumping rate 
 60 I/sac
 
Nonclog centrifugalWaste sludge pumping 


Effluent Disinfection
 

Process 
 ChlorinatIon
 

Dose, max. at peak
 
20 mg/i
flow 

5 mg/I 
Evaporators and chlorinators 

Dose, average 

Feed system 

manually set, automatically
 

paced to Influent flow 

10 days in tonne cylinders
Chlorine storage on 


site
 
20 min at peak flow


Chlorine contact time 

40:1
Contact basin length to 


width ratio
 

Sludge Dewatering
 
Process 
 Sand beds 

3.17 m/yr total
Loading 

Return to plant
Underdralnage 


I to 2 years
Dewatered Sludge Storage 


Use on farmland
Sludge Disposal 
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Table E-2 

CAPITAL MST ESTIMATE OF RECOMMENOEO 

EAST TREATMENT PLANT IMPROVEMENTS 
(end of 1980)
 

a 
Estimated Cost (LE) 

Item 

455,000
Inlet works 

192,000

Grit chambers 
 e8500 
Pre-aeratlon basins 


89,000

Primary clarifier 


122,000

Primary sludge pumping 


Aeration basin Influent and effluent
 
387,000


distribution 

1,983,000


Secondary plant air supply 
 548,000
Secondary aeration system 

789,000
Secondary clarifiers 

384,000

Effluent disinfection 


Return and waste activated sludge
 
5700
 

pumpIng 

5,947,000


Sludge management 


Electrical and Instrumentation and
 
202.000
 

control system Improvements 


11,241,000
Subtotal 

2,810.000


Contingency 1 25% 


14,051,000
Subtotal 


Engineering, legal, and administrative
 
2,106,000


costs a 15% 


16,159,000

Total 


aExcludlng customs charges
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Table E-3 
ANNUAL O&M COST SUMMARYEAST TREATMENT PLANT ESTIMATED 

1980 1990 2000 

Cost Cost Cost
 

quantity (1000 LE) Quantity (1000 LE) Quantity (1000 LE)Item 

Labor
 
11.125
Mandays 11,125 11,125 


Cost 72 
 72 72
 

Power
 
1,000.000 kWh 28,845 28,845 28,845
 

Cost 256 
 256 256
 

Fuel
 
1000 Iltres 12 12 12
 

Cost 1 
 I I
 

Chemicals
 
Tonnes 93 
 93 93
 

35
Cost 35 35 


Materials
 

506Cost 506 506 


Total
 

870 870
Cost 870 
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APPENDIX F
 

WEST TREATMENT PLANT EVALUATION
 

INTRODUCTION
 

the north shore of Lake Maryout, is designed
The West plant, located on 

to provide primary treatment to an average wastewater flow of 85 Ml/day.
 

This plant ispresently under construction. It will provide primary
 

for a portion of Alexandria's wastewater if sea disposal is
 
treatment 

the selected management plan and pretreatment of industrial wastewater
 

sea disposal is selected, the plant
if land application is selected. If 


would be expanded to treat an average dry weather flow of 395 Ml/day.
 

If land application is selected, the plant size would remain 
at 85
 

Ml/day and provide primary treatment until the land application system
 

At that time, the plant would become an industrial
is implemented. 

treatment facility with its effluent combined with the remainder of
 

In this case, systems that

Alexandria's wastewater for irrigation. 

would add chemicals to the wastewater would be provided to 

neutralize
 
Such chemicals could
 acidic wastes and aid in precipitation of solids. 


include lime and ferric chloride.
 

The plant evaluation reported in this appendix only assumes 
the capabil

ity to provide primary treatment for the 85 Ml/d wastewater 
flow for
 

which it was designed. Modifications to the plant to accommodate dif
are


ferent wastewater flows and provide different treatment methods 


discussed in Appendix J.
 

Description
 

When completed, the West plant will provide pretreatment by grit removal, 

screening or comminuting, and pre-aeration; and primary 
treatment
 

a layout of the existing West plant
by sedimentation. Figure F-i is 

Incoming wastewater
a schematic diagram.
facilities and Figure F-2 is 


will be measured by a Venturi meter and then comminuted. Alternatively,
 
The flow will then
 

it may be screened by manually cleaned bar screens. 


be degritted in aerated grit chambers and pre-aerated 
for scum removal.
 

then be treated by primary sedimentation prior to
 The wastewater will 

Scum and grease removed
 the planned interim discharge to Lake Maryout. 


be trucked to a landfill. Primary scum and sludge
in pre-aeration is to 

be made
 

will be air dried on sand drying beds, and the dried sludge will 


a soil amendment.
farmers as
available to local 
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Basis of Evaluation
 

The evaluation of the West plant and recommendations for improvements
 

the following influent wastewater characteristics:
 are baseo on 


85 Ml/day average flow
Flow 

100 Ml/day peak flow
 
573 mg/l or 48,700 kg/day
BOD 

590 mg/l or 50,200 kg/day
Suspended Solids (SS) 


are 60 percent for SS and
Desired pollutant removals through the plant 


25 percent for BOD.
 

Cost Basis
 

Capital cost of improvements to the West plant are based on quantity
 

estimates prepared from preliminary designs of the recommended 
improve

cost estimating, e.g.,
ments. General conditions concerning capital 


time basis for monetary values, foreign exchange rates, construction
 

techniques, etc., are discussed in Appendix B.
 

Because the West Treatment Plant has not been constructed, 
records of
 

actual operating and maintenance costs do not exist. Therefore, these
 

costs are estimated by procedures discussed in Appendix B.
 

EVALUATION
 

The following evaluation of the plant's unit processes proceeds
 
The discussion
according to the wastewater flow through the plant. 


assesses their capabilities, and suggests
describes the components, 

improvements.
 

Inlet Works
 

enter the plant
When the initial construction is completed, flow will 


through force mains from four pump stations: Industries pump station,
 

the Furn El-Gueraya pump station, the No. 1 West pump station and the
 
at


No. 3 West pump station. Pumped flow will discharge to a riser well 


the plant inlet. Overflow weirs and troughs around the riser well will
 

overflow and direct it to Lake Maryout. 
 Wastewater
collect any well 

inlet channel that includes a
 from the inlet well will flow through an 


Venturi 
flume for flo,: measurement. Downstream from the flume, the
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channel forms the grit chamber inlet/bypass channel. The inlet and flow
 
measurement works appear adequate; however, grit buildup will occur in
 
the influent channel, restricting capacity and rendering flow measure
ments inaccurate. To correct this situation, WWCG recommends that a
 
Parshall flume be located upstream from the existing flume for flow
 

have to be raised and
measurement. The influent riser well walls will 

aeration of the channel downstream fron the Parshall flume will be
 
necessary to keep grit suspended in the flow.
 

Grit Removal
 

Six grit chambers are provided as indicated on the plant flow schematic,
 
Figure F-2. With five chambers in service, the hydraulic detention time
 
will be 2 minutes at peak flow. This is less than desired; however, in
 
this case, no changes are recommended because the primary sludge will
 
not be anaerobically digested or mechanically dewatered, so some grit In
 
the s udge should not be a problem. Air requirements are estimated at
 
750 ml/hr.
 

According to the current design, operators can use manual valves on
 
either of two pumps serving each bank of three grit chambers to pump
 
grit from each basin. No decision has yet been made as to the disposi
tion of the pumped grit flow. WWCG recommends that the design be
 
modified to pump the grit to two grit concentrators, with the overflow
 
returned to the process flow and the underflow continuously pumped to
 
two grit classifiers. Flow should be continuously pumped to the con
centrators, with one pump serving each grit chamber. Figure F-3 is a
 
schematic of the recommended system.
 

The grit pumps should be of the air-operated diaphragm type. Information
 
describing the types of grit pumps that are to be installed at the West
 
plant was not available at this writing. If they are similar to the
 
grit pumps installed at the East plant, they are unsuited for pumping
 
grit as they have closed impellers and thus have a high tendency to
 
clog. Eight new air-operated diaphram grit pumps should be installed at
 
the West plant, one for each basin and one for each concentrator.
 

Additional recommendations related to the grit removal operation Include
 
(1)replacement of the grit chamber inlets and outlet stop logs with
 
fabricated metal handwheel-operated slide gates, and (2)addition of
 
handrails.
 

Comminution and Screening
 

Wastewater discharge from the grit chambers will flow to a channel
 
feeding six comminutors. Four manually cleaned bar screens will be
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!nspection of the com
available when the 	comminutors are bypassed. 


minutors disclosed that they appear to be light-duty units, and
 

In the event of operational problems,
likely.
operating problems 	are 

the manually cleaned bar screens should provide 

adequate bypass capac
are provided with
 

ity. Comminutor and bar screen inlets and outlets 


These should be converted to handwheel-operated metal slide
 
stop logs. 

gates, and handrails should be provided around 

the sides and all
 

openings in the deck 
area.
 

screens will discharge to an
 
Effluent from the comminutors and bypass 


open channel which, in turn, will discharge at the south end through a
 
The north
 

gated bypass opening to the pre-aeration effluent 
conduit. 


end of the channel will discharge to the pre-aeration 
feed channel.
 

Pre-aeration
 

to six pre-

Wastewater from the pre-aeration feed channel will 

discharge 


Flow can also be diverted directly to primary treataeration chambers. 

a sluice gate and bypass line terminating in the primary
ment through 


If five of the six 	chambers are in opera
clarifier inlet structure. 


be about 16 minutes and
 
tion, then the detention time at peak flow will 


will be suitable for the intended purpose.
 

3/hr, although up

Pre-aeration air requirements are calculated at 

2500 m
 

to 3500 m
3/hr may be desirable. Air requirementsjor grit removal plus
 

New blowers
3250 m3/hr to 4250 	m
3/hr.


pre-aeration ars estimated at 


rated at 4500 ma/hr should be installed at the West plant, with one unit
 

The 3000-volt blowers planned for installation were
 as standby. 

activated sludge plant as originally designed.
an 


Those blowers should not be installed because of the large expense of

intended for use in 


not
 
installing the 3000-volt and 10.5-kv switchgear that will otherwise 


be required. This is discussed later in this appendix.
 

Scum and grease from the pre-aeration basins is 
to flow by gravity to a
 

scum well where it	will be pumped to a truck for hauling to disposal,
 

Effluent from the individual pre-aeration chambers
 
i.e., a landfill. 


to an effluent conduit which, in
 will discharge through sluice gates 

the east and west primary inlet structures.
 

turn, will discharge to 


Primary Sedimentation
 

enter two primary sedimentation inlet struc-

Flow from pre-aeration will 


tures, flow through a feed channel, and will be discharged into the
 

Each of the eight basins will have a concrete
 
sedimentation basins. 
 With all
 
scum collector trough and a single concrete effluent 

weir. 
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average daily flow of 85 MI, the

sedimentation basins in service at an 


be 26.6 m/day and the weir loading will be
 surfacq overflow rate will 

This 	weir loading is excessive; however, since the
1062 mJ/day/m. 


overflow rate is conservatively low, adding another effluent weir is not
 

Primary effluent is to discharge to Lake Maryout through two
 justified. 

lined open channels.
 

Sludge and scum are to be moved by bridge-mounted collectors 
to double
 

hoppers and a single trough, respectively, in each basin. 
The sludge
 

Two rail-mounted bridge collechoppers are 	1 m square by 0.6 m deep. 
 Sludge is to
 
tors are provided, one to serve each set of four basins. 


pass from each sludge hopper by hydrostatic head through 
a pipe to the
 

sludge channel 1.5 m wide, sloped at 1 to 300 in the direction of the
 

Scum 	from the scum trough is to flow to the main
 sludge drying beds. 

Once 	the main sludge channel leaves


sludge channel (see Figure F-2). 

m wide, with a depth of 0.8 m
 the basin structure it will narrow to 1 


and a slope of 1 to 300.
 

and transfer systems indicates
Evaluation of the sludge and scum removal 


that the systems will not operate properly. Sludge and scum flows will
 

certairly be inore dilute than the 4 percent solids concentration
 
However, if the 4-percent
required to 	minimize sand drying bed needs. 

operation of the scum and
 concentration can be achieved through careful 


not be transmitted
sludge removal and transfer systems, the sludge will 


to the sand drying beds.
 

Several modifications to the sludge and scum removal and transport
 

system are recommended:
 

o 	 Enlarge the individual sludge hoppers to 5 m by 2 m by 3.5 m
 

This will result in sludge discharging to the hoppers
deep. 

and not to the flat area adjacent to the hoppers where it
 

would be lifted by gas generation.
 

Provide a piston pump for each clarifier, with the pumps
o 

located in the sludge channel. The pump suctions would be
 

valved so that sludge would be taken alternately from each
 

The pumps and suction valves could
hopper in any one basin. 

a preprogrammed rate
be controlled by time clocks at 


throughout the day.
 

in the sludge
0 	 Mount discharge piping from the sludge pumps 

serve as a pipe chase.
channel, which the channel will 


o 	 Construct scum wells at both the east and west ends of 
the
 

scum trough. Scum would be pumped from the wells to trucks
 

for hauling to a landfill for disposal.
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Disinfection
 

The need for disinfection at the West plant will be determined by the
 

wastewater management plan selected. It will be needed for the sea
 

disposal option but not for the land application option. Further
 

discussion on this subject can be found in Appendix J, Treatment
 
for the 85 Ml/day
Alternatives. Addition of disinfection facilities 


should be held in abeyance until a comprehensive plan for Alexandria's
 

wastewater treatment and disposal has been selected.
 

Sludge Management
 

A total of 28,000 m2 of sand drying bed surface is provided in the
 
Because the West plant handles a large amount of
existing 112 beds. 


industrial waste, the plant influent could contain 590 mg/I suspended
 
solids. At a 60-percent solids removal through the clarifiers, the esti

mated daily dry solids sludge prgduction is 30,100 kg. At 4 percent
 

solids, this translates to 755 m sludge pyr day. This sludge flow will
 

require a sand drying bed area of 99,900 m , or an additional 71,900
 

m (7.2 ha) of sand drying beds including support areas. Storage area
 

to hold the sludge for I to 2 years onsite will require an additional 7
 
ha for a total additional sludge drying and holding area of about 14 ha.
 

Storage is highly desirable to ensure adequate pathogen decay prior to
 

public distribution of the sludge as a soil amendment. The additional
 
drying bed and sludge storage facilities would be located east of the
 

existing sand drying beds and south of the primary sedimentation tanks,
 

administration and other laboratory building, and staff housing. To
 
accommodate the drying bed-storage area, land south of the immediate
 

plantsite would have to be filled. The currently constructed facilities
 

include a dried sludge sales building. Sludge, after drying and storage
 
for pathogen decay, can be moved into the building for final storage and
 
distribution to farmers.
 

According to the current design, sand bed underdrainage is to be
 

returned to the plant influent. The underdrain quality should be ade

quate, however, to allow for its discharge to the primary clarifier
 

effluent.
 

Because of the extent of construction needed for tne additional drying
 
bed storage area, a preliminary cost analysis was performed to compare
 

that alternative with vacuum filter dewatering followed by composting.
 

The result indicated drying bed storage could be as much as 19 percent
 
less costly. The difference is mostly due to the larger energy and
 

chemical requirements of the vacuum filter-composting operation. Land
 

costs have not been included in the analysis and would be more
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significant for the drying bed alternate. However, much of the required
 
land may already be owned by AGOSO in the vicinity of the West plant,
 
though some minor filling may be needed.
 

Electrical System
 

Construction of the electrical system at the West Treatment Plant has
 

not been started. An electrical power distribution center ha3 been
 

located on the plantsite by the Alexandria Company for Electric
 
Distribution (utility), but no underground cables, transformers, service
 
entrance switchboards, or motor control panels have been installed.
 
Construction of the facilities and installation of mechanical equipment
 
has not progressed to the point where installation of electrical equip
ment and cables would be appropriate.
 

The electrical equipment for the project was delivered In 1964 and has
 
been stored ever since. Since the equipment furnished was for use in a
 

secondary treatment plant similar indesign to the East Treatment Plant,
 
we believe that the electrical system designed for the West plant was
 
similar to the one installed at the East plant. The 10.5-kV switch
boards and the 3000-volt switchboards are stored out-of-doors in their
 
original shipping crates. Lighting fixtures, lamps, motor starters,
 
electrical cables and miscellaneous control panels are stored In three
 
different buildings at the East Treatment Plant. Several 380-volt
 
switchboards and control panels have been stored at the West plant.
 

The switchboards stored out-of-doors intheir original shipping crates
 
appear to be well protected. Only one of the crates viewed had been
 
opened. The rest of the equipment is stored in unfinished areas that
 
are very dusty. Most of the equipment has been unpacked or at least
 
opened, and consequently a large amount of dust has accumulated inside
 
the equipment, in control cabinets, and on circuit breakers, relays,
 
starters, etc.
 

The intended purpose of all the equipment viewed is not nbvious, and
 

much of itcannot be used in completing the construction because the
 
treatment process has been changed. The original equipment is not
 
properly rated or configured for the present needs.
 

WWCG recommends that the electrical equipment provided in 1964 not be
 
installed and new equipment of modern design, tailored for the project,
 
be purchased and installed. This recommendation Ismade because the
 
existing equipment is already 16 years old and its projected useful life
 
has been greatly reduced by aging of insulation and because dust accumu
lations in relays, motor starters, circuit breakers, etc., will cause
 
wear. Also, the existing equipment will need to be modified before it
 
can be used at the plant. Completion of the system as originally
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designed includes installation of high-voltage equipment and purchase
 
rmers that are no longer
and installation of high-voltage transr 


required.
 

The original equipment was designed to supply a plant having three
 

100-hp, 300C-volt blowers and several hundred horsepower in pumping
 
it is being
capability. The total process load at the plant as 


require less than 250 hp and no 3000-volt or 10.5-kV
completed will 

power.
 

The proposed system eliminates the need for the existing 10.5-kv and
 

3000-volt switchboards and eliminates the need to purchase two transfor

mers with 3000 volt secondaries. Itwill receive power from the Utility
 

at 10.5 kv, three-phase and will supply all power requirements of the
 

plant at 380 wye/220 volts.
 

one-line diagram of a recommended power supply
See Figure F-4 for a 

Standby power will be provided at the
system to serve plant needs. 


plant by an engine-generator set. Redundant equipment will be divided
 

between two switchboards and itwill be possible to manually select
 
for each switchboard.
either normal power or standby power as the source 


The proposed system will provide maximum reliability with a minimum of
 
equipment.
 

Instrumentation and Control Systems
 

Construction of the instrumentation and control systems at the West
 
Construction of the facilities
Treatment Plant has not been started. 


and installation of mechanical and electrical equipment has not
 

progressed to the point where installation of delicate instruments, pri

mary elements, control panels, and interconnecting cables would be
 

appropriate.
 

The instrumentation and control system equipment also has been stored at
 
When 	the equipment was viewed it
the East Treatment Plant since 1964. 


was found that many of the items have been unpacked and some were bro

ken. The areas where the equipment is stored are very dusty, and con

the relays and inthe instruments.
sequently there is dust on 


WWCG recommends that existing instrumentation and control system equip

ment not be installed and new equipment of modern design, tailored for
 
be completed, be purchased and installed. This
the project as itwill 


recommendation ismade for the following reasons:
 

a 	 The existing equipment was provided for a secondary treatment
 

plant and much of it is not suitable for use in the primary
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plant as it will be completed. Control panels will need to be
 

modified with many instruments left out.
 

The existing equipment is 16 years old and is already obso

lete. Repair and replacement parts probably are readily
 
0 


not 


available.
 

The existing equipment has been stored in areas that are not
 

environmentally suitable. Dust and moisture over the years
 
0 


have probably caused the delicate instruments to be inopera

tive and major maintenance could be required to put them into
 

operating condition.
 

0 	 Modern equipment has more capability than the existing equip

ment and is more reliable. Also, repair and replacement parts
 

would be more readily available.
 

0 	 A new system could be tailored to meet the needs of the pro

cesses of the plant under construction.
 

PLANT CAPABILITY
 

If the suggested modifications to the West plant are made, it should be
 

capable of accommodating the following wastewater characteristics:
 

85 Ml/day
o 	 Average dry weather flow 

100 MI/day
o 	 Peak flow 


o 	 BOD average 48,700 kg/day
 

o 	 Suspended solids average 50,200 kg/day
 

remove 60 percent of
Under these conditions, the plant should be able to 

Therefore, effluent
the suspended solids and 25 percent of the BOD. 


and 236 mg/l BOD and suspended solids,
quality should be 430 mg/l 

Table F-i shows the design criteria for the West plant's
respectively. 


unit 	processes with the recommended improvements.
 

RECOMMENDED IMPROVEMENTS
 

Based on the previous analysis of the West plant, the following improve

ments are recommended:
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0 Inlet works
 

- Parshall flume (1)
 
- Handrails and grating
 
- Aeration downstream from flume
 

o Grit Chambers
 

- Air-operated diaphragm pumps (8) 
- Grit concentrators (2)
 
- Grit classifiers (2)
 
- Handwheel-operated gates on basin inlets,
 

outlets, and bypass (13)
 
- Handrails around grit basins
 
- Storage containers (2)
 

o Pre-aeration basins
 

- Handrails
 
- Blowers (2)
 

o Comminuting and screening
 

- Handwheel-operated gates (10)
 
Handrails around top of comminutor-screening
-

facility
 

o Primary clarifiers
 

- Enlarged sludge hoppers
 
- Piston pumps (8)
 
- New glass-lined sludge piping
 
- New scum wells (2)
 
- Piston pump at each scum well (2)
 

0 Sludqe management
 

- Drying beds (additional 7.2 ha including sup

port areas) 
- Storage area (7 ha) 
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o Electrical system 

- Switchboards 
- Transformers 
- Motor starters 
- Control panels 
- Standby engine generator (1) 

0 Instrumentation and control system - complete 

COST ESTIMATES
 

'tal costs for the recommended improvements to
Table F-2 lists the ca 

the West plant. The c, 'sare in terms of end-of-1980 Egyptian pounds
 

(LE) and are of budget level accuracy. They are based on quantity esti

mates of materials and equipment required for the described inrove

ments.
 

Table F-3 shows the estimated operation and maintenance costs for the
 

West Treatment Plant with the recommended improvements.
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Table F-I
 
pRCpED DESIGN CRITLRIA FORTHE 

WESTnTIATWNT PLPIT 

Design Criteria
It 

enerali Criteria 
capacity 	 65 Mi/day averae, tO MI/day 

peak 
Treatment 

Engine generator
Standby power 

NO-volt. -phaae, 5O HZ
Power supply 

Inlet Works
 
Pershell lmFlow masuremlnts 

I

Grit Remova 

Arstoe grIt the~ m.
Procss 


ealiti g design
 

W sction. exlting 60119%

Removal quilpent 


3 M
C, 0tr depth 
2M411Leith width ratlo 

I olnute:
Detention tim 
6 Va per mire of tank I04th

Air supply 
Concetratuf followed by

Grit cleaning and 
cleatiflerdewatoring 

Sewsge Grinding 
_OmlI f.t

Process 
6N.ber 

Bypass Screenlng
 
ftmaliy clammed


Process 
2 ca or les

Clear pe. 
0.1 ai/$
telocity. Mg. 
1.0 aDepth, ws. 

0.76 awidth of a" son 
Wheeled containerScreenlnus dlcherige 
Aetl.rhd to plant 110

Drilnage 
lindf I IIDispo al 

oil and Groeee lufttlon
 
Aetllo. ealatlahg teign
Pru<est 
16 elftves with I of 6 lan 

Dettion at I-eak Ilea 

2*9$-. 9eter depth
Chmer tePtP. 


CheuI width0 h
 514 r t'IA64%AS~
Chnefo len Jih 

1.0C/a wastewaterAir &..gply 

teek tr.k


SklliAgs discher gO 

tO Ilndlll1
$hlmilngt diapota 
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Table F-I (continued)
 

PROPOSED DESIGN CRITERIA FOR THE 

WEST TREATMENT PLANT 

Design CriteriaItem 

Primry clarificat ion 
Process 


Rectengular, existing design
 

Length: width ratio 4:1
 

40 mLength 
10 mWidth 
25.6 r/day
Surface Ioading. average 

3.68 m 

Detention time, average 3.32 hr with all 8 units In 

serwice. 2.91 hr, with one 

unit down 

1062 m3/day/m at weir iength 

Side water depth 


Weir loading, average 

Skimer with discharge to
Scum removal 


trough 

To well and then pumato tank
Scum discharge 

truck with piston pUMF4
 

Truck to indfillScum disposal 

Sludge removal 
 Travelling collector 

Piston pms
Sludge pueping 

Depends on westeaterEffluent disinfection 
management plan selected;
 

no recometion to be 
mde untli total plan Is 

selected 

Sludge dewaterIng 
S4l bdsProcess 
3.17 a/yrLoading 

Retu,'n to plantUndrdrainege 

I to 2 ywsaDewatered sludwe storage 

Use on farmlandSludge disposal 
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Table F-2
 

CAPITAL COST ESTIMATE OF RECOINENOED
 
WEST TREATMENT PLANT IMPROVEMENTS
 

(end of 1980)
 

Estimated Cost (LE)a
Item 

25,000
 

Grit removal 

inlet works 


174.000 

Pro-aerat ion 106,000
 

26,000
Commlnutlng and screening 

266.000
Primary clarlfiers 

54,000
Sludge pumping 


Sludge management 9,186,000 

Electrical and Instrumentation 
117,000
and control system 


9,954,000 

Contingency 0 25% 

Subtotal 

2.489,000
 

Subtotal 12,443,000
 

Engineering, legal, and
 

administrative costs 1 15% 
 1.867,000
 

14,310.000
Total 


aExcluding customs charges
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Table F-3
 
WEST TREATMENT PLANT
 

O&MESTIMATED ANNUAL OST SUMMARY 
(end of 1980)
 

1980a 1990 2000 
Cost Cost Cost 

Item Quantity (1000 LE) Quantity (1000 LE) Quantity (1000 LE) 

Labor 
Mandays 8000 8000 8000 

Cost 53 53 53 

Power
 
1,000,000 kWh 0.389 0.389 0.389
 

4
Cost 4 4 


Fuel 
1000 IItres 11 11 Il 

Cost I I 1
 

Chemicals
 
Tonnes
 

---Cost 


Materlals
 

482 482Cost 482 

Total
 

- 540 - 540Cost - 540 

aAnnual O&Mcosts Indicated for 1980 used as basis for estlmeting subsequent O&M cost (and 

costs In following years to 1990) by Interpolation between 1980 and 1990 estimated annual 

costs.
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APPENDIX G
 

PUMP STATION EVALUATION
 

INTRODUCTION
 

This appendix evaluates the present condition of each of the existing
 

pump stations and force mains. Deficiencies are identified, and
 

suggestions are made for corrective action to facilitate safe operation
 
a


and accommodate the present flow requirements of the system until 


This appendix also recommends the correclong-term plan is implemented. 

a long-term
tions of deficiencies that are not impacted by selection of 


plan.
 

To accomplish this ev3luation, the 1978 Master Plan and related 
docu

reviewed and 15 of the existing 32 stations were inspected.
ments were 

The following sections are a compilation of information gathered by per

sonal inspection and review of the 1978 Master Plan and related docu

ments. Future requirements for each pump station will be determined at
 

a later date based on the findings of this Master Plan Review and sub

sequent basis of design reports. During the interim period, prior to
 

implementation of long-term system improvements, most existing 
pump sta

tions must continue to function.
 

REVIEW OF PREVIOUS REPORTS
 

Review of the 1978 Master Plan, Special Reports No. 2 and No. 4, and the
 

design reports for the recommended improvements indicates that an exten

sive review of the existing pump stations has already been accomplished.
 

Our conclusions at the completion of the inspection of 15 pump stations
 
These


follow very closely the recommendations of the previous reports. 


a guide by A/GOSD personnel in upgrading
reports should be used as 

existing facilities. They can be used as a checklist to restore the
 

pump stations to reliable operating and safe working conditions. Table
 

G-1 is a summary of the recommendations from the previous reports con

cerning each of the pump stations.
 

reports were written.
Many improvements have already been made since the 

Some of the work suggested in the
These improvements are noted herein. 


reports may be excessive and these areas of concern are also noted along
 

with comments from the present operating and supervisory personnel.
 

further investigation,
The most pressing need at the present time is not 


but rather, corrective action. Repair, reconditioning, and in 
some
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Many of the extremely costly
cases, rebuilding are urgently required. 

are directly
sewer cleaning requirements within the Alexandria system 


attributable to improper and inefficient pump station operation.
 
sewers to
Failure to properly operate the stations causes gravity 


surcharge. Surcharge inturn causes poor flow velocity resulting in
 

frequent sewer blockages, reduced capacity, and the need for more
 

cleaning.
 

PUMP STATION AND FORCE MAIN INVENTORY
 

The following inventory and review isbased mostly on information con
 
tained inthe aforementioned reports and supplemented by inspections of
 

nearly half of the facilities. Figure G.1 shows the location of the
 

major facilities.
 

Central Zone
 

located in the central zone: Sporting, Bisiry,
Four pump stations are 

Simi Pasha, and Kait Bey. 

The Sporting station discharges either stormwater or combined stormwater 

and wastewater to an overflow to.the. sea, or,wastewater: or combined flow 

to a force main to the gravity interceptor system paralleling the 3 
two at 720m3/hrEastern Harbor shoreline. The station has five pumps: 


aad 35 m of head, two at 900 m
3/hr and 25 m of head, and one at 600
 

The force main is 410 mm indiameter and 760 m
ms/hr and 20 m of heac 

long.
 

mi station is to prevent local floodingThe basic purpose of t' 
tor.1The stationopumps wastewaterfrom the surcharged 


to the collector go 'rough. a force main ?10 mplong and
 

510 mm indiametor ed capacity is600 m /hr at 15 m
 

total head.
 

i local flooding inthe Mohamed
The Sinin Pa. 

,,iucal collectors ispumped to the
All Square are 


.i, a force main 510 -mm n diametercollector gener 

and 70 m long. T, ...y of the station is 600 mi/hr at a
 

total head of
 

The Kait Bev P .n is a major facility that pqmps into the 
total head
existing .As a rated capacity of 3000 m /hr at a 


of 5m. force main; rather, the'sewage islifted to a
 
. 

to provide sufficient head to discharge by gravity
receiving . 1,mt)er 

through the itfall.
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Western Zone
 

Western zone pump stations include:
 

o No. 1 West
 

o No. 2 West
 

o No. 3 West
 

o New Furn El-Gueraya
 

o Old Furn El-Gueraya
 

o Industries
 

o Gheit El-Enab Main
 

o Ghelt El- Enab Auxiliary
 

o Mohsein Pasha
 

The No. 1 West station is not presently operating because the West
 
Treatment Plant isnot yet cuapleted. When itbecomes operational, the
 
No. 1 West pump station will lift sewage from the Gabbary collector to
 
the plant headworks. The station has a rated capacity of 1440 m3/hr at
 
a total head of 13 m.Itdischarges through a force main 1300 m long and
 
610 mm indiameter.
 

At present, the No. 2 West pump station pumps directly to the Western
 
Harbor. When the West Treatment Plant iscompleted, however, itwill
 
pump directly to the No. 3 West pump station, which intu n,will pump
 
to the plant. The rated capacity of the station is576 mJ/hr or 436
 
m3/hr at 15 m or 8.7 m of total head, respectively, depending on high
speed or low-speed single-pump operation. The proposed force main to
 
the No. 3 West pump station is1150 m long with a 356-mm diameter.
 

When the West Treatment Plant iscompleted, the No. 3 West pump station
 
will discharge to its headworks. At that time this station will also
 
receive wastewater from the No. 2 West pump station. Until completion
 
of the West Treatment Plant, the No. 3 West pump station will continue
 
to pump to a nearby agricultural drain that flows to Lake Maryout. The
 
station's rated capacity is1440 m3/hr at a total head of 14 m. The
 
force main is 780 m long and 559 mm indiameter.
 

The new Furn El-Gueraya pump station is intended to replace the old Furn
 
El-Gueraya station. Itwill pump both wastewater and combined
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The wet well at the station is compartmenwastewater and stormwater. 

talized, one for dry weather flow and a second for wet weather 

flow.
 

The dry weather flow will be pumped to the West plant when it is
 
be discharged to the Gabbary
completed, while wet weather flow will 


The rated capacity of
 collector for final discharge to Lake Maryout. 

3/hr at a total head of 10 m. Special Report No. 2
 

this station is 720 m
 
for the Alexandria Wastewater Facilities Development 

Program indicates
 
not be able to pump wastewater
 that the new Furn El-Gueraya station will 


to the new waste treatment plant when it is complete 
because of improper
 

pump selection. According to this report, the estimated head required
 

to pump to the West plant at rated discharge is about three times the
 

rated pump head and exceeds the pump shutoff head. At the present time,
 

flow from the Gheit El-Enab collector, which is tributary to the new
 

pump station, is diverted to the old Furn El-Gueraya ,cation because the
 

West plant is not completed.
 

The old Furn El-Gueraya pump station receives wastewater 
from a collec

tor serving the Furn El-Gueraya tributary area and a portion of Gheit
 

sewage thus collected is pumped northward
EI-Enab tributary area. All 

to the Mahmoudiya east collector where it
 underneath the Mahmoudiya Canal 


flows by gravity toward the Mohsein Pasha pump station. 
However, most
 

through the Mohsein
 
of the sewage returns to the south side of the canal 


Pasha bypass siphon located just south of the Mohsein Pasha pump sta-


The sewage then flows by gravity past Gheit El-Enab 
main pump


tion. 
 The
 open drain that discharges into Lake Maryout.
station into an 

it contains two 300-m 3/hr pumps


station's rated capacity is unknown, but 

force main is 204 mm in diameter and about
 and one 600-m 

3/hr pump. Its 

150 m long. This pump station will be abandoned when the new Furn
 

El-Gueraya station is placed in operation.
 

The Industries pump station pumps mostly untreated industrial wastewater
 

to Lake Maryout, at present through a temporary force main that is 700 m
 

long and 610 mm in diameter. When it is completed, it will pump
 

wastewater to the West Treatment Plant through a force 
main 3500 m long;
 

approximately 1600 m of the force main is 610 mm in 
diameter, and 1900 m
 

o 
it is 914 mm in diameter. The pump station's rated capacity is 2160
 

m /hr and 1440 mJ/hr at high and low speeds, respectively, and the heads
 

are, respectively, 23 m and 10 m.
 

The Gheit El-Enab main pump station receives sewage from the eastern
 
open pit adjacent to the stapart of Gheit El-Enab and lifts it to an 


The sewage then flows by gravity in an open drain
 tion structure. 

When the lake is high, it overflows into a
 

leading to Lake Maryout. 

it to the station's
 

sewer near the Industries pump station, which returns 

reverse flow into the
 wet well. Two horizontal pumps then pump this 


open drain adjacent to the station. The pump station's rated capacity

3/hr at 4 m of
 

is unknown, but the six pumps vary in capacity from 300 m
 
3/hr at 15 m of head.
total head to 900 m
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The Gheit E1-Enab auxiliary pump station has two pumps, each with a
 
3/hr at about 10 m of total head and one pump
rated capacity of 600 m
 

(900 m3/hr) at about 25 m of total head. This station serves the south

central portion of Gheit El-Enab and is intended to pump wastewater
 

through 1200 m of force main 254 mm in diameter to the Gheit El-Enab
 

main pump station. Due to problems with the force main, this station
 
Instead, sewage is pumped to
has apparently never worked as designed. 


the Furn El-Gueraya collector, which currently conveys It to the old
 

Furn El-Gueraya pump station.
 

The Mohsein Pasha pump station receives wastewater from a sewer in
 

Mohseln Pasha Street serving the Mahmoudiya east and west collectors and
 

local lateral sewers. Sewage is then pumped through either of two force
 

mains, each 610mm in diameter, for about 370 m to the Salah El-Din
 

collector, from which it is eventually conveyed by gravity to the Kalt
 

Bey pump station for disposal in the sea. in of the
Flows excess 

a siphon beneath the Mahmoudlya
station's capacity flow south through 


Canal to an open channel that discharges into Lake Maryout. The pump
 

station has four pumps: two at 1200 mi/hr at 15 m of head and two at 480
 
m3/hr at 11 m of head.
 

Eastern Zone
 

Numbers 1 East through 11 East,
 

Montazah, Mamoura, Hospitals, Sidi Bishr, Sarwat, Glym, Sidi Gaber, and
 

Smouha.
 

The eastern zone has 19 pump stations: 


The No. 1 East pump station receives sewage from its own tributary area
 

and the Montazah, Mamoura, and Hospitals pump stations. Sewage is
 

pumped directly to the No. 5 East pump station through about 2000 m of
 

force main 406 mm in diameter before entering a force main 559 mm in
 

diameter, which also conveys sewage from the No. 3 East pump station. In
 

addition, No. 1 East pumps stormwater through about 70 m of force main
 

a force main 508 mm in diameter that discharges to
356 mm in diameter to 

The latter also conveys stormthe Mediterranean Sea at Mandara Beach. 


water from the No. 2 East pump station. Sewage from Mamoura can also be
 

diverted directly to the No. 2 East pump station in order to reduce the
 

peak demand o, No. 1 East Ouring the summer. The station's rated capa

city is 648 m /hr or 428 mJ/hr at 34 and 15 m of total head, respec

tively, with high-or low-speed, single-pump operation. The stormwater
 

pumps have rated capacities of 516 or 436 m
3/hr at 15 and 8.7 m of head,
 

respectively, at high or low speeds, respectively.
 

The No. 2 East pump station receives sewage from its own tributary area
 

and pumps it directly to the No. 6 East pump station. Sewage is pumped
 

through about 1250 m of force main 356 mm in diaiter before entering a
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force main 508 mm in diameter, which can also convey sewage from the No.
 

4 East pump station. In addition, No. 2 East pumps stormwater from its
 

own tributary area and through about 1250 m of force main 406 mm in
 

diameter before entering a force main 508 mm in diameter, which also
 
Stormwater from
 

conveys stormwater from the No. I East pump station. 


both stations is discharged directly to the Mediterranean Sea at Mandara
 
to No. 1 East.
Beach. The station's rated capacity is similar 


The No. 3 East pump station receives sewage i nm its tributary area and
 

pumps it directly to the No. 5 East pump station. Sewage is pumped
 

through about 100 m of force main 356 mm in diameter before entering a
 

force main 559 mm in diameter, which also conveys sewage from 
the No. I
 

The No. 3 East pump station also pumps stormwater
East pump station. 

area and the Nos. 5 and 4 East pump stations.
from its own tributary 


a force main 559 mm in diameter
This stormwater is pumped through 

The rated capacity of
directly to the Mediterranean Sea at Bir Masoud. 


3/hr at 17 m of head for the sewage
the No. 3 East pmp station is 540 m
 
10 m of head for the stormwater pumps.
pumps and 1440 m /hr at 


own tributary area and
 
The No. 4 East pump station pumps sewage from its 


Sewage is pumped through about
directly to the No. 6 East pump station. 


50 m of force main 356 mm in diameter before entering a force main
 

508 mm in diameter, which also conveys sewage from the No. 2 East pump
 

The No. 4 East pump station also pumps stormwater from its own

station. 


directly to No. 3 East pump station. Stormwater is
tributary area 

pumped through about 600 m of force main 356 mm in diameter before
 

entering a force main 406 mm in diameter, which also conveys stormwiter
 

from No. 5 East. The pump station's rated capacity is 540 or 410 m /hr
 

head of 17 and 9.8 m and high- or low-speed, single-pump
at a total 

operation, respectively.
 

The No. 5 East pump station receives sewage from its own tributary area
 

and from the Nos. 1 and 3 East pump stations. Sewage is pumped through
 

a force main 559 mm in diameter and 2950 m long to the Abu 
Soliman
 

siphon, which passes under the Montazah Canal and discharges into the
 

The sewage then flows by gravity to the No. 11
Abu Soliman collector. 

The No. 5 East pump station also pumps stormwater
East pump station. 


from its own tributary area through a force main 305 and 406 mm in
 
the No. 3 Eist pump
diameter, and 970 m to the stormwater wet well at 


1102 m /hr at 25
station. The station's capacity for sewage is 1440 or 

low-speed, sing e-pump operation. For
 

or 15.5 m of head, with high- or 

heads of 20 and
pumping stormwater, the capacity is 360 or 248 m /hr at 


or low-speed, single-pump operation.
9 m, respectively, at high-


The No. 6 East pump station receives sewage from the Nos. 2 and 4 East
 
Sewage is pumrped through a
 pump stations and its own tributary area. 


the Abu

force main 509 mm in diameter through the Abu Soliman siphon to 
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Soliman collector. The sewage then flows by gravity to the No. 11 East
 

pump station. The No. 6 last pump station also receives stormwater from
 
and pumps it trough a force main 405 nm in diameter
its tributary area 


The pump station's
directly to the Mediterranean Sea at Sidi Vishr. 
capacity for pumping sewage is the same as for the No. 5 East punii sta

tion. For pumping storinwater, the rated capacity is 540 or 410 m /hr at 

20 or 9 in of head and at ei0gh- low-speed, single-pump operation,or 
respect ively. 

The No. I East pump stat ion receives sewage from its own tributary area 

and pumps it directly to tho Abu Soliman collector. Sei ige is pumped 
3Sb rnn in diamreter before entering onethrough about 300 in of force irain 

451 mm in diaieter, which also conveys sewage from the No. 8 East pump 

station. Once In the Abu Soliman collector, sewage flows by gravity to 

the No. 11 fast pup station. lhe No. I Last pump station does not have 

separate storiTwater pumping capability. Its rated capacity is the same 

as for the No. 4 Last purp station. 

station receives sewage from its own tributary area
he No. 8iLast pump 
and pumps it directly to the Abu Soliman collector. Sewage is pumped 

about itiin of force min 40b iu.min diameter before entering athrough 
force main 451 iri in diameter. which also conveys sewage from the No. 7 

Last purip %tation,. 9tce in the. AI, . \OtIIaun collector, sea ge flows by 

gravity to the No. II last pulp station. Ihe No. .4East pump station 

does not hiave separate storit'ater pumping capability. Its rated capac

ity is the same as for No. 4 Last. 

lhe No. 9 last )Uit) station i. Intended to pump sewaje from its own tri

tjtiy area to the No. 10 last puri station, but it has never been 
placed into operation. flow tributary to this station is diverted 

throuq~h tfie laijar li.Nawatiya collector to the Smouha Drain. According 
to S1je(ial Ieport No. ? for the Alexanddrla Wastewater laiilities 

twtween the influent[)Develoi.rient Program. the differe-ce in elevation 
stwer Invert at the No. ) last purp station and the influent sewer
 

at the hi. 10 last puq' Stat ion would allow construction of a
Invert 
javity %ewer with apacity tqual to the rated pump discharge. The need 

for t he No. 9ilast purvp statlon 1i tirrrtfore riot ap)arent. Its rated 

3 and oi head. hijh- low(al)acity i J96 ai 'r n3/hs at 10 of at or 


%p.rr,. sIrnjl -puri (4Crat t uri. F tpe t ivelI ,
 

Ifir 'to. 1U lat ,uy %tatlun frtkivC', 5w,;e !twm It own tributaery area 

VAd p~j1%p; It 111f10U(h A furte ,.ii 'uM rrrn , 1i %ovter 1irettly to the wet 
well Of the No. II last jl.joe stat I . It IS a , I(teLded to re(eive 

%rwaje fr l the No. 10I astI ui , Itatlln. wiil( h has tnit tvrn pla(ed into 
was also Intended to I)ufu;)erAt Ir. lhe No. 1(0 %1t ',p statluf 


dtiretly to tier i1alat l.Nawatiy collector iear the No. 9 last pump
 
statiuli. Puwever. the ,turmwater forte malni ais riot toeen toeVleted and 

.1
 



Therefore, any stormwater received at
 

this pump station is eventually dischirged to the No. 11 East pump sta

tion. The rated capacity of the station for pumping sewage is 1296 and
 

871 m3/hr at 10 and 4.5 m of head at high- or low-speed, single-pump
 

operation, respectively. For stormwater pumping, the rated capacity is
 

as for the No. 6 East pump station.
 

the stormwater pump is not used. 


the same 


The No. 11 East pump station receives sewage directly from the No. 10
 

East pump station and the Abu Soliman collector. The Abu Soliman
 
and the remainder
collector receives sewage from its own tributary area 


zone through the Nos. 5, 6, 7 and 8 East pump stations.

of the eastern 

Discharge from the Montazah, Mamoura, and Hospitals pump stations also
 

Sewage thus collected
eventually reaches the No. 11 East pump scation. 


is pumped through about 4000 m of force ,ain 1200 mm in diameter
 

directly to the headworks of the East Treatment Plant (when operating)
 
is bypassed. The rated station
 or to the Smouha Drain when the plant 
 3/hr at 28 m qf
capacity at high-speed, single-pump operation is 4320 m
 

head, and at low-speed, single-pump operation the capacity is2898 ma/hr
 

at a head of 11.8 m.
 

The Montazah pump station receives sewage from its own tributary area
 

and pumps it about 450 m through a force main 294 m in diameter to a
 

Sewage then flows by gravity to the
 sewer located in Horreya Avenue. 


No. I East pump station. The Montazah pump station also pumps storm

water from its own tributary area through about 550 m of force main
 

294 mm in diameter directly to the Mediterranean Sea near the western
 
For pumping sewage or
wall surrounding the Montazah Palace grounds. 


high-speed, single-pump operastormwati.r, tqe rated station capacity at 

5 m of head. At low-speed, single-pump operation,
tion is 281 m /hr at 


11 m of head.
the capacity is 191 mi/hr at 


from its own tributary area
The Mamoura pump station pumps sewage 

in diameter directly to the wet
 

through about 3500 m of force main 356 mm 


of the No. I East pump station. Originally, output from this pump
well 

station was not included in the design criteria for the No. 1 East pump
 

station and, because of the influx of summer residents, its discharge
 

to that station's capacity deficiency. A second force main
 
contributes 


flexibility to pump
leading to the No. 2 East pump station prov ues the 

a total head of 35 m.
 

to either station. Rated capacity Is 432 m /hr a: 


several hospitals and

The Hospitals pump station receives sewage fr(xi 


conveys it through a force main 152 mm in IlamLer to the No. 1 East
 

pump station. Its rated capacity is 288 m /hr at a total head of 15 m.
 

The Sidi Bishr pump station serves a small tributary area along the
 

Mediterranean Sea and pumps sewage through a force main 254 mm in
 

diameter to a gravity collector about 350 m west along the Corniche.
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This station can also pump directly to the sea by using a second force
 

main 254 mm in diameter, which discharges about 220 m west of the sta

tion location. The rated capacity is 300 m
3/hr at about 8 mof head.
 

The Sarwat pump station receives sewage from its tributary area, which
 

includes the Sidi Bishr pump station-and lifts it to an adjacent manhole
 

located in the Corniche. The sewage then flows by gravity to the Glym
 

pump station. The station's rated capacity is similar to that of the
 

Sidi B'shr pump station.
 

The Glym pump station receives ,ge from its own tributary area and
 

the Sarwat pump station (including Sidi Bishr), and pumps it through
 

either of two parallel force ,n.ins 457 mm in diameter to a gravity
 

collector about 170 m west along the Corniche. The sewage then flows by
 

gravity to Horreya Street past the old Sidi Gaber pump station and even

tually into the Smouha Drain. Ultimately, this sewage is pumped into
 

Lake Maryout. The station ha four pumps: one rated at 480 m
3/hr at 15
 

m of head, two rated at 480 mJ/hr at 
10 m of head, and one rated at 540
 

m3/hr at 25 m of head.
 

be able
The new Sidi Gaber pump station will have two pumps that will 

This pump station
to pump up to 121,000 ri/day at 18 m of total head. 


will be able to pump flows through either of two force mains 610 m in
 

diameter directly to the Mediterranean Sea. However, according to
 
this pump station Is unnecessary.
Special Report No. 2 (April 1977), 


The flows that this statioai would be pumping could be a commodated by
 

the Cromer collector, which has a capacity of 260,000 m
3/day, respec

tively. Therefore, the Cromer collector can accept the full capacity of
 

its two principal contributors without becoming surcharged.
 

The Smouha pump station receives sewage and industrial waste from its
 

tributary area and pumps it through about 1050 m of force mains 660 mm
 

in diameter to the Horreya-New collector. Sewage then flows by gravity
 

to the existing Kait Bey pump station for disposal in the sea. Flow in
 

excess of station capacity continues by gravity to the Mohamed4
All
 

it to the Smouha Drain. This sewage s ulti
collector, which conveys 


The pump station has two pumps at
matelX discharged into Lake Maryout. 

900 mJ/hr and two at 1800 m3/hr rated at a total head of 26 m.
 

PUMP STATION AND FORCE MAIN EVALUATION
 

Overall Conditions
 

All of the pump stations in Alexandria could not be inspected In the
 

time allotted. The pump stations that are most likely to remain In
 

were chosen for inspection. Information from
service are the ones that 
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the reports previously mentioned supplemented the inspections. Pump
 
Nos. 1 through 7 East, and 11 East, Montazah,
stations inspected were: 


Mamoura, No. 2 West, Glym, Sporting, and Kait Bey.
 

One generil finding is that all steel dnd asbestos cement force mains
 

should be inspected and replaced if deficient. If force mains for pump
 

remain in extended ser'vice are replaced, they should
stations that will 

Design criteria should be in accordance
be constructed of ductile iron. 


with Appendix A. For those pump stations which are to be abandoned,
 

less costly materials with shorter service lives (perhaps salvaged 
pipe)
 

might be used if conditions warrant.
 

WWCG's onsite investigations supplemented by the previors work addressed
 

in Special Reports Nos. 2 and 4 indicate numerous defiiencies in
 

several categories including wet wells, pumping equipient, dry
 

rooms, control, power supply, and operation and mainwells/control 

tenance programs.
 

All pump stations have
Table G-2 lists the deficiencies of wet wells. 

to wet wells; more have wet well
inadequate, sometimes dangerous, access 


Most wet well designs are insufficient and
lighting or ventilation. 

exhibit poor suction inlet design.
 

All
Table G-3 lists deficiencies of pumping equipment components. 


except one pump station have undersized suction and/or discharge piping
 
Fault current protection
and many have inappropriately selected pumps. 


is typically Inoperable. 
 Several stations have inadequate pumping capa

city.
 

Table G-4 lists pump station dry well and control room deficiencies.
 

These typically include inadequate lighting and ventilation, lack of
 

discharge flow metering, interconnected wet and dry wells and lack of
 

automatic sump pump operation.
 

Table G-5 lists operation and maintenance deficiencies. Of these,
 

the most serious is operation causing surcharge of incoming sewers.
 

pump stations would benefit from better recordkeeping,
Nearly all 

operator training, operation and maintenance manuals, and an inventory
 

of spare parts.
 

Power Supply
 

All of the eastern zone pump stations excepting Mamoura and Montazah are
 

These, as well as several others
connected to a 10.5-kV power network. 


in other zones, were constructed as part of the main drainage project
 

during the years 1965-1974 and have similar electrical equipment. 
The
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10.5-kV switchboards at these pump stations were constructed with draw

out type "minimum oil" circuit breakers rated 350 MVA at 10.5 kV for
 

overcurrent and fault current protection. The circuit breakers have
 
adequate capacity for the system requirements and generally appear to be
 

in good, clean condition. Failure of the d.c. power supplies for the
 

circuit breaker control systems has rendered the protective relays for
 

the circuit breakers Inoperative. The breakers are now used as discon

nect switches to connect the switchboards and do not provide the protec-


In addition, a number of interconnecting
tion required by the system. 

cables are reportedly faulted. This reduces the flexibility and
 

reliability of the system.
 

Each 10.5-kV switchboard on the loop supplies power to its pump station
 

through two feeders; each feeder has its own transformer. The transfor

mers are suitable for outdoor Installation but are enclosed in rooms.
 
The cabling to
Consequently, they appear to be in excellent condition. 


The oil
and from the transformers also appears to be in good condition. 

level in the transformers at each pump station inspected was found to be 

within the appropriate limits. The sudden pressure relays on most of 

the transformers were not connected into the circuit breaker trip cir

cuit. Thus low-level, phase-to-ground faults in the transformer 
windings could go undetected until they became large enough to trip 

phase overcurrent protection devices in the system. 

The low-voltage switchboard in each of the pump stations inspected had
 

at least two main switch assemblies and two services from either the
 

utility or the onsite 10.5-kV transformers. Several switchboards had a
 

third switch assembly for connection of an emergency engine-generator.
 

The switchboards also include a switch assembly to provide power to a
 

remotely located starter for each pump in the tation, controls and
 

fuses for auxiliary equipment in the station, and fuses for lights and
 

outlets. Each switch assembly consists of a manually operated 3-pole
 

knife switch, three fuses, and an air interrupter switch. The
 
interrupter switch can be manually closed and either manually or automa

tically opened.
 

The 380-volt switchboards are of an old design but are functional for
 

the present. The switch assemblies have adequate capacity and appear to
 

be in relatively good condition except that the automatic trip systems
 

for the air interrupter switches do not operate. They receive d.c.
 

power from the same power supply as the 10.5-kV systems, and the failure
 

of those has rendered all fault current protection in the stations
 

inoperative except for the fuses. The protection provided by the existing
 

fuses is questionable and Installation of new fuses of modern design is
 

recommended.
 

Control of small pumps is provided by across-the-line starters; large
 

pumps are controlled by wye-delta starters, and units 200 hp and larger
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are started using resistor banks, which are connected through slip rings
 

The existing starters have had
 into the rotor circuits of the motors. 

some cases have been replaced by new equipment.
considerable use and in 


RECOMMENDED IMPROVEMENTS
 

Operation
 

Discharging sewage into the Mediterranean near the Alexandria beaches
 

as possible. This is particularly true for
 should be stopped as soon 


the summer season. In addition, even though many of the pump stations
 

upgraded regardless of which alternative treatment
 may be abandoned or 

and disposal method is selected, they must continue 

to operate in the
 

were specifically
For these reasons, the pump stations
interim. 

investigated as to their ability to meet current 

and near future
 

(through 1988) needs.
 

Most pump stations are fed by gravity collectors that are designed to
 

maintain fluid velocities at 0.6 m/s or greater. Thi! velocity will
 

keep solids in suspension but occurs only when 
flow is nonrestricted.
 

level is
 
When the flow is restricted, as happens when the 

wet well 


allowed to rise above the invert of the inlet sewer, then collector
 
A velocity of about
 are slowed and suspended solids settle.
velocities 


1.1 m/s, or almost twice the design velocity, is 
required to resuspend
 

these solids. Thus, surcharging is extremely detrimental to overall
 

liquid levels should never 
system operation. Maximum wet well be
 

reach the level of the incoming sewer invert. In nearly all
 
allowed to 


level below the invert of the incoming sewer
 
cases, keeping the wet well 


will require more frequent pump operation, which will increase costs for
 

repair parts and labor. However, the money saved by not having to
 

far outweigh the increased

clean the sewers as frequently will 


repair costs.
 

levels are maintained within acceptable limits,
 To assure that wet well 

in each should be continuously monitored and recorded
 

the liquid level 

Alarms at the high and low extremes of accep

on a 30-day strip chart. 

operator attentiveness.
table limits should be included to assure 


Pump stations that are manned 24 hours per day should be operated in three
 

least two people per shift. The operators should
 
8-hour shifts with at 


events that take place in the sta
be required to keep records of all 


The records should include the times each pump is started and
 tion. 

run time of each pump, wet
 stopped, the number of pumps running, total 


is changed, special happenings, and
 
levels at which pump operation
well 
 that the opera-
The record can be used to assure


changes in operators. 

run time on each
 

tion of the pumps is alternated and that the total 
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motor is balanced so the equipment wear iseven and routine maintenance
 

can be scheduled.
 

fluctuation records will allow the supervisory personnel to
Wet well 

accurately determine pumping demands and forecast future needs of the
 

The records can be used by the area supervisor to monitor
stations. 

maintenance programs and forecast future financial requirements to
 

assure continuous successful operation.
 

Maintenance
 

General maintenance, which iscommon to all pump stations, may best be
 

one crew of men who work on all stations in their area.
carried out by 

One truck and two men could carry supplies and visit all stations on a
 

The crew would be responregular schedule or by emergency phone call. 

Broken winsible for replacing lights, windows, and fixing door locks. 


dows should be replaced as soon as possible to decrease dust and water
 

vapor contact with electrical and mechanical equipment. Lights should
 

be replaced as needed to facilitate accident-free nighttime work. All
 

exposed electrical wires should be covered to prevent accidental contact
 

during normal work routines. General maintenance should also include
 

periodic pump checks with pressure gauges to check impeller wear,
 

wearing ring spacing, and force main plugging.
 

incharge of
Cleanliness of each station presently depends upon the man 

There does appear to be a difference in cleanliness from
that 	station. 


station to station. Since there is a person responsible for all the
 

stations, a set of minimum standards should be prepared. All station
 

supervisors should be required to conform to these standards.
 
time 	at some stations
Unannounced periodic visits may be required for a 


to see that adherence to standards Is accomplished. This set of minimum
 

standards should include:
 

0 	 Floors should be grease-free, so workers can walk without
 

slipping. An emulsifier such as a detergent or solvent
 

must be used to clean the floors.
 

Motors should be clean and free of excess grease.
o 


o 	 Ladders and handrails should be clean and dry.
 

o 	 Screenings should be properly stored incontainers prior to
 
disposal.
 

Burned out light bulbs should be replaced.
0 
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o 	 Personal belongings should be proper-y stored.
 

o 	 Floors and grounds should be free of trash.
 

o 	 Dry sawdust or powdered clay should be used to soak up oil
 

spills. Sand does not work as well.
 

Walls should be cleaned and brightly painted, in order to
0 

reflect available light. Windows should be cleaned to allow
 

more light to enter.
 

Minor repairs and improvements in housekeeping techniques are needed in
 

Pump stations appear to be in better condition than was
all stations. 

reported following the inspections made during 1977. Safety is still an
 

item that needs to be emphasized.
 

The structural condition of most of the stations Is fairly good and
 

no major work is required.
 

Electrical Systems
 

pump 	stations inspected by WWCG is very
The electrical system of all 

of fault current protection. Similar deficiencies
deficient in the area 


probably exist at other stations. Most of the equipment is in fairly
 

good condition, but the failure of the d.c. power supplies has rendered
 

the protective relays systems inoperative. The following electrical
 

improvements should be made:
 

o 	 Repair or replace deficient d.c. power supplies for the
 

10.5-kV and 380-volt switchboards.
 

0 	 Check the operation of all protective relays and circuit
 

breaker control systems and recalibrate the protective relays.
 

0 	 Modify the existing 380-volt fuse holders to accept time delay
 

fuses of modern design suitable for starting motors.
 

Locate and repair damaged underground electrical cables in the
 

eastern zone 1O.5-kV distribution system.
 
o 


o 	 Replace all faulty current transformers used for protective
 

relay operation.
 

Repair all strip chart recorders, obtain new ink and paper
 

charts, and put recorders back into service.
 
0 
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o 	 Cover all exposed electrical connections and replace or repair
 
wiring where loss of insulation has exposed bare conductors.
 

Replace all burned out lamps and rewire or replace all Ino
perative fixtures.
 

0 


For all pump stations that are not provided with redundant
 
power supplies, a standby engine generator, either portable or
 
stationary, should be provided.
 

0 


Mechanical Systems
 

The following mechanical system improvements are recommended:
 

0 	 Inall pump stations to be retained, replace present ladders
 
to dry well floors with circular stairs or stairs mounted on
 
the dry well wall.
 

0 	 Extend dry well exhaust fan ducts within 30 cm of the floor
 
in all stations.
 

o 	 Replace or repair any defective dry well exhaust fans.
 

o 	 Repair or replace all existing dry well sump pump float
 
systems and install automatically controlled sump pumps.
 

0 	 Pump stations scheduled to remain in service for an extended
 
period of time should have effluent flow measuring and
 
recording devices installed. For those which requite new
 
pumps, accurate flow rates and discharge head requirements
 
should be determined.
 

o 	 Pump stations scheduled to be rebuilt or upgraded and
 
remain inservice should have the discharge piping
 
reworked to eliminate sewage pump and check valve plugging.
 

Safety
 

The following safety improvements are recommended:
 

o 	 Purchase new dry chemical fire extinguishers for all sta
tions.
 

o 	 Institute a fire extinguisher use and training program.
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Replace broken window glass in pump stations.
o 


Remove excess grease from all pumps and motors.
o 


Stock mops, pails, and detergents for cleaning floors.
 o 


o 	 Install lockable cabinets for storage of cleaning
 

supplies, strip charts, light bulbs, and other general
 

maintenance materials.
 

Specific Improvements
 

The following improvements are based on Special Report No. 2 and supple

mented by W1CG's inspection of nearly half of the pump stations.
 

Special Report No. 2 recommends replacement of this pump sta-
Sporting. 

The need for this station
WWCG 	concurs with that recommendation.
tion. 


is not affected by the selection of alternative wastewater management
 

plan. The top priority project for construction of this facility should
 

This station should not experience a capacity problem in the
proceed. 

near 	future. It has sufficient pump capacity and, If the force main can
 

be a problem in discharging peak
be kept in service, there should not 


flows.
 

Bisiry. Regardless of the wastewater management plan selected, the
 

Bisiry pump station may remain in operation, as it is required to relieve
 

local flooding. If it is retained, ventilation, lighting, and screening
 
New pumps should be installed or
should be installed in the wet well. 


the existing ones modified to meet the present head conditions. 
Standby
 

should be provided with
 power should be provided. Also, the dry well 

An automatic sump
better lighting and ventilation than at present. 


pump, a discharge flowmeter, and a modified access to provide 
safety to
 

operating personnel should be installed.
 

The Sinin Pasha pump station also may remain in operation

Stnin Pasha. 

regardless of the recommended wastewater management alternative
 

It may be needed to relieve local flooding. The same improveselected. 

ments recommended previously for the Bisiry pump station apply to the
 

Smnin Pasha station.
 

be abandoned in the

Katt 	Bey. The existing Kait Bey pump station will 


and disposal alternative is
future regardless of which treatment 

however, need to be maintained and operated
selected. The station will, 


until the selected alternative is constructed. For this reason, WWCG
 

recommends installation of a more adequate power supply, and repair of
 

the discharge flowmeter.
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No. 1 West. No conclusion about the fate of the No. 1 West pump station
 

reached in Special Report No. 2 because its operation was dependent
was 

This plant is still not
 on completion of the West Treatment Plant. 


operable. Regardless of the wastewater management plan selected, WWCG
 

recommends that this station be abandoned when the plan is implemented.
 
least the ongoing West
Inthe meantime, it isnot needed until at 


Treatment Plant construction is completed.
 

rebuilt
No. 2 West. WWCG recommends that this station be retained and 


for extended future use regardless of the wastewater management plan
 

selected. The station now discharges to the Western Harbor. Regardless
 
gravity sewer. In the
of the selected plan, No. 2 West will pump to a 


interim, (upon completion of the current West plant construction) it
 

should pump to the No. 3 West pump station. It currently has sufficient
 
Future needs depend on the plan selected. Inthe meantime,
capacity. 


the following interm improvements are recommended: repair pumps as
 

needed so all units are operable, provide a discharge flowmeter, and
 

repair or replace the electric service cable between the transformer and
 

the 380-V switchboard.
 

No. 3 West. This pump station will not be needed after implementation
 
of the selected plan. Itwill be needed in the interim period between
 

completion of the current West plant construction and the completion of
 

the selected plan. This may require replacement pumps because the pre

sent ones have not been maintained. In the interim, WWCG recomends
 
constructing a temporary pipeline to convey the discharge directly to
 

Lake Maryout instead of the nearby agricultural drain. This pipeline
 

would also receive flow from the Hohsein Pasha, old Furn El-Gueraya, and
 

Gheit El-Enab pump stations, which are also to be abandoned.
 

New Furn E1-Gueraya. This station cannot be operated until the West
 
not be needed after implemen-
Treatment Plant is completed, and itwill 


tation of the selected plan. Currently, the installed pumps do not have
 
During the interim
the capability necessary to pump to the West plant. 


period, after completion of the current West plant construction and
 

before completion of the selected plan, pumps with higher head capability
 

will be required.
 

Old Furn El-Gueraya. This pump station has been abandoned and will not
 

be needed in the future regardless of the wastewater management plan
 
selected.
 

Industries. This pump station will be retained and rebuilt for extended
 

future use regardless of the plan selected and implemented. Prior to
 

plan implementation or completion of the current West plant construc

tion, interim repairs and reconditioning are recommended. These
 
provide a discharge
include: install new manually cleaned screens, 


flowmeter, and repair any leaking pipes.
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Gheit El-Enab Main and Auxiliary, and Mohseln Pasha. Regardless of the
 
wastewater management plan selected, WWCG recommends abandonment of
 

these pump stations. Until the selected plan is implemented, these sta

tions must continue in use and will require interim improvements.
 
Recommended improvements include the temporary discharge pipeline to
 

Lake Maryout previously described. For the Gheit El-Enab main pump sta

tion, WWCG recommends replacing any unusable pumps.
 

No. 1 East. This pump station will be retained and rebuilt for extended
 

future use regardless of the wastewater management plan selected. To
 

meet the immediate needs of the 1981 summer peak flow, sufficient power
 

to run two pumps at high speed is .'equired. Existing pumps are too
 
small for present peak flows and force main velocity is excessively
 
high. Diversion of Mamoura summer flows to No. 2 East should enable
 
meeting 1981 peak requirements. Additional interim improvements recom

mended include: inspect and replace (ifrequired) the section of steel
 
force main 40 m long under the Corniche at Miami, install additional
 
pump capacity to meet peak summer demand, repair the existing or Install
 

a new discharge flowmeter.
 

No. 2 East. Regardless of the wastewater management plan selected, the
 
No. 2 East pump station may remain in operation for stormwater only. In
 
the meantime, until a plan is implemented, it must continue to operate.
 
Immediate 1981 needs can possibly be met by diverting Mamoura wet
 
weather flows to No. 1 East and completing repair of the second high
speed pump. Inthe interim, additional pump capacity to meet peak
 
summer demand should be Installed. The new pumps presently on order for
 
this pump station do not match the present system head requirements and,
 
unless a larger force main is installed, use of these pumps will not
 
materially increase the station's capacity.
 

No. 3 East. This pump station will be replaced with a larger facility
 
regardless of the wastewater management plan selected. The station has
 
sufficient capacity to accept present peak flows and the force main is
 
amply sized. The present pumps will require replacement before 1987.
 
The backflow prevention values should be inspected and replaced if
 
required.
 

No. 4 East. This pump station will be retained and rebuilt for extended
 
use regardless of the wastewater management plan selected. The
future 


following interim improvements are recommended: install new pumps on
 
order, provide a separate standby stormwater pump, and provide a
 
discharge flowmeter. Current capacity is sufficient for immediate
 
needs; therefore, immediate pump replacement other than for reasons of
 
wear is not urgent.
 

No. 5 East. Regardless of the wastewater management plan selected, the
 

No. 5 East pump station may remain in operation for stormwater only.
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Until a plan is implemented, itmust continue to operate. To meet peak
 
summer flow conditions, two high-speed pumps are required. In the
 
interim, the force main should be inspected and any damaged portions
 
should be repaired. Additional transformer capacity should be provided.
 
This latter improvement would permit operating two pumps at high speed
 
to provide needed station capacity. This could be accomplished by
 
supplying two new 500-kVA transformers, or connecting the existing
 
300-kVA transformers in parallel and purchasing a standby 300-kVA unit.
 
The latter is the least costly alternative. Finally, the installation
 
of the wye-delta starter should be completed. Depending on when the
 
selected plan is implemented, larger interim pumps and force main replace
ment may be required.
 

No. 6 East. This pump station will be retained and rebuilt for extended
 
future use regardless of the wastewater management plan selected. In
 
the interim, a discharge flowmeter should be installed. The section of
 
damaged force main that crosses the Montazah Canal should also be
 
repaired.
 

No. 7 East. Regardless of the wastewater management plan selected and
 
implemented, WWCG recommends eventual abandonment of this pump station.
 
Inthe meantime, itmust continue to operate. Until then, a new
 
emergency discharge should be constructed. This would permit better
 
operation when the regular force main isout of service or the No. 11
 
East pump station isdown.
 

No. 8 East. Regardless of the wastewater management plan selected and
 
implemented, WWCG recommends eventual abandonment of this pump station.
 
Inthe niantime, itmust continue to operate and will require a new
 
emergency discharge.
 

No. 9 East. Implementation of any of the conveyance system alternatives
 
discussed inAppendix M will result in abandonment of this pump station.
 
It is not used now and can remain out of service.
 

No. 10 East. Regardless of the wastewater management plan selected and
 
implemented, WWCG recommends eventual abandonment of this pump station.
 
Inthe meantime, until a plan is implemented, it must continue to
 
operate. Construction of the emergency force main should be completed.
 
Another recommended interim improvement is installation of additional
 
pumping capacity to meet existing requirements.
 

No. 11 East. This pump station will be replaced with a larger facility
 
regardless of the wastewater management plan selet.d. The March 1981
 
report by WWCG on the evaluation of No. 11 East pump station recommended
 
the following interim improvements: install new screens, replace defec
tive piping and valves in the dry well and header outside the valve vault,
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devices, consider installing
investigate and install surge control 

Other recommended Improvements are
variable speed pumping capabilities. 


at 
the Mahmoudiya Canal undercrossing, and
 to repair the force main leak 

Surcharging the


complete construction of the emergency force main. 

too
 

collection system cannot be prevented because the pump volume is set 


However, the station should be operated in a manner to minimize

high. 

this surcharging.
 

Montazah. Regardless of the wastewater management plan selected, the
 

Montazah pump station may remain in operation for stormwater only and
 

a plan is implemented. In the interim,
must continue to operate until 


the following improvements should be made: install the pumps that are
 

on order as soon as warranted by existing pump wear, and revise the
 

existing standby pumping capabilities to permit discharge to the force
 

during power outages. The station currently has

main instead of the sea 

sufficient capacity to meet needs through the interim period.
 

Mamoura. This pump station will be retained and rebuilt for extended
 

future use regardless of the wastewater management plan selected.
 

Recommended interim improvements until an alternative conveyance system
 

follows: provide discharge flow metering, install
is implemented are as 

on order, modify the existing standby
at least one of the pumps that are 


to the force main instead of
 
pumping capabilities to permit discharge 


the drain during power outages, and replace the failing asbestos cement
 
for pre-
The station currently provides suff"i'nt capacity
force main. 
 valved to per

sent flow conditions. The discharge force mair should be 

to No. 2 list and wet weather flows


mit diversion of summer peak flows 


to No. I East.
 

Hospitals. The currently inoperable Hospitals pump station should be
 
to the Ras Ei-Soda
replaced as an interim improvement or connected 

of an interim replacesystem now under construction. The capital cost 


ment is included In Table G-6. Connection tu the Ras EI-Soda system
 
the Hohandes collector.
would require early construction of a portion of 


Sidi Bishr. Regardless of the wastewater management plan selected and
 
abandonment of this pump station.
implemented, WWLG recomvnds eventual 


install additional

The following interim improvements are recommended: 


pumping capacity to meet summer requirements beyond the year 1981, pro

vide ventilatioi, for standby power system, and repair water leaks into
 

the dry well during winter storms. The practice of resting the pumps in
 
to the sea.
 

the winter should be eliminated to prevent sewage discharge 


Sarwat. Implementation of any alternative plan will eliminate the ned
 

for-the Sarwat pump station. The following improvements are recommended
 

for the interim period: install new manually cleaned screcns and add
 

summer demand. Without addi
variable speed pumping capacity to meet 
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tional capacity the station cannot meet anticipated 1981 sumner flows.
 
should be eliminated
The practice of resting pumps in the winter season 


to prevent sewage being discharged to the sea.
 

Glym. Regardless of the wastewater management plan selected and imple

mented, WWCG recommends eventual abandonment of this pump station. In
 

The following interim improthe meantime, it must continue to operate. 

current peak discharge
vements are necessary and reconmended to meet 


and new, larger
requirements: provide new manually cleaned screens 


pumps for suimer demand. The practice of resting the pumps should be
 
sea. Finally, the
eliminated to prevent sewage being discharged to the 


construction of the new fiberglass force main should be completed.
 

The Sidi Gauer pump station presently pumps only stormwater
Sidi Gaber. 

and is expected to continue operating in the near future. No short-term
 

improvements are recomended.
 

Smouha. Regardless of the wastewater management plan selected and
 
of this pump station.
-Fi-ii-ented. WWCG recommends eventudl dbandonment 


it must continue to operate. The following interim
In the meantime, 

replace screens, install new pumps that
improvements are recommended: 


order, and repair any leaking valves. The steel force main under
 are on 

the bridge In lbrahlla should be inspected and repaired if faulty,
 

COSTS OF 1MPROV[M[NTS
 

[stImA'.ed capit~l costs for Improvements are listed in Table G-6.
 

The cost of general impru-oments such as maintenance, safety ite s, and
 

32 pump stations. The cost e~tioverall upgrading Is included too all 

Include pump station replacement
mates for specific Improvements does not 


costs, other than the replacement of the Hospitals pump station. The
 

long-range future of many pump stations and force mains depends ,ipon the
 

to be made after the Master Plan Review and the imple
final decisions 


the selec' .1conveyance system alternative from Appendix M.
mentation of 

included are for just immediate needs during
For this reason, the costs 


this Interim period.
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Table G-I 
STATIONS IN PREVIOUS REPORTSSUI4ARY OF RECO44NDATIONS FOR PUDW 

1978 Master Plan 1978 Master Plan 

P s StatIons 
Special 

Report No. 2 
Special 

Report No. 4 
Sea Disposal 

Option 
Land Application 

Option 

No. I East R, Rat R Rat Rat 

No. 2 East R, Rat R Rat Rat 

No. 3 East R, Rat Rat Rat 

No. 4 East Rc Re 

No. 5 East R Rat Rat 

No. 6 East R Rc ft 

No. 7 East R A A 

No. a East R A A 

No. 9 East A A A 

No. 10 East R A A 

No. II ast A R A 

montaish R NC NC 

Mura Rc NC NC 

Hospitals 
No. I West 

R NC 
A 

NC 
A 

No. 2 West No Nc 

No. 3 West A A 

Naw Furn EI-Guerays A A A 

fnelostr IlS A A 

Cid Furn EI-Guerays 
Ghelt EI-Enab Main 

A 
RP 

A 
A 

A 
A 

Ghelt EI-Enab Auxiliary 
Sidi Dlshr 

A 
RP AP 

A 
IP 

A 
N 

Servat RP An A A 

Glym 
Sporting 

P 
RP 

ID 
AP 

A N' 

Now Sidi Gaber A 
Smouha A A A 

MohseIn Pasha A A A 

ilslry 
Slnin Pasha 
Knlt (ley I A AI 

Legend: 

At Abandon 

Ri Rebuild 
RPt Replace 

Aci Retain for comfblned flows 
Rait Retain for stormater only 

Fi Retain for wastewater only 
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TABLE G-2
 

PUMP STATION WIET WELL DEFICIENCIES
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TABLE G-3
 

PUMP STATION PUMPING EOUIPMENT DEFICIENCIES
 

PUMP STATION
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TABLE G-3 (continued) 

PUMP STATION PUMPING EQUIPMENT DEFICIENCIES 

PUMP STATION 

GENEkATOR 
thADEOUATt 

GENERATOR NOT AUTO-
START 

f x x x 

X 

x 

X X 

x 

VENTED 

GENERATOR NOT 

PUMPIOCAPACITY 

OtSObARGE PIP- ,G 
GROSSLY MIS-SilZD 
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worm4 OUT 

x 

g 

xx 
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TABLE G-4
 

PUMP STATION DRY WELL AND CONTROL ROOM DEFICIENCIES
 

PUMP STATION
 

4 4
 

-' z 

0
40 Z 0na 
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bxxxxxXXXaXX
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TABLE G-5 

PUMP STATION OPERATION AND MAINTENANCE DEFICIENCIES 

PUMP STATION 
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Table G-6 
ESTIMATED CAPITAL COSTS FOR 

EXISTING PUW STATION IMPROVENflTS
 

Costa 

(LE)
It" 

142,000
Electrical 

7,293,000
Mechanical 


92,000
Maintenance & Safety 

104.000
Hospitals Pump Station 


7,631,000
Subtotal 


190111000
Contingencies 6 25 

9,539,000
Subtotal 


Engineering, Legal, and 
1,431,000Administrative Costs 1I1S 

10,970,000
Total 


aEnd-of-1980 cost 
levels
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APPENDIX H
 

COLLECTION SYSTEM REVIEW
 

This appendix reviews the existing Alexandria collection system and
 

recommends short-term projects that will improve the system prior to the
 
Included inthis
implementation of recommended Master Plan projects. 


appendix are: a description of the system in general, a review of Its
 
review of the 1978 Master Plan recommendations, a
present condition, a 


program of recommended short-term improvements, and a cost estimate for
 
these improvements.
 

EXISTING SYSTEM
 

Description
 

The extent of the drainage area of Alexandria presently served by sewers
 
There are 20 individual tributary areas
is indicated on Figure H-i. 


noted on this plan. These areas are grouped iato three zones which
 

correspond to the grouping used by A/GOSO and are called the central,
 
Figure H-1 shows only major interceptors,
western, and eastern zones. 


force mains, and pump stations; a complete inventory of the collectors,
 

pump stations, and force mains, as well as a description of the treat

ment works are contained in Special Report Number 2 for Alexandria
 
Sewerage Study, dated April 1977.
 

inAlexandria is the central
Central Zone. The oldest sewered area 

zone, two separate systems
zone. Inthe western portion of the central 


collect wastewater for conveyance to two separate discharge points. The
 

Port Est system has main collectors radiating out of the Port Est
 

collector, which passes along the Eastern Harbor to the Kait Bey pump
 
to sea via the Kait Bey outfall. The remaining
station, and then out 

zone is served by local sewers that discharge
portion of the central 


One of the top priority projects
directly into the Western Harbor. 

recommended by the 1978 Master Plan (now under construction) will
(111P) 


intercept the flow now emptying into the Western Harbor and pump itto
 

the Port Est system, where itwill be temporarily discharged through the
 

existing Kait Bey outfall.
 

In the eastern portion of the central zone, three systems convey the
 
Two of
wastewater to eventual disposal through the Kalt Bey outfall. 


the systems are served by the Sporting and Smouha pump stations, which
 

pump the flows into the third system. 1he combined wastewater is then
 

conveyed by gravity to collectors which parallel the Eastern Harbor
 

shoreline and terminate at the existing Kait Bey pump station.
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Stormwater that exceeds the capacity of the conduits overflows at
 

into the Eastern Harbor. Excess flow at the Sporting

several points 

pump station flows directly to the Mediterranean from the station while
 

excess from the Smouha pump stdtion flows by gravity to the Smouha
 

Drain.
 

in interim state of
 
Western Zone. The western zone sy!tem is nc.w an 


been
 
construction and operation because the West Treatment Plant has not 


completed. Currently, flows from three northern tributary areas flow
 

to the Western Harbor, 	while those from the 
four southern areas
 

directly 

When the West Treatment Plant is
 go directly to Lake Maryout. 


flows are planned to be pumped there for treatment.
 completed, all 

implementation of the Master Plan recommendations, effluent
 Prior to 


be disposed of in Lake Maryout.

from the West Treatment Plant will 


its flow to two
The eastern zone system conveys all
Eastern Zone. 
 flows to the
The western portion of the zone

points to the south. 


located south of the Mahmoudiya Canal. This
 
Smouha Drain, a large 	canal 


drain receives the gravity flows from two large 
collectors that
 

discharge under the Mahmoudiya Canal through a siphon and eventually to
 

The two collectors, the Hagar El-Nawatlya and the Mohamed
 Lake Maryout. 
 The Sidi Bishr,

Ali, serve large areas adjacent to the Smouha Club. 


Sarwat, and Glym pump 	stations serve the areas north along the
 
system. The Sidi
 

Mediterranean and pump in series to the Mohamed All 


Gaber pump station is	currently not operating, but is planned to pump
 

through a force main.
stormwater to the sea 


the zone is a system which has a series of local
 
The eastern portion of 


own pump station and force main
 
collection subsystems, each with its 


station westward. These subsystems were
 discharging to the next 

designed to be separate, but parallel, sanitary and stormwater conduits.
 

pump station, separate force mains
 
When the twin conduits reach i-ach 


flow to the sea. All wastewater was originally planned to
 
convey storm 
 the East Treatlent
East pump station, which pumps to

flow to the No. 11 


of the system is
 
Plant via a 48-inch force main. Currently, all 


operating in a surcharged condition, which 
causes mixed storm and sani

to the sa and the East Treatment
 tary sewage to be discharged both 


Plant.
 

Existing System Oasic Design Criteria
 

the existing system were
 Criteria reportedly usel in the design of 

Main sewers and
 

obtained through discoisions with A/GOSD personnel. 
 ensure self
collectors were designed to provide slopes that will 


are flowing full. The CCC [ypt

cleaning velocities when the pipes 


listed design criteria used byTh-e nerl
 
lncegljo RILport (June 1980) 
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Organization for Sewerage and Sanitary Drainage (GOSSD), which was
 

responsible for the Alexandria sewer system prior to A/GOSD 
being formed.
 

to how much of
 
available.
This criteria is summarized in Table H-i. Information as 


the existing system was designed 	using this criteria is not 


Comparison of the criteria presented in Table H-1 with 
that discussed in
 

Appendix A, Indicates that flows computed by the GOSSD method are signi-

This


ficantly larger than those projected in the 1978 Master Plan. 


sewers designed by GOSSD criteria having more capacity.
would result in 

However, when infiltration was calculated using the GOSSO 

equation,
 

less than those given by Figure A-i, especially for
 
flows obtained were 


limit.
shallow sewers, using the lower 


Other differences include GOSSD recommending generally smaller manhole
 
sewers.


spacing, smaller house connections, smaller minimum sizes for 


and different pipe and joint materials.
 

Combined sewers were designed in accordance with the oesiy., p.rameters
 

established in a 1908 report prepared by Mr. Lloya Davis, Chief Engineer
 

of the Alexandria Municipality. Sitce then, Special Report No. 4 (1917)
 

for major sewers having a time of concentration Wl
determined that 

about 15 minutes, the capacities of the existing sewers 
excess of 	

were
 

far less than the three times dry weather flow, based on present design
 

flows.
 

Condition of Existing System
 

serving Alexandria are In good condition.
Sewers. Some of the sewers 

T-hese can be incorporated into an expanded system and should provide
 

many more years of useful service. There are, however, many older
 

very flat slopes. This causes
interceptors that were constructed at 


to settle and drastically increases maintenance requirements. In

solids 

addition, the former practice of 	matching Invert elevations at pipe size
 

areas when the downstream system flows
changes causes flooding at upper 

full.
 

Some sewers
Several sections of collapsed sewers urgently need repair. 

program, but
have been or are currently being replaced under the YIiP 


renovated. A/GOSU) staff 
are
 more sections exist which need to be 


currently pro paring a list of additional collapsed sewers. A .oi
start immediate repairs on
centrated program should be initiated to 


these %ewers.
 

the system which are surcharged, 	the
In addition to older portions of 


newer eastern tone system (consisting of dual collectors for sanitary
 

in a surcharged condition. This
and storm sewage) also operates 
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surcharge is caused by pump station design and operation, and not by
 
interceptor deficiency.
 

Table 11-2 sunnarizes the deficiencies in the present system. It was
 

compiled after analysis of the capacities and velocities of the existing
 
sewers and is based on information obtained through discussion with
 
A/GOSI) staff.
 

Manholes. Information concerning design cuiteria used for existing
 
manhoTes is very limited. Through discussions with A/GOSU staff and
 
review of as-built drawings, WWCG determined that existing manholes In
 
the older system are constructed as shown generally in Figure I-?. The
 
barrel, 75 cm in diameter, is too small by today's standards, and the 
enlarged ar.a At the sewer entrance and exit is too shallow for a man to
 

stand upright. With modern cleaning equipment, this deficienLy is not
 
critical. Each manhole should be inspected to determine whether ground
 
water is entering, and corrective measures should be taken to eliminat,
 
any leakage found.
 

In the eastern zone, where a dual pipe system of collection is emloyed,
 
manhole locations often preclude access by modern sewer cleaning equip
ment. This should be corrected, as reconariended by Special Report No. 4, 
August 1971. 

Many of the sewer subsystems constructed in low-income housing areas 
have been constructed without the use of any design cr-oria. Some of 
these systems have square brick masonry manholes which extend up to Im 
aboe grade. Cover% are variously cast iron, concrete, or missing.
 
Uncovered manholes becose receptacles for debris, which quickly plugs 
the sewers. Mlhsinij (over,, should be replaced Immediately and secured 
to prevent unauthorized entry. 

Maintenance. lht. rvsponsibllty for cleaninq and malntatniny the 
ist~Tn ~wers ItiAlexandria is distributed among several districts. 

each of which is supervi'.d by a superintendent. lhe fmaintenance crews 

are directed by J tur-t t and usually consist of three labortrs. 

Current Fntrohtdi u.,J by A/Golt) to (lean s%-wers are extrermely labor 
Intensive. A ds.rlipt ion or these r -thods was Included iM the Report on 
Sewer Mainterijri~t Pi~er t.i ' Ji.nj r y I 9K. ut.w rude rn st-wer c'TeinTigF 
equfj.=rnt has le, ' itiel by A/(.0)1I) and r)te is Iwing purthaed under 
a IP . With tis I l t Iuonj l uIpt'nt anl the rstalb ish.-ur' of proper 
tralninr j r jr aOl fur -aiitrnars ei e wrifrel, a o )rrr trn 1viy pro(jram can 
be irplrerit 'A I') rfrl."Ift thiat the S.rwer .ytew is properly (leaned and 
ItimI nt a I rrd. 

Many of rirt"L, with rmlsitainintj thethe irrrtu assul laltr aisting 

syst m are rot relatrti to la(k tt rojulirn nt of laohr. Instead. they are 
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the direct result of dumping extraneous and Incompatible wastes into the
 

system. As long as wastes such as mazout residue, cattle manure, sep

tage fron septic tanks, solid wastes, gilla, oil, slaughterhouse wastes,
 
and sand are permitted to enter the system, maintenance will be overbur
dened. Further aggravatinj this problem is the design and operation of
 

pump stations, which results in system surcharge and causes solids 
to
 
accumulate. These problems have caused some sewers to require dailly or
 
even constant maintenance, thus overburdening the entire system.
 

REVIEW OF THE 1978 MASTER PLAN
 

Previous sections of this appendix have described the existing
 
Alexandria sewer system and its deficiencies. The following sections
 

analyze TPP's and the rerommendations of the 1978 Master Plan. The
 
review emphasis is on cu 'ction of existing deficiencies and the deter
mination of whether or not the 1978 reconvnendations will provide ade

quate remedy. Additional needs are identified and a remedial program of
 
needed additional short-term Improvements is recommended. Finally,
 
costs for the recommendad improvements are presented.
 

Review of Top Priority Projects
 

In August of 1977, Special Report No. 4 of tIo Alexandria Wastewater
 
Facilities Development Program was published. ihis document Identified
 
thefollowing top priorftI projects and recommended that these be under

taken at the earliest poss.!le opportunity.
 

o Category 1--Institutional and Operational Changes
 

Item 	1-1 Implementation of the sewer use law
 
1-2 Co.:ection and disposal of wastes
 
1.3 Sewer cleaning program
 
1-4 Vehicle replacement
 
1-5 Prohibition of building in Dekheila
 

o Category 11--Repairs and Replacements inthe Existing System
 

Item 	Il-i Contract sewer cleaning and inspection
 
11-2 Collector general relief sewer
 
11-3,8,10,14 Western Harbor system
 
11-4 Reconstruction of collapsed sewers
 
11.5 	Manhole cover replacement
 
11-6 Smouha stormwater drain
 
II-7 Drainage relief--Mohamed All Square
 
11-9,13 Sporting ump station atid force main
 
I-1i Bisiry force main extension
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11-12,16 Hospitals pump station and force main
 

11-15 Rehabilitation of the eastern zone pump stations
 

Ill--New Service to Unsewered Areas
a Category 


Item 	1ll-I Ras El-Soda system
 
111-2 Siouf Keblia system
 
11I-3,9,11,18,19 Mex-Dekheila system
 
111-4,12,20 Nouzha system
 
111-5,15,16,2?,23 Abu Qir system
 

are currently in various stages of development. On
The listed TPP's 

some, nothing has been done; on others, construction is In progress.
 

None has been completed, although design reports have been written for
 

almost all of the projects.
 

in the existing system which were identified
As for the deficiencies 

previously, the TPP's coupled with the 1978 Master Plan recommendations
 

Following is a list of the

will 	alleviate the majority of problems. 


be correcttd by the

deficiencies, identified in Table H-2, that will 


TPP's:
 

Flows to this old collector have mainly been
Old Collector General. 

diverted to the new collector general. Only a small amount of local
 

In addition, a new relief collector is
drainage Is now carried there. 

being designed as a top priority project. Therefore, no additional
 

improvements are recommended.
 

collector is very uld and in questionable con-
Chounah. This small 

A/GOSD staff believe that the main problem stems from cow
dtion 


manure, which is constantly being dumped into the system via this
 

If such dumping could be stopped, the existing collector
collector. 

The problem can be solved through Implementation of
would be adequate. 


law and routine cleaning. Therefore, no
the TPP's concerning sewer use 


additional Improvements are recommended.
 

Is now
Mohamed Ali. A new collector to relieve the existing sewer 


a top priority project. Until construction is
being designed as 

Complete. routine cleaning will be very important for this collector.
 

No additional improvements are recommended.
 

1918 Master Plan recommended eliminating many existing
In general, the 

This 	would
 pump stations by construction of deep gravity sewers. 


relieve the surcharged condition In many parts of the system.
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LlImination of surcthrging would, in turn, reduce solids build-up and
 

allow the system ti be operdted as designed. Following Is a list of the
 

deficiencies identified in Table H-2 that will be corrected by the long

range projects recommended in the 1978 Master Plan and this update of
 

that document.
 

Port Est Collector. This old collector was identified as having a very
 

flat slope and low velocities. Regardles! of the disposal olternative
 
a steeper slope is recommendpd,
selected, a new collector designed at 


Until selection of the disposal alternative, the existing Port Est
 

collector should 	be cleaned routinely to assure maximum possible capac-


Ity.
 

This branch of the Port Est collector also has low
Wekalet El-Khoder. 

velocities. A/GOSD staff has Indicated, though, that this collector
 

would improve If 	the Port Est collector were replaced. Therefore, we
 

this collector be cleaned regularly, as a short-term
recommended that 

a decision as to 	the fate
improvement, and 	that It be reevaluated after 


of the Port Est collector is reached.
 

North and South Rue Marine. These two collectors branch off the
 

upstream end of the Wekalet EI-Khoder collector and have similar defi

ciencies. The same recommendations as 
for Wekalet E1-Khoder apply to
 

these two collectors.
 

and Is In poor
Slaughterhouse--Tannery. This collector has flat slopes 


Since flows from the area served are anticipated to be
condition. 

pumped west, we do not recommend that any short-term Improvement other
 

than cleaning be 	initiated.
 

not be used after the West Treatment
Road No. 218. This collector will 

Plant is operational 
or if the Master Plan recommendations are Imple

mented. Therefore, no short-term Improvements other than cleaning are
 

recommended. 

Furn [I-Gueraya Connection. This sewer will also be abandoned after the 

as''er__P-nW-rs-Jmpemented. No improvements are recommended other than 

cleaning.
 

Iladara. This large collector wa% constructed In ground water at a flat
 

grade and isnow 	In very poor condition. If the Master Plan Is Imple

mented, a new collector could be constructed at a steeper grade. This
 

is considered a long-term Improvement and not recommended at this time.
 

A short-term improvement would be to clean the collector on a routine
 

basis.
 

Bacos North. This collector flows to the Glym pump station, and is 

T"at, has Tow velocities, and Is subject to floiding. A/GOSD staff have 
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Indicated that flooding is caused by insufficient pump station capacity.
 
Many of the problems will be corrected when the Master Plan is imple

mented and the pump station is abandoned. Until that time, routine
 

cleaning is recommended as a short-term improvement.
 

Sarwat Pasha. This collectnr has problems similar to Bacos North. It
 
new Corniche collector
would be replaced or at least improved when the 


is constructed, as proposed by the Master Plan.
 

San Stefano. This collector Is surcharged due to the inadequate capac

ity of the Sarwat pump station. It should be improved by the proposed
 

Corniche collector, and therefore, needs no short-term improvements
 

other than routine maintenance.
 

Glym Discharge Collector. This collector does not have sufficient capac
rl from the Glym pump station and therefore Is
Of to accept theinfl 


surcharged. W1l0 the elimiatton of the pump station, it will have suf

ficient capacity for the design period. Therefore, ro short-term impro

vements are recommended.
 

a
Abu Soliman Collector. This major collector currently operates In 


su-rcarged condit'on and is constructed at too flat a slope. In addi

tion, it was constructed with perforated pipe to carry ground water. It
 
line be constructed as soon as
is proposed that a new 1400 mm gravity 


possible to relieve the existing collector. This new line would not
 

only relieve the existing collector, but would also allow it to be aban

doned when the Master Plan recommendations are Implemented, no matter
 

which disposal alternative is chosen. If the sea disposal alternative
 

is used, most of the wastewater which currently flows through the Abu
 

Soliman collector would be redirected to the Ras [I-Soda Treatment Plant
 

(see figure M.4 in Appendix M; and the new relief collector would easily
 

carry the remaining flows. If land application is chosen, the force
 

main from the new No. 3 fast pump station could continue all the way to
 

the Abu Soliman pump station and the relief collector would carry the
 

remaining flows. Therefore, we recommrend that this relief collector be
 
the major deficiencies in the
constructed now to eliminate one of 


existing system.
 

fVA1UAI ION AND)~ WC(OMiNULL SiiUkl- TI M IMPROYIMI Nb 

those at the lbrahlmiaOf the deficiencies listed in labies 11-4, only 
the topand (Gabbary (Ullectort will not tw rerv'Iird by completion of the 

priotty project% ur the Matter Plan recommendations, following are 

rrEcrnr datlons for thtri twou collectors. 

!he Ibrahn.,a Collecor is old and It first 400 m are conttructed with 

Inadequate slope. retu'Ling in low velocitieS. Ihe main portion of flow 
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is currently diverted upstream for this section, r'-ulting in a need to
 

convey only local drainage flows. Therefore, we recommended that only
 

regular cleaning be provided as a short-term improvement.
 

Even though the slopes on the Gabbary collector are less than recom-

A/GOSD staff
mended, calculated velocities are greater than 0.6 m/sec. 


concur that velocities are sufficient for this collector. Therefore, no
 

short-term improvements other than cleaning are recommended.
 

As discussed previously, a sewer cleaning program is necessary to keep
 

the existing collectors free of sediment and at maximum capacity. A
 

Programs for 1980 (February 1980).
report, Recommended Sewer Cleanin 

outlined the steps necessary_ a good cleaning I ation. The first
 

step listed in the report Is to estat-lish a priority area. The main
 
All subareas
collectors listed above should be given first priority. 


associated with the main collectors should also be cleaned before moving
 

on to the next system.
 

Another TPP that needs to be implemented is the collection and disposal
 

of wastes (Item 1-2). Along with it. implementation of the sewer use
 

law (Item 1-1) should also be accomplished. iese two projects will
 

greatly help keep Inappropriate liquid and sulid wastes from reaching
 

the sewers, where they clog the pipes and reduce the capacity of the
 

system. Corrosive liquids attack the sewer surfaces and the metal of
 
causing corrosion and structural failure.
equipment used in the systei, 


Elimination of these wastes Is essential to producing a working sewerage
 

Many reports have been written describing procedures and facilsystem. 

help accomplish these tasks. 1hos2 recomnendation.
Ities which will 


should be Implemented as soon as possiblo. In addition, all cattle
 
to a rural location.
should be moved from the city areas 


Item 11-5 of the top priority projects recommends replacing manholes
 
More than 300
that are Inaccessible to modern -ewer cleaning equipment. 


the manhole openings over
manholes would need to be modified to move 

both of the dual sewers in the eastern zone. Also, 29 new manholes are
 

collector.
required along rne of the twin pipes of the Mohamed All 


COST Of WICO(*9ND[t) SliOT-TURM MPROVIM[NTS
 

Cost% of the proposed projects were given In Special Report No. 4 based
 

on 1911 .osts. table i-J presents cost estlmates for these projects
 

based on end.of-1910 c,..%. These projects should be completed as soon
 

is possible to avoid additional costs in the future due to Inflation,
 

and to minimIze future imintenance costs and problems.
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Table H-I 

OOSO DESIGN CRITERIA 

Domestic Flow 

300 lcd
High 

200-250 lcd
 

ISO led
 
Wldim 

Government 
1,000 I/d/bad
HospItals 


500 I/d/bade 
Hotels 

Infiltration 
2/ 3 

Q(3/d par In-khl 0 I5 to 10)h 

Where h Is tha depth of pipe Invert blow ground water 

Gravity Collection System 

NlnlIA dlinset--180 m 

Deslgn depth of flowi 

Sewer--I/Z full for mnlli. dlscharge 
full for malxImm dilchrgeCallectors--2/3 

Minim velocltles$ 

$overs--0.75 to 1.5 0/60c et slalu 1lw 
0.1 MIaac at minimu m flow 

C01l*cto6--I.5 0/64c at melwis flow 
0.6 e/alc at mIni-m- flow 

Manhole a6acilngl 

peslm l SwlSower 01lmatet 

30160 - 215 
a5e300 - 40 "1 


400 - 1,000 i0 
 0a. 

Nla Col lctor* so a 

Type--iotoowolos 
Minimum Ditmetw--fli m 

PIpe eater Ill 

9 1.000 m Im J4te.r-.ltlfllle4 cloy pIpe (tv) 

1000 meI 4ilmter--C T In pIala 
Joint a%4., leIf-hII n t tW eIt essAt ef PI#* 

0-11
 

http:overs--0.75


Table H-i
 

EXlSTING OLtCTIQN SYSTEM DEFICIECIES
 

DeficiaclesCollectors 

Flat, low Velocities. old 
Port Est Collector 


Flat, low Velocltle. old, 
Did Collector Cafiral 

too wlelI 

Flat, low velocitle 
mkalet l-Khoder 

WtA flat, low velocilies 
korth & South ll, aarlrOw 

Old, flat, low velocitie 
Itrahlola 

Poof coltIon, sommhat
$iajh Ir KOY**I-I r or flit 

01d, flat
Gbt.br V 

Flat, lo valocity
ke 0*3. 216 

Fliat, low veloclty
turn 1l-CAeray Connection 

Old, bed Aon41tIof. Woe 
Chouna 


a~r problms 

Flat, low volcltlaS, p.r
IM*ihnvd All 

forae14 pipe
 

Flat. in or coadItioa.
 
"0a1r a 


bullt In vr A, ,ater 

Flat , Io V*locltlaa, P.S. 
Deco Wth 

cao't t10" flow 

Fiat, log velocitle
Sowet Ptha 

Fiat, a-rc~gal
At $oliasn 

Surcharged
%&e 'tattbvj 

STCWsrga
.tlye Dle'har*gw al llector 

T4l0 04.) 

CANTAL ONt$ OF WT- Lf 00i1vp0itiI(WT$ 
41000 is od-.f.1-t0i prIve 

0t lts'lCOO
Pro,,o l 

U.',.!1 .0
C~l llw a illutsl of 

1.vCa~ 
sn.. in 

"all,
 



[ASTIRN 

IbfsT(AN HARBOR 
HAROOR 

tAO'A"& 

Os~tO~ LAu 

folaA. 

0 W4, mw " 



SMWI V J1P" 

C O 1 T E R R A N E A N SEA 

ZONEZONE -7.EASTERNSTERN =TRAL 
&AW~IASOUnRoom1 

woo 

~WA 
.... 

I 1POP 

- . .. ...-,, 


"f -f /' 

j.0 

,,-,.\ "-" /l]
 

,.- t. ^, 



0 I1[X IIE 

• SCALE IN MFIRtS
 

10 00 ? 

# . UIR OA) 

FIURn 11 A 

PLAN OP EXISTING
 
MAJOR INTERlCEFIOfR AND POFtCE MAINS
 

A.~% oM~ 04 r( 



15IS UITYPI 

DIA ON SO 
ON COMMIThU tU NOT91MIURCK 

t.tAA4 A-I _AA 

flaunti1 
XC77NOM.NTL.
TYPIAL 

(OL SYtsM 

cuaW~WOt AL~ uuNa uS ttu V119Os~tch(emse 



APPENDIX I
 

ENVIRONMENTAL DATA BASE REVIEW
 

INTRODUCTION
 

Purpose
 

The purpose of this appendix Is to review and update baseline environ
mental data. Information presented 1, this appendix to meet this objec
tive Includes:
 

Q 	 Descriptions of areas d by the alternatives under con
sideration
 

0 	 A suuary of areas likely to be affected in the future Ifno 
action istaken on wastewater collection, treatment, and 
disposal 

o 	 Additional studies needed
 

baseline material isnecessary to evaluate the environmental Impacts
 
associated with wastewater (ollection, treatment, and disposal alter.
 
natives considered by WWCG during the review and updats of the 1978
 

Master Plan. the %Lupe of environnental work required for the review
 

and update of the Matter Plan is limited. Specific tasks to be per
for-wed include:
 

o 	 Outline environental iw)acts associated with sites considered
 
for onveyance. treatmient. and effluent or sludge disposal.
 

0 	 lnvestitate potential fur Irrigation of other potential Imitl
 

rot considered in the master Plan.
 

o 	 Review enisting public health aspects. 

Ac(ording to recent U IU envirouimental regulations (Federal Register, 
Vol. 44. So. .'O?, O(totr, ). 19B&O) a detailed (AS or 
be required for a larget. ,ale tewerage project. Itowever, the scope of
 

wifk for this review asd update was developed prior to the publication 

of the USAIl regilationt. (ontequently, a detailed environmental review 
(antiut te dre'vPed at this time. itowevar, the spirit and fori-t of the 

regilatiun% will tbefollowed when possible. tor emample, this appendix 

prrertt descriptionS of the areas Affected by the alternatives In tuf
fiiert detail to allow understah,1nmij of the impaCts (aused by the 
altetrnatieS.
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Discussions of the beneficial and adverse environmental impacts are pre

sented In the specific appendices dealing with conveyance, 
treatment, 
or
 

disposal alternatives.
 

Approach
 

con-

The approach utilized for updating environmental baseline material 


sisted of:
 

44ster Plan and associated documents
 o 	 Review of the 191 

field visits to affected areas
 o Brief 


to solicit comments on the
 Q Consultation with lo(al eiperts 

Master Plan and environmenItal concerns
 

Bck 	round
 

disposal

The 1978 Master Plan initially recommended wastewater effluent 


via two lung outfalls following preliminary
to the Mediterranean Sea 

to the Master Plan in
Significant modifications were made
treatment. 


Lnvironmental Impact Statement issued In
 
response to the 1ISAID final 


USAID modified the plan to upgrade wastewater treatment
 
August 1919. 

from preliminary to primary. The recommended Kait Bey outfall length
 

were 	increased to matiwas decreased, and the proposed diffuser lengths 


mire the dispersion of settleable solids.
 

Documents Reviewed
 

summarize and update the environmen-
The principal documents revitwed to 


tal baseline Information included:
 

S 	 nvlrorimental Impatt Statement
 
Vol. I final Staterwnt 

- Vol. II final lechnical Report 
III orments and Responses* Vol. II I insl 

Plar Study
0 	 Aleaandria Wa=te.ater Matter 

- Vol. 1 - ur" 
 ry Report 

SVol. II . Technical Repurt
 

- Vol. III - Aplendi(es
 

- Vol. IV - Marine Studies
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Feasibility Study of West (Nubarya) Extension Reclamation and
 o 

1. Annexes I and II.
Settlement Project--Final Report, Vol. 


o Classification of Water Bodies, Sewage Treatment Requirements
 

and Sewage Collection Requirements (MISR Laws).
 

referred to by number, (e.g.,
References cited in this appendix are 

the end of the text.
Ref. 1), and complete citations are given at 


lnividudls Contacted
 

to discuss environmental concerns for
USAID officials tho were contA ted 
the Master Plan Review and Update included: 

o 	 Mr. Stephen I. Lintner, USAID. Environmental Coordinator,
 

bureau for the Near East, Washington U. C.
 

0 Mr. Walter McAleer, USAlU Mission Office, Cairo. Egypt
 

Egyptian special consultant who provided Input and review coments for
 

this appendix included:
 

Sciences
o Dr. Abde litakeem M. G(xwiah, %oil 

0 Dr. H. oi.Mitwal ly. Sanitary Enyineering
 

0 Dr. S. G. Saad. Sanitary Chemlstry
 
f, Dr. K. E. Hak ;m, Sanitary Cheisltry 

0 Dr. M. i. Wahdan, lpideloloqy
 
o 
 Dr. Ayda EI-Lekani, liacteriology
 
o Dr. Nahed rKamel, Public Health
 

o Mr. Nadia Ibrahim, Tourism
 

Format
 

The remaining portions of thil. appendix are presented In three Sections: 

o Overview of thtiStudy Area
 
'rowrntWithout a 1'roJect0 luture l rini 


0 Addit ioma Itudlrv. Nedel
 

The overview of the study aIrea is a (oncitse surnriary and update of base
the Invironmental Impact Statement.line environ.-.*ntal data present, I In 
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Known inconsistencies or onisslous of the 1978 Master Plan and sub-


Impact Statement are discussed. Generalized
sequent Environmental 

are also presented on areas considered for this study
environmental data 


but not in the 1978 Master Plan. The section on the future environment
 
the "no action" alternative presented in
without a project is based on 


the Environmental Impact Statement. The final section entitled
 

"Additional Studies Needed" presents environmental data collections and
 
final design.
analyses that will be required prior to 


OVERVIEW OF THE STUDY AREA
 

the eastern Mediterranean coast at the north

western fringe of the Nile River Delta (Figure I-I). Areas to the south
 

and west consist of a mixture of reclaimed agricultural lands and unde

veloped desert. Cairo, the largest city in Egypt, is located about 200
 

km to 	the southeast. 


Alexandria is located on 


Prominent features of the Alexandria area are the
 

Mediterranean Sea, the lower Nile Delta, Lake Maryout, and the western
 

desert. The east-west development pattern of Alexandria has resulted
 

from the parallel orientation of nearby limestone ridges and Lake
 

Maryout, formerly a shallow marine lagoon.
 

for the Master Plan Review is specifically confined to
The study area 

the more central and urban areas of Alexandria. However, remote areas
 

within 90 km to the south and west were also considered for the land
 

application of wastewater. Surrounding environs and the central urban
 

study 	area are shown in Flrre 1-2.
 

Environmental Concerns
 

Environmental concerns that influence wastewater planning for the study
 

area and surrounding enviro's are listed below in their approximate
 

order 	of importance:
 

o 	 Public health
 

o 	 Assimilative capacity of potential surface water disposal
 

sites
 

o 	 Public acceptability of land application of wastewater
 

o 	 Disruption to or relocation of existing land utes due to
 

siting and construction of wastewater facilities.
 

o 	 Preemption of alternative development due to wastewater faci

lities planning
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o 	 Disruption to potentially significant historlc/archaeologic
 
resources during construction
 

Summarized below are pertinent aspects of the natural and social systems
 
of the study area that influence these environmental concerns. This
 
summary is based primarily on the existing conditions chapter of the
 
Environmental Impact Statement and updated as necessary to reflect new
 
information and to include the remote land application areas not con
sidered in the 1978 Master Plan.
 

Natural Systems
 

Important features of the natural systems of the region that influence
 
or will be affected by wastewater facilities planning are discussed
 
below.
 

Climatic Data Summary. Based on rainfall and temperature charac
teristics, the climate of the Alexandria region is classified as arid 
Mediterranean (Ref. 1). The average annual precipitation in Alexandria 
is approximately 200 mm and occurs mainly during winter storms from
 
November through February (Table I-1). Annual precipitation is on the
 
order of 100 mm, 90 km to the south. Annual evaporation rates are
 
approximately 1900 mm in Alexandria. As shown In Table 1-2, the pre
vailing winds average 4 m/s and originate primarily from the north
west. Winds from the southwest are common in December and January. Air
 
quality in the Alexandria region is apparently worse than in some of the
 
more heavily industrialized regions in the United States.
 

Geology/Soils/Ground Water Resources. The arid Alexandria region is
 
characterized by sedimentary deposits due to fluvial transport of the
 
Nile and repeated marine incursions. In fact, an ancient branch of the
 
Nile once extended to the west of Lake Maryout. Physiographically, the
 
study area can be divided into three regions:
 

o Lake ldku-Alexandria-Lake Maryout coastal zone
 

o Modern Nile Delta lands
 

o Western desert west of the Noubaria Canal and Desert Road
 

The coastal zone, 10 km wide, contains three to five prominent limestone
 
ridges formed from receding shorelines of the Mediterranean. Shallow
 
dep,-essions between the ridges are occupied by loamy deposits, silts,
 
and clays. The modern Nile Delta lands are located southeast of the
 
coastal zone and northeast of the Noubaria Canal. This area is charac
terized by silts overlying outwash sands and gravels. The western
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desert area is generally located west of the Noubaria Canal and Desert
 
area
 

Road and south of the coastal zone. The eastern frt-ge of this 


can be characterized as 
ancient Nile flood
 
near 	the Noubaria Canal 


the western desert, including the poten
plain. The remaining areas of 


characterized by accumulations of
 tial 	land application site, are 

over 	sands iad gravel and rockland.
windblown sands 


is of marine origin. Some of the

in the coastal zones 


ground water in inland areas is brackish because much of the bedrock and
 

subsoil material is permeated with soluble marine salts and gypsum.
 

Ground water 


Surface water resources of the Alexandria
 
Surface Water Resources. 

region consist of the Mediterranean Sea, brackish 

inland lakes, and an
 

and drains. Characteristics of the
 
extensive system of canals 
 and Outfall
 
Mediterranean are discussed in Appendix L, Sea Disposal 


the eastern
 
Review, and briefly summarized below. Alexandria lies on 


basin of the Mediterranean. High salinities of this inland sea
 

(approximately 39 parts per thousand, ppt) are due 
to a comaination of
 

high evaporation rates, low freshwater recharge, and limited mixing 
with
 

Currents of the Mediterraneal in the
 other oceanic water masses. 
 to trend
 
Alexandria region were reported in the 1978 Master Plan 


Recent surface drifter studies
 northeast parallel to the coast. 


(Ref. 2) indicate differences in offshore and nearshire 
current pat-


Offshore currents, approximately 10 to 25 km off Alexandria,

terns. 
 However, a reversal to the
 
generally move in a northeasterly direction. 
 Coastal
 
southwest was noted in the offshore component in

May 1977. 


water masses within 6 km of Alexandria move in a 
southwesterly direction
 

A strong shoreward component was noted in
 throughout most of the year. 

recent studies indicate a net northeasterly
September 1977. These 


and a net southwesterly movement of
 drift of offshore water masses 

Nearshore waters of the Alexandria region are
 

nearshore waters. 

industrial discharges, and large volumes
 impacted by municipal wastes, 


of effluent from drains that convey a mixture of agricultural runoff and
 

These discharges have resulted in the for
municipal/industrial wastes. 


between Dekheila Bay and
 
a fresh water lens along the coast
mation of 
 include:
 
Water quality problems noted in this freshwater lens 


Abu Qir. 


o 	 Elevated concentrations of indicator bacteria
 

o 	 Depressions of dissolved oxygen
 

o 	 Elevated concentrations of hydrogen sulfide
 

o 	 Elevated concentrations of suspended solids, floatables,
 

debris, and waste oil
 

The two shallow brackish water lakes in the Alexandria 
region include
 

Lake Maryout approximates the southern boundary
Lake 	Maryout and Idku. 
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of the Alexandria urban area and consists of a series of discrete
 

basins. The lake was essentially dry during the eighteenth century
 
The area
because the Canopic branch of the Nile River had silted up. 


was reflooded in the early 1800's when the dikes separating the lake bed
 

and the sea were breached during the Napoleonic war. Agricultural irri

gation systems were developed for the southern province of Beheira in
 

the late 1800's and the lake used as a drainage catch basin. Since the
 

lake was below sea level, the Mex pump station was constructed to convey
 

drainage waters to the sea. Approximately 7000 Ml/day are presently
 

pumped from the main basin into Dekheila Bay by the Mex pump station.
 
lake area from 20,000 ha in 1900 to
Reclamation has reduced the total 

The lake exhibits salinities from 3
approximately 8000 ha at present. 


to 13 ppt and depths do not generally exceed 1 m. Water quality
 

problems are evident in the main basin due to drainage and wastewater
 

discharges. The lake is nutrient-enriched, and extremely low values of
 

dissolved oxygen exist in areas of the main basin that receive drainage
 

and wastewater. Hydrogen sulfide concentrations are extremely high,
 

ranging from 2 to 20 mg/l. Transparency is low and secchi disc readings
 
The east basin, or fishery lagoon,
are generally on the order of 40 cm. 


exhibits similar water quality characteristics except that dissolved
 
No other water quality data was available
oxygen readings are higher. 


in the 1978 Master Plan and Environmental Impact Statement for the
 

remaining basins of Lake Maryout. Lake Idku encompasses an area of
 

approximately 12,600 ha and averages 1 m in depth. It receives drainage
 

water from Idku and Berkik drains but remains freely connected to
 

coastal waters of Abu Qir Bay. Salinities range between 5 and 12 ppt.
 

Nutrient concentrations in Lake Idku are lower than reported for Lake
 
on Lake Idku was presented in the
Maryout. No other water quality data 


1978 Master Plan.
 

Aquatic Ecology. Waters of the eastern Mediterranean are generally con

sidered by most authorities to be nutrient-poor, with phosphorus the
 

limiting nutrient. (The 1978 Master Plan concluded that nitrogen was
 

limiting. See Appendix L for a detailed discussion.) Construction of
 

the Aswan High Dam and subsequent reductions of nutrient inputs to the
 
decline in the fisheries of the
Mediterranean have resulted in a general 


eastern Mediterranean. In addition, the fisheries of the Alexandria
 

region have also been impacted by overfishing and pollution. Industrial
 

pollution problems are evident in the Mex Dekheila and Abu Qir regions.
 

A variety of industrial wastes are discharged to Abu Qir Bay via the
 

Tabia pump station. This effluent plume moves easterly along the Abu
 

Qir Bay shoreline and may entrain the tidal exchange from Lake Idku.
 

These wastes have been implicated in the decline of the penaeid shrimp
 
fishery of Abu Qir Bay.
 

The advanced state of eutrophication of shallow Lake Maryout
 

(particularly the main basin) is evidenced by the increased growth of
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aquatic plants, reed grass, and occasional floating mats of blue-green
 

algae. In addition, the commercial landings of Tilapia fisheries have
 

apparently declined, and most of the catches appear to be restricted to
 
Lake Idku differs
the southeast fishery lagoon and Noubaria Canal. 


be less severely
since it is connected to Abu Qir Bay and it appears to 


impacted by nutrient enrichment. However, extensive growths of aquatic
 
the most common
weeds and reed grass are 	evident. Tilapia spp. are 


Mullet and penaeid shrimp are also present due
fisheries of Lake Idku. 

to the connection with the bay. Fisheries landings for both Lake
 

Maryout and Idku cannot be compared since the figures reported in the
 

1978 Master Plan and Environment Impact Statement appear unreliable.
 

Terrestrial Ecology. The study area environs consist of urban develop

ment, brackish water lakes and marshes, irrigated agricultural lands,
 

and desert. Domesticated work animals and introduced plant species
 

characterize the urban and agricultural 
areas. Brackish wdter lakes and
 

marshes serve as feeding and resting for resident and migrating
areas 

within 100 km from
waterfowl. Although remote, the desert areas 


entirely pristine. Incrtased populption growth in
Alexandria are not 

outlying districts has increased the destruction of native vegetation
 

tuel and overgrazing by
and wildlife. Gathering 	of woody bushes for 

goats and sheep has altered the native Idndscape. Areas that once sup

ported extensive steppe-like vegetation may be sparsely vegetated.
 

Windblown sands and even calcareous soils that overlay areas with good
 

water holding capacity can support moderately dense stands of perennial
 

woody bushes such as Thymalea and Salicornia. Animals that are present
 
as well as
in this desert environment include fox and various rodents 


Certain outlying
numerous soil- and plant-associated invertebrates. 

desert areas could support populations of the slender-horned gazelle
 

(Gazella leptoceros). This endangered species occurs in Egypt and is
 

te U. S. Fish and Wildlife Service worldwide list of
included on 

endangered and threatened plants and wildlife (Federal Register, Vol. 45,
 

No. 99, Tuesday May 20, 1980, "Republication of the Lists of Endangered
 

and Threatened Species"). 
The Tora hartebeest (Alcelaphus buselaphus
 

tora) is another endangered species found in Egypt. This'species is
 

restricted in distribution to the southern portion of the country near
 

Sudan.
 

Social Systems
 

The various aspects of social systems that influence or are affected by
 
are summarized below.
wastewater collection, treatment, and disposal 


Particular emphasis is given to public health.
 

Public health problems in arid regions are accentuated
Public Health. 

because consumptive uses of limited water supplies (e.g., for irriga
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tion, drinking, washing etc.), conflict with simultaneous uses for
 
wastewater disposal. Thus, problems associated with the transmission of
 
waterburne infectious diseases can become severe in densely populated
 
arid regions. In addition, the intensive reclamation of undeveloped
 
areas for perennial irrigation can create health problems that may
 
impact the benefits associated with increased food production ana
 
improved nutrition. Irrigation systems can serve as the transfer nedium
 
and habitat for parasitic disease vectors and intermediate hosts.
 
Discussed below are some of the conditions that contribute to inadequate
 
public health conditions in Alexandria and surrounding areas. Tnese
 
include:
 

o 	 Overall poor sanitary conditions
 

o 	 Problems associated with the transmission of water-borne
 
infectious diseases
 

0 	 Problems associated with parasitic diseases in reclaimed irri
gated agricultural areas
 

As discussed in the 1978 Master Plan and Environmental Impact Statement,
 
a variety of inadequate sanitary provisions for, water supply, waste
 
disposal, and food processing and preservation contribute to overall
 
public health problems in urban Alexandria. Some of the most notable
 
deficiencies are listed bblow:
 

0 	 Absence of sewers or adequate on-lot disposal systems in
 
approximately 20 percent of the densely populated regions
 
of Alexandria
 

0 	 Occasional leakage of sewage from existing collector sewers or
 
force mains into drinking water canals upstream from water
 
treatment plants and distribution systems
 

o 	 A largely uninformed populace that continues to use sewage
contaminated surface waters for washing, cooking, and in some
 
cases for drinking
 

o 	 Failures and collapse of some existing sewers
 

o 	 Periodic discharges of raw wastewater to bathing beaches
 

o 	 Topography and drainage characteristics in some areas of the
 
city that enhance the formation of sewage-filled ditches and
 
puddles
 

o 	 The presence of large numbers of work and farm animals in
 
residential and commercial areas
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o Inadequate solid waste and refuse collection and disposal
 

o General lack of refrigeration for perishable foods
 

Improper waste disposal practices and contamination of limited surface
 

water supplies certainly contribute to the health problems of urban
 

residents. Cuntaminated water supplies and food 
account for the preva-

It is estimated
lence of gastrointestinal ailments among the populace. 


for 50 percent of the outpatient care
that diarrhetic ailments account 

in general public hospitals and private clinics (Ref. 3). Other health
 

problems that are prevalent in Alexandria, particularly among children,
 

include upper respiratory infections such as bronchitis and pneumonia.
 

Remaining disease problems include measles, mumps, chicken pox, tetanus,
 

poliomyelitis, infectious hepatitis, cholera, typhoid, and dysentery.
 

Direct transmission of poliomyelitis, infectious hepatitis, cholera,
 

typhoid, and dysentery can result from contact and ingestion of con
the incidence of some of
taminated water supplies (Ref. 4). Data on 


these waterborne diseases in Alexandria from 1969 through 1979 are pre-


These data must be viewed with extreme caution.
sented in Table 1-3. 

The values shown in Table 1-3 underestimate the actual incidence rates,
 

since they are based on the number of cases admitted to the one com
located in the Alexandria governorate. Thus,
municable disease hospital 


cases treated by private physicians and at private clinics go unre
cannot be compared between goverported. In addition, incidence rates 


norates since each has a slightly different reporting system and quality
 

of care at the hospital. These factors were not sufficiently emphasized
 

in the 19/8 Master Plan and Environmental Impact Statement.
 
disease incidence rates inAlexandria
Consequently, statements that 


exceed those in Cairo cannot be substantiated.
 

impacts of the polluted beaches along Alexandria are
The public health 

also of concern. A survey of the relationship between bathing water
 

health effects was conducted in Alexandria between 1976
ouality and ill 

and 1978 (Ref. 5).
 

The first year of the study indicated a greater difference in the inci

dence of gastrointestinal problems (e.g., vomiting, diarrhea) between
 

swimmers and nonswimmers at the more heavily polluted beaches. Symptoms
 

seemed to plateau at E. coli and enterococcus densities of 200-300/100
 

ml. The study was extendedin 1977 and 1978 to include both Alexandria
 

residents and summer vacationers from Cairo. In addition, the followup
 

period was extended approximately 1 month to monitor the potential deve

lopment of infectious hepatitis and typhoid fever in swimmer and
 

nonswimmer control groups. Cairo visitors showed a much higher inci

dence of swimming-associated gastrointestinal ailments than the
 

Alexandria residents. Rates of swimming-associated gastrointestinal
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ailments for Cairo visitors were 2.5 to 15 per 1000 person-days.
 
Children generally exhibited the higher rates. Rates for Alexandria
 

residents were <1 to 6 per 1000 person-days. Several cases of typhoid
 
fever were found among swimmers at the Sporting Beach, one of the more
 

heavily polluted beaches of Alexandria, which is adjacent to one of the
 

pump station outfalls. Infectious hepatitis was rarely found, and the
 
authors suggested that both residents and vacationers from Cairo have
 

previously been exposed and may exhibit immunity to the hepatitis A
 
virus.
 

Public health problems in the outlying agricultural regions may be more
 

severe than previously described for the urban area, since access to
 
health care facilities is much poorer. In addition, parasitic disease
 

problems 
are much more evident 	in the remote irrigated agricultural
 
a variety of parasites affect populations
areas. As shown in Table 1-4, 


in irrigated agricultural areas. This work was based on a 1978 study of
 

a random sample of individuals in Abis II, an agricultural village area
 

about 10 km from central Alexandria. It indicates a high incidence of
 

amoebic infections and schistosomiasis. These parasitic diseases can
 

become endemic in areas where human wastes contaminate surface water
 

supplies and where effective controls of intermediate host propagation
 
in irrigation systems are not instituted. Other hygienic factors which
 
contribute to the presence of these parasitic diseases include:
 

o Eating unwashed vegetables
 

o Living in close association with work animals
 

o Not wearing footwear
 

Population and Land Use Considerations. The current population of the
 

Alexandria governorate is estimated at approximately 2,537,000 and is
 

expected to reach 4,660,000 by the year 2000. Approximately 20 percent
 
of existing residents 	are not served by sewers. Approximately 400,000
 

seasonal residents move to Alexandria in the summer months, and this
 

number is expected to 	increase to approximately 670,000 by the year
 
2000.
 

Land uses of the study area environs consist of urban development,
 
industrial areas, irrigated agricultural lands, and desert. The urban
 

areas of the central and eastern zones of the city are characterized by
 

mixed residential housing interspersed with small markets and businesses.
 
Heavy industrial development is generally confined to two corridors.
 

One extends from Mex-Dekheila westward along the Mahmoudiya Canal to
 

just west of the Hydrodrome. The other extends from the Tabia pump 
sta
tion and east along the shoreline of Abu Qir Bay to Lake Idku. Coastal
 
beach and recreation areas are found along the coastal zone from Agami
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to Mamoura. Irrigated agricultural lands are located south of the city
 

along the Noubaria, El Nasser, Maryout, and Bahig Canals. Desert lies
 

south and west of the irrigated lands. A more detailed discussion of
 
population and land use aspects is presented in Appendix C, Planning
 
Considerations.
 

Economics and Government Structure. These are closely intertied in
 

Egypt. It is therefore appropriate to discuss both economic and govern

ment functions in the same context. Alexandria is one of the major
 
components of the Egyptian economy. It is Lhe country's primary mari

time port, its second largest city, and is a major Egyptian resort
 

area because of its beaches. Thp industrial and commercial sectors
 
account for most of the vmployment. Some of the larger nationalized
 
industries located in and near Alexandria include petroleum refineries,
 
textile and cotton mills, food processing plants, and metal working
 
facilities. Major businesses include manufacturing, transportation,
 
communications, and construction. Tourism is also very important to the
 
City of Alexandria. Areas surrounding Alexandria generally depend on
 
agriculture and related services and markets. However, several
 
industrial developments are located south of Alexandria along the Desert
 
Road. As shown in Figure 1-2, the Alexandria governorate boundaries
 
include the city, the Agamni beaches, Abu Qir, and an extensive area to
 
the south containing irrigated lands and undeveloped desert. The
 
Alexandria governorate structure serves both as an arm of the ndional
 
government and as the administrator of necessary services for the city
 

and outlying areas. The Alexandria General Organization for Sanitary
 
Drainage (A/GOSD) is the primary organization for wastewater facilities
 
in Alexandria.
 

Social/Religious Aspects. Approximately 90 percent of Egyptians are of
 
the Islamic faith and follow the teachings of the Koran. The tradi

tional Islamic concept of pollution forms some of the basis for Egyptian
 
laws, which prohibit Lhe discharge of sanitary wastes to the Nile River
 
or its branch... Less than 10 percent of Egyptians follow the Christian
 
Coptic f~iLn.
 

Historic/Cultural Resources. The city of Alexandria has a rich and
 

v)ried history and contains many sites of historical importance. It was
 

founded in the third century B.C. by Alexander the Great. This impor
tant seaport of the eastern Mediterranean has been dominated by a varied
 
sequence of cultures and empires that have influenced its development.
 
These include: Phoenician mariners, Pharaonic garrisons, Greek and
 
Roman invasions, Ptolemaic dynasties, Christian influences, the Ottoman
 
Empire, and Islamic rule. Modern influences have included the French
 

and British. Alexandria was once famed for the Pharos Lighthouse, one
 
of the seven wonders of the ancient world. This structure was demol
ished but stood at the present site of the Kait Bey Fort, on the
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Eastern Harbor. Other prominent sites of historical significance are
 

listed in Table 1-5. Most of these are confined to the area surrounded
 
by the ancient Greco-Roman walls which enclosed the old city south of
 
the Eastern Harbor. Based on its rich history it may be likely that
 
additional sites of significan-e could be unoarthed in the future.
 

The desert environment surroundiig Alexandria has a less rich and varied
 

histL.y. The thin coastal belt to the west of Alexandria was once an
 

important agricultural area in the Greco-Roman era. Dryland farming in
 
this area was facilitated by the construction of earthen mounds, or
 
karms. These karms collected and concentrated limited runoff for the
 
cultivation of grapes, olives, figs, and barley (Ref. 6). These struc
tures still dot the landscape west of Alexandria. Romans excavated
 
numerous cisterns to held rainwater in the imestone ridges that
 
parallel the coast wesc of Alexandria. Numerous tombs of unknown signi
ficance are indicated on the 1949 topographic maps (1:100,000) of areas
 
south and west of Alexandria. Old Coptic, or Egyptian Christian,
 
monasteries are located at remote sites such as Wadi Natroun and in the
 
Abu Mena Basin south of the Bahig Canal.
 

FUTURE ENVIRONMENT WITHOUT A PROJECT
 

This section presents an updated summary of the descriptions of the
 
future environmental setting in the year 2000 without substantial improve
ments to wastewater facilities. This section represents a summary of
 
the "no-action" alternative as presented in the Environmental Impact
 
Statement for the 1978 Master Plan. The impacts of no action on natural
 
and social system features of the study area environs cannot be pre
sented without first describing the assumptions about planned projects
 
expected to be ongoing or in place by the year 2000.
 

Assumptions
 

Population, land uses, and economic development of the Alexandria region
 
are expected to change dramatically by the year 2000, regardless of any
 
improvements that might be made to the existing wastewater facilities.
 
Current projections indicate that the populk ion will increase approxi
mately 84 percent by the year 2000. A variety of residential, commer

cial, and industrial developments are expected to accommodate many of
 
the future demands for housing and employment. The major projects anti
cipated for the year 2000 are summarized in Table 1-6. The most signi
ficant projects consist of the planned developments at Amria and Sadat
 
City. Each is expected to support a permanent population of 500,000 by
 
the year 2000. Total wastewater flows in the Alexandria region are
 
expected to increase from 480 Ml/day (sewered) in 1980 to about 1476
 
Ml!day in the year 2000.
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Natural Systems
 

Features of natural systems that will be adversely impacted by increased
 

wastewater flows at existing discharge sites include:
 

Increased bacterial pollution of the Alexandria beaches
 o 


Continued adverse impacts from industrial waste discharges to
0 

the Mex-Dekheila and Abu Qir shoreline areas
 

o Continued eutrophication and siltation of Lake Maryout-
extent of the lake with subsequent
decreases in the areal 


by potential land
declines in fishery landings brought on 


reclamation projects
 

Social Systems
 

in non-

The public health consequences of increased population densities 


and increases in the discharges of untreated wastewater
sewered areas 

flows will be severe. Public health conditions would probably worsen in
 

the year 2000, even though improvements might be made to the water
 

supply system. The risks of contacting contaminated fresh and marine
 

waters will increase. Worsening of the beach pollution could have a
 

the tourism econvmy of the Alexandria
significant adverse impact on 

region.
 

Summnary
 

Clearly, the adverse environmental impacts associated with taking little
 

to improve the wastewater facilities of Alexandria are
 or no action 

course of action would conflict with the


unacceptable. In fact, this 

future prospects of growth and development of the region.
 

ADDITIONAL STUDIES NEEDED
 

This limited review and update of the environmental data base of the
 

information on environmental issues

Alexandria region reveals that some 


is unclear or unreliable, and information on others is completely
 
impacts associated with a large-scale
lacking. The environmental 


wastewater project cannot be completely evaluated unless the affected
 
can be maximized and adverse
environment is well understood. Benefits 


impacts minimized only if the environmental data base is adequate. Some
 

of the key needs are listed below:
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o 	 Aerial photos of conveyance routes and potential sites for
 

wastewater facilities
 

Complete estimates of the incidence of waterborne diseases of
 

the Alexandrii governorate
 

o 	 A better understdnding of the public health problems specific
 

to irrigated agricultural areas
 

Extensive planning involvement with local academics, govern

ment officials, and United Nations agencies
 
o 


o 	 A complete evaluation of industrial pollution problems and
 

impacts on water quality, aquatic biota, and man
 

Recent and reliable estimates of the significance of fresh
o 

water and marine commercial fisheries in the Alexandria region
 

Locations of potentially significant archaeologic resources in
o 

affected outlying areas
 

Specific needs in the areas of oceanography and marine biology are pre

the end of Appendix L, Sea Disposal and Outfall Review. In
sented at 

addition, detailed site investigations are recommended in Appendix K,
 

Land Application of Wastewater. The scope of any additional studies
 
will 	obviously depend on the plan selected.
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Table 1-1
 

ALFXANCRIA CLIMATIC fATA SUA44AY (l142-1960)
 

Mear 

month 
Tom 

MaxiImum 
(C)
Mi niu1 

Jan 185. 9. 

fob 19.2 7,1 

Mar 21.0 11.2 

Apr 23.6 15.5 

MAY 26.5 16.7 

Jun 18.2 10.2 

Jul Z9.6 17.7 

Aug 30.4 22.9 

Sop ;9.4 1I.s 

Xt 21.1 11.6 

Nov 24.4 14.5 

Doc 20.4 11.2 

Annual 

mean 24.9 15.9 

Men 
H allif. I (mam) | 

4d.s 


.0.4 


14.0 


..
2.1 
1.5 


lra,. 
grace 


0.5 


U.4 


1.9 
52. 


56.2 

I2.1 


Urljht 

Sunihine 
possible) 

Relative 

Iuidl ty 
( ) 

Mean 

(vaporat ion 
/nmn) 

71.1 

f.5 

ii°5 

3.2 

1.0 

87.8 

88.7 
84.1 

81.6 

15.5 

62.1 

11 

70 

61 

8 

70 

72 

11.t3 

13 

69 
ea 
72 

14 

136 

136 

161 

165 

IS0 

Ill 

I7 

117 

111 

171 

132 

I1 

76.1 10 1,907 

Sourt..; Aloe-ndrld Waitlwslor Master Plan .hwdy. InItIll ,.l,.ruaetal IeaCt Study, 

Volum I1. final le(hnic*l ll. o.., l0ober 1910, Pages 3-15 
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Table 1-2
 

MEAN MONTHLY WIND SPEED AND OIRECrION AT ALEXANDRIA (1952-1960)
 

Mean 
Directions (as percent 	occurrence)
 

SW NW 

Wind Speed 


Month (m/sec) N NE E SE S W Calm 

Jan 4.4 	 5.2 8.1 4.6 10.0 4.2 29.3 11.9 19.7 5.9
 

14.3 8.5 10.1 3.9 14.8 8.0 27.3 2.9
Feb 4.6 9.4 


Mar 4.7 9.0 17.2 8.1 
 9.3 2.5 6.7 8.8 34.8 2.4
 

40.4 2.7

Apr 4.3 12.4 18.4 7.2 8.6 1.5 3.4 4.2 

6.5 1.0 2.1 8.3 39.1 3.8
May 4.1 19.6 19.4 4.1 

1.8 1.8 65.8 2.3
Jun 4.1 18.6 5.2 0.8 1.6 0.4 
0.7 3.5 71.6 2.3


Jul 4.4 16.2 3.7 0.2 0.3 0.2 


0.3 0.4 0.9 2.2 70.4 4.2

Aug 4.0 16.6 2.6 0.5 


51.2 4.0

Sep 3.6 28.2 8.3 0.9 1.8 0.6 1.3 0.6 


2.1 25.1 5.2

Oct 3.2 26.0 22.9 4., 4.5 1.i 4.8 


11.2 24.2
Nov 3.4 12.6 24.7 6.3 6.4 2.9 4.8 5.0
 

Dec 4.1 6.7 18.1 6.7 7.9 4.2 27.1 4.9 16.9 5.5
 

Initial Environmental Impact Study,
Source: 	 Alexandria Wastewater Master Plan Study, 


Volume II, Final Technical Report, October 1978, pages 3-16
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Table 1-3
 

INCIDENCE OF SELECTED WATERBORNE DISEASES
 

IN THE ALEXANDRIA GOVERNORATE (1969-1979)
 

(no. of admitted cases/100,O00 persons)
 

Typhoid Pnd Pardtyphold
Year Poliomyelitis Infectious Hepatitis 


159.3
103.1 


1970 


1969 1.0 


0.3 106.5 107.1
 

1971 
 0.7 121.5 88.0
 

1972 2.1 
 122.8 131.6
 

1973 
 3.4 131.1 131.3
 

4.4 152.6 134.8
1974 

95.3 107.0
1975 0.6 


1976 
 1.2 95.9 61.1
 

67.8
172.7 


1978 0.8 

1977 0.7 


175.5 55.9
 

1979 0.7 
 110.4 47.6
 

I 126 99
Average 69 - 79 


1980 Annual Statistical Report for the Governorate of Alexandria, 1980, page 52Source: 

(in Arabic)
 

Data only based on admissions at the one public communicable disease hospital InNote: 

the governorate.
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Table 1-4
 

PREVALENCE OF PARASITIC INFECrIONS
 

IN ABIS II VILLAGE NEAR ALEXANDRIA (1978)
 

Percent 	of
 
ona


Populat 


Disease Affected Reservoir(s)
Parasite 


Man, domestic animals
Entamoeba coil Ameblasis 48.6 


SchIstosoma mansonl Schlstosomlasls 41.3 Man, aquatic snails
 

Entamoeba histolytica Ameblasis 17.3 Man
 

Glardla lamblIa Glardiasls 11.2 Man, domestic and
 
wild animals
 

10.6 Man, swine?
Ascarls lumbrIcoldes Ascarlasls 


Hymenolepis nana
 
9.5 Man, rat
(dwarf tapeworm) Taenlasls 


Fasclola spp. Fasclollasls 7.3 Man
 

SchIstosoma haematoblum Schistosomiasis 6.6 Man, aquatic snails
 

Trichurls trichulura Trichurlasls 2.7 Man
 

Ancylostoma duodenale Ancylostomlasis 2.0 Man
 

Source: Farag, H. F, R. M. R. Barakat, M. Ragab and E. Omar. Sept./Oct. 1979, A Focus
 

Journal of the High Institute
of Human Fasclollasls In the Nile Delta, Egypt. 


of Public Health, Alexandria University, pages 188 - 190.
 

aBased on a random sample of 547 Individuals (except 528 for S. haeanatoblum)
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Table 1-5
 

SITES OF HISTORICAL/ARCHAEOLOGICAL SIGNIFICANCE
 

IN THE CITY OF ALEXANDRIA
 

SignifIcance
Site 


Old location of the Pharos Lighthouse;
Kalt Bey Fort 
fort now houses a naval museum 

Catacombs Kom el-Shougafa 	 Underground rock burial chambers of
 

Pharaonic style 

Site of a 27-m column, misnamed
 

"Pompey's Pillar".
 
Serapeum 	 Temple 

Collection of Pharaonic mmoles, amulets
Greco-Roman Museum 

and Greek and Roman statues, furniture, 

Jewelry and coins
 

ancient amphitheaterGreco-Roman Theater 	 A recently restored 

A Hal lenlstlc cemetery patterned after aNecropolls of ustafa 
Greek dwelling containing well preservedPasha 
murals
 

Source: 	 Initial Environmental Impact Statement, Volume II, Final Technical Report.
 

November 1978; Newcomers Guide to Alexandria, British Airways, 1978.
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Table 1-6 

FUTURE PROJECTS PLANNED FOR
 

THE ALEXANDRIA REGION BY THE YEAR 2000
 

Project Description 

Amria Planned city of 500,000 south of Alexandria 

S~idat City Planned city of 500,000 east InMontazah 

Ras El-Soda, Planned residential developments In urban Alexandria 

Sidi Gaber, and Ramleh of unknown size 

Alexandria Maritime Port 50% expansion of port handling capacity 

Dekhella Port Addition of a refinery and Iron and steel complex 

Amrla Free Zone Specialized Industrial park 

Abu Qir Industrial Development Construction of a large fertilizer plant and possibly 

other Industries 

Source; Appendix C, Planning Considerations, and the 1978 Environmental Impact Statement.
 

Volume I1, Final Technical Report.
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APPENDIX J
 

TREATMENT ALTERNATIVES
 

INTRODUCTION
 

The 1978 Master Plan recommended sea disposal of treated sewage from the
 
central, western, and eastern sewerage zones of Alexandria. The degree
 
of treatment recommended prior to disposal consisted of coarse
 

These unit processes constitute prelimiscreening and grit removal. 

nary treatment.
 

Following publication of the 1978 Master Plan, significant modifications
 
were made to the Master Plan in response to the USAID Final
 

Specifically,
Environmental Impact Statement issued inAugust 1979. 

USAID modified the original plan to upgrade wastewater treatment from
 
preliminary to primary. This change in pretreatment requirements prior
 
to outfall disposal significantly changed the possible cost effec
tiveness of previously considered alternatives regarding land disposal.
 

This 	appendix reports on the following analyses:
 

dispo0 	 The re-evaluation of treatment associated with the sea 

sal alternative, adding primary sedimentation, chlorina
tion, and primary sludge management processes
 

disposal alternative
o 	 Re-evaluation of plant siting for the sea 


o 	 Evaluation of secondary treatment with effluent discharged to
 
drains
 

Evaluation of treatment needs associated with the land application
 
alternatives are fully discussed inAppendix K, Land Application of
 
Wastewater.
 

Effluent Requirements
 

As stated previously, effluent requirements for sea disposal of
 
wastewater changed following publication of the 1978 Master Plan. Sea
 
disposal effluent criteria used herein are shown inTable J-1.
 

Requirements for discharge of treated sanitary sewage to drains (which
 

convey wastewater to the sea) are stated inEgyption Law No. 93 adopted
 
in 1962. These requirements are also shown inTable J-1.
 

Land 	application of wastewater requires different levels of treatment.
 
These are fully discussed inAppendix K.
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Basis of Evaluation
 

The evaluation of the treatment alternatives required that the individ-

This 	was necessary because adeual 	treatment unit processes be sized. 


of similar facilities recently constructed are
 quate historical costs 

In addition, some alternative unit processes had to be
 unavailable. 


treatment alternative could be
 sized and evaluated before the overall 
 sec-

Design criteria were established as discussed under the
evaluated. 


tion 	entitled "Process Design Criteria" in this appendix.
 

flow 	projections were made as
 Population projections and industrial 


discussed in Appendices C and D. The 1978 Master Plan documents were
 

reviewed and additional data and reports examined to determine
 
The 	results of the review and
 appropriate design flows and loadings. 


analyses (discussed in Chapter 2 and Appendix C) are presented 
in
 

Tables J-2 and J-3.
 

concerns were also considered in evaluating treatment
Environmental 

plant sites and unit processes. Specific concerns for siting new faci

lities or expanding existing ones included:
 

o 	 Disruption to adjacent land uses
 

Preemption of other types of land development
o 


o 	 Requirements for filling wetland or shoreline areas
 

o 	 Several problems related to the construction of the associated
 

conveyance system
 

resources
o 	 Anticipated disruption of cultural 


Environmental aspects considered for the evaluation of specific unit
 

processes include:
 

on public health
 o 	 Implication of treatment process 


o 	 Potential for odor generation
 

o 	 Risk assessment of transport and storage of chlorine cylinders
 

facilities was considered in
For example, the need for odor control 


establishing the plant design criteria.
 

impacts of effluent disposal on sea or land are not
 
The environmental 

discussed in this appendix since they are described in Appendices L and
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K, respectively. However, the impacts of intermittent effluent disposal
 

into nearby drains or Lake Maryout, due to power failures or bypasses
 

resulting from construction activities, are evaluated in this appendix.
 

The impact of discharging secondary effluent into drains that, In turn,
 

discharge to the sea is also evaluated.
 

Opportunities for staging construction were investigated and taken where
 

available. Such staging is advantageous, since it prolongs the useful
 

life of the facilities not needed immediately.
 

Cost Basis
 

The purpose of the cost comparison used is to estimate the capital costs
 

and the operation and maintenance costs for the treatment portion (and
 

discharge portion for secondary treatment only) of the overall alter
native. US cost curves for individual unit processes or facilities were
 

adjusted for local.,conditions and then used. Staging the facilities
 

(where such staging is feasible) is provided for. Costs for the other
 

components (collection, conveyance, and disposal) of each alternative
 

are estimated in other appendices, and a present worth analysis of the
 

final alternatives is presented inChapters 4 and 5.
 

WASTEWATER TREATMENT PROCESS SELECTION
 

so that appropriate pro-
Wastewater treatment processes were evaluated 

cesses could be selected to satisfy the discharge requirements for the
 

options being considered. The preliminary treatment processes evaluated
 
stated in the 1978 Master Plan. These were flow
for new plants were as 


measurement; coarse screening by mechanically cleaned bar screens; grit
 

removal in aerated grit basins followed by removal of oil, grease, and
 

other floatables by air flotation and skimming.
 

sedimen-
The additional primary treatment process that was evaluated was 


tation, where about 60 percent of the suspended solids remaining after
 

preliminary treatment are removed. A discussion of the treatment
 
required for the resulting solids is covered ina following section of
 

this appendix.
 

Biological treatment in addition to primary treatment will be the mini-

Two types of
mal requirement prior to effluent discharge to drains. 


biological processes were considered. Treatment by the activated sludge
 

process is one normally acceptable method. This process isemployed at
 

the existing East plant. Inthe activated sludge process, treatment is
 

effected by a dispersed mass of microbiological organisms (microbes) in
 
The microbes consume the organic pollutants
the presence of oxygen. 
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contained in the wastewater. The oxygen can be supplied to the microbes
 
by a variety of riechanical systems. Active microbes are removed in
 
secondary sedimentation tanks following te aeration step and recycled
 
back to the aeration tanks in order to mintain a sufficient number of
 
active microbes in the tanks to achieve ';he desired BOD removal. An
 
excess of biological organisms is produced and must be wasted from the
 
system. This solid material is removed in a slurry containing about
 
0.5-1 percent solids, and must be further concentrated and/or treated
 
prior to discharge.
 

The second biological treatment process considered isgenerally termed a
 
trickling filter, fixed biological growth reactor, or biological tower.
 
The term "biological tower" will be used subsequently in this appendix.
 
The specific system considered most appropriate for Alexandria would
 
employ short (8.5 m) media depth towers filled with a plastic media.
 
The media is designed to have a large surface area per unit of volume,
 
while still presenting no threat to plugging by primary treated wastewa
ters. 
 The microbes necessary for treatment attach themselves to the
 
media surfaces. The hydraulic flushing action provided by wastewater and
 
recycle flows applied to the top of the tower flushes excess microbes
 
from the media. These excess microbes, termed secondary sludge, are
 
largely removed in secondary sedimentation tanks which, in the flow
 
sequence, follow the towers.
 

The alternative considered for Alexandria would incorporate a system to
 
return a portion of the secondary sedimentation tank underflow, con
taining the secondary sludge, to the tower influent. With adequate
 
recycle a suspended microbe growth results, giving the process some
 
characteristics of the activated sludge process without the associated
 
operational difficulties. Some additional BOD and suspended solids
 
removals are experienced over that which would be experienced in the
 
standard plastic media biological tower process. Aeration can be pro
vided to the secondary sedimentation tank feed con:jits to further
 
increase performance.
 

As previously indicated, only a part of the secondary sedimentation tank
 

underflow containing secondary sludge is recycled to the tower influent.
 
The remainder iswasted to the primary sedimentation tank influent. The
 
secondary sludge contained in this recycled flow co-settles with and is
 
incorporated into the primary sludge.
 

The advantages and disadvantages of the above systems are shown inTable
 
J-4. For Alexandria, the biological tower is the unit process chosen
 

The basic
for further consideration at new plants or plant expansions. 

reasons the biological tower was chosen for further evaluation are: (1)
 
it ismuch easier to operate, (2)it is less costly both inconstruction
 
and operation, and (3) it requires less land space.
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For land application of effluent, only screening of wastewater at the
 
collection system pump stations will occur prior to transport to the
 
land application site. A discussion and evaluation of treatment for the
 
flows transported to the site iscovered inAppendix K.
 

SOLIDS MANAGEMENT
 

The solids management alternatives considered were those that could most
 
reasonably be incorporated into the wastewater management options deve
loped. The factors used in selecting the alternatives were:
 

o Simplicity of operation
 

o Reliability, considering available operational skill
 

o Land use
 

o Public health
 

o Costs
 

Wastewater solids are of four general types: grit, which issand and
 
other inorganic constituents; screenings, consisting of rags, sticks,
 
and other organic or inorganic gross solids; scum, composed of oil and
 
grease and other floatable solids; and sludge, which is made up of the
 
settleable organic and inorganic solids removed in primary or secondary
 
treatment. The Master Plan Review assumed that grit, screenings, and
 
scum from all wastewater facilities would be landfilled or managed by
 
other readily available and acceptable methods, such as recycling. The
 
1978 Master Plan recommendations are endorsed in this regard. This
 
review only concerns the evaluation of options for managing sludge.
 

The components of a sludge management system can be categorized into
 
treatment, transport, and use/disposal. Treatment includes those pro
cesses that alter the physical, chemical, or biological character of
 
sludge to enhance ease and suitability of transport and use/disposal.
 
It includes such processes as conditioning, thickening, dewatering, sta
bilization, and reduction.
 

Transport includes those processes that are the interface between treat
ment and use/disposal or between treatment processes. It is dependent
 
on the treatment processes used and the intended use/disposal. For
 
example, if sludge is dewatered at the treatment plant, then truck
 
transport to the final use/disposal site is possible. Ifthe sludge is
 
not dewatered at the treatment plant then either pipeline or truck
 
transport can be used.
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The use/disposal options actually dictate the required sludge treatment.
 
Type and location of sludge treatment facilities establish transport
 
options. As an illustration: if soil amendment is the desired
 
use/disposal method, then the sludge should be stabilized or stored for
 
an extended period of time to reduce the potential for odor and to per
mit destruction of pathogenic organisms. If it is determined that the
 
sludge should be stabilized and dewatered at the treatment plantsite,
 
then trucking is the only viable option for transport to the point of
 
reuse.
 

Treatment Options
 

Sludge treatment can include thickening and/or dewatering to remove
 
water and thus lessen the volume to be managed. Thickening can be by
 
gravity settling methods or flotation using dissolved air. Neither of
 
these alternatives is recommended in this study because readily
 
settleable sludge would be produced under all wastewater treatment
 
options considered. Sludge concentrations of at least four percent
 
solids should be obtainaLle in the primary sedimentation tank underflow,
 
constituting the total waste sludge in secondary as well as primary
 
treatment facilities.
 

Dewatering can be by mechanical means using sophisticated frame filter
 
presses, less complex belt presses and centrifuges, and relatively
 
simple vacuum filters. Each of these dewatering devices s preceded by
 

or chemical means. Thermal conditioning
conditioning, using thermal 

systems are complex, require a high degree of skill, are odorous, pro
duce a difficult to process liquid sidestream, and are relatively
 
costly. Chemical conditioning uses lime and ferric chloride or organic
 
polymers to alter the physical character of the sludge, enhancing its
 
dewaterability.
 

Of the mechanical means, vacuum filtration using polymer conditioning
 
was the dewatering method selected for cost estimating purposes in
 

This system should be capable of prodewatering primary sludge alone. 

ducing a dewatered sludge cake of at least 23 percr olids. The
 

isbased on its proven rei lity, simplicity,
selection of this option 

and relatively low level of operation and maintenance ikill required.
 
Sludge dewatered by a vacuum filter must be stabilized or stored for an
 
extended period to permit destruction of pathogens prior to unrestricted
 
use on farm land.
 

A belt press system, with polymer conditioning, was selected for dewa
tering combined primary and waste biological tower secondary sludge. A
 
dewatered sludge cake of 25 percent solids is anticipated. This system
 
was selected for application because the coil media vacuum filters
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operate satisfacassumed for dewatering primary sludge alone will not 


torily where secondary sludges are involved. The belt presses are pro

ven dewatering devices and should serve well in this application.
 
Again, additional stabilization of the dewatered sludge is required for
 

pathogen destruction prior to unrestricted land application.
 

Sludge can also be dewatered by nonmechanical means using sand drying
 
are presently installed at the
beds or anaerobic lagoons. Drying beds 


East and West Treatment Plants. The main disadvantage of these methcds
 
required. Considerable operational
of dewatering isthe large land area 


Solids conmanpower isneeded but this need not be skilled labor. 

Sludge from anaetucentrations as high as 50 pt-cent can be expected. 


a result of the anaerobic conditions during
bic lagoons isstabilized as 

the detention period (as long as 3 years) and Is suitable for direct use
 

on farmland. Sludge from drying beds, however, must be stored for I to
 
2 years to permit pathogen destruction.
 

Sludge car be stabilized by anaerobic or aerobic digestion, chemical or
 

thermal methods, composting. anaerobic lagoons, or long-term storage.
 
Anaerobic and aerobic digestion, and thermal stabilization entail high
 

capital expenditures; and aerobic digestion, chemical and thermal stabi
lization are associated with relatively high capital, and operation and
 

of these systems require relatively sophistimaintenance costs. All 

or
cated operational skill as compared to composting, anaerobic lagoons, 


long-term storage. The main disadvantages of these latter three
 
requirements. However,
stabilization methods are the large land area 


where land Is available these disadvantages are outweighed by the
 
simplicity and reliability of these processes. Consequenti,. composting
 

was the stabilization method evaluated following mechanical dewatering
 
and prior to land application. Long-term storage was selected to follow
 

drying bed dewatering. both of these processes can produce a satisfac
tory product of from 50 to 70 percent solids concentration.
 

Reduction processes. e.g., Incineration, were not considered for
 

Alexandria due to the unreliability of these systems. Also, such
 

systems entail relatively high capital and operation costs comparcd to
 

other alternatives. |inally, ash from sludge incineration could contain
 

high levels of heavy metals due to industrial influences and thus could
 
reclude environmental
require nonconventional landfilling methods to 


contAmination.
 

T anortpt -1ons 

Transportation Isrequired between treatment processes and for moving
 
the final sludge product to its point of disposition. If all sludge
 

treatment processes are at the same site as the source of the sludge,
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then conventional pumping and conveyor systems are appropriate.
 

However, if sludge treatment processes and final disposition points are
 

remote from the sludge source, then slidge must be transported by
 

sophisticated pumping systems or trucks.
 

Trucks can be used for transport of either liquid or dewatered sludge.
 

High traffic volumes and narrow streets in Alexandria make truck
 
absotransport difficult; therefore, truck transport must be kept to an 


This method
lute minimum and was considered only for dewatered sludge. 


of transport entails low capital costs relative to pumping systems, but
 

higher operating costs.
 

Pipeline transport of sludge was also considered for Alexandria's
 

sludge, and would be appropriate where relatively high sludge quantities
 

are to be transported. Pipeline transport eliminates the problem of
 

traffic congestion, hut can cause significant local traffic problems
 

during construction. This method of transport is cheracterized by com

paratively high capital costs, but relatively low operating costs.
 

Use/Disposal Options
 

Considering environmental impacts, sludge can be disposed of only to
 

the land, either by landfilling or land application in support of
 

agriculture, horticulture, or silviculture. In the case of Alexandria,
 

land application in support of agriculture was the method considered.
 

Landfilling would be inappropriate and wasteful of the nutrients in
 

sludge. This method is even less acceptable considering the agri

cultural community close to Alexandria and the need for nutrients and
 

organic matter contained in the sludge.
 

The land-applied sludge would be produced by composting, anaerobic
 

lagoons, or drying beds with long-term storage. This evaluation assumed
 

the user would transport the sludge at least part of the way to his
 

fields and would apply the sludge product at no cost to A/GOSD. This is
 

the present method of sluage disposal employed at the East Treatment Plant
 

and is intended for sludge from the West plant.
 

PROCESS OESIGN CRITERIA
 

The process design criteria used in this study are shown in Tables J-5
 

and J-6. These criteria are general goals, not absolute limits. When
 

unit processes are sized, the size chosen is based on many factors. One
 

important factor is constructibility. Dimensions should be matched to
 

methods of construction and availability of material that may be pro

duced in standard sizes. Therefore, the resulting size of process units
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will usually not produce loading values identical to the design cri

teria.
 

INDUSTRIAL WASTEWATER IMPACTS ON TREATMENT/DISPOSAL
 

The projection of industrial flows and general waste strengths were pre

sented inAppendices C and D. The 1978 Master Plan contained recommen

dations for industrial discharges. These recommendations covered
 

in-plant modifications, such as improved plant operations, recycling of
 

water, segregation of some flows and constituents, and pretreatment.
 

Disposal of toxic wastes to an acceptable facility was recommended and
 

could be considered a part of pretreatment. Other pretreatment 
measures
 

could include any appropriate combination of the following examples: pH
 

adjustment, screening, oil ana grease removal, coagulation for toxic
 
The 1978 Master Plan
removal, sedimentation, and flow equalization. 


further recommended that the industries discharge to the sewers
 

following pretreatment. That recommendation is endorsed.
 

Primary Treatment
 

The Industrial impacts on primary treatment processes are expected to be
 

minimal with the exception of those from large quantities of oil,
 

grease, and fibers. The fibers of concern are those from the pulp,
 
paper, and textile industries. However, oil and grease and such fibrous
 

material that would be detrimental to proper operation of the collection
 

system, including pump stations, should be removed prior to discharge to
 

the sewer system. The levels of oil and grease that remain can be
 

effectively removed in the flotation section of the primary plant.
 

Remaining fibers can be largely removed in primary sedimentation if low
 
overflow rates are used.
 

Secondary Treatment
 

Industrial wastes discharged to secondary treatment plants may require
 
Heavy metals and toxic organic
pretreatment to remove toxic substances. 


pollutants in sufficient concentration can inhibit the biological 
treat
can inhibit biological
ment processes, and some industrial pollutants 


activity to a point where the sewage might have to be bypassed while
 
cleaned and the plant restarted.
biological treatment units are 


The analysis presented in the 1978 Master Plan indicates that lead from
 

some industries must be removed to prevent toxicity in the activated
 

sludge process at the East plant. If discharged to a larger biological
 

plant, such as Ras El-Soda, the level of lead at the plant (because of
 

dilution effects) may not be toxic to the biological process.
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to provide secondary treatment, lead
Likewise, ifthe West plant were 

would need to be removed from some 
industrial wastewaters in its service
 

area to avoid toxicity problems. This conclusion is based on the data
 
Lead isnow being discharged in sufpresented Inthe 1978 Master Plan. 


ficient quantity that itwould be toxic to the biological process 
that
 

would be constructed for any size West plant evaluated inthis study (85
 

The 1978 Master 	Plan data did not indicate that
M1/d to 395 Mi/d). 

other heavy metals would pose a problem to the treatment process in a
 

secondary plant.
 

No data was presented inthe 1978 Master Plan on organic pollutants from
 

industry. As such, an evaluation of their impact on secondary treatment
 

cannot be made at this time.
 

Sea Disposal
 

The impact of industrial wastewaters on sea disposal was addressed in
 
the 1978 Master Plan Study, Initial Environmental Impact Statement. The
 

study concluded that, with the recommended pretreatment program
 

operating satisfactorily, there should be no problem with industrial
 
The study also examined the effect of no pretreatment. The
wastes. 


conclusion was that, with pretreatment, there would be no harmful effect
 

to the sea or its users. That conclusion may not be warranted, as
 

discussed further inAppendix L.
 

Land Application
 

industrial discharges
Data presented inthe 1978 Master Plan R.port on 


indicate the presence of significant quantities of heavy metals in
 

industrial discharges. There could be a problem ifthe amount shown for
 

chromium were discharged to a land application system without further
 

The current amount of industrial chromium discharge
pretreatment. 
 If
reported in the 	1978 Master Plan is approximately 85 kg/d. 


industries with chromium-rich wastewater expand in number and/or capac

ity, this quantity will increase. The maximum allowable chromium
 

loaaing to a land application system serving the study area would be
 

about 94 kg/d. 	 This is based on sludge management practices in the
 

Some of the chromium in the wastewater would be removed
United States. 

Ifthe sludge is
 as sludge inthe anaerobic lagoon (perhaps 50-60%). 


applied to the same land as the effluent, the entire chromium content
 

must be considered as land applied.
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Sludge Utilization
 

treatment alternatives considered
Sludge utilization is proposed for all 

Sludge would either be composted or digested and dewatered in
herein. 


In either case, the data presented 	in the
place in anaerobic lagoons. 

could
1978 Master Plan Report indicate that copper, zinc, and nickel 


limit the application of sludge at a normal rate of about 22.5 dry
 

Pretreatment to reduce these heavy
tonnes/ha/yr for a 20-year period. 

metals, together with chromium and lead, would be preferable to 

the
 

alternative of decreasing the sludge application rate.
 

CURRENT MASTER PLAN WITH PRIMARY TREATMENT--ALTERNATIVE IA
 

alternative recommended by the 1978
This alternative is the sea disposal 

Master Plan with the addition of primary treatment and sludge
 

treatment/disposal. New primary treatment plants would be located at
 
The West Treatment
Ras El-Soda (585 Ml/d) and Kait Bey (195 Ml/d). 


Plant, currently under construction would be expanoed to 200 Ml/d capac

ity. Chlorinated effluent from the West and Kait Bey plants would be
 

discharged to the Mediterranean Sea through an outfdll 8 km long
 
An outfall 10 km long at Sidi Bishr
extending seaward from Kait Bey. 


Sludge would be dewatered
would similarly serve the Ras El-Soda plant. 


and composted for distribution to local farmers. lhe existing East
 

Treatment Plant would be rehabilitated under this alternative (as is the
 
seconcase with all alternatives) and would provide a 45 Ml/d capacity of 


This work would be completed prior
dary (activated sludge) treatment. 

to other construction which would help alleviate some of the existing
 

raw sewage discharges.
 

East Plant
 

The existing activated sludge secondary treatment plant was planned to
 
approximately
be improved and renovated. This plant is located on an 


32-ha site near the northwesc corner of the Hydrodrome. The upgraded
 

plant was planned to provide secondary treatment for an average design
 

flow of 45 Ml/d and a peak flow of 	70 Ml/d. Only minor capital expen
to accomplish the renovation.
ditures were anticipated necessary 


Effluent was planned to be discharged into the Qala Drain.
 

The current East plant situation is discussed inAppendix E. The design
 

capacity of the East plant is to be 45 Ml/d (average dry weather flow)
 

with discharge to the drain. Modifications recommended inAppendix E
 

are considerably more extensive than those outlined in the 1978 Master
 

a result of the more detailed evaluation of the plant as
Plan. This is 
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presented inAppendix E. Chlorination of the effluent is needed, as
 
to meet public health requirements. A site
recommended inAppendix E, 


plan of the East plant showing some of the proposed modifications is
 

presented on Figure J-1.
 

Few adverse environmental impacts are anticipated at the East plant if
 

upgraded as proposed. Improved treatment and disinfection will substan
and the Lake Maryout
tially improve water quality in the Qala Drain 


main basin. Extensive sludge accumulations inthe drain at the site of
 
The potential for
the existing raw discharge will remain for some time. 


adverse odor impacts at this site from treatment units and sludge drying
 

beds is anticipated to be minor since abutting areas consist of low den

sity industrial and transportation land uses.
 

Chlorine transport and storage does represent a potential hazard to
 

treatment plant workers and the general populace along the truck
 

transport route. Strict safeguards should be instituted to ensure that
 

chlorine cylinders do not fail during operation or storage since worker
 

housing is located within 250 m of the proposed chlorine storage area
 

(Figure J-1). Likewise, the truck transport route from the site of
 

chlorine manufacture to the treatment plant should be selected to con
sist of major roadways that avoid high density residential or commercial
 

The feasibility of rail transport should be investigated since
uses. 

the East plantstte iswithin several hundred metres of an existing
 
railway.
 

West Plant
 

An 85 Ml/d primary treatment plant ispresently under construction on an
 

approximately 10.2-ha site located on the northern shore of the Lake
 
The 1978 Master Plan proposed conversion and expan-
Maryout main basin. 


sion of this facility into a 220 Ml/d preliminary treatment plant.
 
Treatment processes to be provided included mechanically cleaned
 
screens, aerated grit chambers, and air flotation chambers. This plant
 

was also planned to include two large, mechanically mixed flow equaliza

tion basins. The majority of influent to this plant was planned to be
 
A new effluent pumping station
pumped by a new influent pump station. 


having a firm capacity of 325 Ml/d was planned to deliver effluent to
 

the Kalt Bey effluent pump station for repumping to the submarine out-

Grit and screenings were to
fall associated with the Kait Bey facility. 


be landfilled.
 

Since the Master Plan was published, considerable construction work on
 

the West plant has been completed. The modifications recommended for
 

the plant as an 85 MI/day primary facility are given in Appendix F.
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The flows for the year 2000 have changed so that the revised average dry
 
weather flow to be used for design would be 200 Mi/d. Expansion of the
 
plant to 200 Ml/d would be accomplished by adding the following:
 

Mechanically cloaned bar screens--two screen channels plus one
 
bypass channel
 

0 


o 	 Aerated grit basins--fuur tanks and a 130-m
2 overall area
 

o 	 Flotation basins-four tanks and a 215-m 2 overall area
 

0 	 Flow measurement--two Parshall flumes, each with an 0.9-m
 
throat
 

0 	 Primary sedimentation--16 tanks in a 4320-m
2 overall area
 

0 	 Effluent disinfection--four evaporators and four chlorinators
 
(2tonne/d units)
 

o 	 Effluent station--pump to the Kait Bey outfall pump station
 

o 	 Chlorine storage--30 1-tonne cylinders in a 320-m
2 area
 

o 	 Sludge handling facilities--drying beds and long-term storage
 
before agricultural reuse.
 

Grit would be removed by pumps and then separated and dewatered by grit
 
cyclones and washer/classifiers. Screenings and dewatered grit would be
 
hauled by truck to a landfill site. Oil and grease would be removed
 
from the flotation basins and the primary sedimentation tanks and then
 
hauled to a landfill. A revised site plan is shown on Figure J-2.
 

The adverse environmental impacts of improving and expanding the West
 

plant include:
 

o 	 Hazards due to transport and storage of chlorine cylinders
 

o 	 Filling of approximately 3 ha of Lake Maryout
 

o 	 Potential odor impacts on nearby residences
 

Worker housing at the West plant is located within 250 m of the proposed
 
chlorine storage facilities and thus represents a major hazard if
 
chlorine cylinders fail during storage or operation. Truck transport
 
access to the site is very limited since roadways leading to the plant
 
in the congested residential areas are narrow and unpaved. Inaddition,
 
trucks entering the plantsite would have to cross an active railway.
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These chlorine transport hazards can be minimized if the selected truck
 
controlled railway signal crossing is
 transport roadway is paved and a 

Impacts of filling approximately 3 ha
constructed near the plantsite. 


the shores of the main
of reed grass (Phragtmtes Communis) marsh on 


basin of Lake Maryout (1880 ha total area) are expected to be minor.
 

Full evaluation of the cumulative impacts of filling isnot possible due
 

to the lack of reliable information on sedimentation processes 
in the
 

shallow lake and filling proposed for other projects.
 

Odor impacts due to treatment units and sludge drying beds are 
expected
 

to be minor since the prevailing winds (from the northwest) should
 
areas to the north and northwest
 ensure that the congested residential 


are rarely impacted.
 

Katt Bey Plant
 

a 0.9-ha site at the location
A new primary treatment plant located on 


of the existing Kait Bey pumping station was proposed inthe 1978 
Master
 

Plan. Treatment and disposal processes to be provided were the same as
 
;.;t Plant expansion. The design capacitypreviously discussed f- :" 

verage dry weather flow, with a peak capacity of
 was to be 175 Ml/d, 

255 Ml/d. All flow -as planned to be conveyed to the plant by gravity.
 

The associated subm ,ine outfall and efflue't pumping station 
were
 

apacity for flows from the West Treatment Plant in
planned to include 


Accordingly, the effluent pumping
addition to the flr,, from this plant. 

station was planned to have a firm capacity of 577 Ml/d.
 

The preliminar, treatment plantsite development shown inthe 1978
 
in the sea. Additional fill


Master Plan in'.uded a 0.9-ha area fill 


area required to accommodate primary treatment was estimated 
at 1.3 ha.
 

appear adequate for these unit processes; however,
These fill areas 

locating mechanical dewatering at this site would require even more
 

filling.
 

The 1978 Master Plan did not show the need for an influent pump 
station.
 

The influent sewers are approximately
One would be needed, however. 

2.4 m below sea level, and therefore the bottoms of the treatment basins
 

to 9 m below sea level unless influent pumping
would vary from about 6 

thus the basins would be subjected to uplift forces of
 were provided. 


about 7,260 kg/m.
 

zone have been updated as part
The population and flows for the central 

of this study. The average dry weather flow for the year 2000 has been
 

Facilities to provide prichanged to 195 Ml/d with a peak of 295 Ml/d. 

mary level treatment to these flows would be accomplished by
 
constructing:
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o An influent pumping station
 

o 	 Mechanically cleaned bar screens--three screen channels and
 
one bypass channel
 

area
o 	 Aerated grit tanks--four tanks ina 202-m
2 overall 


o 	 Flotation tanks--four tanks ina 336-m
2 overall area
 

o 	 Flow measurement--two Parshall flumes, each with a 1.2-m
 
throat
 

area
o 	 Primary sedimentation--24 tanks ina 6100-m
2 overall 


o 	 Effluent disinfection--four evaporators and four chlorinators
 
(2tonne/d units)
 

o 	 Effluent pump station--pump through the Kait Bey outfall
 

o 	 Chlorine storage--30 1-tonne cylinders in a 320-m
2 building
 

o 	 Sludge handling facilities--belt press dewatering and truck
 

hauling to composting site in agricultural area
 

A revised site plan is shown on Figure J-3.
 

Siting the primary treatment facilities at the Kait Bey site as shown in
 

Figure J-3 would result ina major adverse impact. Specific impacts
 

assof.lated with this site include:
 

area
o 	 Incompatible land use in a densely populated coastal 


Filling more than 2.2 ha of shoreline
o 


o 	 Hazards associated with chlorine transport inu storage in a
 

densely populated area
 

o 
 Odor impacts on nearby businesses, residents, and tourists
 

o 	 Relocation of small businesses
 

o 	 Adverse impacts due to transporting dewatered sludge by truck
 

Incompatibility of treatment facilities at this site Isevidenced by the
 

surrounding land uses. Small businesses would be relocated and the pro
a school and large office building.
posed site would be within 50 m of 


A night club and a yacht club are located within 100 m and a mosque
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Inaddition, the historically significant
within 250 m of the site. 

Kait Bey Fort is located within 500 m.
 

Filling over 2.2 ha of shoreline would detract from natural features and
 

also require the construction of a sea wall to prevent wave damage.
 

The hazards associated with chlorine storage and transport are antici

pated to be sever'e due to the high population density near the site.
 

Potential chlorine leaks at the site could impact the densely populated
 

regions to the southeast, including the downtown shopping zone 1 km
 

away, since prevailing winds are from the northeast. Chlorine transport
 

via truck would also be hazardous since roadways to the site are narrow
 
and congested.
 

Odors from treatment processes could affect prime areas of the Eastern
 

and Western Harbors, the adjacent Kalt Bey Fort, and prime beach areas
 

east to Montazah. Covering the basins would partially alleviate the
 
odor potential but would add to the cost of treatment facilities.
 

Location of the facilities at Kait Bey would result in the relocation of
 

many small businesses and fishermen. It is also possible that the
 
adverse odor impacts discussed above could preclude future development
 
or expansion of existing commercial, public, or tourist facilities.
 

Adverse traffic impacts from hauling dewatered sludge would result due
 

to the heavy congestion on roadways. Ifdewatered sludge is hauled by
 

truck, one truckload would leave every half hour over a 14-hour period.
 

The impacts of truck traffic and likely odors would be extremely unde

sirable. If pipeline transport of liquid sludge were to be used instead
 

of trucks hauling dewatered sludge, the short-term impacts of
 
sludge pipeline through an extremely congested part
constructing a dual 


of the city would be high. The long-term impact would be the danger to
 

public health in the event of a pipeline break inthe downtown area or
 

along the harbor, depending on the route selected.
 

Ras El-Soda Plant
 

A new preliminary treatment plant located on a 5.25-ha site in the
 

neighborhood of Ras EI-Soda was planned in the 1978 Master Plan.
 

Treatment and disposal processes to be provided were the same as pre

viously discussed for the West Plant expansion. Effluent pumping was
 
the plant, and effluent disposal was proposed through a subplanned at 


marine outfall to the Mediterranean Sea. Removed grit and screenings
 
were to be transported by truck to a landfill. All influent to this
 

A design average dry weather flow
location was planned to be pumped. 

capacity of 560 Ml/d and a peak capacity of 850 Ml/d were planned. Firm
 

capacity of the effluent pump station was planned at 875 Ml/d.
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A site plan was presented which showed the lanui required if primary
 
treatment was added. However, insufficient space was shown for primary
 
sedimentation even if sludge dewatering facilities were to be offsite.
 
Effluent disinfection by chlorination was not included as a part of pre
liminary treatment but would be added with the addition of primary sedi
mentation.
 

The Ras El-Soda site presented in the 1978 Master Plan was small (5.25
 
ha) and located in a densely populated neighborhood. The adverse
 
environmental impacts associated with this site include:
 

o 	 Relocation of adjacent multifamily residences
 

o 	 Odor impacts 

o 	 Hazards due to chlorine transport and storage 

o 	 Added noise, dust, and debris due to construction activities
 

Since this particular site was not considered large enough and not
 
studied, additional discussion of environmental concerns isunnecessary.
 

The population of and estimated flows from the Ras El-Soda plant service
 
area have been updated as part of this study. The estimated average dry
 
weather flow for the year 2000 has been changed to 585 Ml/d with a peak
 
of 895 Ml/d. Proposed process facilities to provide these flows with a
 
primary level of treatment would include the following:
 

0 	 Mechanically cleaned bar screens--six screen channels and two
 
bypass channels
 

0 	 Aerated grit tanks--six tanks ina 560-m
2 overall area
 

o 	 Flotation taiiks--six tanks ina 930-m
2 overall area
 

o 	 Flow measurement--four Parshall flumes, each with a 1.8-m
 
throat
 

o 	 Primary sedimentation--64 tanks In a 18,400-m
2 overall area
 

o 	 Effluent disinfection--five evaporators and five chlorinators
 
(4 tonne/d units)
 

o 	 Effluent pump station--four constant-speed and three variable
speed pumps (two redundant pumps), 1000 hp each; 7460 m3/hr at
 
30 m TDH, 585 rpm; 750 mm diameter suction, 600 mm diameter
 
discharge
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o 	 Chlorine storage--96 1-tonne cylinders in a 345-m
2 building
 

o 	 Sludge handling facilities--vacuum filter dewatering followed
 
by composting
 

A revised site plan is shown on Figure J-4.
 

The environmental impacts associated with a revised site location for
 
this plant are the same as for other alternatives discussed hereinafter
 
and, 	accordingly, are presented in a following section.
 

Outer Areas
 

The following treatment facilities are to be evaluated in more detail in
 
subsequent work but are mentioned here to provide a complete summary of
 
the treatment facilities recommended inthe 1978 Master Plan. The
 
method of treatment and size of process units for Amria, Mex-Dekheila,
 
and Abu Qir industrial flows will not affect the comparison of the sea
 
disposal, secondary treatment, and land application alternatives.
 

Amria. A new waste stabilization facility was planned for a 400-ha
 
st-eadjacent to the Noubaria Canal and south of Desert Road. Treatment
 
was to be by series anaerobic-aerobic ponds. Effluent recirculation
 
from the aerobic ponds to the anaerobic ponds was to be provided.
 
Effluent discharge to the existing Noubaria Canal was planned. The
 
average daily dry weather flow design capacity was set at 137 Ml/d.
 

A well designed and operated anaerobic-aerobic pond system should
 
achieve wastewater influent BOD and suspended solids removals similar to
 
those ichieved in mechanical secondary treatment plants. However, algae
 
produced in the treatment process will raise the effluent suspended
 
solids and BOD levels above that allowed by current law, as indicated in
 
Table J-1. These solids are typically not detrimental to health. In
 
fact, US practice allows a higher suspended solids level ineffluent
 
from small lagoons (less than 3.78 M1/d in capacity) than it allows in
 

Because of the anticimechanical secondary treatment plant effluent. 

pated higher effluent BOD and suspended solids concentrations (equal to
 

or greater than 55 mg/1), either solids removal facilities must be added
 
to the treatment method or the law changed to allow the discharge of
 
algae to drains.
 

The treatment ponds proposed inthe 1978 Master Plan for Amria and
 
Mex-Dekheila were inadequately sized, particularly when considering the
 
influent wastewater strength anticipated. Design criteria proposed in
 
the 1978 Master Plan and alternative criteria proposed in this review
 
are as follows:
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Anaerobic ponds--proposed detention time with all ponds in
0 


service
 

-	 1978 Master Plan - 3 days
 

-	 Recommended by this review = 8 days
 

o 	 Anticipated BOD Removal
 

-	 1978 Master Plan = 35 percent
 

-	 Recommended by this review = 45 percent 

o 	 Facultative ponds following anaerobic ponds or primary
 
treatment--proposed BOD loading, all ponds inservice
 

-	 1978 Master Plan = 300 kg/ha/day
 

-	 Recommended by this review = 200 kg/ha/day
 

o 	 Facultative ponds receiving raw wastewater--proposed BOO
 
loading, all ponds in service
 

-	 Master Plan - not considered
 

-	 Recommended by this review = 150 kg/ha/day 

The recommended design criteria changes have basis in current state-of
the-art practice and experience with pond systems inwarm climates.
 
Organic loadings significantly higher than those recommended in this
 

review would be expected to yield severe sludge management and odor
 
problems inanaerobic lagoons, up to 50 percent of which must be out of
 

service at any one time for sludge drying and removal. Overloading of
 

facultative ponds, particularly where the wastewater has not been
 
pretreated for settleable solids removal, can lead to severe pond
 

overloading near inlets, production of unmanageable sludge deposits,
 
and odor problems.
 

'	 well-
The sites for anaerob . ponds must be chosen with caution as even a 


designed system will jield some foul odors, and upset conditions can
 

result inodors that extend well beyond the pond system. If such pond
 
away from human habitation (3to 5 km
systems cannot be placed well 


minimum), then they should not be used.
 

In the event the selected treatment/disposal alternative for Alexandria
 

is land treatment, then wastewater from Amria should likely be included
 

in the land treatment plan. Incorporation of wastewater flows from
 
other outer areas may also be appropriate.
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Mex-Dekheila. A new waste stabilize i pond facility similar to that
 
Thes. ponds were planned to occupy a
proposed for Amria was planned. 


400-ha site located in the western basin of Lake Maryout immediately
 
south of the northern shoreline. Con'erns about anaerobic pond siting
 
and the pond design criteria changes recommended indiscussion of the
 

Amria area also pertain here.
 

Lake Idku. A new evaporation pond facility located on a 4000-ha site in
 

LaTe Iki was planned. Influent flow would be pumped to this facility
 
for disposal through evaporation. A design capacity for an average
 
daily flow of 150 Ml/d was planned. Concern over taking Lake Idku area
 

from fisheries and wetland uses may preclude implementation of this
 
plan.
 

Solids Management
 

The addition of primary sedimentation to the treatment plants recom
mended inthe 1978 Master Plan significantly increases the scope and
 
cost of treatment. Approximately 317,000 kg/d of primary solids must be
 
removed, dewatered, and treated under the sea disposal alternative.
 

sludge dewa-
Insufficient land is available at Kait Bey for frechanical 

tering without placement of additional (beyond the 2.2 ha area) fill in
 
the sea. Because of this and adverse environmental impacts from
 
trucking sludge, liquid sludge pumping to the West plant for mechanical
 
dewatering would be preferred ifthe Kait Bey plant were to be
 
constructed.
 

Alternative IAwith its associated need for a large primary treatment
 
plant isconsidered less feasible than other possible alternatives.
 
The proposed plantsite at Kait Bey is inappropriate for several reasons.
 
The adverse environmental impacts were delineated earlier. Engineering
 
and associated cost considerations yield the following additional
 
conclusions:
 

0 	 A sea wall would have to be constructed to protect structures.
 
Possible breaching of the sea wall by heavy seas could inflict
 
damage to structures and equipment.
 

o 	 Costs for demolishing existing structures and businesses would
 
be incurred.
 

0 	 Decreased life to structures and equipment and/or use ot
 
costlier materials would result from exposure to the corrosive
 
salt spray atmosphere.
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iecost over
The need for an influent pump station increA,:
0 
that indicated inthe 1978 Master Plan.
 

o Ifpipeline transport of liquid sludge (to West plant for
 
dewatering) were to be used instead of truck transport, capi
tal costs would be significantly increased.
 

The capital cost of a plant at Kait Bey, with the con

siderations listed above and others to mitigate adverse
 
environmental impacts described before, would be higher than
 
those associated with providing the same treatment capacity at
 

the West plant. Not only are many of the above Items not
 
needed at the West plant, but economy of scale and fewer units
 
needed to satisfy redundancy requirements reduce the capital
 

0 


cost for a single plant serving the western and central zones
 
at the West plant site. The West plant flows require pumping
 
to Kait Bey inany event, and an effluent pump station for the
 
combined flow is required. Therefore, the capital cost of
 
pump stations is similar for both a West plant location and
 
Kait Bey location. Pipeline and operating costs to pump the
 
central zone flows to the West plant and hack are the only
 
cost increases. This isoffset by the decrease in capital and
 
operational cost for combining the two plants at the West
 
plant.
 

A better locadton for treating wastewater flows from the central zone is
 

at the West plant, inconjunction with the western zone wastewater
 
flows. ]his isthe configuration discussed hereinafter. Therefore
 
Alternative IAis not considered further in this appendix.
 

The remainder of this appendix proposes an alternative primary treatment
 

siting configuration appropriate to sea disposal; it develops and
 

discusses an alternative for secondary treatment with the secondary
 
effluent discharged to drains leading to the sea; and itprovides a site
 

evaluition and re-examination of mechanical plants (Fast and West)
 

remaining in service under the land application alternative. Solids
 
management for the alternatives considered to be most viable is
 
discussed and evaluated inthe succeeding sections.
 

SEA DISPOSAL ALTHINATIVL III
 

This alternative issimilar to Alternative IAexcept that only two pri

mary treatment plants are required. The largest, at Ras El-Soda, would
 

be the same as for Alternative IA. The second, a larger (395 Ml/d)
 

expansion of the West plant, would serve the balance of the sewered area
 
of Alexandria. Each plant would have its own outfall, similar to
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well 	as the rehabili-
Alternativw IA. Sludge treatment and disposal as 

as previously described.
tation of the East plant would be 


East 	Plant
 

The East plant would be as described inAppendix E and as shown on
 

Figure J-1. Itwould be a secondary plant sized for an average flow of
 

45 Ml/d with solids treatment by drying beds and long-term storage
 

onsite. Itwill initially discharge to the Qala Drain.
 

The disinfected and nitrified secondary effluent anticipated to be
 

discharged from the East plant after its upgrading should be of high
 

quality, containing only approximately 20 and 30 mg/l BOD and suspended
 
As such, it has value for irrigation. The plant
solids, respectively. 


is near both industry and agriculture. Once the plant is upgraded and
 

its ability to produce a high quality effluent demonstrated, the
 
reuse it.
effluent should be marketed to those who will 


Environmental impacts at the East plant under this sea disposal alter

native are as previously described under the current Master Plan with
 

primary treatment (Alternative IA).
 

West 	Plant
 

The West plant would take flows from the central and western zones
 

amounting to 395 M1/d. Therefore, a plant expansion of 310 M1/d over
 

that 	which isnow under construction would be required. Recommended
 

modifications to the 85 MI/d plant under construction are presented in
 

Appendix F. In the event the sea disposal alternative isselected for
 

implementation, all recommendations for plant upgrading should be put in
 

place except for those pertaining to addition of sludge drying bed capa-


All sludge from the expanded plant would be mechanically dewacity. 

tered and the existing drying beds would he removed. The expansion to
 

395 MI/d capacity would include dddition of the f0llowng process units:
 

0 	 Influent pump station--310 MI/d capacity with three constant

speed and, two variable-speed pumps, 150 kW each
 

0 	 Mechanically cleaned bar screen--four screen channels plus a
 

bypass channel
 

o 	 Aerated grit--six tanks ina 300-m
2 uverall area
 

area
o 	 Flotation--six tanks ina 500-m
2 overall 


J-22
 



1.2-m
o 	 Flow measurement--two Parshall flures, each with a 


throat
 

o 	 Primary sedimentation--sIx tanks in a 9800-m
2 overall area
 

o 	 Effluent disinfection--sIx evaporators and six chlorinators (2
 

tonne/d units)
 

Effluent pump station-- three constant-speed and three
0 

viriable-speed pumps (two redundant pumps), 375 kW each; 8403
 

900 mm diameter suction, 800 mm
m /hr at 12 m TDH, 585 rpm; 

diameter discharge
 

area
 o 	 Chlorine storage--60 1-tonne cylinders in a 595-m 
2 


0 	 Sludge handling facilities as discussed later under solids
 

management
 

A revised site plan is shown on Figure J-5 and a flow schematic on
 

Figure J-6.
 

The environmental impacts associated with the West plant under this
 

alternative are generally as previously described under the current
 

Master Plan with primary treatment (Alternative IA). The major excep

tion is that filling will include approximately 6.5 ha of the Lake
 

Maryout marsh.
 

pump 	station. The
The effluent pump station would pump to the Central 


Central pump station would be a dual collection and outfall pump sta-


That is, it would collect flow from the central zone and pump to
tion. 

the West plant, and it would take West plant effluent and pump it
 

through the Kait Bey outfall.
 

be
Functional design criteria for the onsite effluent pump stations will 

Physical
essentially the same as outlined in the 1978 Master Plan. 


layouts will be similar to those shown on Figure 1-6 of Appendix I of
 

the 1978 Master Plan Report except as differences in flow rate and heads
 

be provided by connection to two
 may dictate. Standby power will 

separate power authority substations. If dual power connections are not
 

available, diesel driven standby power generation will be provided.
 

Ras 	El-Soda Plant
 

The treatment plant at Ras El-Soda for Alternative IB is as discussed in
 

the section on the 1978 Master Plan with primary treatment (Alternative
 
treatment
IA). However, a site for the Ras El-Soda pump station and 
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plant has been chosen that is different from that shown inthe 1978
 

Master Plan Report. Significantly more land (developed only as farmland
 

at present) is potentially available. Inaddition, it appears that the
 

site would have less problems with ground water than the 1978 Master
 

Plan site. A revised site vicinity map isshown on Figure J-7 and a
 

flow schematic isprovided on Figure J-8.
 

Environmental impacts associated with primary treatment facilities at
 

the undeveloped Ras El-Soda site (Figure J-7) include:
 

o Permanent loss of agricultural land (41 ha)
 

Preemption of alternative development for residential, instio 

tutional, or commercial use
 

o Hazards associated with chlorine storage and shipment
 

Odor impacts on nearby residential and Institutional areas
o 


Added noise, dust, and debris due to construction activities
o 


Location of primary treatment facilities at this Ras El-Soda site would
 

result inthe permanent loss of 41 ha of agricultural land. However,
 

the Ministry of Housing and Finance has planned to develop housing on
 

the Ras El-Soda site so loss of agricultural use appears probable in any
 

event.
 

Adverse odor impacts could result at the site due to the proximity of
 

adjacent residential and institutional uses. Designs must provide for
 

odor control in preliminary treatment and sludge dewatering to help
 

mitigate odor problems.
 

The potential hazards associated with chlorine storage at the site are
 

severe due to the proximity of multifamily residences. Potential
 
problems associated with chlorine transport are expected to be minor
 

since the main access roadway (Mustafa Kamel Street) is paved and rela

tively uncongested.
 

Solids Management
 

Under the sea disposal alternative, the following average annual sludge
 

quantities inthe year 2000 would require management:
 

o West Plant--121,500 kg dry sludge/day
 

o Ras El-Soda Plant--168,000 kg dry sludge/day
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o East Plant--27,300 kg dry sludge/day
 

All sludge isanticipated to be at least 4 percent solids in the primary
 

sedimentation tank underflow.
 

Various combinations of vacuum filter dewatering plus composting, drying
 

beds with storage, and anaerobic drying lagoons were considered. For
 
the East plant, expansion of the present drying beds and storage facili
ties was found to be appropriate. Sufficient land exists at the East
 

plant to support this reliable, simple sludge management method.
 
Details of the system are explained inAppendix E, East Plant
 
Evaluation. Approximately 14 ha of land will be needed at the East
 

plant for the drying beds and storage area. One and one-half years of
 
storage are provided for pathogen decay prior to application to
 
farmland. The users would transport and apply the sludge.
 

Drying beds and anaerobic drying lagoons were eventually eliminated from
 
consideration for the West and Ras El-Soda plants because of the large land
 

and 176 ha of land (West and
area requirements. For drying lagoons, 141 

Ras El-Soda plants, respectively) would be needed. The drying bed/storage
 
alternative 66 and 82 ha of land for the West and Ras El-Soda plants,
 
respectively. This amount of land is not available adjacent to either
 
plant, and land acquisition within a reasonable distance (up to 15 km)
 
would be difficult and conflict with other intended land uses.
 

Sufficient land isavailable at the two plantsites to accommodate the
 
third sludge management alternative, that of vacuum filter dewatering
 
plus composting. Only 9.4 ha would be needed for the West plant and 12
 
ha for the Ras El-Soda plant. These amounts of land could be made
 
available at either of the plantsites. However, the future development
 
of land around the Ras El-Soda site dictates offsite composting. A site
 
should be chosen away from future housing development but in close
 
proximity to the plant to minimize sludge transportation costs. A site
 
south of the plant near the Cairo-Alexandria Delta Highway isproposed.
 
Appropriate sites for the drying bed or anaerobic lagoon alternative
 
would likely be more distant than the 10 to 15 km anticipated from the
 
plantsite to the compost site.
 

Two options for tran'porting sludge between the Ras El-Soda plant and
 
Vacuum filter
its associated offsite compost operation were studied. 


dewatering can take place either at the treatment plantsite or at the
 
compost site. Ifthe dewatering occurs at the plantsite, the sludge
 
must be hauled 10 to 15 km by truck to the compost site. If the dewa
tering occurs at the compost site, the sludge must be hauled as liquid
a 

or pumped via pipeline. The preferred method would be pipeline because
 
of the huge volume of liquid which would otherwise require truck
 

The filtrate must be pumped back to the plantsite for treattransport. 
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A redundant sludge pipeline would ordinarily be used for filtrate
ment. 

return.
 

Using trucks to transport dewatered sludge to an offslte compost facility
 

serving the Ras El-Soda Plant was selected as the sludge transport
 

method because:
 

It is less prone to operational problems, such as pipe
 

plugging or breaking.
 
0 


If the compost site changes location or
 o 	 It is more flexible. 

if several small sites are desired, the transport system can
 

be readily adjusted.
 

It lends itself to staging better than a pipeline (which must
0 

initially be installed at full capacity plus 100%
 
redundancy). 

0 The present worths of the two alternatives are essentially the
 
same. 

An advantage of onsite vacuum filter/composting at the West plant is the
 

elimination of sludge transportation, prior to treatment, and its asso

ciated costs.
 

In summary, vacuum filter dewatering plus composting was selected for
 

managing sludge from the West and Ras El-Soda treatment plants. The
 

system entails dewatering by vacuum filters onsite, composting for 4U
 

days 	(onsite at the West plant and offsite for Ras El-Soda) and curing
 
Users of the sludge will pick up, transport, and
(storage) for 30 days. 


apply the compost to farmlands.
 

The selected solids management system, that of vacuum filter dewatering
 

and composting, would require the construction or purchase of the
 
following facilities for the West plant:
 

o 	 Liquid sludge holding tanks--two tanks, each 17 m in diameter
 

and 8 m deep
 

area
o 	 Vacuum filters--seven filters, each ina 56-m 
2 


2
 
Compost site--81,000 m
o 


o 	 Rotoshredders--three at 2700 m3/hr
 

o 	 Front-end loaders--three loaders, each with an 0.5-m
3 bucket
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The solids management system for the Ras El-Soda plant would require
 

construction or purchase of the following:
 

o 	 Liquid sludge holding tanks--two tanks, each 19.5 m in
 
diameter and 9 m deep
 

o 	 Vacuum filters--li 56-m 2 units including three redundant units
 

3
 
o 	 Transport trucks--six trucks, each 10 m


2
 
Compost site--155,000 m
o 


o 	 Rotoshredders--three at 2700 m
3/hr
 

SECONDARY TREATMENT ALTERNATIVE II
 

Alternative IIdiffers from Alternative IB in that secondary treatment
 
by biological towers would be provided in addition to primary treatment.
 
Effluent would be discharged to the Qala and Weqf drains from two plants
 
sized and located as inAlternative IB. Long sea outfalls would therefore
 
not be required. In other respects, Alternative II is similar to
 

No secondary treatment plant siting is appropriate at
Alternative 18. 

Kait 	Bey because of the small site area available in comparison to the
 
extensive site area requirements for secondary treatment. The activated
 
sludge secondary treatment facilities at the East plant would remain as
 
in all other options.
 

The treatment process recommended at both the Ras El-Soda and West
 
plants Isdepicted on Figure J-9. The process was selected for its
 

Two modificareliability, ease of operation, and treatment potential. 

tions from the traditional biological tower process are employed. The
 
first is recycle of secondary sludge to the 	tower influent, resulting in
 
the formation of a suspended biomass or mixed liquor that increases the
 
BOD and suspended solids removal. This helps Intwo ways. Itadds to
 

the system biomass, resulting inmore conversion of wastewater organic
 
matter into settleable biomass. Secondly, it results inraising the
 

secondary sedimentation biomass concentration to a level (1000 to 2000
 

mg/1) where flocculation can occur, yielding a cleaner secondary
 
effluent, free of more BOD and suspended solids. Gentle aeration of the
 
secondary sedimentation tank distribution/feed channels aids inthis
 
flocculation.
 

In con-
The second variation is the 	addition of chlorine contact tanks. 

ventional biological tower treatment, effluent disinfection isprovided
 
in the secondary sedimentation tanks. This 	is not practical in the pro

posed system where high sedimentation tank solids concentrations are
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maintained. Provision of separate chlorine contact tanks will result
 
not only in less chlorine used to obtain even better disinfection; it
 
will result in less BOD and suspended solids in the final effluent.
 

occurs because the chlorine contact tanks provide an opportunity to
This 

catch some of the solids which have escaped the secondary sedimentation
 

settleable. The
units. Addition of chlorine makes these solids more 

chlorine contact tanks would be designed for easy cleaning.
 

The foregoing proposed modifications to the biological tower process
 
should permit 85 to 90 percent BOD and suspended solids removals without
 
using excessively conservative BOD loadings on the biological towers.
 
For planning purposes, effluent BOD and suspended solids concentrations
 
should be anticipated at approximately 55 mg/l. While the 55 mg/l 
con
centration is above that currently permitted by law for discharges to
 
drains, attainment of this effluent quality would certainly greatly
 
improve the current situation. Ifthis alternative were selected for
 

modification
implementation, its selection should be provisioned upon a 

in the law permitting implementation. Construction and initial opera
tion of the treatment facilities could be followed in subsequent years
 
by partial or complete use of the treated effluent in agriculture south
 
of Alexandria, as the need arises.
 

The discussion which follows does not include preliminary and primary
 
treatment units or chlorine storage and feed systems, as these would be
 
the same as those proposed under Alternative IB. The discussion does
 
mention the effluent discharge facilities, since only one disposal
 
option was evaluated in each case.
 

Environmental impacts anticipated at the East plant under Alternative II
 
are identical to those outlined for the East plant under Alternative IA.
 

West Plant
 

The West plant would take average dry weather flows of 395 Ml/day in the
 
year 2000 from the central and western zones. As previously indicated,
 
primary treatment would generally be as described under Alternative IB.
 
Secondary treatment and solids management would require the following
 
process facilities:
 

0 Biological tower influent pump station--one with firm capacity 
of 508 m3/min; eight wet pit mixed flow pumps at 84.7 m

3/min each 

0 Biological towers--three units 60 m in diameter and a media 
depth of 8.5 m; total media volume of 72,100 m 

3 

o Secondary sedimentation tanks--12 units 41 m indiameter with 
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2
 
a 3.5-m side wall depth; total surface area = 15,800 m


Secondary sludge pump station--recycle to tower influent, firm
 
capacity = 84 m3/min (three screw pumps at 42 Ml/day each);
 
sludge wasting to primary influent, firm capacity of 9 m /min
 
(5centrifugal pumps at 3 m3/min. each).
 

0 


0 Chlorine contact tanks--eight tanks, each 3 m wide x 120 m
 
3
long 	x 3 m avg. depth; total volume of 8640 m .
 

o 	 Effluent pump station--one with a firm capacity of 420 m3/mIn;
 
six wet pit mixed flow pumps of 105 m3/min. capacity each
 

0 	 Effluent force main--one concrete cylinder force main 2 m in
 
diameter and approximately 6 km in total length discharging to
 
the Umum Drain immediately downstream from the Mex pump sta
tion (see Figure J-10)
 

0 	 Liquid sludge holding tanks--two units 19 m in diameter and
3
 
10 m 	deep; total volume = 5680 m
 

o 	 Belt presses--60 2-m units, with eight redundant units
 

o 	 Trucking to offsite composting--27 trucks, 9.2 m3 each; seven
 
redundant trucks
 

0 	 Composting--one 18.6-ha site south of Lake Maryout within
 
20 km of the West plantsite; composting as discussed before
 
under primary treatment (Alternative IB)solids management
 

Figure J-10 shows the plantsite and effluent force main location. An
 
alternative force main location is indicated for further study should
 
the secondary treatment alternative be selected for implementation.
 

Figure J-11 depicts a preliminary site plan. Note the additional
 
infringment on the Lake Maryout wetlands area. Fill would be provided
 
to reclaim an additional 6.8 ha of wetlands area. The additional
 
fill will not provide nearly sufficient onsite area for conosting; thus
 
offsite composting in the Amria area south of Lake Maryout is proposed.
 
No specific site has been selected; however, with the land area
 
available south of the lake, a suitable site should be available within
 
a 20-km distance of the West plant. Compost would be marketed to
 
farmers working the newly reclaimed desert lands. This land is low in
 
organic matter and nutrients.
 

Environmental impacts from expanding the West plant to secondary treat
ment under Alternative IIare similar to those discussed for the West
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plant under Alternative IA. These impacts involve the hazards asso

ciated with transport and storage of chlorine and odors from treatment
 
Because the West plant would be
 processes and sludge handling systems. 


enlarged and a different effluent disposal point utilized, additional
 

environmental impacts are anticipated. These include:
 

o 	 Filling of approximately 13 ha of marsh and open water areas
 

of Lake Maryout (as opposed to approximately 1.5 ha of marsh
 

under Alternative IA)
 

Discharge of 395 Ml/day of secondary effluent to the Umum
 

Drain
 
0 


Impacts associated with constructing 6 km of effluent force
0 

main
 

Filling will result inthe loss of less than 1 percent of the shoreline
 
This area represents a marginal
habitat of the Lake Maryout main basin. 


habitat for fisheries and wildlife due to existing water quality and
 
It is likely that reed
sedimentation problems in the shallow lake. 


become naturally revegetated along the
 grass (Phrasmites communis) will 

This 	species rapidly recolonizes
periphery of the propos-ed-fill site. 


result in localized
disturbed areas. Construction activities will 

This 	can be minimized if sheeting is used
discoloration and siltation. 


to enclose the affected area before filling begins.
 

Discharge of 395 Ml/day of secondary effluent (55 mg/l BOD and
 
minor adverse impact. The
suspended solids) should represent only a 


effluent discharge would only comprise about 5.6 percent of the total
 

flow 	out of the Umum Drain. Thus, the contribution of this discharge to
 
In addition,
the freshwater lens along Dekheila Bay would be minimal. 


since flow in
the discharge point below the Mex pump station is ideal, 

This 	would permit rapid effluent
the drain is rapid and turbulent. 


dispersion and minimize the potential for solids accumulation. The
 

drain discharges to Dekheila Bay west of the Western Harbor breakwater.
 

Thus, the effluent discharge isunlikely to become trapped in the
 

Land 	uses along the drain below the Mex pump station
Western Harbor. 

Thus, the effluent discharge should not
 are predominantly industrial. 


adversely impact any beneficial uses of the drain.
 

Impacts of constructing the 6-km force main are expected to be substan

tial since the route traverses congested industrial, transportation-

The force main crosses the Noubaria
related, and residential areas. 


major railroad. Disturbing major archaeological resources
Canal and a 

is unlikely. However, the appropriate government agency should be con

tacted prior to final design for a determination on the presence of
 

archaeological resources.
 

J-30
 



Ras El-Soda Plant
 

The Ras El-Soda plant would take average dry weather flows of 585 M1/day
 

from the eastern zones. As previously Indicated, primary treatment
 

would generally be as described under Alternative IB. Secondary treat

ment and solids management would require the following process
 

facilities:
 

Biological toWer influent pump station--one with a firm capa0 3/min.
city of 719 m3/min; 11 wet pit mixed flow pumps at 80 m


each
 

an 8.5-m
Biological towers--five units 58 m in diameter with
0 	
media depth; total media volume = 112,000 m

3 

0 	 Secondary sedimentation tanks--20 tanks 39 m diameteE and 

3.5-m side wall depth; total surface area = 23,900 m 

0 Secondary sludge pump station--recycle to tower influent, firm
 
3/min. eich);
capacity of 118 mJ/min. (four screw pumps at 39 m
 

sludge wasting to primary influent, firm capacity of 13 m /mi n
 

(five centrifugal pumps at 4.33 m3/min. each)
 

0 Chlorine contact tanks--nine tanks, each 3.4 m wide, 1363m
 = 12,500 m 
long with a 3.0 m average depth; total volume 


0 Liquid sludge holding tanks--three tanks 19 m indiameter and
 

10 m deep; total volume = 8,500 ms 

o 	 Belt presses--87 2-m units, with 11 of these units being
 
redundant
 

0 	 Trucking to offsite composting--35 trucks at 9.2 m
3 each, 19
 

of these units being redundant
 

0 	 Composting--one 27-ha site near the Delta Highway, within a
 

15-km haul distance south of the Ras El-Soda plant site; com

posting as described before under primary treatmnt plant
 

(Alternative IB)solids management.
 

Figure J-12 is a location plan for the Ras El-Soda secondary plant and
 

shows the plant discharge to the Weqf collector. This collector and all
 

downstream receiving drains are assumed increased in cross section to
 

convey the peak year 2000 plant effluent flows to Abu Qir Bay via the
 
The plant cost estimate, presented subsequently in
Tabia pump station. 


this appendix, provides for enlargement of the drains and expansion of
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the Tabia pump station capacity by 10 m3/sec. Indicated operations and
 
maintenance costs provide for additional annual pumping costs to lift
 
the plant effluent into Abu Qir Bay.
 

Figure J-13 depicts a preliminary site plan. The entire site area is
 
required for treatment and sludge dewatering facilities. As such, off
site composting is required. A secondary plant on the Ras El-Soda site
 
will interfere with the proposed Ras El-Soda sewage collector design.
 
Should the secondary treatment alternative be selected, the design of
 
the collectors will need to be revised.
 

The compost site would be located near the Delta Road to C.iro within a
 
15-km haul distance south of the plantslte. The compost from this
 
operation would be marketed to the Delta farmers.
 

Impacts of expanding the Ras El-Soda plant to secondary treatment differ
 
from those described for the Ras EI-Soda primary plant under Alternative
 
IB. However, the impacts associated with the actual treatment plant
 
site such as chlorine storage, odors etc., are almost identical. The
 
most important difference iseffluent discharge to the drainage system
 
that is pumped to Abu Qir Bay. Discharge of 585 Ml/day to the Weqf,
 
Gharbi, Wastani, and Abu Qir drains will impact a portion of this
 
drainage system. Solids accumulations, anaerobic conditions, and odor
 
problems (primarily hydrogen sulfide) could be possible for a distance
 
of up to 2 to 3 km downstream from the Ras El-Soda plant. However, this
 
should not impact adjacent agricultural land uses. Downstream from this
 
degraded drain section, the water quality inthe drain should improve
 
over the next 8 to 9 km in the drainage system. Thus, by the time the
 
effluent reaches the Tabia pump station and Abu Qir Bay there should be
 
little or no adverse impact attributable to the Ras El-Soda plant on Abu
 
Qir Bay.
 

LAND APPLICATION ALTERNATIVES IliA and IIIB
 

These alternatives would reuse the treated Alexandria effluent to irri
gate up to 70,000 feddans of new farmland reclaimed from the western
 
desert. Raw sewage would be pumped via a long, multiple barreled force
 
main system to a site 60 km south of Alexandria. The East Treatment
 
Plant would be rehabilitated as with previous alternatives to provide 45
 
Ml/day capacity. All other flows (945 M/day annual average flow) would
 
be used for irrigation. The West Treatment Plant (now under
 
construction) would be completed to its design 85 Ml/d capacity prior to
 
completion of the irrigation system. Together with the East plant, it
 
would provide early relief from raw sewage discharges now occurring.
 
Upon completion of the land application system, the West plant would be
 
converted to provide industrial pretreatment. Itshould be noted that
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utilizing the West plant to its present design capacity of 85 MI/day
 

will not provide sufficient capacity for its entire service area during
 
the interim period. Therefore, some pump stations will be required to
 
continue discharging to Lake Maryout until the land application system
 
is completed.
 

Two differing possibilities for the treatment and irrigation portions of
 
Alternative III were considered. Alternative IlIA would provide
 
wastewater treatment by anaerobic lagoons followed by rapid infiltration
 
into a ground-water storage system. The highly treated water would be
 
withdrawn by a series of wells as needed for irrigation by center pivot
 
mechanisms. Crops grown would be unrestricted by water quality parame
ters other than dissolved solids. Alternative IIIB would provide
 
wastewater treatment by anaerobic lagoons only. Lagoon effluent after
 
screening would be used for irrigation by center pivot mechanisms.
 
Crops grown would be generally restricted to feed and forage.
 

The treatment needs for the land application systems are given in
 
Appendix K. However, the alternatives assume continued use of the two
 
existing treatment plants (East and West). The following is a
 
discussion of the East and West Treatment Plants as they would exist
 
under land application alternatives.
 

East Plant
 

The East plant would be the same as that proposed for the sea disposal
 
alternative and is fully described inAppendix E. That is, itwould be
 
an activated sludge secondary treatment plant with an average dry
 
weather capacity of 45 Ml/day. Itwould discharge to the Qala Drain
 
after chlorination. A site plan is shown on Figure J-1.
 

Environmental impacts at the East Plant are identical to those described
 
under Alternative IA.
 

West Plant
 

The treatment to be provided at the West plant under these alternatives
 
could be either primary or secondary. Selection of the treatment method
 
depends upon the plant's role and its discharge location. Three options
 
are discussed in the following paragraphs.
 

Primary Treatment, Separate Land Application Site. One alternative role
 
considered for the West plant is for itto treat the flow from the
 
Industries pump station (42 Ml/d average) plus domestic flow added to
 
bring the total flow to the present plant design capacity of 85 Ml/day.
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The point of effluent discharge from this primary plant would be to a
 

separate land application site south of Lake Maryout.
 

The possible separate land application site considered, the Nahda exten
would have to be acquired and reclaimed since it
sion (see Appendix K), 


is now a part of Lake Maryout. The rationale for such reclamation is
 

that land is needed for ultimate food production, treatment of sewage is
 

required at a reasonable cost, and wastewater is a fresh water resource
 
be even more so in the future. In
that is in short supply and will 


addition, removal of the discharge otherwise intended for the lake will
 

benefit the lake such that removal of a portion for land reclamation
 
least an even trade, if not a net benefit.
should result inat 


However, since
A vicinity map of this option is shown on Figure J-14. 

the land is not now scheduled for reclamation by the Ministry of
 

Irrigation, this alternative will be dropped from further consideration
 

at this time. Itmay be worthy of consideration in the future, however.
 

Secondary Treatment, Discharge Into Lake Maryout. Another use con

sidered for the West plant is its expansion to a 85 Mi/day secondary
 

plant with effluent discharge to Lake Maryout. This approach would
 
to that described under Alternative II. This
achieve treatment equal 


alternative isnot favored because including the West plant effluent in
 

the main Alexandria land treatment plan appears justifiable on the basis
 

mf cost benefits plus the environmental benefit of eliminating this
 
indirect sea discharge.
 

Phased Conversion from Primary Treatment to Industrial Pretreatment.
 
The remaining option, considered to be most viable for further con

sideration, is to take a phased approach to treatment of sewage from the
 

western zone. That is,complete the construction of the West primary
 

plant and place it in operation. Since the land application option (if
 

ultimately selected) will take some time to design and construct, the
 

operating West plant will provide some interim relief to Lake Maryout.
 

Upon completion of the land application system, the West plant could
 

logically serve as an industrial pretreatment plant, with discharge to
 

the land treatment system.
 

Not all of the specific industrial users of the pretreatment facility
 
Most of the industries within the
have been identified at this time. 


western zone and the Mex Dekheila area whose wastes require some form of
 
From information prepretreatment could probably utilize the facility. 


sented inthe 1978 Master Plan, 22 existing industries have been iden

tified as potential users of the pretreatment facility based on theil
 

proximity to the West plant and the limited information on their
 

industrial wastes. These industries are listed in Table J-7 along with
 

estimates of the characteristics of their 1977 wastewater flows.
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Preliminary information on toxic substances contained in their
 

wastewater is summarized inTable J-8.
 

industrial wastewater sampling
As previously discussed inApprndix D, an 

and analysis program is urgently needed to obtain additional 	information
 

generated
on the quantity and characteristics of the industrial wastes 


by the industries located inAlexandria. Until that information is
 

obtained, projecting the Industrial wastewater flows :nd loads and
 
be extremely difficult. However,
determining pretreatment needs w;1l 


based on the limited data presented inthe 1978 Master Plan and the work
 

done during this review, preliminary projections were made of the
 

industrial wastewater flows and loads from the western zone and Mex
 

Dekheila area requiring pretreatment. These preliminary projections are
 

presented inTable J-9. An inspection of this table shows that the
 

anticipated pollutants of concern for pretreatment include solids
 

(total, volatile, and suspended), DOD. and several of the heavy metals
 

or other potentially toxic constituents (e.g.. phenols, iron, etc.).
 
levels shown inTable J-9 reflect the fact
The projected grease and oil 


grease and oil removal will be done at most of the industrial
that some 

plants to reduce or eliminate the potential for plugging the 	conveyance
 

systems transporting the wastes to the West plant.
 

We recommend that pretreatment at the West plant consist of a chemiL31
 
The wastewater treatment facilities that would
precipitation process. 


treatment scheme would include mechanically
be included in the overall 

Lleaned bar screens, equalization tanks, neutralization facilities, che

mical addition and rapid mix facilities, flocculation reactors, and
 

sedimentation tanks. The pretreated effluent from the plant would be
 

conveyed to the proposed West pump station for transmission to the land
 

The chemical sludges generated by the pretreatment
application site. 

process would be dewatered on sand drying beds and disposed of ina
 

sanitary landfill (due to the potential contamination of the 	sludge by
 

heavy metals and other toxic constituents found inthe industrial
 
flow diagram for the prepared pretreatment
wastewater). A schematic 


facility ispresented InFigure J-15.
 

implement
Several modifications of the West plant would be required to 


the industrial pretreatment scheme:
 

Replace existing conmnlnutors with mechanically cleaned bar
0 
screens (may be done as part of proposed West plant
 

improvements).
 

If adequate wastewater flow equalization isnot provided at
 o 

new flow equalization tanks
the Industrial sources, construct 


as required.
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Ifrequired, construct new neutralization facilities including
 

chemical storage and feed systems and neutralization tanks.
 

(Depending on the characteristics nf the waste, the neutrali

0 


zation process might be coe)ined with the chemical precipita
tion process).
 

Construct new precipitant chemical storage and feed facilities
 

and rapid mix tanks. Treatability tests should be conducted
 
0 


to use on the waste
to determine the most effective chemical 

'c.q., lime, ferric chloride, ferric sulfate, etc.) and the
 
dosaie required.
 

0 	 Convert the existing pre-aeration basins into flocculation
 
reactors utilizing turbine type flocculators.
 

0 	 Construct 4dditional sand drying beds to handle the increased
 
quantity of sludge generated by the pretreatment system. 

The West plant, at the time of conversion to a pretreatment plant (July
 

1988), Isestimated to have a salvage value of LE 16.7 million. This
 
salvage value should be char§ed against the GOFI Industrial pretreat
ment program at the time the plant's role changes.
 

Environmental Impacts. Environmental impacts associated with the West
 
or
Treatment ant unoer Alternative It; depend on whether municipal 


Use of the West plant for primary treat-
Industrial flows are treated. 

ment of combined wastes with interim discharge to Lake Maryout would
 

entail the following minor adverse Impacts:
 

0 	 Hazards associated with chlorine storage and transport !f
 
effluent disinfection ispracticed
 

0 	 Potential odors from treatment processes and sludge handling
 
systems
 

Water quality Impacts due to interim effluent discharge to
o 

Lake Maryout
 

The hazards due to chlorine use at the West plant can be mitigated as
 

described for Alternative 10.
 

Odor impacts are anticipated to be minor since the flows are relatively
 
small (85 Mi/day), and areas downwind from the plant during the prominent
 

north and west winds Consist of undeveloped Lake Maryout.
 

Because the flow input to !ake Karyout Isnot thoroughly understood at
 

this time, It is difficult to assess 
the effect of the interim effluent
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discharge to the lake. However, with the implementation of the master
 

plan, much of the untreated wastewater now reaching the lake will be
 

given primary or secondary treatment. Therefore, the quality of the
 

lake's water should improve. The secondary impact of nLtrient loads on
 

the lake cannot be accurately determined because the nutrient removal
 
capacity of the lake is unknown.
 

both the East and West plants would reduce future pollutant
Treatment at 

loadings to the lake. However, the response time of the lake will be
 

slow and eutrophication and assor lp'ed sedimentation problems will
 

likely continue, only at a slow
 

Few adverse environmental impacts are anticipated at the West plant
 

if it is used for industrial pretreatment. This use would eliminate the
 

potential chlorine hazards and the adverse water quality impacts.
 
Potential odor problems would be no greater when operating the plant for
 

industrial waste pretreatment than when operating it as a couined
 
domestic plus industrial waste treatment facility. 

Solids Management
 

Management of sludge under the land application alternative is required
 

at three locations: the East Treatment Plant, the West Treatment Plant,
 
and the treatment ponds preceding land application. Management of the
 

East and West plant sludges would be by drying bed dewatering followed
 
by storage and ultimately farmland application. Details of this system
 
as they relate to the East and West plants are inAppendices E and F.
 

Management of sludge from the treatment ponds at the land application
 

site would be by distribution to area farmers. Treatment pond sludge
 
management details are explained in Appendix K.
 

ESTIMATED COSTS
 

Capital Costs
 

Estimated capital costs were computed by using procedures described in
 

Appendix B and are on an end-of-1980 cost basis.
 

Sea Disposal Alternative IB. As discussed previously, the sea disposal
 
alternative presented in the Master Plan has been changed by (1)
 
updating the flow projections and revising treatment facility sizing
 
accordingly, (2) treating all the central zone flow at the West
 
Treatment Plant, (3) adding primary sedimentation and chlorination to
 
the preliminary treatment units (adjusted for the revised flows), and
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(4)dewatering, trucking, and composting the primary solids removed in
 
costs for treatment including the onsite
primary treatment. The capital 


effluent pump stations and the onsite West plant influent pump station,
 
The cost of the Ras El-Soda pump station at
 are shown inTable J-1O. 


the plantsite iscovered under Appendix M, Conveyance System
 

Alternatives.
 

Secondary Treatment Alternative II. The secondary treatment 
alternative
 

was added to the comparison between sea disposal and land application to
 

provide a high level of treatment without the enormous expenditure 
of
 

capital needed for the permanent transport and disposal systems asso

ciated with the other two options. This alternative h;s the disadvan

tage of expending capital for facilities not needed for either the land
 
a


application or sea disposal alternatives should they be implemented at 


later date. The capital costs for this alternative are shown inTable
 

Costs shown for the Ras El-Soda plant include capital needed to
J-lO. 

convey the Ras El-Soda effluent to Abu Qir Bay, including enlargement of
 

the Weqf, Gharbi, Wastans and Abu Qir drains and supplementing the Tabia
 

Costs for the onsite Ras El-Soda pump station are propumping station. 

vided for inAppendix M, Conveyance Systems.
 

Costs shown for the West plant provide for effluent pumping to the Umum
 
Also included are costs
Drain downstream from the Mex pumping station. 


zone.
for an onsite influent pumping station serving the western 


Land Application Alternatives IlIA and IIIB. The estimated capital
 
s under this option are shown
 costs for upgrading the East and Wes 


To these costs must be added the land application system
in Table J-10. 

costs presented inAppendix K. The total cost of the West plant is not
 

appropriately charged against this alternative because it is intended
 

that the plant be phased out as a domestic sewage treatment plant when
 

the land application system is constructed. The cost of the West plant
 

is therefore shown, together with a salvage value inJuly 1988 at the
 

time the land application system is estimated to be operable and the
 

West Plant isconverted to an industrial pretreatment facility.
 

Operation and Maintenance Requirements and Costs
 

Table J-11 through J-15 present the estimated operation and maintenance
 

costs for facilities costed in this appendix.
 

Sea Disposal Alternative IB. Estimated operation and maintenance costs
 

for the West and Ras EI-Soda primary treatment plants are detailed 
in
 

The estimated cost of operating the
Tables J-11 and J-12, respectively. 

East plant isdetailed inAppendix E. Table J-15 summarizes the 

opera

tion and maintenance cost estimates associated with this alternative.
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Estimates for both the Ras El-Soda and West plants provide for effluent
 

pumping. At the Ras El-Soda plant, the effluent pump station pumps
 
directly to the sea, whereas the West plant effluent pump station pumps
 

to the central zone collection pump station which in turn pumps to the
 
sea. 
 The cost for operating and maintaining the central zone collection
 

pump station are presented inAppendix M.
 

Secondary Treatment Alternative II. The costs for the operation and
 

maintenance of the West and Ras El-Soda secondary treatment plants and
 

their disposal facilities are shown on Tables J-13 and 14, respectively.
 
The costs of operating the East plant are detailed inAppendix E. Table
 

J-15 summarizes operation and maintenance costs.
 

Land Application Alternatives IIIA and IIIB. The costs for operating
 
and maintaining the land application system are estimated inAppendix K.
 

The land application system would receive, treat, and reuse most of
 

Alexandria's wastewater flows under this alternative. 
The estimated
 
costs for operating and maintaining the East Treatment Plant (common to
 

all options) are detailed inAppendix E. The estimated costs for
 

operating and maintaining the West plant for 3 years and 6 months
 
(during construction of the land application alternative) are presented
 
in Appendix F. Table J-15 summarizes the estimated cost of operating
 
and maintaining these plants under this alternative.
 

RECOMMENDED OPTIONS FOR FURTHER CONSIDERATION
 

cost of the
The evaluation presented inthis appendix shows the capital 

secondary treatment to be higher by approximately LE 45 million, or 9.5
 

percent, than the cost of sea disposal incl,,sive of effluent conveyance
 
and disposal to the sea. (See Appnndices L and M.) The cost for opera

tion and maintenance of the secondary treatment alternative is only
 
approximately 4 percent greater than that for the sea disposal alter
native when including effluent conveyance and disposal costs. For these
 

reasons, the secondary treatment alternative with discharge to drains
 
does not carry a significant cost disadvantage when compared to sea
 

disposal. Unfortunately, secondary treatment does have the following
 
(1)It ismost sensitive to operation and maintenance
disadvantages: 


flows resulting
difficulties, (2)It ismost sensitive to industrial 

from accidental spills of toxic substance, (3)it requires the most
 

expensive pretreatment facilities for industry, and (4)significant
 
additional capital will be required ifa later decision ismade to
 

land application system.
implement either a sea disposal system or a 

For these reasons, the secondary treatment alternative is not recom
mended for further consideration.
 

The three alternatives recommended for further consideration are sea
 

disposal (Alternative IB)and land application (Alternatives IlIA and
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IIIB). These alternatives are further evaluated and compared In
 

Chapters 4, 5, and 6.
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Table J-i
 
EFFLUENT DISCHARGE REQUIREMENTS
 

(concentrations Ineffluent, q/I) a
 

Constituent Seb Drain 

BOO ~C 390 < 40 

COD z(30C 

Suspended SolIds 200 7 50 
Settleable Solidad 

Dissolved Solids 
Oil & Grease 
pH 
SO 
Chlorine Residual > 0.5 

bUnless otherwise stated
 
Estimated from primary treatment reovals 

CThe same wastewater sample COOmust be higher then the BOO. The values In the low likely 

result from CO0measurements based on the permanganate method of determining COD. This 
method was In uss when the law was drafted. This procedure does not account for suif Its, 
thlosulfate, polythlonate, or the organic matter in wastewater. The method now in use Is 
the dichromate reflux method (Standard Methods, 14th edition, 1975). The law should be 
updated to reflect the change. 

dAmount of solids that will settle out of 1000 ml of effluent within a i-hour period. 
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Table J-2 
PROJECTED FLOWS 

(MI/d) 

Central 
Western 

Subtotal 

Ras El-Soda 

Subtotal 

Nouzha 

Total 

1980a 

Avg. Max. Day 
Avg. Dry Dry Mix. 

Annual Weather Weather Hour 

135 140 185 220 
130 130 170 205 

265 270 355 425 

185 210 270 310 

450 480 625 735 

0 0 0 0 

450 410 625 735 

Avg. 
Annual 

160 
165 

325 

405 

730 

30 

760 

1990 

Avg. Max. Day 
Dry Dry Max. 

Weather Weather Hour 

170 220 250 
165 215 260 

335 435 510 

430 560 670 

765 995 1,100 

30 40 45 

795 1,035 1,225 

Avg. 
Annual 

185 
200 

385 

560 

945 

45 

990 

2000 

Avg. Max. Day 
Dry Dry 

Weather Weather 

195 255 
200 250 

395 515 

585 760 

980 1,275 

45 55 

1,025 1,330 

Max. 
Hour 

295 
310 

605 

895 

1,500 

70 

1.570 

aEstlmted flows used to Interpolate between 1980 and 1990 
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Table J-3 
ASSUMED SEWAGECHARACTERISTICS 

560 mg/IBOD 

1.140 mg/ICOO 
500 mg/I
Suspended SolIds 

0.112 m5/NI/d
Grit 

Screenings 	 75 1/1000PO 

Note: 	 Industrial wastewater characterlsltcs are discussed Inthe section 

titled KIndustrial Wastewater Impacts on Troatment/Dlsposel." 

Table J-4
 
COMPARISON OF ACTIVATED SLUDGE ANI)
 

BIOLOGICAL FILTER PROCESSES
 

Activated Biological
 
Sludge Filter
 

BOO and suspenuad solids removal a 

Ability to take shock loads 
Hydraul Ic B
 

Se
Biological 

SB
 

Ease of operation MB
 

Capital cost 


Sludge 	quantities 


So
 

Operation & maintenance cost MB
 

Ability to control odors SB
 

Land consumption 
 $8
 

Legend
 

SB Slightly better
 

B Better
 
MB Markedly better 
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Table J-5
 

DESIGN CRITERIA FOR NEW PRIMARY TREATMENT FACILITIES
 

Item 


General Criteria
 

Hydraulic capacity 


Redundancy at peak flows 


Standby power 


Buffer zone 


Flow metering 


New 	Primary Plants
 

BOOremoval 

Susp. solids removal 


Bar 	 screens
 

Clear space 


Velocity max. 


Depth, max. 


Width of screen 


Screening discharge 


Drainage 


Screenings disposal 


Grit removal
 

Process 


Design particle size 


Removal equipment 


Grit washing 


Chamber depth 

Length:width ratio 


Detention at peak flow 


Air 	supply 

Oil 	and grease flotation 

Process 

Detention at peak flow 

Chamber depth 

Chamber width 


Chamber length 


Air supply 


Skimings discharge 


SkImIrgs disposal 


Design Criteria
 

Total of firm Influent pump station capacities plus peak
 

dry 	weather gravity flows.
 

a kind out
Operable without bypass with largest unit of 


of service except for the Influent and effluent pump
 

stations where two pumps we redundant. 

flota-
Sufficient for pumping, screening, grit removal, 


tIon and disinfection at peek flows.
 

mans
Minimum of 300 m, or provide odor control 


Parshall flumes on primary sedimentation tank Inlets
 

25 to 30% assumed 
55 to 60% assumed 

2 cm or less 

1.2 m/s
 

1.5 	a 

2.0 m
 

Wheeled, hydraulic dump trailer
 

Returned to plant flow
 

Landfill
 

Aerated grit chambers
 

0.25 m at 2.65 specific gravity
 

Screw or chain and flight conveyor
 

With primary effluent
 

4 m 

3:1 	to 4:1
 

3 min.
 
6 I/s per m of tank length
 

Provide as extension to grit chambers 

5 mln.
 

4 m 
Same as grit chamber 

As required to achieve 3 mln. of detention 

0.04 m
3
/m

3 
sewage
 

Trailer-mounted tanks
 

Landfill
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Table J-5 (continued)
 

DESIGN CRITERIA FOR NEW PRIMARY TREATMENT FACILITIES
 

Item 


Primary sedimentation
 

Process 


Length:width ratio 


Length 


Width 


Surface loading-average 


DetentIon--avg. 


Depth 


Weir loading 


Sludge/scum removal 


Sludge pumping 


Scum discharge 


Scum disposal 


Primary Effluent Disinfection
 

Process 


Dose, max. at peak flow 


Dose, average 


Feed system 


OnsIte chlorine storage 


Chlorine contact 


Primary sludge dewatering
 

Process 


Dewatering 

Filter loading (dry basis) 


Filter size 


Filter operation 


Feed concentration 


Cake solids 


Conditioning chemical 


Dewatered sludge composting
 

Process 

Windrow tamp. max. 


Compost time 


Windrow turnings 


Bulking agent 


Finished moisture content 


Compost storage 


Design Criteria
 

Rectangular, double basins
 

7:1 to 8.5:1
 

45 m to 55m
 

6 m
 

32 /day to 34 m/day
 

2.25 hrs
 

3 m
 

200 m
3
/m/day
 

Plastic chain & flight, electric motor driven
 

Recessed Impeller, centrifugal pumps
 

Positive displacement piston pumps to trailer-mounted
 

tank
 

Landfill
 

Chlorination
 

20 mg/i
 

15 mg/I
 

Evaporators and chlorinators manually set, automatically
 

paced to flow
 

1O days at average firw, cylinder storage
 

Sea outfall
 

Mechnical dewaterlig and windrow compostIng agricultural use
 

Coll media vacuum filter
 

30 kg/m
2
/hr


2

56 m
 

16 hr/day
 

4% minimum
 

23% assumed
 

Polymer, 3 kg/tonne assumed
 

Aerobic compostIng, windrow method
 

601C
 

30-40 days (weather dependent)
 

50
 

Finished compost
 

30% assumed
 

30 days
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Table J-6
 

NEW DESIGN CRITERIA FOR SECONDARY TREATMENT FACILITIES
 

Itam 


General Criteria
 

Hydraulic capacity 

Redundancy at peak flow 

Standby power 

Buffer zone 

Flow metering 

Removal Efficiency
 

BOOremoval 

Susp. solids removal 

Preliminary &Primary Treatment 

Unit operation 

Secondary Treatment System 


BiologIcal Tower
 

Configuration 


Media depth 


BOO loading, avg. 


Hydraulic application 


Solids concentration 


Secondary sedimentation
 

Process 


Diameter 


Surface loading, avg. 


Depth 


Weir loading 


Sludge/scum removal 

Sludge pumping 


Scum discharge 

DeslQn Criteria
 

Same as primary treatment, Table J-5 

Same as primary treatment, Table J-5 

Same as primary tretament, Table J-5 

of 300 m or provide odor control around prel Im-

Inary, primary, and sludge treatment units, no buffer 
Minimum 

required secondary treatment units. 

Parshall flumes on primary sedimentation tank Inlets. 

weirs on chlorine contact tank outfall.
 

In primary plus secondary treatment85 to 90% assumed 

" " " N N N N U 

oil and grese flotation and primaryBar screening, grit removal, 

for primary treatment, Table J-5.
sedimentation provided as 


packing. Recycle
 

tower and secondary sedimentation tank underflow to pro

vide a suspended biomass, supplementing the fixed
 

Biological towers with plastic meadla 


biomass on the plastic media.
 

Circular, with wastewater applied by rotary distributor
 

8.5 m
 
3


2.3 kgm /day
 

55 I/m lin
 

I000 to 2,000 mg/i In tower discharge, obtained by
 

recycling secondary sedimentation tank underflow.
 

Circular, 'enter feed units
 

45 a maximum
 

25 a/day average
 

3.5 m
 
3


260 m /m/day
 

Rapid sludge removal mechanisms equipped with surface 

scum arms; electric motur drives
 

Centrifugal pumps for wasting sludge to primary
 

Influent; screw pumps for returning sludge to biological
 

tower Influent
 

Pump to primary Influent 
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Table J-6 (continued)
 

NEW DESIGN CRITERIA FOR SECONDARY TREATMENT FACILITIES
 

Item 


Secondary Effluent Disinfection
 

Process 


Dose, max. at peak flow 


Dose, avg. 


Feed system and storage 


Chlorine contact 


Sludge Dewatering
 

Process 


Dewatering 

Press loading (flow basis) 


Press loading (dry basis) 


Press size 

Press operation 


Feed concentration 


Cake solids 


Conditioning chemical 


Dewatered Sludge Composting 

Design Criteria
 

Chlorination
 

20 mg/I
 

10 mg/I
 

Same as for primary effluent, see Table J-5
 

Minimum of 20 minutes at peak hourly flow rate In
 

separate concrete basins, each with minimum length-to

width of 400; basins to be easily cleaned. Provides
 

for additional BOO and suspended solids remval.
 

Mechanical dewatering and windrow Clpost, agricultural use
 

Belt sress
 
3.4 m /m belt width/hr.
 

137 kg/in/hr.
 

2 m
 
16 hr./day
 

4%, approximate
 

25% assumed
 

Polymer, 4 kg/tonne assumed
 

Same as for primary sludge, see Table J-5 
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TABLE J-7
 

POTENTIAL INDUSTRIAL USERS OF WEST PLANT PRETREATMENT FACILITY
 

UWUSTh 

LOCATON 
wimoe KAM OF IomSTY 

LOCATION OF 
IOLUST 

TOTAL 

nOW 
,3/6) 

TOTAL 

SOL 
NWd) 

VOIAT11 

SOUDS 
(hWeI 

SUWEJID 

SOUDS 
Nwr) 

BOO 
(wd) 

COO 
(wd) 

GREAW AM 

1KM 
(Wd) (wgd) 

o 

6-1 

8-2 

25-1 

27 

29 

37-1 

37-2 

37-3 

38-1 

38-2 

39-1 
39-2 

39-3 

3" 4 

39-5 

40-2 

40-3 

41-1 

41-2 

42 

4.5 

54-2 

OweMatch Co 

N..e Match Co 

Na .onal Papw Co 

Aoandf lI Prtroloum Co 

LazoWoPow.. Station and Gas Worka 

AJG.Ao.sm 01 and Soap C 

A.a ,a, 1and Soap CO 

Aan8, s"O|and S& Co 

E;ypt., Sll and SOd Co 

Egypta, Sai and Soda CO 

EVracted O,1s Co 
Er-acd 00s Co 

Ewstc"ed OAS o 

EV16aci 0-O6Co 

Eractad O.s Co 

EyrPan Starch a Yeast Co 

Egypta Stach sinYaast Co 

E Naw Lea!w Ts-,ftg Co 

E, PaaTa g Co 

Pr,.u TaT e, 

Sa,21 o 

%Wm3l So-Nn and Wee,ng Co 

manm" 

Moharmm Bey 

Moharram Boy 

l~a 

Kannouz 

Karmoug 

Karmwow 

MohaiW, Bey 

Karmohuz 

Monaromf Bey 

Mohan Sty 
Mohar0v- Bay 

Moharwr Bey 

Gaboary 

Gapbary 

MohwTa By 

Moerum Bay 

Mae. 

Man 

Lima 

Man 

KarmOwa 

550 

400 

3.000 

800 

2.075 

130 

290 

85 

380 

850 

800 
242 

70 

110 

75 

832 

2,970 

860 

200 

210 

570 

9.050 

277 

200 

4.170 

520 

-

16.200 

72.000 

-

-

28.400 

-
-

-

-

-
b.500 

7.830 

9.530 

-

-

2.550 
-

53 

38 

2.200 

750 

-

2.330 

19.300 

-

16.500 
-

-

-

-

-

8.00 

3.132 

2.220 

-

-

1.93 
-

-

31 

22 

-

77 

200 
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TABLE J-8
 

CURRENT (1977) TOXIC SUBSTANCES INDUSTRIAL LOAD
 
(kg/d) 

INDUSIT
 

LOCATION LEAD NICKEL COMMll PHINOI.

WON CHROMIUM MANO 1I41 ZINCOF INOUISTAYNUUm.a HAM 

00 0 1? 
&-I is Mat h CO.,WoWNya 040 0N 


-2 Nils Mtch Co., Moharfm oil
2 060 036 054 

300 030 (01010050025-1 Naotil PaIrCO 

27 AlJsswnar Poroum Co .36
 

150 t00 1.60 6 00
160037-1 AIoAsfdg' Oil and SO4p CO 
00 IO 60000 

660 20 ISO 
37-2 Asanm land Soap C 

3S-2 Egyptian m ndBo s CO 1630 


41-1 EI Nar LMohe Tanning CO. 340 ?000 ISO
 

42 Private TWnorM
s . 

03 see 1100 010
TOTAL 50.37 6006 SN SMI6 

Source 1s? maste Plan 
C. for Iocatio Ofl e Induslt"lm. Aefl."Se1,Figure C-I. C-I waMC-4 at 1157 Meow 
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Table J-9 
PRELININMY PROJECTIONS OF TH ST PlANIT PREREATIENT FACILITY 

INDUSTRIAL 

Av&rage 
Concetration 

Parameter 

Averep Flaw -

Peek Flows -

Total Solids 6,000 

Volatile Sol Ids 2,000 

Suspended Solids g00 

DO S 	 1.500 


3.000COD 

IKM 	 40 

Oreaae/Oil 	 30 

2.0Iron 

Clranlmm 	 3.0 

Mangnem 	 0.4 

Zinc 	 1.0 

Lead 0.3 


Nickel 	 0.4 

0.4
Phenol 

&Peak to average ratio eosmed to be 1.30 
Industrill source or West plant. 

NO LOADSFLdUES 

IO 	 m000 

Valve Value 

41,0 MI/d 53.0 MI/d
 

61. MI/d 0.0 MI/d 

246,000 k/d 316,000 kl/d 

82.000 kg/d 06,000 kg/d 

32,i'O k/d 42,400 ka/d 

61.500 kg/d 790900 hid 

123,000 	kg/d I,3000 kg/d 

1,640 kg/id 2,120 koid 

1,230 kg/d 1,90 hm/d 

0 k/d 110 kg/d 

120 kg/d 160 hg/d 

16 hg/d 20 kgid 

40 h/d s0k/d 

12 kg/d 16 hg/i 

16 ko/d 20 hg/d 

16 kG/d 20 kg/d 

to reflect flow equelletloN at 1110 
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Table J-10
 
ESTIMATED CAPITAL COSTS FOR IREATMENT
 

(106 LE. end-of-1980 prices)
 

Initial 1990
 

Alternative Construction Construction 

So Dsposal (Alt. 18) 

Exist. 65 MI/d West Plant Upgrade 1.1 0
 

West Plant Expansion 42.3 0
 

RAssEl-Soda Plant 5504 7.6
 

East Plant Upgrade 11.2 0
 

Subtotal 100 7.6 

Contingencies 0 25% 27.0 .g 

135.0 90.5Subtotal 


Engineering, Legal, end
 

Administrative costs 0 IS 20.0 1.4
 

0.6 0
Land 


Total 155.6 10.9
 

Secondary Treatment (Alt. II) 

Exist. 05 MI/day West Plant Upgrade, 101 0
 

West Plant Expansion & Secondary
 

Treatment IO33 4e4
 

Ras El-Soda Secondary Plant 129.5 19.7
 

East Plant Upgrade 11.2 0
 

Subtotal 245.1 24.1
 

Contingencies 6 25% 61.3 6.0 

Subtotal 306.4 30.A
 

EngineerIng. Legal, and
 
AdalnIstratlve costs * 15% 46.0 4.5
 

Land 1. 0
 

354.2 34.6
Total 


Includes facilities for plant upgrade recommended In Appendix F, West Treatimnt Plant 

Evaluation, except that costs for upgrade and expansion of the sludgo drying beds are not 

Included. Sludge will be mechanically dewateed a compsted. Costs for these facili

ties ae Included under West Plant Expansion (Alt. II). 
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Table J-10 (continued)
 
ESTIATEJ CAPITAL COSTS FOR TREATMENT
 

(106 LE, end-of-1960 prices)
 

Initial 1990
 

construction ConstructionAlternative 

Land Application (Alt. III)b 

Exist. 85 MI/d West Plant Upgrade
€ 10.0 0
 

East Plant Upgrade 112 0
 

21.2 0
Subtotal 


Contingencies 6 25% 5.3 0 

26.5 0Subtotal 

Engineering, Legal, end
 
Administrative costs 6 15S 
 4.0 0 

0 0Land 


30.5 0Total 


b~cot of West and East plants only. oes not Include Metof land ppllcatlon facilities 

or pretreatment at land application site. Coast of land 8Ppllctlo" facilities, Including 

onslte pretreatment. Is set forth In Appendix K, Land Application of Wastewater. 

Clncludes all facilities for plant upgrade recomnded In Appendix F, West Treatment Plant 

Evaluation. After construction of the land application system (copletion estlmted by 

July 1988), the West plant will become an Industrial pretreatment facility. Its selvage 

value at that tim Isestimated at LE 16.7 million (end-of-1900 prices). This amount wiii 

be charged against Industrial pretreatment Andcredited to Alternative III, Land 

Application System, In subsequent present worth analyses. 
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Table J-11
 

SUMMARY OF ESTIMATED WEST PLANT ANUJAL O&M COSTS--


SEA DISPOSAL OPTION
 

(end-of-1980 prices)
 

1980
a 1990 2000 

Cost Cost Cost 

Item Quantity (1000 LE) quantity (1000 LIE) Quantity (1000 LIE) 

Labor
 
33.365
Mendays 28.850 33,265 


Cost lee 217 230
 

Power
 
16
1,000,000 kWh 11 14 


98 125 146
Cost 


Fuel
 

1000 IItres 193 
 236 280
 

8 10
7
Cost 


Chemicals
 

Tonnes 1,690 
 2,074 2,458
 

Cost 1,584 1,942 2,285
 

Materials
 

320
Cost 246 285 


Tote
 

2,991
Cost 2,123 2,577 


aAnnual O&4 costs Indicated for 1980 as basis for estimating subsequent 084 costs by Interpolation 

between 1950 and 1990.
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Table J-12
 

SUO4RY OF ESTIMATED RAS EL-S0OA PLANT ANNUAL OM4COSTS--

SEA DISPOSAL OPTION
 
(end-of-1980 prices) 

1980 a 1990 2000 

CoWl Cost Cost 

Item Quantity (1000 LE) Quantity (1000 LE) Quantity (1000 LE) 

Labor
 
Mandays 21,600 42,190 50,355
 

Cost 
 140 275 327
 

Power 
15 211,000,000 kWh 7 

126 178
60
Cost 


Fuel
 

1000 Litres 303 663 917 
33
II 24
Cost 


Chemicals 
3,527Tonnes 1,206 2,597 

Cost 1,063 2,353 3,230 

Materials
 

467Cost 246 363 

Tote I 

4,235
Cost 1,540 3,161 


aAnnual O&Mcost Indicated for 1980 as basis for estimating subsequent years, 0101 costs by Inter

polation between 1980 and 1990 estimated annual cost. 
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Table J-13
 

SUMMARY COSTS AT THE WEST SECONDARY TREATMENT PLANT--OF ESTIMATED ANNUAL O&M 
ALTERNATIVE II 

(end-of-1980 pric.s) 

1980 a 
1990 2000 

Cost Cost Cost 

Item Quantity (1000 LE) Quantity (1000 LE) Quantity (1000 LE) 

Labor 
Mandays 46,500 53,600 60,000
 

348 390Cost 302 

Power 

1,000,000 kWh 17.2 21.6 26.1
 

Cost 152 
 191 231
 

Fuel
 

1000 1ltres 583 715 
 833
 

25 29
Cost 20 

Chemicals
 
1,882Tonnes 1,310 1,603 

Cost 1,436 1,762 7,067 

Materials
 

564 625Cost 503 

Total
 

Cost 2,413 2,690 3,342 

aAnnual 016 cost Indicated for 1980 as bells for estimating subsequent years@ 0&M costs by Inter

polation between 1950 and 1990 estimated annual costs. 
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Table J-14 

SUMMARYOF ESTIMATED ANNUAL O4 CSTS AT THE RAS EL-SOOA SECONDARY TREATMENT PLANT--

ALTERNATIVE II 
(end-of-1960 prices) 

19806 1990 2000 

Cost Cost Cost 

Ite" Quantity (1000 LE) Quantity (1000 LE) Quantity (1000 LE) 

Labor 

Mandays 

Cost 

37,200 

242 

62,400 

406 

82,800 

538 

Power 
26.3 	 35.2
 

232 311
 
1,000,000 kWh 13.1 


116
Cost 


Fuel 
1,1021000 Lltres 418 	 660 

41
30
is
Cost 


Chemicals
 
2.010 2.743 

Cost 1,259 2,254 3.026 
Tonnes 972 


Materials 

Cost 439 71!1 901'
 

Total
 

Cost 2,071 3,637 4,623
 

aAnnual O4LMcost Indicted for 1980 as bails for estlmtlng lubeequent yers' 04)4 costs by Inter

polation between 1980 and 1990 estlmted annual ooets. 
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Table J-15
 
SLARY OF OPERATION AND MAINTENANCE OSTS
 

Option 

Sea Disposal--Alt.IB
 

West Plant 

Ras El-Soda Plant 

East Plant 

Total 


Secondary Treatment-Alt.II
 

West Plant 

Ras El-Soda Plant 

East Plant 

Total 


Land AppllcatIon--Alt.ll
I
a
 

East Plant 

b


West Plant


FOR TREATMENT
 

20001980 1990 

2,123 2,577 2,991
 

1,540 3,161 4,235
 

870 870 870
 

4.533 6.600 B,096 

2,413 2.890 3,342
 

2,071 .,637 4,023
 

870 e7o 870
 

5,354 7.397 9.035
 

870 870 670
 
540
540 540 


Notez 	 Estimated end-of-1980 prices (10'O IV)using cost curves adjusted for local
 

conditions.
 

aCosts for treatment of the land application site are InAppendix K.
 

bCosts for operating the West plant it 805MI/d for 3.5 years we Included In tte pre4nt
 

worth analysis.
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APPENDIX K
 

LAND APPLICATION OF WASTEWATER
 

INTRODUCTION
 

Land application offers the City of Alexandria a means to treat and
 
dispose of its wastewater effectively while at the same time developing
 
an additicnal water resource and using the nutrients it contains.
 
Availability of water Is one of the limiting factors inEgypt's ambi

tious proqram of desert reclamation. With careful planning, wastewater
 

can be utilized to supplement existing water supplies 4nd create new
 
possibilities for continued growth and development.
 

In this appendix, the feasibility of a large-scalrp 1 ld application 
system Is reexamined. The previous analysis in tte l11ll Master Plan 
concluded that land application was unattractive when compared with the 

sea outfall alternative. Since that time, however, some of the basic 
assumptions and interpretations used in thpt analysis have changed. As 
a ccnsequence, the current nope of servL.-i requires WWCG to 
"reevaluate the advisability of sea dispo al versus other alternatives,
 
including reuse and evaporation. Review will concentrate mainly on
 
disposal means other than outfalls." Specific areas of investigation
 
include:
 

o 	 Identification and screening of additional treatment or
 
effluent disposal options
 

o 	 Investigation of Y.ternatives for irrigation o.i,; primary
 
treatment effluent
 

0 	 Review (ifexsting public health aspects of effluent discharge
 
to canals
 

o 	 Investigation of usng primary effluent to irrigate salt
tolerant and hfqh water- and nutririt-using forage crops
 

of leaching rates, cropping
 
practic-. and Irrigation nrvthoJ% for effective land application
 

0 	 Investigal.tun the rmanagenvrt .inrj 


o 	 Reevaluation a-, pdating of costs presented In the Master Plan
 

for Irrigati n with secondary effluent mixed with (anal water
 

o 	 Investigat n of potential for Irrigating other lands not 
contiered in the Master Plan 

K-I
 



o Investigation of other land application processes such as
 

overland flow and Infiltration-percolation
 

All of these Issue, ..re addressed in this reconnaissance-level study and
 

in this appendix. Background considerations importanC to
 
are discussed 


These include a synopsis of the previous
the study are presented first. 

laws and regulations, and the assumed
 

land application study, applicable 

Next, the basic concepts and
 

wastewater quality and quantity data. 

the Alexandria area are
 

for land application relative to
requirements 
 the site investigations
followed by a description of

described. These are 


Using these basic conthe two most feasible sites.
with the details of 

two alternative land application systems are
 

cepts and site conditions, 
 lilA and IIIB, were
 These two alternatives, identified as
developed. 
 disposal

the final alternatives to be compared with the sea 
selected as 


this report. In this appendix,

alternative in the main body of 


IlIA and 1110 are evaluated on the basis of costs, public
Alternatives 

and social effects, implementability, and reliabil

health, environmental , 
recommen

ity. 4n the study follows
Finally, the results of the study are sunmmarized and 


the references cited
dations presented. A list of 


the text.
 

BACKGROUND CONDITIONS
 

a larger
land application is part of 

The current feasibility study of 


a considerable amount
 wastewater alternatives and follows
evaliation of 

the subject. Several important


of previous work and discussion on 

In this reevaluation.
a starting point
considerations were used as 


the 1911 Master Plan and applicable laws and
 
These include reviews of 


In Egypt, and a description
reuse
regulations pertaining to wastewater 
 for land
 
of the assumed wastewater quantity and quality available 


application.
 

1'Udi Master Plan
Review of the 


The Alexandria Wastewater Master Plan Study (Ref. I), completed in
 
3f
 

1918, developed a nurber of alternatives for treatment and disposal 

These included one
 

the major part of AI.'xandria's wastewater fluw. 

application and another
 alternative involving large-scale land 


land application alternative consisted of
 
involving evaporation. Ihe 


the effluent Into

secondary trmatm-'nt with discharge of


conventional 

The water would thcn be
 

existing canal% for blending with fresh water. 


made available for unreitricted irrigation of 113,1(00 feddans of
 

existing (ropland. lhe evaporation alternative entailed the conveyance
 

43.00) feddans of evaporation basins in 
of wastewater to approximately of the study, both 
a reft)te esetrt location. In the evaluation phase 

disposal alter
of these alternative%were rejected In favor of a sea 


nat ive.
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Two minor alternatives involving land application and evaporation were
 

also recommended in the report. 
 The first of these consisted of
 

discharging 45 MI/day from the East plant into the Qala Drain for
 

potential irrigation riuse. The other entailed evaporation of the pre..
 
flow (150 Ml/day) from Abu Qir In a 1O,O00-feddaii
dominantly industrial 


pond at Lake ldku.
 

Review of the 1978 study revealed a number of debatable assumptions
 

and conclusions regarding land application. These must be reevaluated
 

in light of current thinking. Major *Is that need to be addressed
 
include:
 

o Level of treatment requl. or to land application
 

o Acceptability of effluent discharge to canals
 

o Types of land application methods considered
 

Salts and nitrogen dilution before Irrigation
o 


o Storage requirements
 

o General feasibility of agricultu, l reuse
 

A separate study of the outer areas will reevaluate the evaporation
 

plan for the outside area flows.
 

Level Of Treatment Before Land A plication. One of the basic assumptions 
of the 1978 'st'udy was that secon a-ry treatment or higher was necessary In 

all cases prior to crop irrigation. The reasons given were that this 
level of treatment was required to: 

o Protect public health
 

o Reduce land area requirements
 

o Maintain soil poru. ly
 

0 Minimije odor generation
 

This reasoning is partially valid If the tffluent Is to be used nn
 

crops such as vegetables, where public contact with the effluent Is
 

not controlled and where sites are located near population centers.
 

However, land application of primary '1' I !is been successfully
 

practiced at many other locations where -I:,upriate crop and site
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selection techniques have been enployed and controlled management
 

The impact of wastewater irrigation on
practices have been adopted. 

public health depends upon several factors. These include the form of
 

wastewater distribution, type of crop grown, and the degree of public
 

access to the site.
 

the World Health Organization ind
Guidelines have been dovcloped by 

other regulatory agencies in the United States and other countries
 

(Ref. 2), which relate these factoi: to the level of pretreatment
 

required. For example, irrigation with primary effluent is pernitted
 
access to the site
for forage, fiber, and seed crops grown where public 


Is restricted. Increasing levels of pretreatment, including disinfec

cases where the risks of exposure to pathogenic
tion, are required in 

organisms are increased by sprinkling, unregulated public contact, or
 

food crops. The risk of public exposure can be reduced by
irrigation of 

for workers and nearby residents,
providing potable water supplies 


erecting fences around the site, maintaining buffer zones, and planting
 

windbreaks.
 

The reduction in suspended solids and soluble organics resulting from
 

treatment will generally make the handling of wastewater much

secondary 


seldom have any effect on the land area requirement
easier, but it will 

for Irrigation. Other factors such as hydraulic and nutrient loadings
 

will more often control the Irrigation rate and, therefore, the land area
 

particularly in arid climates such as in Egypt.
 

Experience with high organic strength industrial wastewater indicates that
 

most irrigation systems can operate effectively, with no soils clogging,
 

with organic loading rates of 100 kg/ha/day as BOD. Considerably higher
 

are possible with good drainage and proper agricultural
loadings 

a BOD concentration of
management. Assuming a primary effluent with 


300 mg/l and a typical annual irrigation rate of 2 m/year, only
 

16 kg/ha/day would be applied. Consequently, soil clogging, with
 

resulting infiltration rate reductions, would not he expected.
 

can develop if anaerobic conditions are allowed to occur
Offensive odors 

This is generally more of a
within the irrigation syStein or on the field. 


concern with primary effluent than with secondary effluent, due to higher
 

matter and settleable solids. However,
concentrations of organic 

experience with most wastewater Irrigation systerm Indicates that souf-es
 

of odurs are usually associated with distributior, systems rather than th{
 
in
actual application site. Also, most of these odors are usually local 


nature and dissipate In relatively short distances. With careful design,
 

odor prublels can be minimized, or Isolated in locations away from
 

p-pulated areas.
 

Irrigation alternative
Ac(c.ptabili j of Effluent Olschsjue to Canals. The 


ed discharging treated and
deveIoped inTh- 1 Me'ister PTrn i-n-c--

X-4
 



disinfected effluent Into existing irrigation canals containing Nile River
 

water. Although this may be technically feasible if proper levels of
 

pretreatment are provided, itwould still be unacceptable In most cases
 

for public health, religious, and legal reasons.
 

The branch canals of the Nile are a primary source of domestic water
 

throughout Egypt, particularly in rural areas. Water quality in these
 

canals is generally poor because the canals already receive some
 

drainage and human wastes, and contain organisms responsible for
 

schistosomiasis. Discharge of even high-level treated wastewater would
 

only create greater water quality problems within the canals. This is
 

particularly true if the reliability of treatment plant performance
 

could not be ensured.
 

Religious practices also limit the acceptability of canal discharges
 

because canal water is often used by Moslems for ablutions prior to
 

prayers. Addition of partially treated wastewater would make the canal
 

water unsuitable for this purpcse.
 

Egyptian Law 93 (Ref. 3), which Is discussed later In this section,
 

also legally constrains implementation of this alternative. The law
 

prohibits discharges of wastewater containing human wastes into
 
the Nile or its branches, including irrigation canals. Industrial
 
discharges are permitted within specified limits.
 

Types of Land Application Methods Considered. A wide variety of design
 

options is available for land application, making it possible to adapt
 

to many different site conditions and objectives. In the 1918 Master
 

Plan, a number of options were not fully explored that are deserving of
 

land application
 

known 4s rapid infiltration and overland flow, as well as other types of
 

Irrigation system.
 

consideration. These include two other methods of 


Both rapid infiltration (also known as infiltration-percolation) and
 

overland flow are essentially methods of wastewater treatment. Given
 

appropriate site conditions. tertiary-level treatment performance can be
 

achieved (Ref. 4). In many cases, 
this opens up new possibilities for
 

subsequent reuse of the effluent, since the effluent can be used to
 

recharge the ground water or can be discharled to surface waters.
 

Other types of Irrigation that nmrit further attention are primarily
 

the so-called "high-rate Irrigation" systems. These often produce less
 

than optimum crop results, but can achieve significant savings by
 
level effluent.
overirrlgating appropriate types of crops using primary 


Salt and Nitrogen Dilution Before Irr_19ation. The 191TI Master Plan
 

concluded that tiFe secondary effluent would'have to be mixed with canal
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water to dilute both the salt and nitrogen content befor
a irrigation.
 

This 	added considerably to the aiount of water that would have been
 
land 	use.
 

handled in the 	alternative and consequently increased the total 


measure of salt concentration) is expected
Electrical conductivity (a 


to range froin about 1.7 to 2.5 millimhos per cm (mmhos/cli), which can
 
Even at this level, however,
 

cause problems 	with salt-sensitive crops. 

Certain selected crops
 

a number of management techniques can be applied. 
 Where the soils are
 
will 	suffer little or no yield reduction (Ref. 5). 


zone 	using
be leached out of the root
well 	drained, the salts can 

a common and necessary practice for
 excess irrigation water. This is 


in the Nile Delta of Egypt.
most irrigated areas 


as N, which
 
The reported mean total concentration of nitrogen is 33 mg/l 


is within the normal range for municipal wastewaters. 
This can be well
 

Using normal local agricultural

managed by most land application systems. 


supply all of the nitrogen

practices, a concentration such as this will 


percentage of the
 
fertilizer requirements for most crops, with a small 


nitrogen being 	lost to volatilization and denitrification, and the rest
 

the ground water in acceptable concentrations.
percolating to 


In order to account for fluctuations in normal
Storage Requirements. 

was assumed in the 1978 study


irrigation requirements over the year. it 


that 25 percent of the annual wastewater flow would need to be stored.
 

While storage is often advantageous for irrigation systems, it is
 
Several management techniques
expensive and not necessary in every case. 


can be used in lieu of storage include:
that 


Selecting crops whicn can tolerate the stress of overirrigation
0 

and underirrigation
 

0 	 Taking some land out of production during the midsummer peak
 

consumptive use periods
 

a compromise to
 o 	 Accepting less than maximum crop returns as 


reduce wastewater disposal costs
 

One of the conclusions of
 General Feasibility of Airicultural Reuse. 

was that agri

the Initial Environmenta Impact Statement (Ref. 6) 

a result of the combination
 reuse was generally infeasible as
cultural 


of the large volumes of wdter, high direct and indirect costs, high
 

effluent salinity, poor social acceptability, and lack of an organiza

unit to receive and utilize the wastewater. Each of these

tional 

potential adverse impacts is addressed in the current study. The
 

alternative land application systems are developed in such a way that
 

these impacts are minimized or become nonapplicable.
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Applicable Laws and Regulations
 

The current Egyptian policy toward disposal and land application of
 

liquid wastes is set forth in Law 93 of the Ministry of Housing and
 

Applicable water quality requirements spe-
Public Utilities (Ref. 3). 

sewage of
cified in the law are presented in Table K-i. Discharge of 


any form into the Nile and its branches is prohibited. Irrigation
 

canals which derive their water supply from the Nile are also included
 

in this category.
 

In addition to the water quality requirements for irrigation shown in
 

Table K-i, the law also specifies allowable crop types and uses.
 
raw
Sewage irrigation of vegetables, fruits, and plants that are eaten 


sewage-irrigated lands
is not permitted. Grazing of dairy animals on 


is also not allowed. Irrigation rates must be low enough so that surface
 

ponding does not occur.
 

Although the law is fairly specific with regard to many aspects of land
 
situations. In
application ot wastewater, it does not entirely cover all 


these cases, current standards and practices from the United States have
 

been applied.
 

Wastewater Quantity and Quality
 

rates used as the basis of design for the land
The wastewater flow 

application Alternatives IlIA and IIIB are presented in Table K-2.
 

These values were developed in Appendix J, and include only the
 

wastewater from the eastern zone, western zone, central zone, Ras
 

El-Soda, Siouf Keblia, Sadat City, and the domestic flows from Abu Qir.
 

The assumed raw wastewater quality in this study is presented in
 

Table K-3. These values are based on analyses reported in the 1978 Master
 

Plan.
 

BASIC CONCEPTS OF LAND APPLICATION
 

In this section, general concepts and important considerations are
 

introduced for each of the three basic land application processes. These
 

processes, which are shown schematically in Figure K-i, are commonly
 

referred to as irrigation, rapid infiltration, and overland flow. Each
 

process utilizes different physical, biological, and chemical means to
 

treat, dispose of, and/or utilize the wastewater. Typical design features
 

for the three systems are compared in Table K-4 and are described in the
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followinj subsections. The discussion is based on local conditions and
 

highlights considerations that are particularly important for Alexandria.
 

Irrigation
 

Wastewater irrigation is a process used to treat and dispose of wastewater
 

while utilizing the water and nutrients for he production of crops. In
 

many respects it is operationally similar to standard irrigated
 
sprinkler
agriculture, with wastewater being applied by either surface or 


distribution methods. Extremely high levels of treatment can be achieved
 
Most irrigable soils
 as the wastewater interacts with soils and crops. 


are suitable for wastewater systems; however, poor drainage and steep
 

topography limit site-specific suitability and increase system cost.
 

Water and nutrients can be managed to either optimize crop production or
 
Systems designed to optimize crop
maximize wastewater irrigation rates. 


production store wastewater to match seasonally variable crop irrigation
 

requirements, apply wastewater at relatively low hydraulic loadirg rates,
 
SyFtems
and pretreat wastewater to allow use on high income crops. 


apply water In excess of
designed to maximize wastewater irrigation rates 


crop consumptive water demands and use crops that have high ,,ater and
 

high nutrient requirements. Revenues from crop production are generally
 

lower where the irrigation rate is maximized; however, initial capital
 

costs are generally decreased.
 

Development of a successful wastewater irrigation system requires careful
 
These can be
consideration of number of interrelated design factors. 


varied to suit particular requirements or conditions at a specific site.
 

Some key factors are highlighted in the following discussion including
 

treatment effectiveness, pretreatment requirements, cropping pattern,
 

irrigation rate, storage, land requirement, and system management.
 

T 2atment Effectiveness. The irrigation process is capable of providing
 

levels of pretreatment which greatly exceed the capabilitie-s of
excellent 

processes. Typically,
most conventional and advanced waste treatment 


subsurface drainage from wastewater irrigation systems contains less than
 

2 mg/l BOD, less than 1 mg/l suspended solids, 3 mg/l total nitrogen, less
 
fecal coliforil
than 0.1 mg/l phosphorus, and about 100 MPN per 100 ml 


(Ref. 4). The only water quality limitation that would normally
 

restrict any subsequent reuse is the concentration of total dissolved
 

solils, or electrical conductivity, which wiii increase significantly.
 

The quality varies with pretreatment level, soil characteristics, irri

gation rates, and cropping pattern; however, in almost all 
cases it
 

would be generally suitable for discharge to surface drains.
 

Pretreatment Requirements. The level of pretreatment for wastewater
 
or all of the
irrigation systems will generally be dictated by any 


following factori:
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o Requirements of the distribution system
 

o Nuisance conditions from odors
 

o Public health impacts
 

For most surface distribution systems of the type commonly used in Egypt
 

there should be no significant problems with primary level effluent.
 

However, with sprinkler systems, careful attention must be paid to the
 

removal of coarse and settleable solids. To avoid plugging of nozzles, it
 

is generally recommended that the size of the largest particle in the
 

applied wastewater be less than one-third the diameter of nozzle orifices.
 

For most systems, other than the traveling gun, which utilizes a large
 

orifice and high pressures, some solids removal is required. If aerobic
 

or facultative ponds are used prior to sprinkling, it is necessary to
 

remove agglomerated algae using relatively fine 
screens.
 

Reducing odors is particularly advisable if the wastewater irrigation
 

system is close to residential communities. If they occur, odors dre
 

most likely generated in treatment ponds rather than in subsequent
 

storage facilities. Odors from storage ponds can be minimized if the
 

equivalent of primary treatment is provided or if storage ponds are
 

operated as facultative lagoons.
 

The level of pretreatment required to protect public health is dependent
 

upon the type of crop grown and control of public access to the site.
 

Primary level treatment is generally acceptable if crops are restricted to
 

feed, seed, and fiber crops. Public access can be controlled by limiting
 

the labor requirement, locating residential communities off the site, and
 

by providing easily accessible potable water for workers and residents.
 

Increasing levels of biological treatment and disinfection are advisable
 
access cannot be adequately
for irrigating food crops and where public 


raw
regulated. In areas where irrigating food crops that may be eaten 

with good disinfection is
is permitted, a minimum of secondary treatment 


generally required.
 

Crop Selection. The cropping pattern used at a wastewater irrigation site
 

affects the application rate, storage requirement, and revenue. These
 

factors influence the cost and feasibility of the operation.
 

The following considerations must be included in the evaluation of
 

possible crop types:
 

o High water- and nutrient-using crops require less land area.
 

o Water-tolerant crops cin accept more irrigation water during the 

winter months, which could reduce storage requirements.
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o 	 The crops must be moderately salt-tolerant.
 

Crops must be able to tolerate continuous nitrogen applications
o 

unless nitrogen concentrations can be controlled.
 

The crops must be compatible with expected soil and drainage

0 


conditions.
 

are most suitable from the public
0 	 Forage, fiber, and seed crops 


health standpoint for irrigation wih primary level 
effluent.
 

0 	 Vegetables and other high-value crops require much higher levels
 

of pretreatment.
 

Crops with minimum cultivation requirements will reduce system

o 


operation complexities.
 

o 	 Crops with high net income can reduce annual operation costs.
 

that 	minimize
 
o 	 Irrigation methods are available for certain c:.ins 


farmer/irrigation contact with the wastewater.
 

o 	 Selected crops must be marketable.
 

Irrigation Rate. The wastewater irrigation rate affects storage and land
 

It is dependent upon crop consumptive use (also referred 
to
 

requirements. 

as evapotranspiration), precipitation, the salt leaching requirement, and
 

application efficiency. The nutrient loading rate can also limit the
 

or affect crop selection.
wastewater irrigation rate 


(CU) 	for selected potential crops is listed
 
The monthly consumptive use 

in Table K-5. These data were derived, for the most part, from the 

1978
 

Master Plan, with some additions and changes. A modified Blaney
 

used with long-term Alexandria temperature data to
 Criddle method was 

The CU for alfalfa was developed using a similar
estimate CU. 


Also, the
 was not
procedure, as it included in the previous study. 

to
 

CU for wheat was modified from that presented inithe 
1978 Master Plan 


reflect the growing season correctly. Table K-5 does not include pre

irrigation for planting, which should be considered for specific site and
 

crop conditions during final design.
 

The effect of rainfall was considered in the irrigation rate development
 

supply part of the crop CU requirements. However, not all of
 
as it can 


Some 	rain may fall
the rainfall is effective in helping supply water. 


during periods of limited crop use and some can be lost to evaporation or
 
Long-term precipitation
runoff before it infiltrates the ground surface. 


southwest of Alexandria,
not exist for the inland desert areas
records do 
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which are the most probable land application sites. Therefore, an average
 

review of several sources

rainfall of 100 mm per year was used, based on 


(Refs. 1, 7, and 8).
 

The wettest year in 10 is commonly used in wastewater irrigation system
 

is available during abnormally rainy
design to ensure that enough land 

annual precipitation is
 years. At Alexandria the highest "1year in lO" 


about 42 percent greater than 'he normal (Ref. 7). Assuming an equiva

lent percentage increase for inland desert areas, total precipitation
 

a wet year. This total was prorated monthly by
is about 142 mm in 

These values were
using relative monthly precipitation at Alexandria. 


then used to compute the effective precipitation (e.p.) using standard
 
Monthly effective
U.S. Soil Conservation Service methods (Ref. 9). 


precipitation is listed in Table K-5.
 

The salt leaching requirement is also an important factor in the
 

It is defined as 
that fraction (expressed
wastewater irrigation rate. 

as a percent) of the irrigation water that must be leached through the
 

It is depenactive root zone to maintain a steady state salt balance. 


dent on several factors, including:
 

o Irrigation water quality
 

Crop type and stage of growth
o 


profile
o Concentration and depth of salts in the soil 


o Depth of soil profile to the water table
 

o Soil physical and chemical properties
 

was not possible to obtain enough site-specific
For this study it 

to accurately determine leaching requirements. Therefore, a
information 


simplified method was used to approximate the leaching requirement. 
This
 

value was then compared to local research data.
 

The electrical conductivity of the wastewater, based on measurements
 

presented in the 1978 Master Plan, generally varies from about 1.7
 

An average value of 2.1 mmhos/cm
mmhos/cm to 2.5 mmhos/cm (Ref. 1). 

was used in this analysis. The following equation, which considers
 

only the electrical conductivity (EC) of the irrigation water (ECw) and
 

can occur in the drainage water (ECdw), was
the maximum salinity that 

used to compute the leaching requirements (LR):
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LR - ECwECdwx 100 

The expected crop yield reductions with the wastewater 
for several crops,
 

The
 
the ECdw values, and the computed LR's are presented 

in Table K-6. 

However, local
 

calculated leaching requirements average about 6 percent. 


research (Ref. 10) has shown that the simplified steady state salt balance
 

for the local soil conditions.

equation does not adequately account 


Actual leaching requirements will normally exceed the values in Table K-6
 

by 100 to 200 percent. This is especially true if relatively high
 
Therefore, an average LR of
 efficiency sprinkler irrigation is used. 


irrigation design.
20 percent was used as the basis of 


for irrigation water that is not

The application efficiency accounts 


is lost by runoff or evaporation. The net irrigation
uniformly applied or 

to give the total
requirement is divided by the irrigation efficiency 


Reasonable application efficiencies for surface
irrigation requirement. 

65 and 80 percent, respectively (Ref. 11).
and sprinkler irrigation are 


The nutrients contained in the wastewater, especially nitrogen and
 
They benefit
irrigation system design.
phosphorus, are important to 


rates. Normal wastewater irricrop production if applied at moderate 


rates often supply about the correct amount of nitrogen for crop

gation 


sugar beets and cotton suffer
 production. However, some crops such as 


yield decreases if nitrogen is applied late in the growth 
cycle.
 

of the wastewater may limit crop selec-
Therefore, the nitrogen content 

tion.
 

If

Another possible design limitation is high nitrogen loadings. 


are used for

percolating irrigation water reaches ground waters that 
 restrict
drinking water supplies, it will usually be necessary to 


10 mg/l (as N) or less. In

concentrations of nitrate plus nitrite to 


are high, it may be necessary to
 cases where influent nitrogen levels 

select only high nitrogen uptake
limit wastewater application rates or 


crops to ensure that this criterion is met.
 

fluctuations, are normally
Storage. Wastewater flows, except for diurnal 


quite constant. InAlexandria, during the summer tourist season, the peak
 

month flows are only about 15 percent higher than the mid-winter flow rates.
 

On the other hand, crop irrigation requirements vary greatly 
from
 

The peak summertime irrigation requirement may be 3 to
 season to season. 

5 times greater than the wintertime rate. If crop production is to be
 

maximized, storage is necessary to match the wastewater flow to the
 

irrigation requirement. The storage requirement may be 10 to 30 percent
 

of the annual flow volume depending on the cropping pattern.
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is the major
If minimizing capital costs and maximizing irrigation rates 


objective, a system can be designed with little or no storage. This can
 

be done by selecting water-tolerant crops, overirrigating in the winter
 
land under
and underirrigating in the summer, varying the amount of 


irrigation at any time, and selecting a cropping pattern with low
 

summertime water requirements. Of course, the soil must be well drained
 

to allow overirrigation. Also, it is possible to apply most of the
 

leaching fraction during the period of low crop CU to help balance the
 

irrigation rate with wastewater supply.
 

days' flow should be provided
A storage volume equal to at least several 


for any type of system design. This minimum storage volume will allow for
 

mechanical failure or mishaps in the irrigation system and will also
 

permit some flexibility in the scheduling of irrigation.
 

Land 	Requirement. The land requirement is generally computed as the
 

annual wastewater flow rate divided by the annual irrigation rate. Based
 

on a 	30- to 90-feddan land requirement per 1 Ml/day wastewater flow (from
 

Table K-4), the net land area required for the year 2000 flow rate of
 

945 Ml/day would be 28,000 to 85,000 feddans. This does not include land
 

for roads, buffers, and miscellaneous facilities.
 

For a given site and climatic conditions, the land requirement can vary
 

greatly dependinq on the cropping pattern. High water-using forage crops,
 
land area as some
for instance, may require only 50 to 80 percent as much 


grain, vegetable, and fruit crops. Land requirements can also vary,
 

depending on the level of wastewater pretreatment.
 

System Management. A wastewater irrigation system requires additional and
 

somewhat different management than that required for conventional
 

irrigation systems. The protection of public health and handling of the
 

continuous wastewater flows must be considered. Mechanisms protecting
 

health include minimizing public and operator contact with the
 
A higher degree of
wastewater and controlling crop selection and handling. 


management is also necessary to ensure continuous operation of 
a
 

wastewater irrigation system.
 

The following general management practices are typically used for
 
ensure safe and effective operations:
wastewater irrigation to 


o 	 Control of public access (fewer limits are necessary with better
 

quality wastewater)
 

o 	 Provision of buffer areas between irrigated areas and homes,
 

businesses, roads, and surface waters
 

from 	the site
o 	 Prevention of runoff of untreated wastewater 
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Management of the time and location of sprinkler irrigation to
 
o 


minimize wind drift of wastewater beyond the boundaries of the
 

site
 

Control of irrigation rates to eliminate ponding and runoff
 

Use of good general housekeeping practices to minimize odor and
 
o 


o 

vector problems
 

Careful scheduling of agricultural operations to ensure that
 
o 


enough land is always available for wastewater application
 

Scheduling irrigation so that incoming wastewater can be
 o 

land application
handled by either storage or 


Selection of crops that are acceptable for irrigation with the
 
o 


expected quality of wastewater
 

Design of the irrigation system to minimize operator contact with
 o 

the wastewater
 

Provision of drinking water and sanitary facilities for farm
 
o 


workers at convenient locations
 

Monitoring wastewater flows, irrigation rates, ground-water
o 

depth and quality, soil conditions, and crop production to assure
 

achievement of desired effects.
 

An organized program of equipment maintenance
 o 


Rapid Infiltration
 

Rapid Infl,'ration is :iand application method 
also used to treat and
 

basin and then
 
dispose of wastew:Ler. The wastewater isponded in a 


treated by a combination of physical, biological, and chemical processes
 
It requires a moderate to rapidly
 as itpercolates through the soil. 


with flat to mild slopes. Generally no crop is
 
permeable deep soil, aid to
an 

grown, although water-tolerant grasses are 

often planted as 


A very important aspect of the system is the periodic
infiltration. 

drying cycle, which promotes soil re-aeration and simultaneous decomposition
 

Less land isgenerally required than
 of accumulated wastewater solids. 
 The area required aepends
for the other land application methods. 


mainly on the soil permeability and hydraulic loading rate.
 

The system must be designed to provide a certain minimum quality of the
 

percolated water. Inmany instances, this water isused to replenish
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ground water supplies, if the expected quality is consistent with 
the
 

recycled by wells or
intenued use. In other cases, the ground water can be 

discharged
underdrains located onsite and then reused for agriculture or 


to surface water.
 

Treatment effectiveness, pretreatment requirements, hydraulic loading
 
sorre of the key
rate, ghound-water storage, and system -vnagement are 


factors which must be considered in the d.44in of a successful rapid
 

infiltration system.
 

be -*%,q d and
Treatment Effectiveness. Rapid infiltration systems can 


operated to achieve effluent quality equivalent to that of conventrl'6i.Q
 

tertiary treatment. The expected quality of treated water from typical
 

systems is summarized in Table K-7.
 

BOD and suspended solids are almost completely removed by a combination
 
with subsequent biological
of filtration and strain

4 igwithin the soil, 


degradation (Ref. 4).
 

Removal of microorganisms, including bacteria, viruses, and parasitic pro

tozoa and helminths (worms), is accomplished by filtration, adsorption,
 
condesiccation, -adiation, predation, and exposure to other adverse 


Because of their large size, protozoa and helminths are removed
ditions. 

removed by
primarily by filtrat:on at the soil surface. Bacteria also are 


surface, although adsorption may be important.
filtration at the soil 


Removals of fecal coliform bacteria observed at existing rapid infiltra

tion systems range from > 99% removal after 7 m of travel at Hollister,
 

California, to essentially complete removals at Lake George, New York,
 
respectively.
and Phoenix, Arizona, after 7 and 90 m of travel, 


The primary removal mechanism for viruses is adsorption. Because of
 

their small size, viruses are not removed by filtration at the soil sur

face, but instead, travel into the soil profile. Only a limited number of
 

studies have been conducted to determine the efficiency of virus removal.
 

At Phoenix, Arizona, results indicate that 90 to 99% of the applied virus
 
or secondary
's removed within 10 cm of travel when either primary 


is achieved during travel
effluent is applied and that 99.99% removal 


through 9 m of soil following the application of secondary effluent.
 

be desirable depending
 
The primary removal mechanism


Nitrogen removals are variable and may or may not 


on the ultimate use of the treated water. 


is denitrification, which can be adjusted by varying the flooding-to

drying cycles, increasing the ratio of urqaniz carbon to nitrogen in the
 

applied wastewter, changing the application rates, or using vegetated
 

rather than bare surfaces within the infiltration basins.
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The primary removal mechanisms for phosphorus include adsorption and
 
range from 70 to 90 percent
chemical precipitation. The removals can 


depending on the physical and chemical characteristics of the soil,
 
and travel distance.
residence time of the water inthe soil, 


Pretreatment Requirements. Ifpublic access is adequately restricted,
 

the pretreatment required for rapid infiltration is dependent primarily
 

on hydraulic loading considerations. Biological treatment as high as
 

secondary levels is sometimes provided to reduce problems with soil
 

clogging and to increase application rates. However, primary effluent
 

or screened wastewater can c used successfully if reduced application
 
are well maintained.
rates are considered acceptable and the basins 


Basin maintenance may involve frequent disking of the basin surface or
 
improve infiltration.
planting the basin in a water-tolerant grass to 


The level of pretreatment prior to rapid infiltration also affects
 

nitrogen removal efficiency. Higher organic carbon concentrations in the
 

applied wastewaster promote denitrification and result in lower
 
This is advantageous ifthe
concentrations of nitrogen in the percolate. 


ground water isused for Jrinking water supply, but issomewhat undesirable
 

if the ground water is recycled for irrigation use.
 

Hydraulic Loading Rate. Selection of the hydraulic loading rate isthe
 
the same time, the most difficult step inthe design
most important and, ;,t 


infiltration
of a rapid infiltration system. It isa function of the soil 


capacity, the loading cycle, the quality of the applied wastewater, the
 
of desired
treatment requirements, and in some cases, the level 


from about
ground-water storage. Typically, hydraulic loading ranges 

10 m per year in less permeable soils to well over 100 m for
 
systems using low organic strength wastewater and coarse sandy soils.
 

isa difficult parameter to
The infiltration capacity of the soil 

measure, with results varying widely depending on the method of
 

measurement. For preliminary design with no detailed testing at the
 

site, the vertical hydraulic conductivity (which is related to the
 
Itcan be estimated for clean water based
permeability) is often used. 


on a knowledge of the physical and chemical characteristics of the
 
solids
soil. However, infiltration rates with wastewater decrease as 


Therefore, somewhat lower rates
 are filtered out at the soil surface. 

are used for design. Experience with rapid infiltration systems indi

cates that the annual hydraulic loading rates should generally be
 

limited to between 4 and 10 percent of the measured clear water rate
 

for the most restrictive layer.
 

In many systems the organic and solids content of the wastewater limits
 

the hydraulic loading rate. The permissible loading varies depending upon
 

the loading cycle and the ability of the soil to re-aerate; but generally
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most systems are able to accept about 225 kg/ha/day of both BOD and
 

suspended solids without serious reductions in infiltration rates.
 

Once 	the percolate from a rapid infiltrition system
Ground-Water Storage. 

be of high enough quality to be used for
reaches the ground water it will 


many forms of irrigation. A useful advantage of the system is that in
 

many cases this water can be stored as ground water and withdrawn during
 

the year at rates consistent with seasonal irrigation requirements. This
 

concept is illustrated on Figure K-2.
 

The primary requirement is to have a site with sufficient depth of
 
stored.
permeable soil to accommodate the volume of treated water to be 


least 1 m of unsaturated
In addition, the system should always have at 

between the bottom of the basins and the top of the ground-water
soil 


mound as this is whcre most of the treatment occurs. If needed, the
 

existing ground-water level can be lowered somewhat to ensure an ade

quate unsaturated soil depth. The ground-water mound can be managed by
 

design of recovery well networks that confine percolated water within
 

limited areas beneath the site.
 

S em Management. If properly managed, rapid infiltration systems are
 

genei11y easy to operate and provide a high degree of reliability.
 
on a regular
Normal operation consists of flooding and drying the basins 


to meet
cycle, maintaining basin surfaces, and operating recovery wells 

The major
irrigation demands and control the stored ground water. 


of treatment takes place
operational objectives are that the desired level 

and that stored ground water is confined as desired. Most system activity
 

takes place within the subsurface, out of sight of the operators.
 

Consequently, achieverment of both of these objectives requires regular
 

monitoring and a good understanding of the principles involved.
 

The following are some general management practices that are typically
 

used at rapid infiltration facilities to assure operation efficiency and
 

protect public health:
 

o 	 Control of public access to the site
 

o 	 Prevention of runoff from the site
 

o 	 Careful monitoring of application rates in order that
 

infiltration capacities are not exceeded
 

o 	 Regular maintenance of basin surfaces to maximize infiltration
 
rates
 

o 	 Monitoring of wastewater effluent and ground water beneath and
 

adjacent 
to the site to evaluate treatment performance
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required for optimui
o Adjustments to flooding and drying cycles as 


treatment
 

o Monitoring of ground-water levels
 

operations as required to assure
 
o Adjustments to recovery well 


that stored ground water remains within the desired 
location
 

and that an adequate unsaturated zone ismaintained within
 

the soil
 

Regular maintenance of the distribution system
o 


Provision of readily accessible potable water to workers
 o 


Overland Flow
 

Overland flow, like rapid infiltration, isused more as a treatment than 
a
 

Inthis process, wastewater is applied over the
 
reuse or disposal method. 
 a vegetated

upper reaches of sloped terraces and allowed to flow across 


surface to collection ditches. Th. ,astewater is treated by physical,
 

chemical, and biological means as it ,lows Ina thin film down a
 

relatively imnerm"able, grass-covered slope. Very little wastewater
 
root zone because the soils have limited
percouates below the 


Treatment is the main objective, and crop production Is
 permeabil1i'v. 

The process can achieve a secondary
limited to low yields of grasses. 


quality effluent from primary treated wastewater (Ref. 4).
 

Overland flow ismost frequently used for treatment of food processing and
 
it ismost effective for removing
certain other industrial wastewaters, as 


BOD, suspended solids, and nutrients. It issomewhat less reliable for
 

pathogen removal than are the irrigation and rapid infiltration processes,
 
flow through the soil and short
because most of the water does not 


circuiting can occur if the system is not operated properly.
 

Overland flow should be suitable for discharge to drains accrrding to the
 
However, it is unlikely thpt it
 requirements of Egyptian Law 93 (Ref. 3). 


could legally be discharged into waters of the Nile and irrigation canals.
 

Ifused for uncontrolled irrigation and where public access is
not
 

The effluent could certainly
limited, disinfection might be required. 

be reused without further treatment on an A/GOSO-controlled Irrigation
 

system if crops were limited to forage, fiber, and seed.
 

eliminated
As discussed Inthe following section, overland flow was 


from further consideration because no suitable sites could be found.
 

This isdue to a combination of somewhat unsuitable soil conditions and
 
However, the process may
to the unreliability of pathogen removal. 
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have some merit for small local systems, but those are not in the scope 

of this study. The redder is directed to reports by EPA (Ref. 4) and 

Loehr (Ref. 2) If more Information is desired on the process. 

SITE INVESTIGATIONS
 

to suit a wide variety ofLand applicution systems can be developed 
different site conditions. Consequently, the identification and evaluation
 

conof potential sites is a critical element since each site oust be 

sldered in conjunction with various design possibilities. In the pro
was made to first identify allcess of site Identification, an attempt 

of the areas in the vicinity of Alexandria that could possibly be used 

for land application. These areas were then evaluated and screened so 

could be focused on those which presented the best opporthat attention 
tunities.
 

This section first describes the principal criteria that were developed 
of potential sites and then illustrates how thesefor the identification 

used for initial screenlni. Following this are descriptionscriteria werk, 

of the mtore detailed site evaluations that were conducted for the two
 

sites that were found to be aost suitable.
 

Site Identification Criteria
 

be considered In the Identlfication ofThe primary factors which viust 


potential sites for land application are:
 

o Availability
 

o Existing and planned land use 

o tand area requireIrknt% 

0 Soil and esoloqic (haraceristics 

o Topo(graphy 

0 Ground water conditions 

o Sit. location (distance from Alexandria and transport access) 

the
Preliminary site Identification criteria were developed for each of 


factors, based on local condltlons which are discussed In the following
 
subsect ions.
 

K-19
 



Availabilit. For any land application system inAlexandria an impor

nt criteria is that the site be available for direct or indirect
 

control by A/GOSD. This is necessary to ensure that A/GOSD can main

tain control over wastewater handling and site management. Therefore,
 
are preferred. Some privately-owned
government-owned, public lands 


areas would also be acceptable, but would generally be economically
 

infeasible due to the relatively large land requirements and high costs
 

and problems associated with land acquisition. Military lands were
 

assumed to be unavailable and were not considered in this analysis.
 

Extensive areas of urban, semi-urban, industrial, commercial,
Land Use. 

use are generally incompatible with
historical, cultural, and militar) land 


most land application systems and were therefore excluded from
 
farms or


consideration. Agricultural lands with large numbers of small 

generally


lands where predominantly food crops are grown are also not 

can sometimes be used for wastewater
suitable, although they 


irrigation following high levels of pretreatment. The preferred areas for
 
some
land application are undeveloped, remote areas and low-density,
 

These areas usually involve the least
large-scale agricultura! areas. 

costs for development and afford the Lst opportunity for control of public
 

access.
 

Land Requireiints. With such large wastewater flows being conidered,
 

requirements were a major factor in site identification. The

land area 

approximate land area needed for each land application process is as
 

follows:
 

o Irrigation: 28,000 to 85,000 feddans
 

1000 to 15,000 feddans
o Rapid infiltration: 


5000 to 28,000 feddans
o Overland flow: 


are preferred to minimize site development costs
Single, contiguous sites 

and to simplify management and operations. However, combinations of
 

smaller sites are often adaptable and were considered 
as possibilities.
 

Soils and geologic characteristics are the most
Soils And Geology. 

important physical factors considered inthe selection of potential sites.
 

These factors determine which, if any, of the three land application
 
a specific location. While texture,
processes ismost suitable at 


effective depth, drainage, available witer-holding capacity, 
salinity, and
 

considered in the site evaluations, the key soil
alkalinity were all 

characteristic for preliminary site identification is

most often
 

permeability. Ingeneral, the irrigation process can be adapted to a wide
 

range of soil permeabilities, although special design features are often
 
Locations


required for soils at both the high and low ends of the range. 
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with deep, moderately rapid te rapidly permeable soils often have potential
 

for rapid infiltration, while blowly permeable soils are required for
 

overland flow.
 

The natural topography of the region surrounding Alexandria
Topography. 

poses few constraints for land application. The one major exception is
 

the area of limestone ridges near the Mediterranean Sea, in the Bahig
 

Flatter slopes are usually preferred to reduce development costs,
area. 

but slightly rolling or hummocky areas with slopes up to 10-15 percent may bo
 

acceptable. Ifthe soils are slowly permeable, at least mild slopes are
 

desirable to improve drainage. Most of the topography in the areas
 

studied is suitable.
 

Ground Water. The depth to the ground-water table isan important site
 

identification factor for most irrigation and rapid infiltration systems
 

as it affects the need for drainage, the drainage method, and cost.
 
least
Sites considered for wastewater irrigation should ideally have at 


a 1- to 2-m depth to water table, while a minimum of 3 m of permeable soil
 

above the water table is preferable for most rapid infiltration
 
systems. Lesser depths than these can be tolerated if drainage is pro

vided. The rate and direction of movement, quality, existing uses, and
 
of the ground water are also important considerations.
potential uses 


However, land application systems can normally be managed to adapt to
 
those site conditions.
 

The distance from Alexandria to a potential land application
Location. 

site will greatly affect the cost of the conveyance system. Closer
 

sites will entail less cost for wastewater cunveyance and are therefore
 
However, the scale of this project warrants consideration of
preferable. 


areas up to 100 km from Alexandria.
 

For rapid infiltration and overland flow systems, consideration must also
 

be given to the potential site location relative to an acceptable point of
 
Both of these systems provide a high level of
ultimate disposal or reuse. 


treatment and preferably should be located near an irrigation area that
 

can make good use of the renovated water.
 

Site Identification and Screening
 

Site identification criteria developed in the previous section were used
 

identify locations suitable for land application. The study area was
to 

then divided into seven large subareas, shown inFigure K-3, each having
 

generally similar site characteristics. The subareas include:
 

o Subarea A--Irrigated lands near Alexandria
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o 	 Subarea B--Nahda Extension and Barseek jrea wetlands
 

o 	 Subarea C--Government farming companies
 

o 	 Subarea D--Bahig area
 

Subarea E--West Noubaria Extension, Reclamation and
 o 

Settlement Project
 

Subarea F--Remote areas west and southwest of the
 
El Nasser Canal
 

0 


o Subarea G--Undeveloped areas along the Desert Road
 

Each of these subareas presents different possibilities for 
irrigation,
 

rapid infiltration, and overland flow systems which are discussed in the
 

following subsections.
 

Wastewater Irrigation Sites. Wastewater irrigation generally presents the
 
In this case, all of


largest range of possibilities for land application. 

the subareas were considered as possible irrigation sites.
 

Presently irrigated lands of Subarea A include the Abu Qir drain 
area,
 

Most 	of these were eval-
Abis 	area, Maryout sector and the Nahda area. 


uated Inthe 1978 Master Plan. Although these areas are close to
 

Alexandria, they are generally unsuitable for wastewater irrigation 
for
 

the 	following reasons:
 

farm 	sizes makes control of public access
0 	 Existing small 

difficult, requires complex site management, and provides limited
 

ability to control farming operations under a single authority.
 

Without high-level wastewater treatment, the land would have to be
 

consolidated into a single ownership, and the farmers moved from
 

their lands.
 

are incompatible with primary effluent
 o 	 Existing cropping patterns 

irrigation. EApensive, higher-level treatment would be required
 

to protect public health.
 

Existing drainage and irrigation systems are unsuitable for
0 

handling wastewater, as their use would result inmixing
 

Extensive modifications
wastewater with waters of the Nile. 

would be necessary to make the systems compatible.
 

0 	 Soils inthe area are yenerally poorly drained, making them
 

marginally suitable for irrigation with the somewhat saline
 

Alexandria wastewater.
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included in
The Amrla northwest area is not presently irrigated but was 


Subarea A because it is close to Alexandria. it is much too small to
 
Also, because incompatible
accept a significant amount of wastewater. 


land uses are rapidly developing in the area, it was excluded from further
 

consideration.
 

The remaining irrigated delta lands of Subarea A, generally the areas 
east
 

of the Noubaria Canal, 
were also excluded. These lands have the same
 

unsuitable features as the aforementioned sites, plus they are farther
 

from Alexandria.
 

Subarea B, the Nahda Extension, and the Barseek area consist of
 

wetlands the government is considering for reclamation. They were
 
relatively close
considered for wastewater irrigation because they are 


to Alexandria and presently undeveloped.
 

The Nahda Extension would contain about 5000 feddans of irrigated land.
 
to whether the reclamation project
No decision has yet been reached as 


as a wetland and
will proceed or whether the area will be left 

fishery (Ref. 12). Consequently, the availability of this site is very
 

amount of land and questions on
questionable. Due to the small 

availability, the Nahda area was excluded from consideration except as a
 

the West
possible irrigation site for wastewater from a local plant such as 


This 	area could also be used as a sludge/garbage
Treatment Plant. 

pump 	station to convey Alexandria's
composting site or as a site for a 


No detailed investigations were
wastewater to a remote irrigation site. 

performed on the Nahda Extension because it is presently covered with
 

water and consequently little data are available.
 

The Barseek area wetland is included in existing government reclamation
 
Itis a part of Lake Idku and would contain about 20,000
plans (Ref. 12). 


The western end of the site includes the
feddans of reclaimed land. 

10,000-feddan area which the 1978 Master Plan proposed as an evaporation
 

pond 	for the Abu Qir industrial wastewaters. Evaluation of the Barseek
 
a site to be considered in the
 area indicates that it isfeasible only as 


future for wastewater flows from the east end of Alexandria or other
 

nearby areas. It isunsuitable for the present study for the following
 
reasons:
 

The land area could not accept more than about 25 percent of
0 

the Alexandria wastewater flow.
 

The availability of the land is somewhat questinnable because
 

plans for irrigating it with Nile waters are already being
 
developed.
 

0 


0 	 Development costs would be high because it would have to include
 

initial reclamation and an extensive drainage system.
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In addition, certain environmental features of the Barseek wetland make it
 
The penaeid shrimp
a questionable area for any reclamation project. 


fishery of Abu Qir Bay apparently depends on estuarine Lake Idku and
 

associated wetlands for the maturation of post-larval shrimp (Ref. 6). Thus,
 

the social and economic benefits anticipated with any reclamation project
 

would have to be weighed against the potential decrease or Irretrievable
 

loss of the shrimp fishery.
 

Subarea C consists of relatively large (10,000 to 50,000 feddans)
 

government farming companies. Included in this area are the Nahda
 

Company, Maryout Company, Mechanized Farm, North Tahrir Company, Nuba 
Seed
 

The water supply to
Company, and the Egypt Milk and Meat Company. 

these farms is inadequate. However, the use of these lands for supple

mental wastewater irrigation is not recommended for the full wastewater
 

flow from Alexandria at this time for the following reasons:
 

The Ministry of Irrigation isdeveloping plans to pump drainage
0 
water into the Noubaria Canal to alleviate the water shortage
 

problem.
 

Some 	existing cropping patterns are incompatible with primary
o 

effluent irrigation; either the cropping pattern would have to be
 

modified, or expensive, high-level treatment be provided.
 

The existing farming companies would have to yield most of the
0 	
control of the sitas to A/GOSD to ensure that the wastewater is
 

handled properly.
 

Public access would have to be totally controlled, which would be
0 

areas which have communities nearby or
difficult in several 


within the sites.
 

o 	 Some areas have drainage and salinity problems, resulting from
 

the design of existing irrigation systems and their operation.
 

Extensive system and operational modifications would be
 

required for the site to be suitable for wastewater irriga

tion.
 

Multiple sites would be needed to handle Alexandria's total
0 

wastewater flow.
 

Although not recommended as a major alternative for this study, parts of
 

Subarea C might be considered for wastewater irrigation inthe future if
 

the present water shortage continues. This might be a particularly
 

attractive possibility ifa conveyance line is built through this area to
 
With 	full cooperation
another land application site further south. 


among the governmental agencies, an agreement could be worked out that
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might allow farming companies to receive future increased wastewater flows
 

with strict control of the wastewater system by A/GOSD.
 

(on its north side)
Subarea D includes the lands served by the Bahig Canal 

and the lands served by the
and the nonirrigated lands between 'hat canal 


El Nasser Canal.
 

The lands irrigated from the Bahig Canal have been suggested as a site
 
inadequate
for Alexandria's wastewater because they presently have an 


water supply. However, based on discussions with the Ministry of
 

Irrigation (Ref. 12) adequate water will be provided when the next
 

phase of the El Nasser Canal iscompleted. In other respects, the area
 

has incompatibilities similar to those of the irrigated lands in
 
farm 	sizes, somewhat
Subarea A. These problems Include the small 


poorly drained soils, mixing wastewater with water from the Nile, and
 

controlling public contact with the wastewater. Ifexisting agri

cultural facilties were to be incorporated into a wastewater system
 

here, expensive, high-level pretreatment would be required to protect
 

public health.
 

The presently unirrigated area south of the Bahig Canal extends ina
 
The total land area is
 narrow strip, about 6 km wide and 40 km long. 


about 60,000 feddans and ismostly undeveloped. However, this site is
 

generally unsuitable for the following reasons:
 

About half of the area, 30,000 feddans, isunsuitable rockland
0 

and rockland-complex soils. The suitable soils occuir mainly in
 

small, noncontiguous areas, which would complicate operations and
 

greatly increase costs.
 

0 	 The planned city of New Amria is to be built in the middle of the
 

area.
 

0 	 An estimated 5000 feddans of the better soils have already been
 

irrigated by individuals who pump water from the canal and
 

shallow wells. Also, much of the better soil is used for
 

dryland farming and livestock grazing.
 

Drainage would be required to protect the more productive lands
 o 

at lower elevations that are irrigated by the bordering projects.
 

The area is inadequate for Alexandria's total wastewater flow.
 o 


Although Subarea D cannot be recommended for use as an irrigation site for
 

Alexandria's wastewater, one 10,000-feddan part of the area may be
 

a reuse site for New Amrla's wastewater.
suitable as 
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Subarea E 	includes the West Noubaria Extension, Reclamation 
and Settlement
 

The project covers about 90,000 feddans of irrigable 
land,


Project. 

mostly in the Abu Mena Basin. The soils inthis area are generally
 

However, the ongoing development of
 suitable for wastewater irrigation. 

the West Noubaria Project presents major obstacles 

Lo wastewater reuse.
 

These include the following:
 

o Plans and construction of the West Noubaria Project 
are well
 

underway, 	which would require high-level government and
 

international financing organization decisions in
order to be
 

altered.
 

Project plans (Ref. 13) call for the settlement of several
 o 	 This would be
thousand families on rm;ll 6-feddan farm plots. 

e, -irrigation unless very high levels


incompatible with was' 

of pretreatment were p, ,ibed.
 

for extensive sugar beet and
 
o Project plans (Ref. 11) also 	call 


vegetable production, which would require high-level pretreatment.
 

Sugar beet yields would be reduced by continuous wastewater
 

nitrogen applications if primary effluent were used.
 

of tight soils would increase the 	difficulties asso0 Large areas 

ciated with high-TDS irrigation water.
 

The only practical possibility for land application at this site at this
 

time would be if it coild be made compatible with the ongoing reclamation
 

Providing the high levels of pretreatment necessary to do this
 project. 

would be expensive and unreliable using conventional techniques, 

and would
 

be impractical using rapid infiltration because of poor 
site conditions.
 

Consequently, Subarea E appears to present little opportunity for
 

wastewater irrigation and was excluded from further consideration.
 

Subarea F contains the largest area of undeveloped land 
within 100 km
 

Except for limited small and scattered areas, however.
of Alexandria. 

the soils 	are unsuitable for wastewater irrigation. Reconnaisance
 

soil surveys conducted by FAO (Ref. 14) and verified during this
 

study are the basis of this evaluation. This information indicates

level 


Nasser Canal con
that areas immediately south and southwest of the El 


sist largely of plateau rockland (Mz mapping unit) and shallow, silty
 

clay loam soils over rock (Pm 4/20, Lr, and Pn 4/21 mapping units).
 

Land having soil characteristics favorable for wastewater irrigation is
 

restricted to very limited areas where windblown sands have accumulated
 

or where depression areas have been filled with silty clay 
loam soils.
 

Although detailed soil mapping is	not available for locations 
further
 

Elgabely, et. al. (Ref. 15),
south and 	southwest of the canal, 
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limestone lithic ermoclassified the remaining area of Subarea F as 


These soils consist only of a crust of physical weathering
lithosols. 

They 	have continuous rock Just
smoothed and polished by wind action. 


below desert pavement and were therefore eliminated from further
 

consideration.
 

Subarea G is an undeveloped area located about 80 km south of Alexandria
 

After preliminary evaluations, we concluded that
 along the Desert Road. 

this site has the most favorable properties for wastewater 

irrigation.
 

The major advantages of this site are:
 

o 	 Land area is sufficient to handle the total Alexandria
 

wastewater flow.
 

The site is mostly uninhabited and far from any villages.
o 


The site is readily accessible from the Desert Road.
 o 


o 	 The sandy and well-drained soils are most suitable.
 

o 	 The stratigraphic profile has few drainage restrictions.
 

Depth to ground water is sufficient to maintain good drainage.
o 


Relative to other sites far from Alexandria, the elevation is
 o 

low.
 

The topography ishummocky and undulating but quite acceptable
 

for irrigation, especially by sprinkler and drip methods.

V 


Rapid Infiltration. A similar analysis of all seven subareas was
 

performed to identify those areas with favorable characteristics 
for rapid
 

none of the
infiltration. With the exception of Subareas C and G, 


potential sites were found to have an adequate area of suitable soils 
for
 

rapid infiltration. The southern portion of Subarea C is an area of deep
 

permeable soils that could hold some possibilities for rapid infiltration.
 
very 	high


The area has several major limitations, however, including a 


existing water table, and the fact that it is presently used for irrigated
 

agriculture.
 

Subarea G, on the other hand appears to be much more promising for rapid
 

It consists of open desert land with extensive areas of
 infiltration. 

highly permeable soils, suitable ground water and geologic conditions,
 

reuse of the treated effluent.
and outlets for beneficial 


sites for overland flow,
Overland Flow. In the evaluation of potential 

Subareas A, B, C, and E were eliminated from further consideration for
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many of the same reasons as for wastewater irrigation. These include:
 

conflicting land use patterns, questions regarding land availability,
 

inability to control public access, and an insufficient amount of
 
While the necessary slowly permeable soils do exist
undeveloped area. 


over much of these four suoareas, their use for wastewater treatment
 

would take 5000 to 28,000 feddans of good farmland out of production.
 

was excluded from further consideration because the highly
Subarea G 

permeable soils, which are excellent for rapid infiltration, are not at
 

all suitable for overland flow.
 

characteristics
Some undeveloped portions of Subareas D and F have soil 

These are generally
that are somewhat favorable for overland flow. 


found as shallow silt loams over slowly permeable clay loam subsoils.
 

major problem is that these soils are associated with
However, a 

unsuitable shallow and rocky soils and also occur in complexes with
 

rockland. The suitable soils therefore occur in small, widely dispersed
 

With overland flow this is especially undesirable because both
 areas. 

the wastewater distribution and runoff collection systems would be
 

widely dispersed and therefore expensive. As much as three times the
 
an overland
5000-to-28,000 feddan net area may be required to develop 


flow system in these areas.
 

Another major problem is that, as shown in the Irrigation site
 
are near these locations for direct reuse
screening, no suitable sites 
 cannot
of the treated effluent. As discussed earlier, overland flow 


reliably treat wastewater to a suitable level for uncontrolled irriga

tion. Therefore the Bahig Canal and West Noubaria Project areas could
 

not safely accept the overland flow effluent without further treatment.
 

Although no suitable locations could be found for a large-scale overland
 

flow system, the process still has considerable merit as a treatment
 

process for small communities or industries in the area.
 

Recommended Sites. The identification and screening of potential sites
 

for land application are summarized as follows:
 

Subarea A--Existing land use precludes any large-scale land
0 

application system.
 

Subarea B--The Nahda extension is suitable for local treatment
 
plant wastewater only, or as a location for a sludge
 

composting facility or pump station.
 

o 


could be considered in
 o Subarea C--The government farming areas 

the future for use of a portion of the Alexandria
 

Limited opportunity
wastewater if the need arises. 

for rapid infiltration in southern part.
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Subarea D--No areas are suitable for large-scale land application;
o 

however, small areas exist which might be used for
 
local irrigation or overland flow systems.
 

Subarea E--The currently planned West Noubarla Project precludes
 
large-scale application; however, soil conditions are
 

suitable for irrigation or possibly overland flow of
 

locally generated wastewater.
 

0 


Subarea F--No large, contiguous areas of suitable soils could be
 

located.
 
o 


0 Subarea G--Contains extensive areas of soils suitable for both
 
irrigation and rapid infiltration.
 

Subarea G is the only location within 100 km of Alexandria that appears to
 

have characteristics suitable for the land application of the entire
 
In order to test this conclusion and
wastewater flow being considered. 
 seconthe subjective evaluations made in this site screening analysis, a 


dary analysis was performed after the major land application alternatives
 
conceptual design was devewere developed (Ref. 55). Inthis analysis, a 


loped for a rapid infiltration system at Subarea C, as this was con

sidered to be the second best opportunity for land application. In
 

comparison, this system proved to have a slightly greater present worth
 

cost but was much less desirable from the standpoints of technical feasi

bility, environmental impact, and reliability.
 

West Site,
For convenience, Subarea G has been divided into an East and a 

depicted in Figure K-3.
each located on either side of Desert Road as 


are summarized in the following
More detailed evaluations of both sites 

two sections.
 

East Site
 

The East Site is the larger and thp mnre favorable of the two sites. It
 
area between the
is located approximately 80 km south of Alexandria In an 


A total of about
El Nasser and Noubaria Canals, and the Desert Road. 

100,000 ha (240,000 feddans) was investigated. Site information was
 

obtained from a variety of published sources (Refs. 14-30), and was
 

verified by reconnaissance-level field investigations, laboratory ana

lyses, and discussions with local experts.
 

It is
Land Use. The East Site consists primarily of open desert terrain. 


boun-de-don the northwest and north sides by existing or planned irrigated
 
At this time, the site is mostly uncommitted for
agricultural areas. 
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one small area along the
reclamation or development, with the exception of 


northwest edge of the site, which is allocated for an irrigation project
 

An air force base is located beyond the northern

but not yet developed. 

corner of the site and a railroad is presently being constructed 

along the
 

north side. Other physical features such as canals, road drains, and
 
in Figure K-4. The
 

power lines, 	which are on or near the site, are shown 


site is very 	sparsely inhabited by Bedouin shepherds, who are concentrated
 

the north near the Noubaria Canal.
primarily to 


Topography. 	 The topography of the East Site is presented in Figure K-4.
 
level. In general, the


Ground elevations range from 5 to 35 m above sea 


site slopes toward the northeast at approximately 0.1 percent. 

The
 

topography is undulating throughout the site and is characterized by
 

isolated topographic highs (where windblown sand has accumulated) and
 

topographic lows (where desert pavement, limestone, and lime concretions
 
large as several fedpredominate). Topographic depressions can be as 


dans in area. In places, particularly the east-central portion,
 
More detailed topographic infortopography can be extremely rugged. 


mation will be required prior to design.
 

The soils of the East Site consist largely of windblown, sandy
Soils. 

The sands are
soils that exhibit medium-high to low dune topography. 


derived from sandy, river flood plain and deltaic deposits found to the
 

Finer submarine sediment deposition occurs to the northwest.
southeast. 

in geologic
Soil characteristics, depth, and texture reflect differences 

was deposited
parent material, and particularly in how the parent material 


In addition, soil-forming processes appear
in the environment (Ref. 14). 

to be affected by minor topographic changes.
 

A soils maps of the East Site is presented in Figure K-5. Soil mapping
 
Ds 12, Ds 18, Ds 25, and Du 18.
units include Db, DB 11, Ds, Ds 11, 


Physical and chemical properties of these soils are summarized in
 

Tables K-8 and K-9. Additional detailed soils information is contained in
 

the soil survey report prepared by the FAO (Ref. 14).
 

Db soils are dune sand soils with undulating to rolling relief. In a
 

lie between the dunes where underlying
typical setting, a few "valleys" 

The windblown soils are loose medium-fine to
subsoil is exposed. 


medium-coarse sand. The soil is generally poor in lime, but on occa

sion can be slightly indurated (Ref. 14).
 

are texturally comparable to the Db soils. However,
Db 11 soils 

approximately 50 percent at the Db 11 soils are occupied by wide, gently
 

These valleys
undulating valleys where the underlying soils are exposed. 


are only partly covered by sheets of windblown sand or dunes. Valley
 

soils range in texture from clay loam through loamy coarse sand and often
 
in some areas.
contain lime 	concreions and may contain cemented layers 
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form a surface crust, and surface lime concretions
Cemented layers can 

The extent and
 

appear to be remains of disintegrated crusts (Ref. 14). 


thickness of these crusts beneath higher elevation dune locations is
 

unknown at this time. Field observations suggest that crusts are often
 
Uncertainties regarding the
associated with poorer drained locations. 


extent and thickness of lime cementation may result in some drainage
 

Drainage appears to be dependent on the degree of cementation,

problems. 

presence of cracks, and ability of irrigation water to leach calcareous
 

salts through the soil profile. Further field investigations will be
 

extent and thickness of cementation.
required to confirm the 


In the Db association (Ob and Db 11 soils) permeabilities are believed
 

to be high in noncemented locations. Infiltration 
rate estimates are
 

1 to 3 cm/hr, 4 to 16 cm/hr, and 20 cm/hr for clay loam, sandy loam and loose
 

dune location infiltration rates
sand, respectively (Ref. 16). Typical 

Saturation percentage ranges from
 

are probably closer to 20 cm/hr. 


18-66 percent, and decreases with increasingly coarse texture 
(Ref. 14).
 

is estimated at 6-22 percent, indicating limited
Field moisture content 

moisture retention properties (Ref. 19). Permanent wilting point is
 

Soil pH ranges between 6.9 and
 estimated at 3 to 11 percent (Ref. 19). 


8.0 and is suitable for general crop growth, retention of trace ele-

Published values
 ments, and nitrification-denitrification reactions. 


indicate that saturation extract conductivity may exceed 4 mmhos/cm 
and
 

sodium adsorption ratios may exceed 15 (Ref. 14), making the soils both
 

saline and alkaline in some areas (Ref. 15). Replacement of
 

exchangeable sodium (using gypsum and/or acid forming amendments) 
and
 

leaching may be required prior to crop planting. The effect of sodium
 

on soil permeability would be most significant in the finer textured
 
of exchangeable sodium persoils. Alkaline soils are defined in terms 


is generally equivalent to the sodium adsorption
centage, a value that 

However, sodium replacement may not be critical.
ratio (Ref. 19). 


Additional analyses will be required prior to design to better define
 

chemistry and confirm reconnaissance-level field observations that
 soil 

suggest that published values of saturation percentage, saturated
 

ratio are overestimated.
extract conductivity, and sodium adsorption 


Lower range values are probably most representative for this and all
 
Lowest values
soil mapping associations discussed in this appendix. 


tend to be associated with best drained locations.
 

are dune sand soils usually with gently undulating to undulating
Ds 

a typical profile, the underlying soils (sometimes loamy) are


relief. In 

are slightly cemented (though not
rarely exposed. These dune sands 


a surface covering of fine and
necessarily drainage-restrictive) with 


medium gravel (Ref 14).
 

However, the
Ds 11 soils are texturally comparable to Ds soils. 


underlying original soils are exposed in over 30 to 40 percent of the
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area in gently undulating valleys. Valley soils include compact coarse
 

loamy sand, sandy loam, and (seldom) clay loam. Valley locations are
 

high in lime and can be completely cemented (Ref. 14). The exten'.,
 

thickness and origin of these deposits need to be addressed prior to
 

design.
 

Ds 12 soils occupy transitional locations between Db dunes and deltaic
 

soils to the southeast. Dune and valley locations are generally loamy
 

Valley soils, which occupy 40 to 50 percent of the area, contain
sands. 

soft and hard lime concretions and limestone fragments (Ref. 14).
 

Ds 18 soils form low sand sheets or low ripple dunes. The relief is
 

nearly flat to undulating. Hard lime concretions are often noted in the
 

surface. The soil profile isvery rich in lime and can exhibit partial
 

cementation (Ref. 14).
 

Ds 25 soils differ from Ds soils only in relief. They are found inhigher
 

dune locations. Field observations suggest the presence of lime
 

concretions invalley locations.
 

Soils of the Os association have characteristics similar to those of
 

the Db association. Relatively high perreabilities are expected in
 

noncemented locations. Infiltration rate estimates are 1 to 3 cm/hr for
 

sandy clay loams and 20 cm/hr for loose sands (Ref. 14). (Rates up to
 

40 cm/hr have been reported for similar soils in the area south of the
 
Infiltration
current site boundaries, the South Tahrir project area). 


rates that are significantly less than I cm/hr are expected for
 

cemented profiles (Ds 18, for example). Saturation percentage i-,ges
 
Estimated field moisture percentages and perfrom 17 to 73 percent. 


manent wilting point range from 6 to 24 percent and 3 to 12 percent,
 
respectively (Ref. 19), suggesting limited moisture retention proper-


Finer textured soils exhibit the greatest water-holding capabities. 

Soil pH ranges from 6.8 to 8.4 and appears suitable for
lities. 


general crop growth, retention of trace elements, and nitrification-

Electrical conductivity and sodium adsorpdenitrification reactions. 


tion ratio values exceed 4 mmhos/cm and 15, respectively, in some areas,
 

making the soil both saline and alkaline (Ref. 19). However, other
 

combinations of salinity-alkalinity relationships are observrd. Soil
 
condit' For Ds
reclamation procedures woulA be dependent on local 


idsatura11 soils, simultaneous increases in sodium adsorption rate 

some areas of locally restrictive oainage
tion percentages suggest 


(probably associated with local cementation). The effect of sodium on
 
texture.
soil permeability is limited, due to a generally coarse soil 


Du 18 soils show little distinct dune relief, but scattered dunes are
 
Depth of sand reworking ranges from
present nearer to Ob and Ds soils. 


20 cm to 300 cm. Below this depth the sand becomes more loamy and
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cemented by lime, reflecting a probable submarine, parent material
 

deposition (Ref. 14).
 

rates InDu 18 soils vary according to
 
to 20 cm/hr, depending
 

Permeabilities and infiltration 

textures. Infiltration rates probably range from I 


the degree of near-surface and subsurfice lime cementation. Soil pH
on 

ranges from 7.2 to 7.9 and is suitable for general crop growth, retention
 

of trace elements, and nitrification-denitrification reactions. Within
 
conditions will dictate the combinations of sodium
this association, local 


replacement-leaching techniques that are required to maintain crop yield.
 

The presence of sodium (and its effect on permeability) is most
 

significant here due to this association's generally timer texture.
 

Nutrient analyses are not available for any soil association, and the need
 

for crop amendments cannot be evaluated at this time. However, low levels
 

of organic matter, nitrogen, and available phosphorus are generally
 
A favorable crop response
associated with soils of desert regions (Ref. 23). 


Additionally, the
to .astewater applied nutrients is therefore expected. 


extent of salt accumulation throughout the soil-geologic profile is
 

unknown, making estimates of salt transport inappropriate at this time.
 

The East Site lies within the deltaic plain of the Nile River.
Geology. 

Thitratigraphic sequence reflects both aggradational and degradational
 

stages that accompanied changes in sea level during Pleistocene and Recent
 

times (Refs. 14, 17 and 20). Surficial geology has been modified by the
 

Importation of windblown sands. Stratigraphic Inforwation (Ref. 20) Indicates
 

sand and gravel accumulations well in excess of 100 m through the
 

middle portion of the site. Thin clay stringers are also noted in
 

drilling logs. Sand and gravel thickness decreases westward toward the
 

Desert Road, but is still approximately 100 m deep. At the extreme
 

northeastern end of the site, a relatively thin clay lens is found at 8 

depth from 20 to 30 m below ground surface. ]he entire site is 

underlain by clay (or shale) at depths ranging from 100 to 300 m. 

above the Tahrir Aquifer, an unconfined
Ground Water. ]he last Site lies 
sands and gravels discussed previously in theaquFfercCoposed of the same 


qeolo(y section. Depth-to-water-table contours are presented in
 

I iqure K-6. As is observed from the figure, depth to water Is influenced
 

by seepage from the Noubaria and I1Nasser Canals and increases to 30 m.
 

Ground water flows in a south-southwesterly direction away rom the
 

canals (Refs. 24 and ?S). Change-s in ground-water elevation, and flow
 
local irrigation prodirection are expected with the startup of the 


jects. Hydraulic conductivities are estimated ietween 15 and b5 m/day.
 

Ground-water slope ranges from 0.001 to 0.00. flow velocities are
 

estimate(i between 0.09 and 0.39 m/day.
 

Ground-water salinity Increases in a southwesterly direction from
 

0.6 mihos/cm in the east to nearly 2.0 riwios/cm in the west. The ground
 

K-33
 



for both domestic and agricultural
water of the Tahrir Aquifer is used 


Its value will increase with the development of Sadat City,
supply. 

which is to be located about 30 km south of the East Site.
 

the East Site thrives on
Desert vegetation at
Vegetation and Wildlife. 

low dunes and sand sheets where windblown soils have sufficient
 

Vegetation is generally not found on rocky or
 
water-holding capacity. 


on the shifting sands of high

cemented soils of exposed valley areas or 


dunes. Vegetation throughout the East Site consists mainly of desert
 

Mitnam bushes (Thymalea sp.) are
 
shrub (mitnam) and camel thorn (Ref. 14). 


scattered throughout the gently undulating terrain of windblown sands.
 

a woody stem, smooth bark,
This perennial bush is characterized by 


succulent leaves, and yellow flowers (March-April). Terrestrial snails
 

are found on mitnam, and empty shells are scattered 
throughout


(Helix sp.) 

the terrain. Mitnam is spaced from 1.5 m to 5 m apart in the areas
 

favorable fur growth. Camel thorn, a small thorny shrub, is interspersed 

between the mitnam. 

of desert Egypt and includes fox, rabbit, birds, and 
Wildlife is typical 


Sheep and goats are also raised throughout the area
 
other small animals. 


rare occasions.
by the Bedouins. Cheetah have been spotted on 


Eleven tombs of potentially historical
 Historical and Cultural Features. 
 Most are in the north
the East Site (Ref. 22).
located on
interest have been 

some are already impacted by the irrigation-reclamation


and southwest and 

projects discussed previously.
 

Suitability and Limitations. Site suitability and limitations
 
Site characteristics are
 

are summarized in Tables K-10 and K-il. 

infiltration or wastewater
generally favorable for either rimpid 


and areas of deep,
irrigation. Site topography is generally level 

Few drainage restrictions are noted in
 well-drained soils are present. 


the stratigraphic profile, and depth to ground-water is sufficient to
 
The majority of the
 

maintain unsaturated flow in the top metre of soil. 


site is available and sparsely inhabited.
 

Design limitations (and questions warranting further investigation)
 

lime cementation, presence of clayey subsoils,
include the extent of 

shallow ground-water


distribution of soil salinity-alkalinity, location of 


table and maintenance of ground-water integrity. Additionally, site layout
 
structures, population
will have to make accommodations for physical 
 These
 

in a detailed field investigation program

centers, public access, wildlife, and sites of historical interest. 


limitations would be addressed 

prior to final design.
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West Site
 

and west of the Desert
The West Site is located south of El Nasser Canal 

A total of about
Road approximately 80 km from Alexandria (Figure K-3). 


47,000 ha (113,000 feddans) was investigated. Site information was
 
for the East Site, including a
obtained from mostly the same sources as 


(Refs. 14-30) with reconnaissance-level field

variety of published sources 


experts.
verifications and discussions with local 


Land Use. The site consists primarily of open desert terrain bounded on
 

the north by a growing area of irrigation-reclamation projects served by
 

Itis very sparsely inhabited by Bedouin shepherds.
the El Nasser Canal. 

For the most part, the 	site isuncommitted for reclamation or development,
 

to the north, which are already allocated for

although several areas 

irrigation projects but not yet developed, are also included within the
 

site. Physical features such as canals, roads, drains, and power lines
 

which are on or near the site are shown in Figure K-7.
 

Topography. The topography of the West Site ispresented inFigure K-7.
 

The eastern portion of the site isgenerally flat to undulating and
 
level. Several
 ranges inelevation from 30 to 40 m above mean sea 


are located in the southeast porislands of higher elevation (>40 m) 

tion of the site. The topography of the northwest corner is charac

terized by a depression which drops to less than 10 m elevation.
 

Slopes on the depression's eastern boundary exceed 1 percent and can be
 
More detailed topographic information
significantly greater locally. 


will be required for design.
 

Like the East Site, the soils of the West Site consist largely of
Soils. 

windblown, sandy soils that exhibit dune topography. The sands are
 

derived from sandy river flood plain and deltaic deposits found to the
 

southeast. Finer, submarine sediment deposition occurred inthe north and
 

shallow marine and lacustrine deposition occurred inthe west and
 
Soil characteristics (texture, depth)
northwest sectors of the site. 


reflect differences inparent material, particularly in transitional
 

depositional environments (Ref. 14). Additionally, changes inpedogenic
 

processes appear to be associated with topography.
 

A soils map of the West Site is presented inFigure K-8. Soil mapping
 
Ou 18, Pl 20, and Pm 4/20. Physical
units include DB 11, Ds 11, Ds 12, 


and chemical properties of these soils are presented inTables K-12 and
 

K-13.
 

12, and Du 18 have previously been
Characteristics of the 	Db 11, Ds 11, Ds 

Pm 4/20 soils generally lie lower inthe
discussed for the East 	Site. 


terrain. The soils are shallow to moderately deep over limestone bedrock.
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the surface. Rock-free
Some soils are very shallow, and rock occurs at 


have a deep to vecy deep compact silt loam to clay
portions of the soil 

loam profile, and are very rich in lime. Cementation increases in depth.
 

Infiltration rates in the Pm 4/20 soils are believed low (1 cm/hr),
 
the profile is heavily cemented.
particularly where bedrock surfaces or 


areas where significant accumulations of soil exists, soil pH is

In 

suitable for general crop growth, retention of trace elements, and
 

Nonsaline-nonalkaline and
nitrification-denitrification reactions. 

The influence of
 

saline-alkaline conditions exist within the soil series. 


sodium on soil permeability may be significant in these finer textured
 

soils.
 

20 soils range in texture from very deep to shallow. Within the West
P1 

of near surface limestone
Site they are generally associated with areas 


or loam).
bedrock. The soils are medium-textured (coarse sandy loam 


Deeper substrata consist of grayish loam, presumably of lacustrine origin.
 

Hard and soft lime concretions occur at depths from 20 to 80 cm,
 

increasing i. quantity and hardness with depth (Ref. 14).
 

texture. Sandy
Infiltration rates coincide with differences in soil 


topsoils have estimated infiltration rates in excess of 20 cm/hr, while
 

subsoils are often too compact for measurable infiltration. Where
 
between 10 and 50 cm/hr have been
subsoil measurements are possible, rates 


recorded, with higher values being generally associated with 
subsoil
 

cracks. The soils are saline-alkali, with a sodium adsorption rate of
 

25 and an electrical conductivity of approximately 10 mmhos/cm
up to 

(Ref. 14).
 

As with the East Site, nutrient analyses are not available, 
and the need
 

However, low
for crop amendments cannot be evaluated at this time. 


levels of organic matter, nitrogen, and available phosphorus 
are generally
 

A favorable crop response
associated with soils of desert regions (Ref. 23). 

is expected. Additionally, the extent of
 to wastewater-applied nutrients 


salt accumulation throughout the soil-geologic profile is unknown, making
 

estimates of salt transport inappropriate at this time.
 

The West Site lies within the deltaic plain of the Nile
Geology. 

Kiver. The stratigraphic sequence reflects both aggradational and
 

sea level during the

degradational stages that accompanied changes in 


A surficial
Pleistocene era and recent times (Refs. 16, 17, and 20). 


geology map shows sand sheets and dunes east of the 30-m topographic
 

contour (see Figure K-7), and sandy limestone, limestone, sandstone,
 

and gypsiferous sandy clays (Duricrusts, Magif, Solymanya 
and Muluk
 

to the 30-m topographic
Formations) west and approximately parallel 

formations
 contour. The near-surface distribution of these rock 


west from the Desert Road.
results in increasingly shallow soils 
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Stratigraphic data (Ref. 20) indicate 100 m of sand and gravel 
(aeolian
 

Clay stringers are also noted on
 and deltaic), along the Desert Road. 

regional driller's logs (Ref. 30).
 

The West Site lies above the West Noubaria Canal aquifer
Ground Water. 

system, a semi-confined aquifer composed essertially of 

deltaic, permeable
 

The aquifer isconfined by semipervious clays and carbonates

deposits. 
 The
 
(aquitard) near the surface, and impermeable marine clays 

below. 


thickness of the aquifer decreases ina northwesterly direction and
 

becomes less confined as itapproaches the Tahrir aquifer system 
(toward
 

the Desert Road). As shown inFigure K-9, depth to ground water ranges
 

from approximately 30 to 50 m below ground surface and 
increases as water
 

flows in a generally southwesterly direction below the 
site (Ref. 24).
 

Elevation changes are anticipated with the extension of the El Nasser
 

Canal and other local irrigation projects.
 

Coefficients of hydraulic conductivity are estimated at 25 m/day for the
 

10 m/day for the aquitard (includes clayey sands,
aquifer and from 1 to 

limestones, and sands).
 

Ground water isof poor quality, ranging from 0.7 to 10 mmhos/cm over the
 

site, and decreases inquality ina southwesterly direction.
 

Vegetation and wildlife descriptions for the
Vegetation and Wildlife. 

West Site are smfllar to those for the East Site.
 

Three tombs of potentially historical
Historical and Cultural Features. 

the West Site (Ref. 22). They are generally in
 interest have been located on 


conditions are less favorable
the northwest portion of the site where soil 

for land treatment.
 

Suitability And Lilitations. Site suitability and limitations
 
Inthe central and eastern
 are sumarized inTables K-14 and K-15. 


portions of the site, site characteristics are generally favorable for
 
At these locations


either rapid infiltration or wastewater irrigation. 


site topography isgenerally level, and areas of deep, well-drained soils
 

are known to exist. Limited stratigraphic Information isavailable, but it
 

suggests few drainage restrictions through depth to unconfined
 
The majority of the site is available and sparsely
ground water. 


inhabited.
 

Design limitations throughout the site (but particularly in the western
 

part) include the extent of lime cementation, depth to bedrock, presence
 

of clayey subsoils, distribution of soil salinity-alkalinity, and
 

locations of potentially perched ground water above subsurface 
aquitards.
 

Surficial bedrock eliminates depression areas from further consideration
 
However, wastewater or pumped
for rapid infiltration or irrigation sites. 
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a definite
ground-water storage facilities in these locations remains 


Inaddition to the above limitations, physical structures,
possibility. 

minor population centers, public access, wildlife, and sites of historical
 

interest will have to be taken into account during design.
 

Recommendations
 

The preliminary site investigations clearly indicate that site
 

characteristics, particularly soils and geology, favor land application 
at
 

the East Site over the West Site. Therefore, the East Site is recommended
 

as the primary site, with the West Site being considered as a backup 
if
 

the East Site becomes unavailable. Requirements for the detailed field
 

investigation and analyses that must be conducted prior to design are
 

presented inTable K-16.
 

Suitable locations for the rapid infiltration system are identified in
 

Inthose areas identified as suitable, the combination of
Figure K-10. 

generally level topography; deep, high infiltration rate soils; and a
 

water table inexcess of 5 m below ground surface provides a favorable
 
These areas also provide the most
environment for rapid infiltration. 


favorable conditions for wastewater irrigation. The combination of
 

undulating topography and high infiltration rates favors overhead irri

gation as light, frequent irrigations are best for sandy soils. Deep
 

ripping, salt leaching, sodium replacement, leveling and/or drainage may
 

areas where wastewater irrigation boundaries extend
be required in .rme 

into less suitable soils. Similar procedures may also be required in
 

valley locations of the Db, Ds, and Ds 25 soils.
 

DEVELOPMENT OF LAND APPLICATION ALTERNATIVES
 

The objective of the land application study was to develop one or several
 
to be compared to other alternative
alternatives in sufficient detail 


methods of treatment and disposal of Alexandria wastewater. Inso doing,
 

an attempt was made to identify the best combination of technical feasi

bility, overall cost, beneficial reuse of wastewater, reliability, and
 
Based on the results of the preliminary
protection of public health. 


field investigations, conceptual designs were developed for two alter

native systems that would accomplish these objectives to varying degrees.
 

Both would utilize the East Site for irrigation and would be comprised of
 

the components shown schematically on Figure K-11.
 

The first alternative, designated ILIA, is a combination of rapid
 
It would consist of pretreatment by
infiltration and irrigation. 


anaerobic lagoons followed by rapid infiltration for additional high-

The soil and ground-water conditions at
level treatm.nt and storage. 


the site are such that all of the excess wastewater flows during the
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winter could be stored in the ground water for subsequent recovery
 
during the peak irrigation season inthe summer. Once recovered, the
 
ground water would be of high quality, with few limitations for crop
 
irrigation. Consequently, high value crops could be selected that
 
would maximize agricultural returns to the system. Because of the
 
highly permeable sandy soils and undulating topography at the site,
 
sprinkler irrigation by center pivots was selected as the optimum means
 
of distribution. 

Alternative IIIB, the second land application, entails irrigation of
 
forage crops following primary level treatment. Itwould involve
 
significantly less capital cost than the first alternative but would
 
provide fewer benefits and less crop return to offset the annual cost of
 
the system. Pretreatment would again be by anaerobic lagoons but with
 
additional emergency storage capacity. No seasonal storage would be
 
provided, so overirrigating inthe winter and removing some land from
 

With only primary level
production inthe summer would be required. 

treatment, the selection of crops would be limited to forage and other
 
nonfood crops. As with the other alternative, irrigation would be by
 
center pivot sprinklers.
 

The major concepts of each of these alternatives are described inthe
 
following subsections. A short discussion of other design options that
 
are less feasible than Alternatives IIIA and IIIB but should neverthe
less be considered is also included.
 

Alternative IlIIA
 

Alternative IlIA is the best technical alternative that was identified.
 
Itwould provide essentially complete wastewater treatment together with
 
effective reuse of the water. Because these two aspects of the system are
 
so interrelated, they are initially considered together. Itmay be
 
possible, however, to subsequently split some of the responsibility for
 
development and operation.
 

Conceptual design data for the major components of the system from
 
pretreatment through irrigation distribution and drainage are summarized
 
in Table K-17. Each of the major components isdescribed below.
 
Following this are discussions of the possible management and operation of
 
the system and the associated infrastructure that would be required.
 

Pretreatment. Initial pretreatment by anaerobic lagoons would be pro
vided inorder to optimize the design of the rapid infiltration system.
 
With high organic strength wastewater from Alexandria, the organic
 
loading would be the critical design parameter for rapid infiltration.
 
Consequently, reducing levels of BOD and suspended solids would permit a
 
higher application rate and more design flexibility.
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Anaerobic lagoons were selected as the most appropriate process
 

because they can provide the required level of treatment simply and
 

They are designed for high-strength wastes with depths
Inexpensively. 

deep enough to maintain anaerobic conditions throughout the 

lagoon
 

Like anaerobic sludge digestion, they depend on a balanced
 
contents. 

two-step treatment mechanism inwhich acid-forming bacteria 

convert
 
These are then converted into
 complex organic material into volatile acids. 


methane and carbon dioxide by methane bacteria. This process, referred to
 

as alkaline fermentation, often takes 3 to 6 months to become fully
 

established but, once established, provides very effective treatment and
 

odor control (Refs. 17 and 30).
 

common occurrence with
Nevertheless, mild objectionable odors are a 


anaerobic lagoons; consequently, the lagoons proposed for this 
system
 

would be located in the interior of the site and isolated from any
 

development.
 

The key design parameter for anaerobic systems is the detention 
time.
 

wide range of opinion in the literature as to what this
There is a 

should be, with recommendations ranging from 2 to 40 days (Refs. 33,
 

34, ant( 35). Nest of the treatment inanaerobic lagoons takes place in
 

a very short time, mainly f'., .ttling of suspended solids with 
sub

sequent digestion of the ludge. ta-rience with other municipal
 
imilar to those inAlexandria indicates that
 systems with conditions 


detention times of 2 to i days will provide consistently adequate
 

pretreatment for the r;did infiltration system.
 

Other methods of ~--treatment were also considered; however, most of
 

them would proviuP a higher level of treatment than required and all
 

xpensive. One of the options investigated was facultawould be more .
tive lagoons, which would provide reliable treatment with less poten-


Although BOD and suspended solids removal
tial for offensive odors. 

would be considerably greater than with anaerobic lagoons, the algae
 

that would be produced could plug the rapid infiltration basin sur
rates. Land area requirements
faces, causing reduced infiltration 
 Assuming a


would also be considerably greater for facultative systems. 


typical design surface loading of 200 kg of BOD/ha/day, approximately
 

2,800 ha would be required, compared to approximately 210 ha 
required
 

for anaerobic lagoon treatment. The questionable benefits are not
 

justified by the additional land requirement and resultant cost
 

increase which would be incurred.
 

considered was locating the pretreatment
Another possibility that t.js 

facilities near Alexandria.
 

some form of lagoon treatment were used itcould also provide 
flow


If 

With anaerobic lagoons,
equalization, thus reducing conveyance costs. 
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much more serious problem near developed areas and would
odors would be a 

Other forms of lagoon
require large buffer areas around the site. 


treatment would also require large amounts of land, which can cost as much
 
areas near Alexandria. For
 as LE 10,000/feddan inthe agricultural 


these reasons itwas decided to locate the pretreatment system at the land
 near
application site and provide offline storage of daily peak flows 


Alexandria.
 

One other advantage of locating anaerobic lagoons at the land application
 

site is that the anaerobically digested sludge could be applied directly
 

to the agricultural lands. With high-strength wastewater and short
 

detention times, the anaerobic lagoons could become half-filled with
 
They would be designed with enough
sludge as quickly as every 2 years. 


excess capacity that they would be taken out of service when they reached
 

that point, dried for 6 months, and then emptied by truck hauling over an
 

additional 18-month period.
 

Rapid Infiltration. An extensive area of Ds, Ds 25, and Db soil
 

series in the East Site are suitable for rapid infiltration. The
 

soils are deep and the ground-water conditions are such that itshould
 

be possible to effectively control the percolated water and use itto
 

provide seasonal storage for irrigation.
 

No actual measurements of the infiltration rates of these soils have
 

been taken, although, based on the textural characteristics, the
 

infiltration rate for clear water has been conservatively estimated at
 
this, the organic loading will be
20 cm/hr. With a rate as high as 


the critical design parameter. Ifthe BOD loading is limited to 225
 
This
kg/ha/day the resulting hydraulic loading would be 27 m/yr. 


would be " percent of the estimated infiltration rate for clear water
 

and iswell within normal design criteria.
 

Because the percolated water is to be directly reused for irrigation, high
 

levels of nutrient removal are not necessarily advantageous. Phosphorous
 

removals should be quite high because of the calcareous soil ronditions
 

and long distances of wastewater travel through the soil. A total
 

phosphorus concentration of 2 to 3 mg/l inthe percolate isprobably the
 

maximum that can be expected. Nitrogen removals should also be quite high
 

as a result of the large ratio of organic carbon to nitrogen. This can be
 
as possible. Inthis case
minimized by keeping flooding periods as short 


an application cycle of 1 day of flooding followed by 6 days of resting
 

has been assumed for preliminary design, but even so, nitrogen removals
 

greater than 50 percent can be expected.
 

The annual storage requirement for a typical crop pattern of high

value crops iscalculated to be about 19 percent of the total flow.
 

This would result ina ground-water fluctuation of about 12 m over the
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With an extensive network of recovery wells, the ground-water
year. 

mound could be managed such that essentially all of the applied water
 

would be recovered for irrigation and an adequate unsaturated zone 
is
 

times beneath the infiltration basins.
maintained at all 


section of the rapid infiltration and ground
Figure K-12 shows a cross 

The cross section runs directly


water recovery system in operation. 
 The ground-water
as indicated in Figure K-13.
north-south through the site 


profile is taken from 1977 depth-to-water-table contours presented 
in
 

Figure K-6. As can be seen in the cross section, the ground water flows
 

in a southerly direction from a high point in the north 
(which is
 

influenced by the El Nasser Canal). During the winter months when storage
 
rise
 

requirements are maximum, the ground-water mound would be 
allowed to 


beneath the basins. Irrigation supplies would be drawn primarily from
 

perimeter wells, thus maintaining a negative ground-water gradient into
 

the system. During the summer months, the center wells would do most of
 

the pumping, thus creating a ground-water depression while minimizing
 

inflow from the surrounding areas.
 

One option that has been suggested would be to design the rapid
 

infiltration completely independent of the ground-water recovery and
 

This might be easier to implement and would be
irrigation systems. 

advantageous if the wastewater treatment and agricultural operations 

were
 

two completely separate responsibilities. By spreading the infiltra

tion area over the site instead of in one concentrated location, it
 

may be possible to design the system such that the ground-water
 

recharge mounds might dissipate naturally in the event 
that no reco

very of water took place. However, this would add to the overall cost
 

of the project, sacrifice some efficiency of ground-water recovery,
 

and could also create adverse ground-water conditions down-gradient
 

from the site. Therefore this option was 
not considered further.
 

The envisioned distribution system would be a network of concrete

lined canals leading from the anaerobic lagoons to the infiltration
 

Because of the short flooding periods that are proposed,
basins. 

0.5-m depth of 4ater.
applications would be limited to about an 


The recovery wells
Consequently, the basins could be quite shallow. 

a ring around the
would be located on the dikes between basins and in 


Two methods of collecting the recovered
rapid infiltration area. 

In the first method, the wells would discharge
water are possible. 


a pipe network that would be part of the irrigation
directly into 

distribution system. Alternatively, if canals were utilized for irri

gation distribution mains, the wells could discharge directly into
 
simpler and more reliable
canals. The first of these would be much 


than the second but would also be significantly more costly.
 

Irrigation. Alternative I[IA is designed to maximize crop production and
 

Since the recovered ground water would be of essentially
net returns. 
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drinking water quality, itwould not limit crop -lection except inregard
 
not sufi, a large yield
to salt tolerance. Only crops that will 


decrease with irrigation water of 2.3 mmhos/cm electrical conductivity
 

should be considered.
 

specific cropping pattern requires a detailed analysis of
Selection of a 

as crop marketability,
soil conditions and wastewater quality as well 


yield, value, and production costs. Although much of this analysis is
 

beyond the scope of this study, some generalizations can be made based on
 

available data. For purposes of conceptual irrigation system design, a
 

cropping pattern consisting of mainly vegetables and berseem has been
 

Many other high value crops could also be grown and should be
assumed. 

These include fruit and lumber
thoroughly evaluated prior to design. 


trees, fiber, sugar, and oil crops.
 

In this cropping pattern, mainly berseem would be grown on 50 percent
 

of the area during the winter. Vegetables would be grown on most of
 

the other 50 percent during this time and over the entire area during
 

the summer. The monthly irrigation requirement is listed inTable
 

K-18 and is based on the following computation:
 

IR = Cue x (1+ IR) 

Where: IR is the irrigation rate, CU is the weighted average con

sumptive use for berseem and composite vegetables from Table K-5, ep
 

is effective precipitation from Table K-5, E is the application effi

ciency for sprinkler irrigation of 80 percent, and LR is the leaching
 
The total annual irrigation requirement for
requirement of 20 percent. 


the high income crop pattern is 1,491 mm/yr.
 

The nitrogen and phosrhorus application rates and normal uptake rates for
 
The high end of the
berseem and vegetables are presented inTable K-19. 


range in uptake rates represents the maximum amount of nutrients for which
 

the crop responds with increased yields. The lower end of the range
 

represents typical application rates where the fertilizer must be
 
The amount of applied nutrients is based on
purchased by the farmer. 


nitrogen and phosphorus contents inthe recovered water of 10 mg/1l and
 

2 mg/l, respectively. The individual irrigation rates for each crop
 

were used in the computation.
 

The proposed irrigation rate for berseem will supply about 80 kg/ha of
 
However, since
nitrogen, which is about half of what the crop can use. 


berseem is a legume, it can take nitrogen from the atmosphere when there
 

is not an adequate amount inthe soil. Some supplemental phosphorus ay
 

be needed.
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The average wastewater irrigation rate used for the vegetables will supply
 

about 160 kg/ha of nitrogen. This should be adequate for the needs of
 
Likewise, the phosphorus application rate falls
most possible crops. 


within the normal range of requirements for vegetable crops. Ingeneral,
 

no supplemental nitrogen or phosphorus should be needed.
 

Inorder to maximize crop production inAlternative IIIA, storage of the
 

percolated water is provided in the ground-water system so that it can be
 

reused in accordance with irrigation requirements as they vary over the
 

The water balance for the assumed crop pattern is presented in
 year. 

On the basis of this, a storage capacity of approximately
Table K-20. 


18.6 percent of the annual flow will be required.
 

The combination of undulating topography and highly permeable soils at the
 

East Site favors sprinkler irrigation methods over surface irrigation.
 
Sprinkler irrigation delivers water more efficiently; can be more easily
 

adjusted to meet crop consumptivP use demand and leaching requirements;
 

and can more easily apply the lit.it, frequent irrigations required on
 

sandy soils. It also minimizes the need for land leveling and permits the
 

irrigation of steep or undulating lands without the hazard of soil erosion
 

or excessive water loss. Runoff collection or recycle ditches are not
 

required as is thu case for surface irrigation.
 

The most feasible and least expensive method of sprinkler irrigation for
 
These
these conditions is low pressure, downward spraying center pivots. 


would be similar to those that are currently in use or being installed in
 
near the East Site along the Desert
the newly reclaimed agricultural areas 


Road. The relatively large orifice nozzles and low pressure sprinklers on
 

the proposed center pivots have the advantage of requiring less pumping
 

head and the ability to pass larger solids.
 

Although center pivot Irrigation is considered the method best suited
 

for the conditions inthis alternative, further consideration of other
 
One good possibility would be to
distribution methods is warranted. 


use drip irrigation for trees or selected high-value crops in areas
 

between the center pivots. The quality of the wastewater would be
 

sufficiently high after rapid infiltration and the pumping and pipe
 
same as that for the center pivots.
distribution network could be the 


Another possibility would be to use surface irrigation insome of the
 
of the site if conditions warranted. Neither of these
flatter areas 


two possibilities would greatly affect the overall economics of the
 

system so they are left for further investigation inthe design phase.
 

Several designs are possible for distributing the water to the center
 

As noted in the discussion on rapid infiltration, the
pivot rigs. 

distribution system could be a comprehensive pipe network directly from
 

the recovery wells or itcould consist of canals from the wells to
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Although the pipe distribution
 numerous distribution pump stations. 

system has the advantages of simplicity and reliability, the canal
 

system was chosen for the preliminary design because it is
con

siderably less expensive.
 

A conceptual layout of the irrigation system is illustrated on
 

Figure K-13. The layout shows collection canals for recovered water 
from
 

The Irrigated

rapid infiltration and the irrigation distribution mains. 


area north of the rapid infiltration basins can be served totally by
 
lifts are required in the canals serving the
 gravity; however, several 


The canals are designed to serve 20 distribution pump
southern area. 

stations scattered over the site from which the water would 

be pumped to
 
A typical distribution zone, or area
 approximately 24 center pivots each. 


served by one pump station, isshown on Figure K-14.
 

the East Site are mostly very well drained;

Drainage. The soils at 

however, analysis of available data and preliminary field investiga

tions indicate some local drainage problems. These could result from
 
Development of a shallow groundlime 	cementation or clayey subsoils. 


water table is possible in the extreme northern part of the site.
 

This could cause some problem with drainage. Lacking a detailed
 

geotechnical investigation, determination of exactly where potential
 

problems might develop and how extensive they might be is not
 

possible. For conceptual design and cost estimating purposes, we have
 

assumed that one area in the north and another inthe south of thr
 

site, comprising 20 percent of the total area, would require tile
 

Main collector drains are provided along the northwest and
drainage. 

northeast edges of the site.
 

The land application system would in'olve a
Management And Oeration. 

very large-scale wastewater and agricultural operation. A management
 

program must be developed along with physical development plans to
 

ensure efficient and reliable operation at a reasonable cost. 
Several
 

major options are available:
 

A/GOSD could manage and operate the entire system.
o 


A/GOSD could retain overall management responsibility and operate
0 	
all of the wastewater system but contract the farming operation
 

to private or public companies.
 

A/GOSD could manage and operate the system only up through rapid

0 

The irrigation and agricultural operations would
infiltration. 

some 	other agency.
come 	under the responsibility of 


The organization that isenvisioned for this system would be 
comprised of
 

a general administration office located at the site; treatment,
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irrigation, and support services departments; and an office for
 

coordination with the farming operation.
 

The general administration office would be responsible for overall
 

management of the system, communications and coordination with A/GOSD
 

headquarters, and business-related functions such as purchasing,
 
The staff would include a general
accounting, and clerical services. 


manager, a small engineering and technical group, and accounting and
 

office support personnel.
 

The treatment department would be responsible for the operation and
 

maintenance of the anaerobic lagoons, rapid Infiltration basins, and
 

recovery wells. Some key areas of responsibility include:
 

Removing and hauling sludge from the anaerobic lagoons
o 


0 	 Maintaining and periodically disking the rapid infiltration
 
basin surfaces to ensure continued high infiltration rates
 

Managing the stored ground water through scheduling
o 
the 	recovery well operation
 

o 	 Coordinating the recovery well operation with the
 
irrigation department
 

The 	irrigation department would operate from a central control facility
 
Itwould
and a number of operations centers located throughout the site. 


be responsible for operation and maintenance of the distribution system
 

including all pump stations, the center pivots, and the drainage system.
 

In addition, it would be responsible for the day-to-day coordination of
 

irrigation schedules with the farming operation.
 

The support services department would provide the following general
 
services:
 

0 	 Maintenance of the site including roads, ditches, fences,
 
windbreaks, and buildings
 

0 	 Maintenance of vehicles, portable equipment, pumps, valves,
 

motors, and utility systems
 

o 	 Procurement and storage of replacement parts
 

o 	 Monitoring
 

o 	 Control of public access
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The department's facilities would include an environmental testing
 

laboratory and automotive, mechanical, and electrical maintei.- chops.
 

A key to successful operation of the land application system wou be
 
effective coordination with the farming company. A contractual
 
arrangement would have to be developed which clearly specified areas
 
of responsibility, quantities of water that the farming company would
 
be obliged to take, irrigation scheduling, and selection and limita
tions on crops. A contract administration and liaison office as part
 
of the A/GOSD management organization would be advisable to ensure that
 
coordination ismaintained at all required levels between the
 
wastewater and farming operations.
 

Infrastructure. A land application system and related agricultural
 
operation of this magnitude will require a large direct and indirect labor
 
force. Since the project is far from any populated areas, complete new
 
communities and service industries would have to be developed in the area
 
to accommodate these people. Inaddition, new crop processing and
 
transportation facilities would be required to serve the large-scale
 
agricultural operation.
 

These infrastructure facilities must be designed and developed In
 
close coordination with the land application system. However, most of
 
the costs and benefits involved relate primarily to the new agri
cultural activity that would be created and are not directly attribu
table to wastewater treatment and disposal. Consequently, development
 
of the infrastructure is considered only in general terms at this
 
stage.
 

Alternative IIIB
 

Alternative 111( is similar inmany respects to the previous alter
native except that rapid infiltration isnot included. Without rapid
 
infiltration, n~ither high levels of pretreatment nor seasonal storage
 
of wastewater to match irrigation requirements are economically
 
warranted. Consequently, Alternative 1118 entails the use of primary
 
effluent for irrigating forage crops, with appropriate controls to
 
safeguard public health. Inorder to match irrigation requirements
 
with wastewater flow rates, crops would be overirrigated in the winter
 
and a portion of the agricultural area would be taken out of produc
tion in the summer.
 

Table K-21 summarizes conceptual design data for the major components of
 
" system. These are described inthe foilowing sections.
 

Pretreatment. Pretreatment isprovided inthis alternative primarily to
 
reduce suspended solids inorder to avoid gross solids deposition In the
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Irrigation distribution system and plugging of sprinkler nozzles.
 

Anaerobic lagoons were again selected for this purpose for many of the
 

same reasons as in the previous alternative. The design, however, would
 

be different inseveral respects.
 

Because no additional treatment would follow anaerobic lagoons, a
 
This would improve the overall treatment
two-stage process isproposed. 


performance of the system and increase reliability. Two sets of lagoons
 

connnected inseries with detention times totaling about 9 days would be
 

provided. Inaddition, a storage capacity of about 5 days' flow would be
 

built into the system for emergencies and for equalization of minor
 

fluctuations of wastewater flows and irrigation scheduling.
 

Screening would be provided before every pump station and traveling
 

water screens were assumed for this purpose.
 

Irrigation. The cropping pattern and irrigation rates proposed for
 
costs. Inaccordance
MtJe1iTe IIIB are selected to minimize capital 


with widely accepted practice and Egyptian Law 93 (Ref. 3), the crops must
 

be limited to forage, fiber, and seed crops ifprimary level effluent is
 

used.
 

The crop pattern selected for conceptual design purposes consists of
 
Both crops use
equal areas of water-tolerant grasses and alfalfa. 


high amounts of water and nutrients and could be adapted to a pattern
 

using no seasonal storage. They are well suited from a public health
 

standpoint since the labor requirement is low, thus reducing the
 
In addition, the livestock that feed
potential for public contact. 


added link inthe food chain between the
 upon the forage provide an 

wastewater and public consumption. The marketability of forage crops
 

should be increasingly good in the future as a result of a concerted
 

effort to increase meat production InEgypt (Ref. 36).
 

be required for crop rotation and irrigation
Special management will 

storage isprovided. Both of the proposed
scheduling, since no seasonal 


In the summer a portion of
 crops can accept overlrrigation inthe winter. 

the area will have to be left unirrlgated to allow 'or a full water supply
 

This can be schedu.t !o coincide with
for the remainder of the site. 

to
reestablishment of the perennial crops, which will be required every 3 


5 years.
 

Table K-22 presents the water balance for Alternative ItIB inwhich
 

the net irrigation requirement is shown relative to the actual
 
To achieve a
wastewater supply and the amount of area in service. 


balance between winter overirrlgation and reduced irrigated area in
 

the summer, we assumed that the annual wastewater supply was
 
irrigation requirement. This
20 percent greater than the annual net 
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are
results ina net overirrigation of 31 percent for those areas that 


in service year-round compared to the actual leaching requirement of
 

20 percent that was derived earlier. The maximum area that would have
 

to be taken out of service inthe summer is 27 percent. This is an
 

acceptable amount from the standpoint of crop reestablishment.
 

With high application rates for forage crops, the area requirement for
 
A total of 14,400 ha of
Alternative IIIB is less than that for ILIA. 


irrigated area will be required for this alternative compared to 23,000 ha
 

for the previous one.
 

The nitrogen and phosphorus application rates and normal uptake rates for
 

grass and alfalfa are presented inTable K-23. The application rates are
 

based on an anaerobic lagoon effluent with 26 mg/l of total nitrogen and
 

10 mg/l of phosphorus. The forage crops cannot utilize all of the
 
nitrogen or phosphorus applied with the wastewater. However, further
 
analysis shows that ground-water quality will not be adversely affected.
 

An analysis was performed to determine if the percolate nitrogen content
 
limit for drinking water. The following equation
would exceed the 10 mg/l 


was used to compute the percolate nitrogen content:
 

= (Ln-U-D-S)Cp 0. 1 Pu 

Where Ln = nitrogen loading = 622 kg/ha/yr 
U - crop nitrogen uptake - 500 kg/ha/yr
 
D - denitrification = 62 kg/ha/yr 
S - nitrogen storage = 0 kg/ha/yr 
Pu = percolation rate = 84 cm/yr 

shown on
The nitrogen loading isthe average for alfalfa and grass as 

Table K-23. The crop nitrogen uptake rate was conservatively assumed to
 
be 500 kg/ha/yr, even though rates up to 650 kg/ha have been noted. The
 

denitrification rate was conservatively estimated at 10 percent of the total
 
for the sandy soils encountered
applied nitrogen, which should be typical 


at the site. The percolation rate was derived from the normal irrigation
 

rate (2442 mm/yr) plus annual precipitation (100 mm/yr) minus the average
 
crop consumptive use (1700 mm/yr).
 

The results of the analysis indicate that a percolate concentration of
 

7.1 mg/l total nitrogen can be expected, which is inan acceptable range.
 

The phosphorus loadings shown in Table K-23 will greatly exceed crop
 

requirements. With the highly calcareous soils at the site, most of the
 

excess should be adsorbed and precipitated inthe soil profile. Percolate
 

concentrations of 1 to 2 mg/l can be expected.
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liA.

The proposed distribution system is similar to that of Alternative 


It would consist of a network of concrete-lined canals leading to 12
 
The
 

distribution pump stations and then to center pivot sprinklers. 

effluent used inthis alternative would make itnecessary 

to
 
primary level 

provide screens ahead of pumping. Itwould also result in an
 

increased operation and maintenance requirement because 
of greater
 
The downward
 

problems with solids settling and clogging of nozzles. 


spraying, low-pressure nozzles on the center pivots minimize these
 

problems and, in addition, minimize the production of aerosols to reduce
 

workers' contact with the wastewater.
 

With increased rates of wastewater application, drainage
Drainage. 

requirements may be more extensive in Alternative IIIB than inILIA.
 

a system similar to
 For conceptual design and cost estimating purposes, 


IlIA was assumed but with tile drainage provided for 30 percent of the
 

area rather than 20 percent.
total 


Management and Operation. Irrigation with primary level effluent, with no
 

seasonal storage will require much greater control than with the previous
 

alternative. Consequently, fewer options are available to A/GOSD for
 
The two major possibilities are
 management and operation of the system. 


either that A/GOSD manage and operate the entire system, 
or that they
 

operate the wastewater system, including the irrigation distribution, 
but
 

Again, the
 
contract the farming operation to a private or public 

company. 


first possibility was assumed for purposes of financial 
comparisons.
 

The operation of this system would be simpler than with Alternative IlIIA
 

and would require a smaller staff. This reflects the fact that there is
 
is less, and the cropping
no rapid infiltration system, the irrigated area 


pattern ismuch simpler. The proposed organization isthe same and would
 

consist of a general administration office; treatment, irrigation and
 

support services department; and a farming coordination office.
 

An independent farming company would not have as much incentive
 

with this alternative because of the strict limitation on crop selection
 

and irrigation scheduling. Nevertheless, we believe that the system would
 
cost if the agricultural
run most efficiently and at the least overall 


operation were contracted to an entity that stood to gain by optimizing
 

crop returns.
 

The required infrastructure for Alternative IIIB would
Infrastructure. 
 The

be considerably less than that required for Alternative ILIA. 


combination of less irrigated area and the production of forage crops
 

instead of a variety of high income crops would reduce the farm labor
 

Inaddition, the type of required support industries would
requirement. 

be much less diverse.
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Other Options
 

Although Alternatives IlIA and 1IB were considered the most feasible
 
alternatives for large-scale land application, other possibilities
 
cannot be completely ruled out at this point. These other design
 
options may have some merit if used In combination with the major
 
alternatives for a portion of the flow or as backup measures in the
 
event that either of the major alternatives cannot be fully imple
mented. Some of the options have already been introduced inthis
 
appendix:
 

o 	 The use of irrigation techniques other than center pivots such as
 
drip Irrigation of high value crops or surface irrigation
 

o 	 The use of the West Site
 

o 	 The incorporation of several large, existing irrigated areas Into
 
the wastewater management program
 

At this point, none of these options offers any significant advantage over
 
Alternatives IlIA and 1IB for handling the entire wastewater flow from
 
Alexandria; however, they could be investigated in greater detail ifthe
 
need 	arises.
 

EVALUATION OF LAND APPLICATION SYSTEMS
 

Both alternatives, IlIA and ]lIB, would provide significant benefits if
 
implemented, but at a considerable cost. Inorder that the advantages and
 
disadvantages of these alternative can be effectively compared to those of
 
the other major alternatives for Alexandria, an evaluation of the two
 
systems isprovided in this section. The principal factors that are
 
considered are cost, environmental impact, implementability, and
 
reliability.
 

Costs
 

The total costs of the land application systems are a combination of the
 
capital cost required for construction plus the annual cost of operation
 
and maintenance. The annual costs will be significantly offset In both
 
cases by revenues from the agricultural products associated with the
 
systems.
 

The preliminary estimates of the capital and annual costs which follow are
 
based on the unit costs and procedures presented inAppendix B. Prices
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for the end of 1980 were assumed. The estimates are for fully constructed
 
A more
 

systems capable of handling the design flow for the year 
2000. 


detailed estimate that considers the effects of construction 
staging and
 

other factors ispresented as part of the present worth 
analysis in
 

Chapter 5.
 

costs for

Capital Cost. A preliminary estimate of the capital 


This estimate

Alternatives ILIA and IIIB is presented inTable K-24. 


was developed from preliminary layouts of the two systems described
 

in the previous section and is broken down by the major components of
 

Inboth cases, the largest cost component is irrigation.

the systems. 

The designs of the two irrigation systems are similar, and 

the dif

ference incosts is primarily attributable to the difference inamount
 

of area irrigated. Alternative IlIA entails the irrigation of
 

approximately 23,000 ha of high income crop while only 14,400 ha of
 

forage crops are irrigated inAlternative IIIB. The costs for irriga

tion include land preparation, distribution canals and pipelines,
 

center pivot irrigation rigs, pump stations, electrical power, 
roads,
 

and windbreak trees.
 

The pretreatment component comprises anaerobic lagoons for both
 
The cost for


alternatives plus rapid infiltration for Alternative ILIA. 


a'aerobic lagoons inAlternative IIIB is considerably higher because of
 

the increased detention time and emergency storage capacity 
provided. The
 

costs included in pretreatment are basin excavation, distribution canals
 

and piping, a small pump station for drainage, roads, and windbreak trees.
 

The same cost items are encountered in larger quantities inthe rapid
 

infiltration system; in addition, costs are included for ground-water
 

recovery wells and electrical power distribution.
 

Tile

The costs for drainage include ditch excavation and tile drains. 


drainage is provided for a larger percentage of the irrigated area in
 
cost is slightly less than that of
Alternative IIIB, but the total 


Alternative ILIA.
 

The administrative and general costs are similar for both alternatives and
 

potable water system and other utilities,
include buildings, a 

monitoring wells, vehicles, and miscellaneous equipment.
 

The total capital costs including contingencies and fees for engi

neering, legal, and administrative services are approximately LE 184
 

million for Alternative IlIA and LE 121 million for Alternative IIIB.
 

When viewed on a per area basis, these costs are much closer
 

together at LE 8000 and 8400 per irrigated ha, respectively.
 

In addition to the costs for the land application system itself, it is
 

also useful to consider the cost of the associated infrastructure.
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This includes the new communities, transportation, and processing
 
a consequence of the profacilities that will need to be developed as 


These costs are not directly attributable to wastewater
ject. 

management; therefore, they should not be included in direct cost com

parisons. Nevertheless, they can be used for overall budgetary
 

planning purposes.
 

Based on estimates developed for the West Noubaria Extension, Reclamation,
 

and Settlement Project (Ref. 37), the cost for community development, 
social
 

services, utilities, and communications systems would be about LE 500 
per
 

This figure isprobably conservative for
feddan of total project area. 

the labor requirement
the land application systems being considered, as 


per unit area is far less than that anticipated for the West Noubaria
 

Project.
 

The cost for developing agro-industries would vary greatly depending on
 
For the West Noubaria Project, the
the types of crops grown on the site. 


cost was estimated to be about LE 2000 per feddan (at 1980 cost levels).
 
sugar beet processing plant but it
The major part of this cost was for a 


also included costs for dairy products; sunflower oil; and vegetable
 

grading, curing, and canning industries.
 

Annual Costs. Estimates for annual costs are presented inTables K-25 and
 

K-26 for Alternatives IlIA and IIIB, respectively. The costs are for
 

the operation of the land application system including irrigation
 
include the cost of the farming. The costs for
distribution but do not 


farming were taken into account in the development of net farm income.
 
and materials
The annual costs are broken down into labor, power, fuel, 


for the years 1980, 1990, and 2000. For both alternatives, materials
 

comprise the most significant cost items, with power being the second
 

largest item for Alternative IlIA and labor being the second largest item
 

for Alternative IIIB.
 

Materials comprise replacement parts for repairs and normal maintenance.
 

The annual cost is estimated as a percentage of the capital cost for each
 

major item. This percentage varies depending upon the item, from as high
 

as 4 percent for some mechanical equipment to as low as 0.2 percent for
 

pipelines.
 

The labor costs are derived from preliminary staffing estimates which were
 

based on the management and operation plans described previously. Total
 

staff requirements of 247 and 186 people are estimated for Alternatives
 

IIIA and IIIB, respectively, for the year 2000.
 

Energy costs have been estimated using a rate schedule obtained from the
 

Alexandria Company for Electrical Distribution. The schedule isfor
 

services at medium voltage with connected loads of more than 500 kW. 
The
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major difference in power requirements is the additional power required
 
The other major area
for ground-water recovery inAlternative ILIA. 


of power consumption for both alternatives is that of distribution
 
pumping for irrigation.
 

are for vehicles and other powered equipment.
The costs for fuel 


costs for both alternatives
As in the case of capital costs, the annual 

are quite similar when compared on a per unit area basis. The annual cost
 

for Alternative IlIA is approximately LE 164 per irrigated ha and is
 

approximately LE 168 for Alternative IIIB.
 

Agricultural Returns
 

An accurate estimate of the economic returns that can be expected from
 

crop production requires detailed analyses that are beyond the scope
 

of the present study. It isnecessary to first make final crop selec

tions and estimate detailed production costs, yields, and future com

modity prices. These analyses are complicated by the fact that many
 
It is
agricultural prices are controlled and many items subsidized. 


possible, however, to make a preliminary estimate of returns based on
 

generalized conditions and existing data.
 

Available sources of information included consultations with Dr. M.A.
 

Khalil of the University of Alexandria, Department of Agricultural
 
Economics; published information from the office of the Agricultural
 
Attache of the U.S. Embassy inCairo (Refs. 38-44); reports on the
 

West Noubaria Project (Ref. 45); the Ministry of Agriculture (Ref. 53);
 

the Ministry of Reclamation (Ref 54); and various other references
 
(Refs. 46-48 and 52).
 

Based on this information, a conservative estimate was made of net income
 

per feddan, which ispresented inTable K-27. The net income was computed
 

from the estimated crop yields, farm gate prices, gross Income, and
 
The high income
production costs, which are also Included inTable K-27. 


crop pattern is typical of what could be used for Alternative IIIA,
 

whereas the forage crop pattern istypical of Alternative IIIB. Net
 

income was computed as the sale value of the crop minus the production
 
costs, which included farm labor, machinery ownership and operation,
 

seeds, pesticides, sludge or manure applications, and farm management.
 

The costs do not include the nitrogen and phosphorus fertilizers, as
 

those will be mostly supplied by the wastewater.
 

The data presented inTable K-27 is based on averages from several
 
references. The dvailable information varies greatly because of the
 

differences in dgricultural regions and reporting formats and in
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The net results of these effects would be somewhat greater with
 

Alternative IIIA because of the higher value crops that would be grown
 

and the larger area involved.
 

The major adverse impact would be that of potential localized odor
 

The primary source of these odors for either alternative would
problems. 

be the anaerobic lagoons, which should consequently be situated in
 

locations isolated from any new population developments. There is some
 

potential for occasional mild odors in the rapid infiltration system of
 

Alternative IIIA if parts of the system are overloaded or the basin
 

surfaces are not maintained. Following rapid infiltration, however,
 

no noticeable odors whatsoever should be present in the irrigation system.
 

InAlternative IIIB, occasional mild odors can be expected to occur in the
 

result of using primary effluent.
irrigation system as a 


With both alternatives, the potential adverse impacts associated with
 
is very minor and
site development on cultural and historic resources 


can be mitigated. A collaborative literature search and field survey
 

with local experts should locate known sites, ascertain archeological
 

significance, and develop recommendations for preservation and/or
 

excavation.
 

Public Health. With proper maintenance, land application systems pro

vide a large measure of safety for public health. In general, they
 

offer a 
greater amount of protection against parasites and viruses,
 

trace metals, nitrate, and trace organics than conventional treatment
 

systems (Ref. 51).
 

The risks of direct contact with waterborne disease organisms
 

is negligible in the case of Alternative ILIA. The potential for
 

contact in the operation of the rapid infiltration system is extremely
 

small since itwould operate by gravity and could be easily controlled
 
The recovered water from the rapid infiltration
with a small staff. 


system would be almost completely treated and would pose very negligible
 

risk, even for unrestricted irrigation. The potential risks would be
 

somewhat greater using primary effluent for irrigation inAlternative
 

IIIB, but these also would be minimal if proper controls were utilized.
 

One key safeguard would be the provision of high quality potable water
 

onsite so that workers are not tempted to use wastewater.
 

One of the greatest health concerns with irrigation systems inEgypt is
 

the propagation of the vectors and intermediate hosts responsible for
 

schistosomiasis and malaria. Irrigation system. can transform low

intensity malaria and schistosomiasis problems of arid lands from a
 

seasonal problem to a permanent hyperendemic situation (Refs. 49 and
 

50). Poor planning, maintenance, and operation have generally been the
 

primary cause rather than irrigation per se. These debilitating
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diseases can reduce worker productivity and detract from many of the
 

anticipated social and economic benefits.
 

Under worst-case conditions, the incidence of schistosomiasis at
 

perennial irrigation sites may increase to 80 or 90 percent of the
 

population from a moderate rate of 10 to 15 percent at nonirrigated
 

arid areas (Ref. 49). Disease transmission requires the presence of
 
or


the intermediate host (an aquatic snatl--Biomphalara 


Bulinus truncatus) and Schistosoma-infected workers (Ref. bO).
 

of either of these be
 Control of the disease requires that the source 


With both of the land application alternatives, control of
 eliminated. 

aquatic snails is made considerably easier by the fact that the irriga..
 

tion system will be hydrologically isolated from the existing Nile
 

systems would otherwise be a con-
River canal systems. These canal 

tinuous source of the host organisms. The only parts of the land
 

application systems that could potentially support aquatic snails are
 

These could, however, be kept free of
 the main distribution canals. 

the snails if adequately protected and if sufficiently high 

velocities
 
the canals could
 are consistently maintained. Controlling access to 


also reduce the possibility of contamination by humans and con

sequently preclude the introduction of Schistosoma organisms.
 

result at perennial irrigation sites due to the
Malaria problems can 

increased density of vector mosquitoes (Anopheles sp.) and 

the presence of
 
The most effective
 

the disease parasite (Plasmodium) in workers (Ref. 50). 

of standing water, which
method of control is to prevent any areas 


Conditions that commonly foster
the mosquitoes require for breeding. 


mosquito breeding and which should consequently be controlled 
include:
 

o Pools or unwanted channels
 

o Borrow pits for canal embankments that collect water
 

o Excessive water supply to poorly drained areas
 

o Improperly maintained canals
 

Control of mosquito propagation is made somewhat easier at the recommended
 

site by the fact that soils are mostly very well drained. It is not
 

likely that malaria would become a problem In the outlying 
areas around
 

not appear to be endemic at present. In
 
Alexandria since the disease does 


any case, the mitigation measures for mosquito control should be
 

nuisance conditions.
instituted to avoid general 


area of potential concern for Alternative IIIB is the

An additional 


possibility of soil contamination by the eggs of Ascaris and other
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Data 	from the Ministry of Reclamation,
year-to-year cost differences. 

which most closely represents the proposed project (i.e., reclaimed desert
 

land as opposed to Delta lands), were most often used as the basis of the
 

analysis. Professional judgement and experience were used to develop
 

estimates where data were lacking. The net income values are based on
 

1980 farm gate prices and do not account for effects of government price
 

controls and subsidies.
 

As with other reclamation projects, crop production--and hence net
 

income--is very low during the first 2 to 5 years of operation. This is
 

due to the need to leach salts from the root 
zone and to incorporate
 
This was taken into account in the
organic matter into the soil. 


The sludge produced from the anaerobic
financial analyses in Chapter 5. 

lagoons can help supply the much-needed organic matter, but no sludge
 

available until about the third year of operation. The
will be 

applied wastewater will contain nutrients and some organics, especially
 

production
in Alternative 1118. This will help the site reach full 


sooner than if Nile water were used.
 

Environmental Impacts
 

The impacts of a large-scale land epplication and agricultural project on
 
Some of the potential
rural desert environments are c'--"lex and varied. 


impacts, both beneficial and adverse, are presented here for both land
 

ipplicatlon alternatives. The impacts associated with the conveyance
 

pipeline are identical for the two alternatives and are described in
 

Appendix M.
 

A detailed analysis of projected impacts is beyond the scope of this
 

appendix; however, the major impacts anticipated and the means to mitigate
 
Those areps that cannot be
the potentially adverse ones are outlined. 


fully evaluated at this time and which require additional data collection
 

and analysis are noted.
 

The major beneficial effects associated with both land application
 

alternatives include:
 

o 	 Reuse of wastewater
 

o 	 Increases in food and fiber production
 

Extension of irrigated agriculture to previously nonproductive
o 

lands
 

o 	 Eventual development of new communities consistent with federal
 

policy of population decentralization
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o Provision of employment
 

Changes in baseline environmental conditions (public health, ground-water
 

quality, etc.) are anticipated as a consequence to the development.
 

However, most of these changes are similar to those experienced with 
con-


Public health
ventional agricultural reclamation projects in arid lands. 


is a natural concern with any wastewater system, but safeguards can be
 

developed and implemented to minimize onsite pathogen exposure levels,
 

toxic wastes into the collection system, reduce
eliminate inputs of 

to crop use, and control disease vector
pathogen concentrations prior 


the irrigation site.
and intermediate host propagation at 


The most significant environmental changes will be those ass.iated with
 

the ground water. These will result mostly from irrigation since the
 

rapid infiltration system would have very little impact outside of a
 

confined area (see Figure K-15). Approximately 25 to 35 percent of the
 
root zone to the
applied irrigation water could percolate past the 


ground water. All of the salts from the wastewater would be carried in
 

this stream, so concentrations of total dissolved solids could become as
 

A portion of the increased ground-water
high as 3,000 to 6,000 mg/l. 

levels could be intercepted by a drainage system and discharged to the
 

Noubaria Canal (assuming that its capacity can be enlarged to accept
 

For the most part, however, the higher ground-water
these flows). 

result in increased flows in the same direction as present
levels will 


is intercepted
towards Wadi Natroun. Existing ground water in this area 


by saline lakes and evaporated. A detailed hydrogeologic study will be
 

required to determine the extent of the potential changes that will take
 

place and their impacts.
 

The potential impacts of the two land application alternatives are
 
to social and ecosummarized in Tables 1-28 through K-30 with respect 


nomic, public health, and environmental considerations. Alternative
 

IlIA would have a greater net positive effect than Alternative IIIB,
 

but either alternative, if properly executed, should be acceptable
 
Significant environmental issues
from an environmental standpoint. 


are discussed in the following three subsecpresented in the tables 

tions.
 

Social And Economic. Potentially beneficial effects that are anticipated
 

from either land application system include:
 

reuse of wastewater
o Reclamation of new lands made possible by 


o Development of decentralized rural communities
 

o New employment
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parasites. The adverse impact of this can be mitigated by requiring that
 
workers wear proper footwear.
 

Natural Environment. Few significant environmental impacts are
 
anticipated with either alternative and those that do occur will be
 
similar to ones encountered with conventional reclamation projects.
 
The greatett impact of the project will be on the ground-water quan
tity and quality. As discussed, the aquifer below the site moves
 
generally south towards Wadi Natroun. A large-scale irrigation project
 
will certainly increase this flow as other nearby reclamation
 
projects already have. The quality of the Irrigation percolate should
 
be extremely good with respect to all constituents of possible con
cern, except that the total dissolved solids concentrations will be
 
significantly increased. The overall effect of this on future down
gradient uses of the ground water will need to be addressed indetail
 
as part of the geohydrologic investigations.
 

Implementability
 

With such large land application systems being considered, the
 
implementabil ty of the two alternatives is naturally a very important
 
consideration. The major factors that will affect this include:
 

o Availability of the necessary resources
 

o Constructibility of the planned facilities
 

o Acceptability of the concept of wastewater irrigation
 

Availability of Resources. Significant quantities of land, energy,
 
construction materials, and labor would be necessary for the development
 
and operation of the project. These must be made available ifthe project
 
is to be implemen:ed.
 

The most critical resource required for the project Is the land. The
 
East Site, which is the recommended site, isapparently still uncom
mitted for development and would have to be made available by the
 
Egyptian Government. The West Site could be considered as a backup
 
site, but it is less desirable and would decrease the feasibility of
 
the project.
 

Other important required resources are generally available but would
 
need to be committed to the project. Approximately 72 to 127 million
 
kWh of electricity per year would be required for pumping the
 
wastewater on the site. This significant energy requirement could
 
affect the planning of power facilities. Most of the required
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construction materials are conventional and could be supplied from a
 
sources. Some items such as
combination of Egyptian and United States 


required in sufficiently large quantities to
certain sizes of pipe are 

justify the development of new fabrication facilities inthe local
 

very fpw
area. Operational manpower should be readily available as 


special skills will be required.
 

Constructibility. Construction of the land application facilities should
 

present no major obstacles for implementation. Most of the construction,
 

earthwork, well drilling, pipeline installation, and center pivot assembly
 

require no special technology or equipment that is not commonly available
 

The only condition that may impede construction
and used inEgypt. 

activities are occasional wind or dust storms.
 

The concept of wastewater reuse has been
Acceptability of the Concept. 

the subject of considerable discussion and debate inEgypt inrecent
 

it has strong support from most of the principal
years. In general, 

agencies and individuals concerned with the project, including authorities
 

of the Office of the Governorate of Alexandria. 
 There are, however, a
 

number of concerns held by various others that will need to be addressed
 

prior to implementation. Further study of the project's effects ingreater
 

detail should answer most of the questions that may be raised. It is
 

equally important, though, that there also be strong government backing
 
to ensure that any areas of potential
and coordination at a high level 


conflict are resolved.
 

Reliability
 

The land application alternatives developed inthis appendix would both
 

provide a high degree of reliability relative to other types of wastewater
 

systems ifproperly operated. Generally, Alternative IliA would provide
 

a more consistently reliable operation than Alternative IIIB because 
of
 

the extra high degree of treatment and storage provided by the rapid
 

infiltration system. Inthe discussion that follows, the ability of both
 
of potential difficulties are
alternatives to handle the most common areas 


considered, including:
 

o Failure of mechanical equipment
 

o Failure of treatment mechanisms
 

o Disruption of power supply
 

The mechanical components associated with
Mechanical Equipment. 

At-ernative IIIA consist primarily of pumps and motors for wells and
 

as center pivot sprinkling equip
distribution pumping stations as well 
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ment. For Alternative 1I1, the mechanical components would include
 
similar variety of
the same sprinkler equipment and pump stations for a 


pump stations, as well as screens prior to pumping. Inboth cases, all
 

of the components are conventional and could be readily maintained and
 

repaired.
 

The effect of a failure of an individual unit on the overall operation
 
case a
of the system would normally b very small because ineach 


large number of individual units could be isolated, taken out of ser

vice, and repaired.
 

The systems would also be designed to handle potential failures in
 

pipelines and canals. The distribution networks are extensive enough that
 

sections could be taken out of service for repair, keeping the
 

remaining parts of the network inservice.
 

Storage provides an additional safety factor for both alternatives. In
 

Alternative lilA. a potentially very large storage capacity would be
 

provided by rapid infiltration. Five days of storage capacity for
 

emergencies isprovided in the anaerobic lagoons inAlternative 1118.
 

Treatment Mechanisms. The primary treatment mechanism In anaerobic
 

lagoons isthe settling of suspended solids with subsequent digestion of
 

the sludge layer on the bottom of the lagoon. This treatment Isnormally
 
wide range of conditions.
extremely reliable and will continue under a 


Upsets of the system can occur as a result of large toxic spills In the
 

sewer system or other causes. However, these will generally affect only
 

the second stage of the fermentation process causing severe odor problems
 

but will have little affect on treatment performance.
 

The complex physical, chemical, and biological mechanisms of the rapid
 

infiltration system are also very reliable under most conditions.
 
However, the system does require an adequate zone of unsaturated soil for
 

proper treatment to take place. A good monitoring program is required.
 

particularly during the peak storage season, to ensure that the
 
the Infiltration basins at
ground-water mound does not rise too close to 


any point inthe system. Operation of the recovery wells can be adjusted
 

to control high spots and potential prob)ent areas.
 

Operation of the entire irrigation distribution system
Power Sul Il 

woud-be affected by disruptions inelectrical power supply. However,
 

both the anaerobic lagoons and the rapid infiltration system are operated
 
be affected.
by gravity; consequently. storage capabilit''s would not 


Power outages could cause problems for crop produLtIon, especially during
 
outage lasted for several days,
the hottest period of the year. Ifan 


some crops would be stressed and possibly damaged by the lack of water.
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CONCLUSIONS AND RECOMMENDATIONS
 

As a result of this preliminary investigation of land application, we
 

concluded the following:
 

Irrigation systems using primary treated effluent are feasible
 

with proper selection of crops and control of public access to
 

the site.
 

0 


Discharge of treated wastewater to canals used for unrestricted
0 

irrigation is not acceptable inmost inst,nces.
 

moderately high .alt concentration,
0 	 Using wastewater with a 

such as that from Alexandria, for Irrigation is feasible with
 

appropriate crops and leaching.
 

Storage of wastewater to account for fluctuations in annual
0 	
irrigation requirements is advantageous in any cases; however,
 

other management techniques exist that can be used instead of
 

storage.
 

0 	 Irrigation, rapid infiltration, and overland flow methods of land 
application are all technically feasible given the proper site 

conditions and system requirements.
 

Irrigation combines beneficial reuse of wastewater with
0 	
treatment. Itcan be designed ina wide variety of ways to suit
 

many different site conditions.
 

0 	 Rapid infiltration is a treatment process which will achieve an
 

effluent quality equivalent to that of conventional tertiary
 
treatment. Renovated water my be disposed of in the ground water
 

or may be recovered for subsequent reuse.
 

o 	 Overland flow is a treatment process which produces a high 

quality effluent. Renovated water collected from the bottom of
 

the slopes can be discharged or reused.
 

0 	 The areas close to Alexandria are mostly unsuitable for
 

large-scale land application systems because of conflicts with
 

existing land use or because of poor or marginal site conditions.
 

0 	 Land application on a smaller scale using wastewater flows from
 

local communities is potentially feasible in many areas.
 

The most feasible locations for large-scale land application of
0 

Alexandria wastewater are the East and West Sites located on
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0 

either side of the Cairo-Alexandria Desert Road, south of the El
 
Nasser Canal.
 

o 	 Both the East and West Sites are mostly uncommitted for
 
reclamation and development at this time. Physical
 
characteristics over portions of each site are favorable
 
for both irrigation and rapid infiltration.
 

o 	 Of the two potential sites, the East Site is preferred.
 

o 	 There are two major possibil 'or land application at the
 
East Site. Alternative IlIA ,nes rapid infiltration with
 
irrigation of high income cropb. Alternative IIIB consists of
 
irrigation of forage crops with primary effluent.
 

o 	 The overland flow process is infeasible, except possibly for
 
small local sewerage systems, due mainly to a lack of large
 
suitable sites.
 

o 	 Alternative IlIA would entail pretreatment by anaerobic
 
lagoons, rapid infltration for high level treatment and storage,
 
recovery of the ground water, and irrigation of 23,000 ha of
 
high income crops using center pivot sprinklers. The total
 
land area required would be 31,000 ha (or 73,000 feddans).
 

Alternative IIIB would entail pretreatment by anaerobic
 
lagoons with emergency storage capacity provided, screening, and
 
irrigation of 14,400 ha of forage crops using center pivot
 
sprinklers. With no seasonal storage provided, crops would be
 
overirrigated in the winter and some areas would be taken out of
 
production in the summer. The total land area required would be
 
18,500 ha (or 44,000 feddans).
 

o 	 Other design options could be considered in the future in
 
combination with the above alternatives or as backup
 
measures inthe event that either IlIA or IIIB cannot be
 
fully implemented. These other options will not affect the
 
overall evaluation of major wastewater alternatives available
 
to Alexandria.
 

o 	 Alternative IlIA would have a higher capital and annual
 
operation and maintenance cost than Alternative IIIB. However,
 
on the basis of cost per area irrigated, Alternative IlIA has a
 
slight cost advantage.
 

o 	 Annual economic returns from crop production cannot be accurately
 
estimated without final crop selections and detailed estimates of
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0 

production costs, yields, and future commodity prices.
 
returns per unit of area from the
Preliminary estimates show that 


high 	income crops of Alternative IIIA may be about two times
 

greater than those from the forage crops of Alternative IIIB.
 

On the basis of social and economic, public health, and
 

environmental considerations, Alternative IIIA would have a
 

greater net positive effect than Alternative IIIB. Both
 

alternatives, ifproperly executed, should be acceptable from 
an
 

environmental standpoint.
 

o 	 The social and environmental impacts of both alternatives are
 

generally positive and include reclamation of new lands,
 

development of decentralized rural communities, and new
 

employment. The most significant adverse impact would be
 

potential odors from the anaerobic lagoons. This problem could
 

be mitigated by proper siting and isolation of the lagoons from
 

populated areas.
 

With 	proper maintenance both alternatives would provide a large
o 

measure of safety for public health. Alternative IIIA would
 

have an advantage inthis regard because of the high level of
 

treatment obtained inthe rapid infiltration system. Positive
 

measures of control would be required in both cases to prevent
 

the propagation of schistosomiasis and malaria.
 

The only significant environmental effect inboth cases would be
 

on the ground water. Ground-water flows would be increased and the
o 


quality would be affected by the high salt concentration of
 
A detailed geotechnical
percolate from the irrigation systems. 


investigation would be required to determine the overall effects
 

on future down-gradient uses.
 

The most critical factor affecting the implementability of land
0 

application is the availability of the required land area.
 

Both land application alternatives would have a high degree of
0 

reliability and should be able to handle most difficulties
 

arising from the failure of mechanical equipment or treatment
 

mechanisms and from brief electrical power disruptions.
 

In light of these conclusions, both Alternatives lilA and IIIB should
 

be considered as major wastewater alternatives for Alexandria. Should
 

either of these compare favorably with the other major alternatives
 
more detailed site investigation
being considered, initiation of a 


will be required as quickly as possible. This would include the pro

duction of an accurate base map, a detailed soil survey, and a
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At the same time itwill be necessary to
geohydrological study. 


further study the agricultural economics of the proposed alternatives.
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Table K-i
 

WASTEWATER QUALITY REQUIREMENTS FORDISCHARGE NODCROP IRRIGATION
 

For Crop IrrigationFor Discharge 
Public Sl1 Industrial
to the Nile 


a 

and Its Branches For DIscharge to Drains Sandy Clay Private Sandy Clay
 

u 

Constituent 


O 	 Soil Soil STP Soil SoilIndustrial industrial	 Sewa"ue 

40 - 80 40 - 80
20 60
BO, ppm 
 50
50 30 
15 40 50 -

COO1 ppm 
Settleable Matter, ppm 

(unless otherwise
 
30 80 - 5 ca3/Ic - - 3 caSIlc -

Indicated) 
-6-9 - 6-9 6-9 	 - 

- 5 0.1 
pH 


5 0.1
I I 
- - 0.1

Sulfides as Sulfate, ppm 

0.1 	 0.1 - - 0.1 

5 - 20 5
Cyanides, ppm 


10 - 20Oil and Fats, ppm 	 10 
------35 35
Temperature, *C 
 ------N.A. -Poisons to Fish or for 

Drinking Water
 
----- 0.1 - -

Phenols, pp. ----- I - -
Chlorine. ppm 

------ I -Cr + Ag+Cu+Hg+As+ 
Cd + Be + Se + Pb + NI, 
ppm 

- - 2,000 - - 2,000 
- 5,000MDS,ppm ----- t0 - -

Color, cm clarity 
----- N.A. - -

Pesticides 

50 - 80 50 - 80

Suspended Matter, ppm 	 - 

- - -f - . . .

Chlorination Required 

Source: Reference 3 

allowed to the Nile or Its brancheato discharge of sewage 

bWhere Industrial and municipal sewe ae combined, standard for sewge for settleble otter, BOD, 

and CODapply In addition to the Industrial limits.
 

Ciy volume after 5 minutes
 

dup to 10 ppm If 3 km from populated areas 

eN.A. - none allowed
 

fMinimum chlorine residual after 20 minutes * 0.5 ppm
 

K-71 



Table K-2 
DESIGN FLOWS FOR LAND APPLICATION ALTERNATIVES
 

(Mi/d)
 

Average Annual 

year Design Flows 

1980 450 

1990 730 

2000 945 

Notes Developed InAppendix C
 

Table K-3 
DESIGN WASTEWATER QUALITY 

Constituent Concentrat Ion 

BOO 560 mg/I 

Suspended Solids 500 mg/I 

Total Nitrogen 33 mg/I 

Phosphorus 10 mg/I 

TOS 1,060 - 1,600 mg/I 

Electrical Conductivity 1.7 - 2.5 mhos/cm 

Source: Reference I 
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Table K-4
 

COMPARISON OF DESIGN FEATURES FORLANDAPPLICATION PROCESSES
 

Feature Irrigation Rapid Inflltatlon Overland Flow 

Application techniques Sprinkler or surface
a 

Usually surface Sprinkler or surface 

Annual application I to 3 6 to 170 3 to 20 

rate, m 

Area required, feddansb 30 to 90 0.5 to 15 4.5 to 30 

Typical weekly applica- 2 to 12c 12 to 325 6 to 40 

tion rate, cm 

Minimum preapplication Primary sedimentation Primary sedlmentatlon Screening and grit 

treatment provided removal 

In the United States 

Disposition of applied Evapotranspiration Mainly percolation Surface runoff and 

wastewater and percolation evepotranspiration 
with some percolation 

Need for vegetation Required Optional Required 

aincludes ridge-and-furrow and border strip
 

bFleld area In feddans not Including buffer area, roads, or ditches per I MI/day flow 

CDepands on the use of the effluent and the type of crop 
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Table K-5 

CONSUMPTIVE USEFOR SELECTED POTENTIAL CROPS 

(w per month) 

Composite for Effective 

Month Alfalfa Grass Wheat Corn Oerseem Vegetables_ PrecipItation 

January 37 78 70 0 72 51 18 

February 49 90 91 0 83 59 12 

March 104 133 140 0 120 87 4 

April 157 154 116 0 97 100 0 

May 199 189 51 38 42 123 0 

June 232 202 0 113 0 131 0 

July 253 220 0 198 0 143 0 

August 225 205 0 193 0 133 0 

September 175 175 0 73 17 113 0 

October 112 131 8 0 39 86 0 

November 71 84 23 0 61 55 14 

Dec *er 48 68 39 0 M 4 21 

TOTAL 1,662 1,729 530 615 589 1,125 69 

Source: Reference I 
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Table K-6
 
LEACHING REQUIREMENTS
 

Yield 
Reduction ECdw 

crop (11) ~ (mmhos/cm) R1% 

Forages 
Alfalfa 10 

0 
28 
36 

7 
6

Salt-tolerant grasses 

10
<10 21
Berseem 


GrainsFleld Crops
 
0 40 5Wheat 
0 44 5Barley 

0 18 12Corn 
0 42 5 

0 42 5
Sugar beets 

Cotton 

0 26 6Soybeans 

Vegetables/Produce Crops*
 
0 32 7
Beets 

0 20 10Spinach 

1010 20melons 
<10 	 22 9 

26 a 
Tomatoes 

Broccoli 	 (10 

810-15 	 26
Cabbage 

1010-1S 20Potatoes 


Fruit Crops, 
0 48 4Date palms 

Figs, olives, 0-5 28 0 

pomegranates 

Average 


Note: Source for yield reductions for Irrigation water with EC of 2.1 inhoa/cm 

and for ECdw values 	 was Ayres (Ref.5). 

ather vegetables and fruit crops (I.e., citrus) that would experience 	25 percent 

not considered. or greater yield reduction with the expected water quality were 

bNotes 20 percent LR used for design. See discussion In text. 
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5 

TYPICAL TREATW'NT 


ConstItuent 

BO2 


Suspended SolIds 

Amonla Nitrogen as N 

Total Nitrogen as N 

Total Phosphorus as P 

Table K-7
 

EFFECTIVENESS FOR RAPID INFILTRATION
 

Percolate Coecetretlon (va/) 

Average Max lmum 

2 	 (5 

0.5 	 (2 

10 	 (20 

I (5 
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Table K-8 
MPPING UNIT OESCAIPTIONS, EAST SITE 

Area 

Haping Un it (he) Field Descriptlons 

Ob 10,200 Loose sandy soils of undulatlng-rolling. medium and high 

dunes, partly barkhan or longitudinal arrangm-it. 

Ob II 3,300 Like Db. Coarse sandy loam to clay loam solls or subsolls 

between Isolated high dunes and low dunes. Valleys mike 

up 50 prcnt of mapping unit area. 

Os 13,400 Loose sandy soils of medium and low dune. 

Os II 5.700 Like Ds. Coarse sandy 

between modIum and low 
loam to 

dunes. 

clay loam soils or subolls 

:alleys make up 30 to 

40 percent of mapping unit e-:.. 

Os 12 9,700 Like Ds. Loamy sandy soils or subsoils, partly with rocky 

crusts, between low and @me higher duM. Valleys amie up 

40 to 50 percent of mapping unit &rea. 

Os Is 2,400 Like Os. Low dunes but with CoO 3 concentratloms. Partly 

with loomy sand-sandy loam subsoils. 

Os 25 16,0 Like Os. Predominantly medium to high dunes. 

DouI 4,000 Undifferentiated 

and longitudinal 

sandy soils with scattered 

dunes. Below the depth of 
low sand leet 
wid dlstur

bonca, the sand Is moderately cemented with CaC3 . Locally 

compact loamy subsoils may occur. 

Sourcea Reforence 14 

aThe presenc. of CsC 3 can make field descrlptlons appear texturally finer then lab 

analyses. 
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Table K-9 

SELECTED CHENICAL ND PHYSICAL ANALYSES. 

EAST SITE 

Saturated
 

Extract b Sodium
 

Saturation ConductivIty Adborption
 
a Nmow5/cm) Ratiob
b 	 Textural Analysis

Associations Percentage.

6.9-8.4 5.7-125 21.7-92.5 Seedy lobe to 
Db S-6 

madm coaerse sand 

0s 17-73 6.".4 0.5-1702 3.5-42.8 	 Sandy clay lose to 

coarse send 

1.2-18 4.0-31.6 	 Clay to edium 
coarse madDu 17-G0 	 7.2-7.9 


Sources Rteorance 14
 

Notes Range fnr entire soil profile at select sampling locations.
 

Obb Includes Ob and Ob II mapping unit.
 
units.
Os Includes Os, Os II, D 12. Os 18. and Ds 25 mapping 


Du Includes Diu1S mapping units.
 
suggest ttsat published values of 
 aetura

bFIoId observations and subsoquant chiolcal analyses 

and sodium ratio are overestimated. Lowr
 

tion percentage, saturated amtract conductivity. 
Lowest valves toed to be associated 

range Is probabiy more representative of site conditions. 


with better drelned locations.
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Table K-I 

SUITABILITY LIMITATIONS FOR RAPID INFILTRATION, EAST SITE 

Limitations
Parameter Sultl IIty 

generally not excesslve; Rugged topographic locationsTopography 	 Slopes are 
significant problems are not anticl- should be avoided or levelled.
 

pated.
 

Soils 
Physical Db, Ds, and Ds 25 soils have the The extent and origin of the le 

Properties most favorable structural, textural, concentration In Ob i1, Ds II,and 

and Infiltration properties. Os 12 soils need to be Investi

gated; the effect on draInag needs 
Investigation. 

Chemical Coarse textures offset the effect Salt transport Isanticipated 

Propwtlee of sodlum on soil permeabliltys priarlly In poorly drained loca

soll ph Isfavorable for denitri- tins where soil 	salinity Is 

ficatlon-nitrificatlon reactions& high. Salinity distribution 
ani retention of trace elements. throughout the geologic profile 

needs verifIcation. 

The extent of clay stringers lime-Geoloy 	 Available stratigraphlc Infor-
mation suggests few drainage re- stone, and lime crusts needs to
 

strIctlons through depth to be verified.
 
ground water.
 

Shallow ground-water ares (45 a)Hydrogeology Depth to ground water Is general ly 
sufficient for unsaturated flow should be avoided to mlnlmlze 

and ground-water mound anagement. drainage problems ground-water 
quality needs to be mintained for 

down-gradient needs. 

Location/ majority of site Is undeveloped 	 wastewater conveyance distance
 
Is long, facility layouts require
Lend Use and available. 

design around El Nasw Canl, 
Nouberla Canal, KoImooI. and 
power lines. Buffers are required 
around public accesses. Loss of 
Bedoulin grazing lands. 

None.Vegetation/ rea sparsely vegetated, Site 


Wildlife clewing minimal.
 

Tombs need to be accurately locatedHistorlcal/ Few sites of hlstpllcal Interest 
and catalogued end design bccomd*-Cultural noted. 
tIons aede. 
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Table K-1i
 
SITE


SUITABILITY LIMITATIONS FOR WASTEWATER IRRIGATION, EAST 

Parameter 


Topography 


Soils
 
Physical 


Propertles 


Chemical 
Properties 

Geology 

Location/ 

Land Use 


Vegetation/ 


Wildlife 


Historical/ 


Cultural 


Suitability 


Slopes generally not excessive; 

runoff, erosion, and farming 

problems not anticipated. 


Deep, well-drained soils are 


available throughout the sites; 

overhead Irrigation can best 

supply crop consumptive needs 

In high Intake rate soils.
 

Salinlty-alkalinity problems 

are not anticipated In well-

drained locations; soil pH 

Is generally favorable for 

crop growth. 

Stratlgraphic Information 

suggests few drainage restrlc-

tions through depth to ground

water table. 

Majority of site Is undeveloped 

and available, 

Area poorly vegetated; site 

clearIng minimal.
 

Few sites of historical 


Interested noted, 


LimitatIons 

Surface Irrigation would require 

extensive land leveling; overhead
 

Irrigation would require minor
 

smoothing; small rugged areas re

require much leveling or avoidance. 

Cemented, clayey subsolls and/or 

shallow soils In valley locations 

may require artificial drainage or 

deep ripping. 

Salinity-lkalinity associated with 

poorly drained locations. Leaching 

and/or reclamation required in those 

ares. 

Extent of clay stringers, limestones
 

and Ile crusts needs to be verified.
 

IsWastewater conveyance distance 

long; feclilty layouts require design 

around El Nasser Canal, Mouberla 

Canal, and p.wer lines. Buffers are re

quired around public accessee; re

location of sill reeldent population 

may be required. 

None. 

Sites need to be accurately located 

and catalogued end design accoamoda

tIons made. 
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Table K-12 
MAPPING UNIT DESCRIPTIONS, WEST SITE 

Area 

Mapping Unit (hAe) Field Descriptiona 

DO II 1,350 	 Coarse sandy loam to clay loam soils or subsoils between 

isolated high sandy dunes. Valleys occupy 50 percent 
of mapping unit area. 

Os 11 4.500 	 Coarse sandy loam to clay loam soils or subsoils between 
medium and low sandy dunes. Valleys occupy 30 to 
40 percent of mapping unit ares. 

Os 12 2,500 	 Loamy sandy soils or subsoils, partly with rocky crust
 
between low and some higher 	 sandy dunes. Valleys occupy 
40 to 50 percent of mapping 	unit ora.
 

Du 18 11,600 	 Loose sandy soils with CaCO3 cementation, pertly with 
loamy sand-sandy loam subsoils. 

Pm 4/20 5,400 	 Shallow silty clay loam soils over rock, or rock In 
surface. 

PI 20 2,300 	 Coarse sandy loam soils of vearing depth with thin sheets 
of windblown sands.
 

Note: 	 The presence of CaCO3 can mke field descriptions appear texturally 
finer than lab analyses. 

Source: Reference 14 
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Associations' 


Db 11 

DS II 

Ds 12 

Du Is 

Pm 4/20 

PI 20 

SELECTED 

Saturation 

Percentage 

18-66 


17-73 


26 

17-60 

20-39 

b 

Table K-13 
CHEMICAL No PHYSICAL ANALYSES, 

WEST SITE
 

Saturated 
Extract b Sodium 

Conductivity Adsorptltn 

PH (smhos/ca) Ration--

6.9-8.4 5.7-125 21.7-92.5 

6.8-8.4 0.5-17.2 3.5-42.6 

7.4 7.4 26.4 

7.2-7.9 1.2-18 4.0-31.6 

7.6-7.7 1.6-21.8 3.4-29.5 

b b b 

Textural Analyses
 

Sandy loae to 
medium coarse send 

Sandy clay Ioa to
 
coarse sand 

Mdlum fine loamy 
sand 

Clay to medium 
coarse sand 

Clay loam to sandy 
loom 

Medim coarse and 
very coarse sandy 
Iom to loam 

Sources Reference 14
 
Notes Range for entire profile at select smpling locations.
 

saturation percentage, saturated
afield observations suggest that published valuas of 

conductivity, and sodium adsorption rates ae overestimated. Lower range Isextract 
Lowest values tend to be assoclated 

probably more representative of slte conditions. 

with best drained locations.
 

bcomparable data not available.
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Table K-14 
SUITABILITY LIMITATIONS FOR
 

RAPID INFILTRATION. WESTSITE 

Parameter Suitability Limitations 

Topography Slopes are generally excessive; 
significant problems not anti-

cipated. 

Slopes Indepression area can be 
significant. 

Soils 
Physical 
Properties 

Ob 1i, Ds II,and Ds 18 have 
favorable textural and 

structural properties Innon-

valley locations. 

Pm 4/20 soils are not suitable. Extent of 

cementation InDb II,Ds ii, Os 12, Os 18, 

and PI 20 soils needs to be Investi

gated. 

lime 

Chemical 

Properties 
Coarse textured soil offset 

the effect of sodium on soil 
permeability, soil pH Is 
favorable for denitrlficatlon-
nitrification reactions and 
retention of trace elements. 

Salt transport Isanticipated primarily 

In poorly drained locations where soil 
salinity Is high. Salinity distribution 
throughout the geologic profile needs verl

ficatlon. 

-Dology Deep well-drained subsurface 
strata are believed present 
In central and eastern loca-

tions, surfIclal bedrock areas 
In depression can be used as 

storage areas, 

Impermeable to poorly permeable sandy 
limestone. limestone, sandstone, and 
gypsiferous clays have surflclel dlstri

bution on the western portion of the site. 
Subsurface distribution needs to be 

Investigated. 

Hydrogeology Dept. +o ground water In un-

conflne. locations are generally 
suffc',,t to maintain sIgni-
ficedit unsaturated flow, which 
lends them to ground-wator 

mound management. 

Aqultards present Inseml-confined 
locations my result In local ground 

water perching In central and western 
portions. Subsurface distribution 
needs to be addressmd. 

Location/ 
Lend Use 

The majority of site Is undevel-
oped and available; minor popu-

latlon relocation required. 

Conveyance distance Is long; facility 
layouts require design around El Nasser 

Canal and Irrigation projects. Buffers 
are required around public access routes. 

Loss of Bedouln grazing land. 

Vegetation/ 
Wildlife 

Area spersely vegetated; 
clearing minimal. 

site None. 

Historlcal/ 
Cultural 

Sites of historical Interest 

noted Inpoorest soil areas, 
Sites need to be accurately located end 

catalogued and accomodated during design. 
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Table K-15 

SUITABILITY LIMITATIONS roR WASTEWATER IRRIGATION#
 

WEST SITE
 

Parameter Suitability 

Topography Slopes are generally not 

excessive; In central and 

eastern portions of site, 

runoff, erosion, and farming 

problems not anticipated. 

Soils 

Physical 
Properties 

Ob 11, Ds II, and Ds 18 have 

favorable textural and struc-

tural properties In non-

valley locations (sea limita-

tions), 

Chemical 
Properties 

SoIl pH Is generally 
for crop growth. 

favorable 

Geoloy Deeper well-drained strata 

Lollaved present In contrji 

and *astern locations. 

Hydrogeology Depth to ground wate in 

unconfined locations (central 

and east) generally sufficient 

to maintain good drainage. 

Location/ 
Land Use 

Majority of site Is undeveloped 
and available; minor population 

displacement required. 

Vegetation/ 

Wildlife 

Area sparsely vegetated; 

clearing minimal. 

site 

Historical/ 

Cultural 

Sites of historic Interest 

In poorest soil areas, 

noted 

Limitations
 

Slopes In depressions can be
 

significant.
 

Pm 4/20 sols not sultablo Lime 

cementation In Db 11. Ds II, Os 12, 

and Os 18 and P1 20 may pose drinsg 

problems, particularly In valley
 

locations. Extent of cementation needs 
to be established.
 

Salinity-alkalinity asocieted with 

poorly drained locations; leaching 

and/or reclamation may be required. 

Surflclal bedrock locations In western 

portion of site re not suitable for culti

vation. 

Aquiterds present In seil-confined 
locations any result in local ground 

water perching and poor drainage. 

Conveyance distance Is longs facility 

layouts require design around El Masser 

Canal and local Irrigation projects. 

Buffers we required round public 

access. Loss of razing lend for Bedouins. 

Replacement of wildlife my occur. 

Sites need to be accurately located and 

catalogued and accomodated In design. 
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Table K-16 

DATA NEEDS ND DESIGN PHASE REQUIREMENTS 

Design Phase Requirements
Data Need
Parameter 


Better definition of site Topographic survey.
Topography 

topography.
 

Grain size analyses, Atterberg limits,
Soils 	 Better definition of soil 


physical properties for bulk density, particle density. percent 

drainage and earthwork moisture, percent porosity, compaction, 

and permeablllty, 
Infiltration testing, more intensive 

soil survey, aerial photography. 

considerations, 	 horizontal vertical 

Better definition of soil Standard agricultural analyses for
 

salts, cations, pH, nutrients, organic
chemical properties to 

elements.establish optimum soil matter, and trace 

reclamation procedures and
 

crop/nutr lent requirements. 

definition of Deep exploration borings, geophysicalGeology 	 Better surface 

and subsurface distribution survey.
 

of bedrock and lime concre

tions. 

installation of monitoring systems and
Hydrogeology 	 Better definition of depth to 


ground water, flow regime, test wells, and ground-water modellng
 

hydraulic characteristics, study.
 

and quality.
 

Historical/ 	 Accurate location of all Collaborative literature search and 
emperts.Cultural historical sites, field survey with iocal 


Definition of the Impact on Environmental assessment.Environmental/ 


Social environment and Inhabitants.
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Table K-17
 

CONCEPTUAL DESIGN DATA,
 

ALTERNATIVE IliA
 

Parameter 

Genera l 

Design flow, year 2000 (MI/d) 


Influent quality
 
BOO (mg/i) 

Suspended solids (mg/I) 

Total nitrogen (mg/I) 


Total phosphorus (mg/I) 


Electrical conductivity
 
(mmhos/cm) 


Total dissolved solids (mg/I) 

Location 


Pretreatment 

Type 

Average detention time (days) 


Total pond volume
 
Days 

Million cubic metres 

Average depth (metres) 

Gross ares requirement (he) 

Sludge production
 

Million kg/yer 

Percent sol Ids 


Effluent quality
 
BOO (mg/I) 

Suspended solids (mgll) 


Total nitrogen (mg/I) 


Total phosphorus (mg/I) 


Rapid Infiltration
 

Loadings 

HydraulIc (r/year) 

BOO (kg/ha/day) 

Suspended solida (kg/he/daY) 


Infiltration area (h) 


Gross are' requirement (ha) 


Infiltration ,Aslns
 
Dimensions (metres) 

Average depth (metres) 

Numler 

DesIn Value
 

945 

560
 
500
 
33
 
10
 

2el
 
1330
 
East Site
 

Anaeroblc lagoons 

3 

6
 

4.5
 
210 

254 
30 

300
 
200
 
25
 
10
 

27
 
27
 
225
 
1S0
 
1,280
 
1,540
 

100 x 400 
I.O 
320
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Table K-lI (continued)
 
^ONCEPTUAL DESIGN DATA,
 

ALTERNATIVE NO. IlIA
 

Parameter 


Rapid Infiltration (continued)
 

Loading cycle
 
Flooding (days)
 

Drying (days) 

Method of distribution 


Quality of percolate
 
BOD (mg/I) 

Suspended solids (mg/I) 


Total nitrogen (ag/I) 

Total phosphorus (ag/I) 

Electrical conductivity
 

(.os/ca) 

Total dissolved sois (a/i) 


Ground Water Storage end Recovery
 

Total required storage
 
Percent of annual flow 

milion cubic metres 


Depth to ground water (mtres)
 
Existing 

Low storage seeson 

High storage season 


Recovery we Is
 
Design capacity (i/a) 

Diameters (metres) 

Depth (metres) 

Average operating depth (metres) 

Number 

Excess capacity (1) 


Irrigation 

Crop pattern 


Average annual application
 

(metres) 
Leaching requirement () 

Area requirements (he)
 

Irrigated ores 

Gross are 


Desin Value
 

6
 
Concrete-lined
 

canals
 

5
 
2
 
10
 
2
 

2.3
 
1,460
 

19 
65
 

10"15
 
is
 
3
 

125 
0,65 
43
 
20
 
223
 
50 

High Income
 

1.5 
20 

23,000
 
29,000
 

K-87
 



Table K-17 (continued)
 

CONCEPTUAL DESIGN DATA,
 

ALTERNATIVE NO. IliA
 

Design Value
Parameter 


Irrlatlon (continued)
 

Distribution system
 
Center pivot
Type 

52Area per unit (he) 

443
Number of units 


Operating pressure at pivot
 
3
(kg/cm 

2
) 


Drainage
 

Subsurface tile with
Type 

open lin col lector 

dItches 

Average depth (metres) 3
 

20 

Total area (ha) 
Percent of Irrigation area 

4,600
 

250 

TIle depth (metres) 
Tle spacing (mires) 


2
 

Total Land Area 

31.000
Hectares 

73.000
Feddans 
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Table K-18 
MONTHLY IRRIGATION RATESWASTEWATED, 

FOR THE HIGH INWW4ECROP PATTERN 

Weighted Average 
Consumptive Use Irrigation Rite 

Month (m) (m) 

6662
January 

February 71 89 
104 I10 

148 
March 

99 
125 

April 
83 

196
May 

131 
215 

June 
143July 
133 19 

98
August 

65September 
63 94October 
so 64November 
5I 4
December 

1,063 1.491TOTAL 

Table K-19
 

ANNUAL NUTRIENT UPTAKE RATES 

AND NbPLICATION FOR THE HIGH iNOM4E CROP PATTERN 

Nitrogen (kg/he) Phosphorus (kahge) 
Uptake Rates Applied Uptake Rates Apied 

lerseem 100-250 
a 80 15-20 10 

160 10-30 20Vegetables 50-250 

Source Reference 14 

aLegues will also take nitrogen from the atmosphere If not available In the soil. 
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Table K-20
 

WATER BALNCE ANDSTORAGE REQUIREMENTS
 

FOR THE HIGH INOME OROPPATTERN
 

Watewater 
Change In Cumulatli
Avl lable Irrigation

aa a Stora 
c StorageRateateterMonth 

167
4.35
January 7.9 4.4 

186e5.9 1.9February 708 

10.0 -2.1 16.570
March 


14.4
-201
1000
AprIl 7.9 

May 6.2 8.3 .001 14.3 

865 13.1 -4.6 9.7 
June 

4.1
5.05

July 89 14.4 


0
 
August 902 13*4 -4.2 


6.6 42.2 202 
Selptesr 8*6 

1.4 6.4 +20 402 
October 


4.4 #309 6.1603
NOve""" 

1O0Annual 100 

Notel Values given ar as percWtage of annual flow volume. 

81aieNd on data presented in 1978 Nester Plan (Reference 11 

bOased on Table K-18
 

watewater lass the wastewater IrrIgatle" rate

CChange In storage - availlable 


dCumultlve storage as of 
 the last day of the mooth 

- total annual flowaRequlred storage volume 10.61 of 
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Table K-21 
CONCPTUAL DESIGN DATA, 

ALTERNATIVE 1110 

Pramter 

Donera___
 

Design flow, year 2000 (id) 

influent qual Ity
 

eO (o/I 

Suspended solids (mg/I) 

Total nitrogen (mg/I) 

Total phosphorus (mg/I) 

Electrical conductivity


( Ihosla.) 

Total dissolved solids (mag/i) 
Location 


Pretreatment 

Type 
Stages 

Average detention time (days) 

Additional storage capacity (days) 

Average depth (metres)
 

Low storage 

High storage 


First stage
 
Average detention time (days) 
Redundancy for sludge
 

handling (3 

Pond volume (million IN) 


Second stage
 
Average detention time (days) 

Redundancy for sludge
 

handling (Mi 

Pond volIme (million a 1O0g
 

Gross area requirement (he) 

Sludge production
 

Million kq/year 

Percent solids 


Screening 

esi Value 

45 

560 
300
 
33
 
1O 

2, I 

1,330 
East Site 

Anaerobic lagoons 
2 
6.75
 
5
 

3.5 
5.5
 

4 

100
 
1.5
 

4.75 

29 

520
 

340 
30 
Traveling vater 
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Table K-21 (continued)
 

CONCEPTUAL DESIGN DATA.
 

ALTERNATIVE NO. 1118
 

Parameter 

Pretreatment (continued) 

Effluent quality 
OD (mg/I) 


Suspended solids (mg/I) 


Total nitrogen (mg/I) 


Total phosphorus (mg/I) 

Electrical conductivity
 

(mehoslcm) 
Total dissolved solids (mg/i) 

Irrlgation
 

Crop pattern 


Average annual application (metres) 


Leaching ro4ulrement (M) 

Area requirements (he)
 

Sumer Irrigated area 

Winter Irrigated ore 


Gross area 

DistrIbutIon system
 

Type 


Area per unit (he) 

Number of units 

Operating pressure at pivot


2 
(kg/ca ) 

Dra inage 

Type 


Average depth (mtres) 
Percent of Irrigation area 

Total area (he) 

Tile spacIng (metres) 

Tile depth (metres) 


Total Land Area
 

Hectares 


Feddans 

Design Value 

225
 

100
 

a
 

10 

2.2 
1.30 

Forage aes 

2.4 
20 

10,900
 

14.400 
18,000 

Oseter pivot 

32 

276 

SuMurface tile alth 
open =In collector 

Eltchee 

3 
30 
4.3C0 

250 
2
 

1.850
 

44,000 

KI 



Table K-22
 

M4NTHLY IRP GATION RATE ND WATER BLANCE
 

FOr e FORAGE U(OP PATTERN
 

IrrigatedNet Irrigation Wastewater 

Requirements Supplyb OverlrrlgetIon Shortage Land Area 

Month (m) (m) (M) (MJ) 1) 

100January s0 193 143 1 

February 72 1to Ila - 100 

- 100March 143 193 s0 

April 195 193 - 2 99 

- 43 62Nay 243 200 

- 63 77June 271 206 

July 296 217 - 79 73 

43 soAugust 268 225 -

September 219 215 - 4 96 

53 - 100October 132 205 

November 60 203 123 - 00 

100December 46 200 

Totel 2,03 2.442 641 24 

leaching requlrement.
 

bDeslgn weastewater flow rate divided by the total Irrigated ore.
 

gAverage of alfalfa and gros. Does not Include 
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Table K-23 

ANIUAL NUTRIENT UPTAME RATES 

AND APPLiC TiON FOR THE FORAGE CROP PATTERN 
(kg/ha) 

PhosphorusNltrogen 
Uptake Rates AevlledUptake Rates A 

Grass 150-650 635 30-80 250 

20-35 245
225-540e 609Alfalfa 

Source, Reference 4 

aLegumes will also take nitrogen frap the atmosphere If not available In the soil" 

Table K-24
 

ESTIIMATED CAPITAL COSTS, LAN) APPLICATION 

ALTERWTIVES IliA NO ille 

(1000 LE) 

Alternative
 

llf
ilA
Item 


Pretreatmnt
 
7,937 12,321


Anaerobic Lagoons 

Oi
24,87


Rapid Infiltration 


67,37) 64,641
Irrigation 

4,349 3,746

Dre Inage 

2,769
2,924
Administrative and General 

2
127,4,
Subtotal 


31,191 20,91
255 Contir.ncy 


'955 104,603
Subtotal 

151 Engineering, Legal. and 
23A") 1).00

Administrative 

183,948 120,293TOTAL 

a fully constructed system 

the yew 2000. The effects of 
Note: Costs ea t splt-s prl'. at the end of I9g0 for 

capable of handling the design flow for 

in Chapter S.
construction phasing are discussed 
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Table K-25 
ESTIMATED ANNUAL OLM COSTS, 

LAND APPLICATION ALTERNATIVE IliA 

1980 
Cost 

1990 
Coat 

2000 
Cost 

Ite Quantity (1000 LE) Quantity (1000 LE) Quantity (1000 LE) 

Labor 

Mondays 
Cost 

Power 

1,000,000 kWh 
Cost 

Fuel 

1000 Itres 
Cost 

Materists 

Cost 

TOTAL 

30,900 
-

63.4 
-

290.7 

-

--
400 

-

6N 

--

10 

623 
1,892 

49,400 

-

101.4 

-

465.1 

-

-
-

-

640 

-

1,054 

-

16 

.317 
3,027 

61,860 
-

126.7 
-

361.4 

-

-1-446 

-

-

b00 

-

1,317 

-

20 

3,7 

Note: Costs hmesd on prices at the end of 1980. 

Table K-26 

ESTIMATED NWNUAL ONM COSTS 

LAND APPLICATION ALTERNATIVE 1iii 

tin .Qwn!tIT 

1960 
Cost 

(1000 LEI Quantity 

1990 
Cost 

IIwo LE) Qat Ity 

2W 
Cloet 

1100 LE) 

Labor 

Mondays 
Coot 

Power 

1,000,000 kWh 
Cost 

Fuel 

000l iItres 

Cost 
Materials 

coet 

23,400 

-

36 
-

315 
-

-

311 

-
263 

-

II 

629--

37,400 

-

N 
-

3030 
-

-

496 

-
424 

--

I 

46,600 

-

72 
-

6 
-

622 

-

330 

-

22 

Ll 

TOTAL - 1,216 - 1,146 - 2,431 

Nto: Cotts baed on prices at the end of 1960. 
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Table K-27
 

ANNUALNET INOIC FRM CROP PRODUCTION 

Propoirtion 

Net CroplandGross Production 
a Cost Income Arm 

Farm Gate 


Yield	 Prices Income
Crop 


(IC/td) 	 it)....

Pattern (Mt/Id) 	 (LE/lit) ILE/fd) (LC/fd) 

High Income
 

Winter
 
12 II 132 57 75
 

Berseem 

77 100 60 
 40

1.3 

78 40 


Wheat 

38
 

Barley 1.3 60 


9 27 243 110 113
 
Cabbage 


110 2142 162 324Poes 

Average 110 
1000 

Sumer
 
Is 265
 

Sugar Beets 14 25 330 
32 U1.0 	 120 120 


60 420 

Breedbeens 

130 290

7.0 


70 490 260 230

Tomatoes 


7.0
Potatoes 

G I0 419 

Squash 7.0 87 


312 too 212
 
Carrots 10.4 30 


4114 63l.6 	 71
Corn 


Average 222 1000 

Annual Total 322 

Forage
 
344 so3G l0

Alfalfa Hey 23 	 22 

10 100 45 65 so 
Grass Hoy 10 

Averago 0
 

Annual Total Ito 

*full yield after 5 years of reclamation.
 

blncludes all normal costs eicept Irrigation and fertilllers.
 

cNet Income - grosm Income - production costs (190 costs). 

of land out of production during 	the sar, uhlat wll 
dAlterneatlve gib has varying amounts 

percent.reduce the overall average crop returns by about I 
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Table K-20 
SOCIAL IWPACTS 

Impact Category Alternative II IA Alternative 116 

Agricultural Reclamation 
of Arid Areas 

Uses westewater to reclaim pro-
vlously nonproductive land. 

Similar to liA except that 
production Is limited to 

Increases product Ion of high- Iower-value forage crops. 

Income crops. Affects pricing 
and marketability of locally 

grown crops. 

Now Coanunitles Would result In development of Similar to IliA except less 
rural comJunltles consistent with Infrastructure Isrequired. 

national policy of population de
centralization. Increases asso
clated comercial end Industrial 
activities. Relocation of Bedouins 
represents a minor adverse Ilpct. 

Employment Employment provided for technical, 
agricultural, clerical, and 

Similar to II IAxcept less 
Infrastructure i required. 

mechenicel personnel. 

Odors Odors associated with ainerobic Odors associated with eneerobic 

lagoons; negligible odor problems lwg-uns and to a Ilssr ealent 
anticipated with Infiltration the open canals conveying primay 
ponds end wastewater Irrigation. effluent. 

Cultural/Historical Locations of toss nd other Sam a IlilA. 
potential resouroes at the East 
Site will be determined end 
catalogued. Desigm acwimdetons 
would be made as neosarfy. 

SocleliIlgIlois Provision of public water onsite low s IliA. 
Acoeptability for consumptlve use and for 

religious ablutions should enhance 
OCoptabl IIty . 

4441
 



Table K-29 
PUBLIC HEALTH IWACTS 

Impct Cateory Alternative I I IA Alternative I118 

Minimal Impact from effluent, Same as liA.Toxic Chemicals 
since anaerobic treatment and 

rapid Infiltration effectively 
remove many toxic chemicals. 
Industrial pretreatment
 

necessary to reduce concen
tratlions of hazardous substan
ces In sludge. Agricultural 
management will require conven
tional use of pesticides to
 

maximize crop production. 

Direct Contact With Negligible risk due to the fol- Somewhat greater risk In 

Disease lowing design featuresi irrigation distributionWaterborne 
system then with liA, but

Organism Prior to 
risk Isstill acoeptable.


Crop Irrigation 	 o Rapid Infiltration effective-

ly removes most pathogens. 

o Public access Is limited.
 

o Potable water supplied onsite.
 
o 	Workers trained to follow 

sanitary procedures. 
o Low-pressure sprinklers 

minimize earosol formation. 
" 	windbraks reduce aerosol
 

transport.
 

Similar to liA. except[pldemlologlcal Potential adverse Impacts 
dIsome control my be more

Naisrds Associated 	 associated with malarla vector 

with Concrete-Lined 
 end schIstosolosils Intermedl- difficult due to localized 

less algal growth end siltationenails ate host propagation are 
severe than noted for other problems In some canals. 
irrigation systems In arid 

lands. Sao text for mitigation 

measures. 

Irrigation 


Adverse Impacts can be alnlalled
Direct Contfct with Negligible Impact. since 	most 

are by training workers to wear boots 
Soil Pethogens In 	 parasitic eggs and cysts 

end to avoid eating raw crops.
Agricultural fields 	 reoved during rapid itI-


fretion.
 

Pathogen Content of Negligible impact since re-	 Negligible Impact since there 

will t no direct humen consump-
Crops After Harvest 	 .jvered water Is sale for 

Prl~mry effluent precludesunrestricted rir selection. tlon. 
growth ot all b t forae and 

f Iter cris. 

Sam as liA.Pathoge Context of Negligible Impact since 

Lend Applied Slwge 	 palthogp- content Is minlaled
 
by digestlo.,. stablillatlion,
 
and drying.
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Table K-30 

ENVIROINNTAL IPACTS 

ipact Category Alternative I I IA Alternative I1l1 

32,000 ha of arid lend replaced Similar to lilA,but 19,300
Terrestrial Ecology 

by Irrigated lands. Negligible ha of arid land replaced by 

Impact, but Increased population agricultural fields. 

density and other projects could 

hasten development of remaining 

arid lands. 

Surface Water Quality 	 Only subsurface draina allowed Similar to liA. except 30 W

to flow offslte. Twenty percent cent of Irrigated ares mayquality and Drainage 

of Irrigated arsa may require 
 require tile drainage to
 

tile drainage to avoid water- prevent waterlogging.
 

logging.
 

No adve ... :ts anticipated,Ground Water Qallty 	 increased level of 10S expected 
below rapid infiltration basins, since p*-4i_ ta N concentrationsand Quantity 

Height and mwvament of grounld ar expected to be less than
 

water managed by Interceptor 1000/i.
 
wells and drainage.
 

Air Wallty 	 Construction will Increase dutst Same as liA. 

levels. Particulate concentra

tions will be equivalent to
 
surrounding agricultural uas.
 

Localled reductions In mbient SAm lilA.
 
air temparatvres at land appII
cation sites.
 

Local Climate 

1114 
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APPENDIX L
 

SEA DISPOSAL AND OUTFALL REVIEW
 

INTRODUCTION
 

This appendix summarizes the review of sea disposal of treated
 
wastewater from Alexandria as proposed by the 1978 Master Plan and sub
sequent modifications resulting from the environmental impact statement
 
(EIS). The modified concept proposed that primary treatment and disin
fection by chlorination would precede disposal through two long (8km
 
and 10 km) outfalls extending seaward from Kait Bey and Sidi Bishr,
 
respectively.
 

Data contained both inpublished Master Plan reports and unpublished
 
memoranda were reviewed, and additional library information available in
 
the United States was also utilized. Inaddition, Egyptian consultants
 
to WWCG from the academic community provided review comments and
 
supplied summaries of various reports, theses, and published technical
 
papers pertinent to the water quality and marine ecology of the
 
Alexandria rejion. Computer models, particularly "PLUME" (adispersion
 
model) were employed to assist WWCG in the review. A bibliography at
 
the end of this appendix lists and abstracts the major documents
 
reviewed.
 

Figure L-1 shows the currently proposed outfall locations as well as the
 
original Sidi Bishr alignment. The decision to add primary (rather than
 
preliminary) treatment to the sea disposal plan resulted in a need to
 
move the proposed Sidi Bishr outfall alignment eastward approximately
 
2450 m. The current WWCG scope of work excludes gathering new field
 
data; accordingly this review, particularly as regards the Sidi Bishr
 
outfall is hampered by the lack of a bottom profile and geophysical
 
data.
 

During our review, WWCG learned of the existence of certain offshore
 
current meter transects, which resulted from studies sponsored by the
 
UNDP-UNESCO and conducted by the Egyptian Academy of Scientific Research
 
and Technology. Efforts to obtain this information, which may be help
ful to supplement the limited current studies performed during the 1978
 
Master Plan studies, proved fruitless.
 

1978 MASTER PLAN RECOMMENDATION
 

The 1978 Master Plan (as subsequently modified) recommends sea disposal
 
of chlorinated, primary effluent generated by wastewater flows from the
 
eastern, central, and western sewerage zones of Alexandria. The out
falls proposed are briefly summarized in Table L-1.
 

L-1
 



had been established by either

No discharge criteria for marine disposal 


the Egyptian Government, the United Nations Environmental Program, or
 

other international organizations concerned with land-based discharge to
 

of 1978. No new specific discharge criteria
the Mediterranean Sea as 
 The only guiding prinhave been established since the Master Plan. 


ciples are Egyptian Public Law No. 93, which prohibits discharge of
 

to beaches and aquatic life, and the MED POL
 
substances harmful 


These agreements are contained in the
 agreements started in 1978. 

Mediterranean Action Plan (United Nations 1978). They include the
 

of the Mediterranean Sea Against
Convention for the Protection 

Pollution, which acknowledges that appropriate measures 

to prevent
 
for the Prevention of
 pollution from outfalls be taken, and the Protocol 


Pollution of the Mediterranean Sea by Dumping from Ships and Aircraft,
 

a list of forbidden substances but does not apply to
 which includes 

The water quality criteria used to evaluate sea
 land-based sources. 


in the 1978 Master Plan were therefore developed based on
 
disposal 
 These criteria,

discharge requirements for countries other than Egypt. 


the 1978 criteria, were developed by the 1978
 
hereinafter referred to as 

Mister Plan consultant and are listed in Table L-2.
 

REV:EW OF FIELD STUDIES
 

IV of the 1978
were reported in Vol.

Several categories of field studies 


These studies are discussed and evaluated in the following
Master Plan. 

sections.
 

Water Quality and Bacteriological Studies
 

Specific water quality criteria for the ocean had 
not been set by
 

Egyptian law during the work performed in 1976-1978. Egyptian Law No.
 

93 of 1963 states that: "It is permitted to discharge all kinds of
 

into the sea and lakes if they do not contain any matter
 wastewaters 

which may harmfully affect the beaches, navigation establishments, fish
 

and other aquatic life."
 

1978 criteria for BOD, suspended solids, phosphorus, and nitrogen were
 

set by using the equation:
 

s (Ce - CO)
 

(Cr - Co) 

the maximum permissible concentration limit, C - background

where Cr 

- dilutlon. This Is
 = effluent concentration, and S
concentration, Ce 

based upon the equation for heavy metals discharge criteria in
 

California, U.S.A.
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BOD. For BOD, a standard was adopted by setting Cr - 4.4 mg/i so that
 

the average dissolved oxygen (DO) concentratioo of 6.4 mg/l would not be
 
A background concentration of 1.0 mg/i
,educed to less than 2.0 mg/i. 


(- Co) was used. Resulting required initial dilutions (S) were 141 for
 

Sidi Blshr, and 150 for Kait Bey.
 

Suspended Solids. For suspended solids, C. - 600 mg/l and 536 mg/l for
 

3Tdi Bishr and Kait Bey, respectively, for the year 2000 if preliminary
 
une turbidity unit per suspension
treatment were adopted. A standard of 


of 1.0 mg/I and equal to a suspension of I mg/l SID2 was adopted.
 

A background value for CO of 0.1 mg/l, employing a Secchi depth of "many
 

tens" of metres, and a criterid value of 1.0 mg/l • Cr, equal to a
 

Secchi of approximately 10 m were used. Resulting dilutions would be
 

567 and 595 for Sidi Bishr and Kait Bey.
 

The rate of settling solids resulting from the suspended solids was
 
-
estimated using a settling rate of 37 m/day, and the equation of x 


uh/w, where x = distance of area traveled, u ocean current velocity,
 
h - height of rise, and w - width. Using , 0.10 m/sec, results in x
 

4700 to 7000 m, and w - approximately I km. Settling velocities in the
 

ocean were assumed similar to those in a primary clarifier and the
 

effect of saline water buoyancy and saline induced coagulation and floc

culation were as.,imed to be mutually compensating. The 1978 Master Pldn
 

also suggested thit there would be little prob;em with suspended solids
 

accumulation since grab samples within 100 m of the present (Kait Bey)
 

outfall showed clean sand.
 

Nitrogen and Phosphorus. A background CO of 0.12 microgram-atoms
 

Tug/at) per IV and 0.10 ug-at/I inorganic N (NO3 + NH4 ) was set.
 

Nitrogen was claimed to be the limiting element, and the 1978 criteria
 

were based on N. 
Limits were based on a Cr - 0.028 mg/l (2.0 ug-at/l)
 

based on Cr - 1/10 inshore inorganic N levels. Ce's are JI mg/l N for
 

Sidi Bishr and 24 mg/l at Kait Bey. Required dilutions would be 1165
 
and 902, respectively.
 

Bacteria. A bathing water standard of 100 to 1000 fecal coliforms (FC)
 

per 100 ml was used for designing outfalls 10 km offshore. The
 

rationale for this approach was a; follows: undiluted effluent has a
 

basterial concentration of 1 x 10 FC per 100 ml. Total dilution Is
 

10 before reaching shore, reducing bacterial concentration to 106.
 

The time of transport from outfall to beach is 30 hours, allowing a
 

decay rate of 104-1,3. The decay rate is based on a daytime Tg0 of
 

I hour and a n ght{ime T90 of 40 hours.
 

Toxicants. No standards were set.
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Evaluation of 1l1 Criteria 

As seen In Table L-2, the designed initial dilution of 150 in conjunc

tion with only preliminary treatment would result In violations of all 

water quality standards within the zone of initial dilution (ZID) 

adopted by the 1911 criteria except HO0D (DO). Total dilution (initial 
other water quality standards.
and subsequent) was relied upon to meet 


00 due to iO)D takes place on 	a time and space
Since the Influence on 

scale equivalent to the influence of suspended solids on turbidity and
 

a different dilution basis is inconsistent.
nitrogen on algae, using 
Since no standards for toxicants were adopted, the requirement of Law 

No. 93 that fish and other aquatic life be protected is not net. In 

addition to these two basic oroblems, technical problems exist with each 
of the adopted standards or the approach to obtain the standard. Each 
of these Problems is considered below. 

BO or Dissolved Oxy en. Allowing dissulved oxygen to be reduced to 2.0 
mg/--fs to-olow-a-.levT to protect aquatic life. the US EPA reconevwnds 
a minimum of 5.0 mg/l, and the State of California uses a standard of not 
more than ten percernt depression within the 11D. A level of 2.0 mg/1 
within the ZlID would result in depression of 00 to less than 70 percent 

of that out~ide the 110. 

A CO of 6.4 mg/I oxygen was used ds a baseline condition. This Is not 

the critical value for dissolved oxygen, since lower levels (4.8 and 

5.1 	mag/I) were recorded. If the BOO0 loading was exerted during a cri
the resultant DO would be approximately 0.4tical DO period of 4.8)rail, 

mg/I.
 

00 records for the outfall area are grossly inadequate, with data only 

available for October through early January. A com4!ete annual record 
of dissolved oxyy-n i. needed. Dissol'ved oxygen data was exp-essed In 

comly accept ed of percent saturation.mei/l rather than the vr our term 
D Concentration is dependent on terierature and salinity. To compen

sate for these two varlahble, percenitage saturation should be calcu
values as highlated. Wd.Ilculation of the IDUvalut% reported yielded 

as 350 percent of aturation. Nuch hi jh values ate unusual and do not 

agree with dat a reported by lHanafy inhi Y19 M. Sc. thesis. Percent 

saturation v.lues were reported in 1I99 work to ranej from 54 percent 

near the Kait hey outfall to 141 perLent near the Glym beach to the 
east.
 

Given that 0)0 tan naturally IQ' We.low the I'A orpetiended level of 5.0, a 

percentqe eduttIion appvpar to be app opriate..x *tandard , 

Solid%. As rxnt ionred in the IYI 0 M ter Plan, the proposedSuspended 
rel't i'onsi between suspended lolidt. and hetchl depth It tenuouS. he 
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allowed Cr of 10 m would be a reduction of 75 to 80 percent if Co were
 
40 to 50 n. As a comparison, the California Ocean Plan calls for no
 
statistically significant (P(n.05) reduction outside the ZID.
 

Reduction of 75 to 80 percent within the ZID would undoubtedly result in
 
significant reductions outside the ZID.
 

The background Co of 0.1 mg/l would be a Secchi depth of approximately
 
125 m with the equation used. A Secchi depth of 40 m would indicate a
 
suspended solids level of 0.34 mg/l.
 

Accumulated sediment impacts have been erroneously analyzed:
 

0 	 The rate of accumulation can be related to Impacts on biota
 
(see Word, 1978, and Bascom, et al. 1978).
 

0 	 Tho1 fact that no accumulation was found within 100 m of the 
existing outfall isno indication that there will be no impact
 
at the new outfalls. The existing outfall isat a depth of
 
16 inin a sandy area. Both facts indicate a higher level of
 
turoulence and less settling of particles than would occur at
 
the designed outfalls' depth of 50 m, one in an area of clayey
 
silt.
 

Nitrogen and Phosphorus. Data presented are insufficient to indicate
 
ichelement is limiting or to realistically set Co .
 

ALcording to the report by Dr. Richard L. Haedrich to the 1978 Master
 
Plan 	consultant, P is limiting with N:P ratios of 40:1 and P 
con
centrations of 0.025 ug-at/l. The standards, however, are set on nitro
gen, 	and the 1978 criteria claim that nitrogen is limiting. Additional
 
data 	on nitrogen and phosphorus reported by Hanafy (.979) rpparently
 
confirm that nitrogen isnot limiting.
 

Eutrophication in the marine environment plankton communities Isnot a
 
sf-rious problem, providing itoccurs in open areas with good dilution and
 
dispersion. The emphasis should be on light and suspended solids, not
 
biostimulation.
 

7.0 x 1011
Bacteria. A Ce of 1 x 109 was used, but valies as high as 

9 


were 	measured and a log mean of 3.4 x 10 was used. The log mean
 
value was computed ignoring equal to or greater than signs, which will
 
result in an underestimate. Additionally, only 14 measurements wre
 
inade, whiLh Ismlidinal tu determine any distribution of baeterial num
bers. The 1 x 1Og isoptimistically low, based un the data, and a more
 
conservative approach would have been to use 1 x 1011. The 9 is
 
several orders of magnitude higher than that expected inU.S. domestic
 
wastes.
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Duration of bloassays was inadequate to obtain realistic values of Tg.
 

Additionally light, temperature, and salinity need to be 
measured during
 

These should be repeated
the test since these all alter the decay rate. 


with the intention of collecting data to calibrate the equation 
for

mulated by Mancinin (1978).
 

Marine Biology and Ecology
 

Limited field studies, including bacteriological, water and sediment
 

quality, phytoplankton, zooplankton benthic sampling, a fouling 
organism
 

study, and surveys of commercial fish were conducted during the work
 

associated with the 1978 Master Plan.
 

Samples were collected in the existing Kait Bey outfall plume
Bacteria. 

The sewage plume
on September 5, September 28, and November 26, 1977. 


was marked by Rhodamine dye and a drogue (no drogue was used on
 

Samples for salinity, 6.,e concentration, total and

September 5). 

fecal 
coliforms, and fecal streptococci were taken in the dye patch.
 

Physical dilution was calculated from dye data, and decay and sedimen

tation were estimated from bacterial reduction in excess of physical
 

A daytime Tg0 estimate of 1 hour resulted.
dilution. 


During June 26 and 27, 1978, bacterial reduction studies were conducted
 
coliforms, enteroin polyethylene bags. Samples for total and fecal 


cocci, and fecal streptococci were taken every 2 hours for 8 to 20
 
Tests were started at different times
hours, depending upon the tests. 


of the day. A calculated daytime Tgo of 1.5 hours and nighttime of
 

Tgo of 40 hours resulted.
 

in the sewage system
Samples for bacteria were taken at several places 

Log means resulting from
between September 29, 1977, and June 17, 1978. 


a total of 14 observations were 9.6 x 109 total coliforms, 3.4 x
 

109 fecal coliforms, 7.9 x 1010 total enterococci, 4.2 x 1010 fecal
 

enterococci.
 

Water quality was measured near the proposed outfalls on
Water Quality. 

a Kemmerer sampler and
four occasions. Samples were collected in 


transported for analysis. Variables measured and the range of values
 

to 10), BOD (1.0 mg/1), KMnO4 (1 to 1.6
 
were pH (7.9-8.0), turbidity f1 


In

mg/1), albuminoid-N (0.04-0.27 mg/1l), and P04-P (0.10-0.35 mg/l). 


from a station 2 km northwest of
 almost all cases, highest values were 

the Eastern Harbor entrance. A Hydrolab TDO-2 dissolved oxygen

temperature meter was used for temperature and dissolved oxygen.
 

recorded in August and maximums in
Dissolved oxygen minimums were 


winter, with an earlier maximum inshore (January) than offshore 
(March
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through May). Higher and lower values were recorded inshore than
 

Offshore minimums were 4.8 inAugust, 5.9 InSeptember, and
offshore. 

5.7 in January. Ample oxygen for waste assimilation was concluded to be
 

available.
 

Plankton. Plankton were sampled at three stations near the Kait Bey
 

alignment, with Station 3 being northwest of the proposed diffuser.
 

From August to September phytoplankton were sampled with a plankton 
net
 

From October onward, samples
0.25 m in diameter and 20 meshes per cm. 

Settled
 were collected with a Kemmerer bottle and fixed with formalin. 
0.52 m
organisms were counted. Zooplankton were collected with a 


and oblique tows
Horizontal, vertical,
diameter, 20 holes/cm mesh net. 

were used. Plankton genera were subjectively ranked as abundant and
 

most abundant, but cells/litre were listed inthe raw data appendices.
 

(late
Zooplankton showed a general rise in abundance in the fall 


November), and other small increases inFebruary and April.
 

Benthos was sampled using a hexagonal sled, 55 cm wide inthe

Benthos. 


A coarse mesh net (2-cm
middle and 35 cm wide on each of the 6 sides. 

One station was sampled in the pro

squares) was used with the sled. 

posed outfall area approximately 2.5 km to the northwest of the Kait Bey
 

This station was sampled once (January 6. 1978).
diffuser site. 


Inaddition, two sediment cores were taken near the Kait Bey 
diffuser
 

site and three sediment cores were taken along the Sidi Bishr 
outfall
 

(original alignment), one very near the diffuser.
 

Benthos sampling resulted primarily inthe capture of molluscs, 
although
 

many were just shells. Light now penetrates to the bottom, as shown by
 

algae collected, and fauna representative of both hard and soft sub"rocky muddy."
strates were present. Bottom conditions were reported as 


The sediment samples show major differences between the two diffuser
 

At the Kait Bey diffuser site, the sediment is reported as coral
sites. 

At the Sidi Bishr outfall site,
and sand 2 mm insize.
gravel, coral, 


sediments were composed of grey-white silt and clay.
 

areas.
Fish were not directly sampled in the proposed outfall
Fish. 

TInsead, a survey of commercially landed fish was conducted. 

The
 

Eastern Harbor, Abu Qir Bay, and Maadiya were visited 
weekly and the
 

abundance of each fish was estimated by counting the number of fish
 

These fish are captured by a variety of methods. Thirty-seven

boxes. 

families of fish were represented inthe catch.
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Evaluation of Marine Biology and Ecology Studies
 

The 	limited scope of oceanographic work was insufficient to permit final
 

design of outfalls intended to safely disperse unchlorinated Alexandria
 

sewage which had received only preliminary treatment. Technical
 

problems identified with the marine biology and ecology studies are
 

discussed hereinafter.
 

One to two litres of dye are insufficient to meet the
Bacteria. 

requirements of a study like this. Typically, 30 to 40 litres would be
 

dye patch in the plume, or a short-term injection into
 a minimum for a 

the wastewater discharge.
 

as shown by
Position locations using sextant angles are off by + 200 m, 
More 	exact
the Southern California Coastal Waters Research Program. 


locating methods are needed.
 

Bacterial decay studies in the polyethylene bags suffer from severe
 

limitations as follows:
 

Not enough baseline information was collected. Temperature,
o 

salinity, and light intensity, all of which change seasonally
 

If such baseline data were
and diurnally, affect decay rates. 

available, a more generalized equation such as the one by
 

Mancini (1978) could be used.
 

0 	 Sewage was filtered through glass wool, thereby reducing the
 
number of "particulate" bacteria. Bacteria attached to par

ticles generally live longer than floating bacteria.
 

0 	 As mentioned in Vol. IVof the Master Plan, the tests were too
 

few and not of long enough duration.
 

Sampling times
Bacterial concentrations in sewage will vary diurnally. 

were 	not stated, nor is there evidence of finding peak concentrations.
 

Incalculating the log mean of bacterial samples, equal to or greater
 

than symbols were ignored. This results ina log mean lower than it
 

should be, since the next detectable limit would be roughly one order of
 
used 	inthe computations.
magnitude higher than the level 


Calculations of bacterial concentrations included prefiltered samples,
 

which biased the mean downward.
 

An indication of the effects of calculating the log mean bacterial con

centration noted previously isthe odd order of log means, which mndi
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cates total enterococci, fecal enterococci, total coliforms, fecal
 
coliforms. The enterococci mean was approximately one order of magni
tude more than the coliform means.
 

Water Quality. The Master Plan contains some conflicting data and omits 
some necessary information concerning water quality. Dates for water 
quality sampling on Figure 3-3 do not correspond to dates provided in
 
Tables 3-40 and 3-41 (Vol. IV). Methods of analysis for nutrients
 
were not reported.
 

Inaddition, the nutrient analyses that were done were atypical. Total
 
phosphorus and total (or Kieldahl) nitrogen are needed for calculating
 
proper N:P ratios.
 

Turbidity was reported as "standard turbidity units." Either Jackson or
 
nephelometry units are normally used. This leads to confusion over what
 
units were actually used.
 

A complete annual record at monthly intervals or less isneeded for
 
dissolved oxygen.
 

Plankton. Data collected before October for phytoplankton are not
 
representative since sampling was done with a plankton net. This data
 
cannot be compared with later data. The phytoplankton community was
 
undoubtedly highly underestimated during the August-September period due
 
to use of a plankton net with a 350-micron mesh size. Ideally a smaller
 
mesh should have been used.
 

Changes inthe net tow method used prevent clear interpretation of
 
zooplankton tow data.
 

Benthos. A sled (or drag) isnot the instrument normally used inmarine
 
pollution studies. This method does not collect many of the infaunal
 
organisms usually measured to assess marine pollution. A grab isneeded
 
for infaunal measurement, and the organisms are collected ina sieve
 
1mm square or less insize. WWCG therefore cannot relate any of the data
 
collected to the worldwide body of literature and knowledge on marine
 
pollution studies. A single sample inthe outfall diffuser area is
 
completely inadequate to characterize existing conditions. More sedi
ment cores, with a completely different set of variables measured
 
(organic carbon, grain size, heavy metals, sulfide, etc.), are needed.
 

Fisheries Data. While the market survey was a good starting approach,
 
more information isneeded on life history habits and food habits to
 
determine which fish species are most sensitive to pollution bloac
cumulation and infaunal changes. Inher review of the fisheries data
 
presented inthe 1978 Master Plan, Dr. Bishara concludes that sewage
 

L-9
 



discharges since 1950 (especially inthe absence of the Nile flood since
 

1964) have resulted in changes inthe composition of the commercial fish
 

catch. Also, the relative increase in Sardinella catch in the Eastern
 

Harbor area may be diie to overfishing as the fih tend to be undersized.
 

The absence of Mug il is of concern and sewage discharges may be one of
 

the causes. Acico- ng to Hanafy (1979), the coastal waters of
 

Alexandria contain high concentrations of hydrogen sulfide, which may
 
number of fish
render these areas unsuitable as nursery grounds for a 


species.
 

Some scientific collection, coupled with tissue analysis for pollutant
 

loads, is needed to establish predischarge conditions. Such information
 

will be invaluable in correcting any losses in fisheries or health
 
hazards infish tissues.
 

Physical Oceanography
 

Studies undertaken in the work associated with the 1978 Master Plan
 

included current studies, tide studies, wave height studies, wind
 

studies, and density studies.
 

Currents. Currents off Alexandria were measured with Endeco current
 

meters and drogues. Analysis of the current meter data suggests that
 

the principal current directions were between 40 and 70 degrees, and
 

between 230 and 260 degrees; that is,northeasterly parallel to the
 
Except in late September
coast or southwesterly parallel to the coast. 


and early October, speeds in the 40- to 70-degree direction were usually
 
inthe 230- and 260-degree direction. The nearshore
greater than speeds 


current meters exhibited essentially no onshore or offshore current,
 Also,
except for very infrequent onshore currents at the lower meters. 


speeds were generally greater in the upper meters than in the
 
The 20-, 50-, and 80-percentile speeds were
corresponding lower meters. 


analyzed for use in determining dilution.
 

Drogues were released at various sites and various depths off
 
In general, the deeper drogues, which were less affected by
Alexandria. 


to the coast, corresponding to
wind action, traveled roughly parallel 

the predominant current directions shown from the current meter data.
 

Drogues near the surface, however, traveled not only in paths parallel
 

to the shore but inother directions as well.
 

Local tide data at Alexandria are determined relative to
Tides. 

the zero-centimetre ,rfcrence mark on the Alexandria Harbor tide gage.
 

Mean sea level is approximately 44.1 cm above the reference line. The
 

average annual variation inwater level isapproximately 40 cm, the
 

average monthly variation isabout 20 cm.
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The main factors that affect sea level variations along the
 

Mediterranean coast of Egypt include atmospheric pressure, wind, and
 

steric (seasonal temperature and salinity variations) effects. Sea
 

level at Alexandria tends to rise higher than normal with lower
 

atmospheric pressures, north-northwesterly winds, and higher water tem
50-year
peratures. The data suggests a 10-year maximum of 97 cm, a 


maximum of 105 cm, and a 100-year maximum of 108 cm above the
 

zero reference mark of the Alexandria Harbor tide gage.
 

Wave heights were not measured but were estimated using the
Waves. 

Sve-rrup-Munk-Bretschneider (S-M-B) method as described in the Shore
 

The estimate of the significant wave height was
Protection Manual. 

based on the frequency distribution of onshore wind speeds from November
 

through April. The significant wave heights appear to converge toward
 

an upper limit of 4.5 m for periods approaching 8.5 seconds. Comparison
 

of these values with studies done for local gas field operations
 

suggested a slight increase in the significant wave height was
 

warranted. Consequently, the significant wave height was adopted to be
 

5 m and the significant wave period to be 8.5 seconds.
 

Long-term wind data (1956-1967) suggest that the dominant wind
 

direction isonshore from the north to northwest with speeds in the
Winds. 


range from 2.5 to 7.5 m/s (5-15 knots). Winds blow more strongly
 

onshore insummer and autumn, and exhibit more variability inthe
 

winter and spring.
 

Short-term wind measurements taken from July 1977 to June 1978 show
 
greater peressentially the same pattern as described above; however, a 


cent of light (2-3 m/s) offshore winds occurred during this period,
 
These short-term wind data also
especially from November to May. 


suggest that night wind speeds are about 10 percent less than wind
 

speeds during the day. However, no appreciable changes in wind direction
 

occur between day and night.
 

Onsite salinity and temperature measurements were
Density Studies. 

made with a Hydrolab Model TC-2 conductivity-temperature meter and a
 

Beckman RS5-3 portable salinometer. Temperature and conductivity
 
Salinity and temperature
measurements were used to determine salinity. 


data were obtained primarily to determine seawater density and annual
 

patterns inhorizontal and vertical density gradients.
 

Insummer, a pycnocline (strong density gradient) exists in the upper
 

layers out to 5 km offshore and occasionally beyond. This pycnocline
 

can be attributed to the occurrence of a thermocline and the presence of
 

less saline surface waters. The decrease in salinity in the top 5 to
 

10 m is attributed to fresh water discharges from the Mex Canal and
 

wastewater overflow points spreading out over the ocean surface.
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Occasionally, however, salinities may be greater at the surface than
 

below it. This isattributed to high rates of evaporation at the sur-

The depth of the pycnocline changes
face especially during the summer. 


with the seasons, moving upward during autumnal cooling and downward as
 

the effect of surface heating penetrates the water column during spring
 

and summer. In late summer, the pycnocline has been observed as deep as
 
weak, nearly lineal, len

40 m. At other times of the year there is a 


sity gradient of zero to 0.3 slgma-t unit per 30 m below a 10-m 
depth.
 

areas within 5 km of the shore precede the areas offshore
In general, 

both in autumn cooling and spring warming.
 

Evaluation of Physical Oceanographic Studies
 

The physical oceanography studies undertaken were generally sufficient
 
For final design, however, additional data will
for conceptual design. 


WWCG's comments on these
be needed to supplement that already gathered. 

studies are discussed below.
 

Current. WWCG has no comment on the quality of current meter and drogue
 

data taken. Ideally, continuous current meter data for at least 1 year
 

at all the current meter sites would be preferred; however, mechanical,
 
logistical, and weather conditions may have dictated otherwise.
 

The surface drifter studies conducted by Gerges (1978) provide useful
 

data on nearshore and offshore current patterns for 1977, which basi-

However, this
cally substantiate the results of the 1978 Master Plan. 


data does reveal apparent differences in the movement patterns of
 

coastal (<6 km) and offshore (10-20 km) water masses.
 

For worst-case calculations of dilution, EPA has recommended that
 

current speeds in the lowest 10 percentile be used, not 20-percentile
 
(The EPA regulation came out after publication of the
speeds. 


Alexandria report).
 

WWCG has replotted the data to obtain the 10-percentile current speeds
 

of 0.02 to 0.03 m/s. The worst-case 90 percentile based on nearshore
 

upper current meter averages 0.15 m/s with an extreme value of 0.35 m/s
 

for the Kait uey alignment inFebruary.
 

Although the tide data presented isof short duration, the data
Tides. 

For more detailed design,
are adequate for preliminary design purposes. 


typical tide records should be examined to determine the daily variation
 

in water level. An attempt should be made to determine what percent
 

each factor (steric, wind, atmospheric pressure) contributes to water
 

level variations.
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Waves. As a check on the design wave, the S-M-B method was also used
 
but with slightly different input parameters. Waves are generated by
 
winds blowing over the eastern Mediterranean Sea. The width of the
 
Mediterranean Sea north of Alexandria isapproximately 560 km. A wave
generating storm would probably blow as a gyre around the center of the
 
eastern Mediterranean basin; thus the fetch contributing to the genera
tion of waves off Alexandria would be approximately one-half the width
 
of the Mediterranean or 280 km. Given a fetch of 280 km, 14 hours would
 
be required to develop the greatest wave action. The 14 hours represent
 
0.16 percent of a year. The wind speed associated with 0.16 percent of
 
the time during the winter months is19 m/s. The S-M-B graph estimates a
 
significant wave height of 5.1 m and a significant wave period of 9.0
 
seconds. These v*alues are only slightly greater than the estimates pre
sented inVol. IVof the Master Plan.
 

Winds. The wind data collected and its analysis appears to be suf
"ficentfor the conceptual design of outfalls at Alexandria, Egypt.
 

Wind will create a surface current due to a momentum transfer across the
 
air-sea interface. The speed of the surface current is about 3.6 per
cent of the wind speed measured 10 m above the sea surface. The
 
thickness of the surface current isassumed to be no greater than the
 
significant wave height generated by the wind (Ekman's Theory and
 
empirical tests suggest a reduction of current speed with depth).
 

Density Studies. The instruments used indicate trends only within a
 

general order of magnitude for temperature, salinity and thus, density.
 
The temperature sensor isprobably accurate to within 0.1 to 0.2
 
degrees C. However, the salinity is probably only accurate to 0.5 part
 
per thousand. This yields a density accuracy of +0.6 sigma-t unit.
 
These accuracies are considered sufficient for co'nceptual design of out
falls but are not the order of accuracy desired for final design.
 

A more thorough discussion of density gradients would have been helpful.
 
Density profiles indicate that surface density varies between approxi
mately 21 and 29 sigma-t units. Below 10 m, the variation is between 25
 
and 29 sigma-t units. Both outfall sites exhibit a relatively well
 
mixed water column beginning inOctober with densities in the range of
 
26 to 26.5 sigma-t units and remaining homogeneous but increasing in
 
density through the winter and ending with densities of 28 to 28.5
 
sigma-t units inMarch. In late March or early April, stratification of
 
the water column commences and intensifies through the summer months.
 
The water column appears to reach a maximum stratification in late
 
August and/or early September. Also during the summer months, the
 
overall density of the water column decreases.
 

The pycnocline is rarely deeper than 10 m. The wind has a great
 
influence on the existence of a nearshore pycnocline. During an onshore
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wind, the pycnocline is strongly developed. This suggests that onshore
hold the fresh water discharges together
wind-generated currents tend to 


and close to shore. Conversely, with an offshore wind the pycnocline Is
 

This suggests that fresh water discharges
either weaker or nonexistent. 

are dispersed laterally and/or mixed within the water column.
 

Effects of Nutrients on Ocean Productivity
 

A potential benefit from discharging nutrients into the ocean was
 
The report estimated that the annual
claimed in the 1978 Master Plan. 


nutrient load from the wastewater would provide 10 percent of the
 

nutrient load from the past Nile floods and would therefore help replace
 

some of the nutrients lost after completion of the Aswan High Dam.
 

benefit from the wastewater nutrient load can be
Unfortunately, no real 

expected. The Nile floods discharged a large quantity of nutrients into
 

the sea over a short period of time, enhancing algae blooms and leading
 

to subsequent fish production. In comparison, wastewater would be
 

discharged throughout the year, and the nutrients it contains would be
 
Any algae stimulated by
continually diluted by large volumes of water. 


these nutrients would also be diluted by water low in algae content. 
The
 

result would be that any enhanced algae production that occurs would
 

be converted into fish production.
be too diluted to 


PROPOSED WATER QUALITY STANDARDS
 

Rationale
 

Two important aspects must be considered when considering pollution of
 

The first is the nature and resilience of the
 any body of water. 

receiving water; the second is the nature and persistence of the pollu

tants.
 

For the Mediterranean, water quality standards should be derived to pro

sea in total and local areas of discharge. Murdoch and
 tect both the 

Onuf (1974) and Onuf and Murdoch (1974) provide a rationale that the
 

whole Mediterranean Sea is not likely to be impacted from localized
 

sources of pollution, such as domestic waste. This is due mainly to the
 

sea's large size, relatively great depth, generally narrow continental
 

shelf, well oxygenated deep water, low productivity, and turnover rate
 

of approximately 80 years. Therefore, standards to protect the larger
 

system are not needed.
 

areas can be severely impacted by pollution, and wat.-
Locally, coastal 

quality standards must be set to protect these areas. Due to the
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generally narrow continental shelf, small areas are relatively more
 
valuable and, except for shipping, provide the main beneficial use of
 
the Mediterranean.
 

The other important aspect is the type of the pollutant. Persistent
 
materials, particularly those that can accumulate through the food
 

more serious pollutant threat than degradable substances.
chain, are a 

Irreparable damage can result, and accumulation can directly affect
 
human health, so stronger restrictions are needed. The impact of degrad
able pollutants can be reversed and ismore restricted temporally and
 
spatially. Therefore, more relaxed standards can be applied to these
 
substances.
 

The following proposed water quality standards are set within the frame
work provided in Principles for Developing Coastal Watei 'uality
 
Criteria (IMCO/FAO/UNESCO/WMO/WHO/IAEA/UN GESAMP 1976). Specific
 
measures are based upon the MED POL Protocol for Prevention of Pollution
 
of the Mediterranean by Pumping from Ships and Aircraft (1978), U.S. EPA
 
Quality Criteria for Water 1976a), and procedures for impact assessment
 
in the U.S. EPA Application for Modification of Requirements of
 
Secondary Treatment (1976b) (40 C.F.R. Part 233, Subpart B, and
 
Technical Support Document, 1979). The proposed water quality standards
 
are formulated to protect public health and beneficial uses.
 

Public Health
 

Bacterial Pathogens. Fecal coliforms are not to exceed 100 MPN/100 ml in
 
swimming areas. ihe lower basic criterion adopted in the 1978 criteria
 
will be retained. A cause-effect relationship of this criterion and a
 
disease rate of 1.2 percent (0.4 percent higher than the "background")
 
has been derived for Alexandria. Given the normal variability in an
 
epidemiological relationship, a 0.4-percent unit increase would not
 
likely be detectable. In addition, such a standard is supportable by
 
the Bilthoven Conference (1974) and is in the lower range adopted by
 
numerous countries.
 

Due to the fact that treatment plant upsets and chlorination malfunc
tions are buund to occur, a risk analysis of the expected frequency and
 
duratioi of system malfunctions should be combined with a more detailed
 
and accurate study of bacterial decay, sedimentation, dilution, and
 
onshore transport to estimate the risk of beach contamination due to
 
treatment system failures.
 

Unchlorinated primary effluent would have bacterial concentrations on
 
the order of 108/100 ml; raw sewage inAlexandria has about 1010/100 ml.
 
While the 1978 Master Plan estimates that a 10

9 concentration would be
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more detailed analreduced sufficiently by the time it reached shore, a 


ysis isadvisable before final design.
 

Public health aspects related to toxicants in fish as a food source are
 

considered in the following section, Beneficial Uses of Effluent. No
 

shellfish fisheries have been included since none were reported in
 

Alexandria.
 

Beneficial Uses of Effluent
 

Standards to protect beneficial uses are established
Biostimulation. 

primarily to protect existing fisheries. No standard has been adopted
 

with regard to light penetration or biostimulation. This isbecause any
 
only be visible to
change inlight penetration 10 km from shore will 


Therefore, no significant loss of benefifishermen, not to tourists. 

cial use would result.
 

Visual biostimulation of open coastal waters, which might result from an
 

input of nitrogen and phosphorus particularly with currents as 
fast as
 

The disperthose found off Alexandria, also presents no major problem. 

are generally sufficient
sion capabilities of open ocean areas to
 

disperse phytoplankton blooms before they can accumulate to noticeable
 

levels. Additionally, blooms of smaller sizes would not be detrimental,
 

and like light penetration, would only be observable to fishermen.
 

Therefore, no water quality standards for nitrogen and phosphorus 
are
 

proposed.
 

Dissolved Oxygen. Concentrations of DO are not to be reduced more than
 
dilution
10 percent below ambient levels beyond the zone of initial 


(ZID).
 

DO within the ZID

As stated earlier, the 1978 criteria value of 2.0 mg/1l 


would definitely result in a large reduction of oxygen beyond the ZID.
 

is not sufficient to protect marine life.
Additionally, the 2.0 mg/l 

The EPA standard of 5.0 mg/l is impractical due to natural levels
 

falling below this amount. A relative depression standard is therefore
 

appropriate.
 

Suspended Solids. Normally, unless present in gross amounts, suspended
 
As explained earlier, water
solids primarily affect water clarity. 


clarity effects are not proposed as important criteria for Alexandria
 
More important is the


since no loss in beneficial uses would result. 

the sea bed. An approximate estimate
effect of sediment accumulation on 


for the acceptable rate for sea bed sedimentation can be obtained from
 
(1978), and McIntyre (1977). McIntyre
Word (1978), Bascom, et al. 


found a level of 40 mg/cm2/day (about 6 times background) to result in
 

increased production without species diversity loss, but 117 mg/cmc/day
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(about 55 times background) results in a community not favorable to
 
fish. Only "changed" conditions (modified community structure and
 
slightly increased biomass) occurred off San Diego, with calculated
 
sedimentation rates of 0.07 mg/cm /day (Herring and Abati 1978, Word
 
1978, Bascom, et al., 1978) to 0.10 mg/cmz/day, depending upon the
 
method of calculation. This method is very dependent upon the calcula
tion of sedimentation rate, which has several assumptions. Sediments
 
with high organic content can tolerate less loading of new organic
 
material than inorganic sediment.
 

Table L-3 shows ranges of sediment changes that have occurred near
 
southern California outfalls, based upon BOD5 and percent volatile
 
solids content. No loss inthe benthic suitability to fish occurred
 
until the area was "degraded." In general, changes in benthic food pro
duction on an areal basis of less than 10 percent would not be detect
able in marine systems. The following standard is therefore proposed:
 
Sediment accumulations are not to exceed normal rates of accumulation by
 
a factor of 10 inany more than 5 percent of the fisheries grounds off
 
Alexandria, Egypt.
 

Toxicants. Inorder to protect the fisheries and ultimately human
 
health, toxicants must be restricted from entering biotic comnmunities.
 
While toxicity is very difficult to predict, receiving water toxicant
 
standards have been established after considerable scientific review.
 
The basic rationale for accepting these standards in the United States
 
also applies to Egypt. Proposed toxicant standards are listed inTable
 
L-4. These reflect receiving water limits set by the EPA. Where EPA
 
has suggested a limit based upon onsite bioassay, California daily maxi
 
mum limits have been adopted. These limits are somewhat more libe'al
 
than California daily average limits, but are incloser accord with EPA
 
limits.
 

Table L-5 summarizes the water quality standards proposed by WWCG and
 
used inthe analysis of potential impacts of discharging chlorinated
 
primary effluent to the sea through two outfalls.
 

Compliance with Proposed Water Quality Standards
 

The probability of the effluent meeting the proposed WWCG stan
dards assumes the discharge of wastewater that has received primary
 
treatment and chlorination. Necessary source control or elimination of
 
industrial effluent toxicants isalso assumed. The effluent is pro
jected to have a BOD of 410 mg/l, suspended solids of 200 mg/l, fecal
 
coliform count of 10,000/100 ml, ammonia nitrogen of 27 mg/l, and
 
phosphorus of 8 mg/l.
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Additionally the analysis is based on design peak discharges of 10.36
 
3/s and 7.00 m3/s for the Sidi Bishr and Kait Bey outfalls, respecm
 

EPA recommends using the lowest 10-percentile current speed for
 
tively. 


Off Alexandria, the lowest 10-percentile
calculating initial dilution. 
 dilution,
For the calculation of initial

speeds were 0.02 to 0.03 m/s. 

WWCG applied both the Roberts model and the EPA simplified model. For
 

was used.
 
the calculation of secondary dilution, the Brooks model 


Results of the WWCG worst-case analysis suggest that dilutions are
 
the 1978 Master Plan
 strongly denendent on directional flow and that 


for initial dilutions and conservative for
 
estimates were rather liberal 


the estim'ates for
 
secondary dilutions. The overall conclusion is that 


the beaches of Alexandria are
at 


easily met. Longshore currents should provide minimum iltial dilutions
obtaining a dilution of least 1000 at 


350 and secondary dilutions sufficient to provide for a
 
on the order of 


1000 within 1 km of the outfall discharges. Onshore
 
total dilution of 


initial dilution of only about 75, but a
 
currents, however, provide an 


This would provide a
in excess of 60.
secondary dilution at the beach 

total dilution of 4500 at 
the beaches.
 

Public ealth
 

Using an assumed effluent bacterial concentration of 10,000 MPN/100 ml,
 

350 (during long shore currents) would reduce the
 an initial d'lution of 

Ihis is below the proposed standard
concentration to 29 MPH/1O0 ml. 


dilution of 15
 
at the beach; however, an Initial


100 MPN FC/100 ml) 
 133

during onshore currents) would reduce the concentration only to 


Far-field dilution benefits (estimated to be in excess of
 
MPN/00 MI. 


to meet the proposed
60-fold) would therefore have to be relied upon 


standard.
 

plant nifunction, resulting in
 In the event of a prolonged treatment 


discharges of raw or unchlorinated sewage, a significant probability
 

both outfalls would violate the proposed fecal
 exists that discharges at 

colifnrmn standard.
 

Beneficial Use%
 

impacts are calculated by twn

Dissolved OAn. Dissolved oxygen 


methods. Ihe first assumes an itmediate dissolved oxygen demand (1000)
 

of two percent of the HOD. Ih1% relationship is based upon the 100:1000
 

in 'an Diego, 'an Francisco. and (xnard. California, and Is
 
ratio found 


is equal to 0. This
 
biased upward by exclusion of data where the ID0 


Is therefore a conservative, wurt-caP approach.
 

an IDOL) of m.2 mg/I would

for Alexandria. using a IWO) of 410 mg/I, 


an IDOD of 0.11 mg/I, which it too
15 would leave
result. A dilution of 
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low to have any measurable effect after initial dilution, and meets the
 

criteria of less than 10 percent reduction.
 

Due to possible error inthe BOD:IDO ratio, DO impacts were also ceplcu
lated 	directly for BOD. This was done using the equ3tion:
 

(1-10-kx)
BODx 	-BOD (llO-k5)
 

with K - .17 day-1, x - I hour, and the BOD at the end of initial dilu
tion - 5.5 mg/l. (Use of this equation for x - I hour isalso
 

The resulting BOD
questionable, but will suffice as a rough estimator.) 

would be 0.13 mg/l, an insignificant amount.
 

Suspended Solids. The accumulation rate of suspended solids was calcu
lated using the methods of CH2M HILL, 1979, Application for Modification
 
of the Requirements of Secondary Treatment, City of San Diego. This
 
method was shown to agree well with both the Herring and Abati method,
 
and with the benthic oxygen demand of marine sediments, which reflects
 

This method uses the following assumptions:
accumulation rates. 


0 	 V current - average net velocity, 4.0 cm/sec, perpendicular to
 

the diffuser
 

o 	 The following solids settling distribution:
 

Settling Velocity Settling
 
(cm/sec) Distribution Percentile
 

1.0 	 100 %
 
0.3 	 95
 
0.1 	 83
 

70
0.05 

32
0.01 


0.005 	 19
 

o 	 Effluent suspended solids - ZOO mg/l
 

- 50 	percent
o 	 Settleable fraction of total suspended solids 


o 	 Percent carbon of settleable solids - 35 percent (McIntyre, 
1977). 

For the Kait Bey Outfall:
 

Diffuser length - 450 m
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Zone of initial dilution (ZID) dimensions -	 450 m x 45 m 

Depth - 40 m with a surfacing plume
 

For the Sidi Bishr Outfall:
 

Diffuser length - 400 m
 

ZID dimension = 400 m x 53 m 

Depth - 55 m
 

Plume height - 40 m (summer)
 
55 m (winter)
 

The following equations were used incalculating the solids deposition
 
rates and areas:
 

0 Settled solids (kg/day) = Total suspended solids (kg/day) x 0.5 
x (settling distribution percentile) 

0 Area of deposition (m2) -(settling time (sec) x current speed
 
(cm/sec) x 2 x ZID length + I& ZID width)
 

o Areal deposition rate - Settled solids/area of deposition
 

The deposition rates of solids and carbon and the deposition areas
 
calculated are shown inTable L-6.
 

Prcu'uctivity for the eastern Mediterranean 	asln. expressed in terms of
 
/year (Murdoch and Onuf,
carbon (C), is inthe range of 30-70 gm C/r 


1974). Assuming approximately 30 percent of this reaches the bttom
 

(see McIntyre 1977), natural sedimentation rates of 9-21 gm C/m/year
 
.007 - .017 mg/cmt/day) would be expected.
 

Background sedimentation rates could in fact be much higher. Primary
 

productivity rates for the offshore region of Alexandria could be on the
 

order of 120 gm C/m2/year, according to Dr. 	Wahby.
 

Therefore, based upon a criterion of 10 x natural levels, rates of sedi

mentation inexcess of .07 - .17 mg/m2/day (average - .12 mg/cm 2/day)
 

might reasonably be assumed to cause degradation. As can be seen from
 
Table L-6, this rate is exceeded in a total area of the two outfalls of
 

28 to 33 km2. Ifthe fishing grounds are assumed to extend from Rashid
 
ano are 100 m in depth, the fisheries aea
to 50 km west of Alexandria, n. Five percent of this is 117 kmin,
 

would be approximately 2,300 
km
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which is more than the areas receiving high levels of sediments from the
 
sewage. The areas receiving high levels represent approximately 1 per
cent of this area. According to the proposed standards, this isan
 
acceptable level.
 

HYDRAULIC REVIEW
 

The outfall system must operate satisfactorily under all flows and sea
 
conditions to reduce the chance of hydraulic failure, which could cause
 
overflows across the beach. The hydraulics of the proposed outfalls
 
were reviewed primarily to determine the hydraulic head required at the
 
effluent pump station and the pressure in the outfall pipes. The mini
mum and maximum velocities were computed. We concur with the recom
mended Mannings friction factor of N=0.016.
 

A minimum velocity of 0.3 to 0.6 m/s must be maintained to move the
 
effluent along the pipe without deposition of solids. The maximum velo
city should be about 2 m/s. This velocity will flush out the deposition
 
of sediments, while keeping the energy for pumping at a minimum. The
 
energy requirements to transport the effluent along the outfall increase
 
rapidly at the higher velocities, i.e., over approximately 2 m/s.
 

The pressure heads must be compatible with the pipe materials available
 
for construction. The velocities and pressures inthe proposed outfalls
 
are much higher than normally found in ocean outfalls. The pressures at
 
maximum flows are estimated to be over 58 m at the Kait Bey outfall and
 
41 m at the Sidi Bishr outfall. These pressures can be reduced to less
 
than half by increasing the diameters of the pipes at Kait Bey from 1700
 
mm to 2130 mm and at Sidi Bishr from 2200 mm to 2600 mm. With these
 
diameters, it is possible to maintain the minimum velocities during the
 
initial years of operation and keep the maximum velocities less than
 
2 m/s for future peak flows.
 

The outfall pipe should be on a progressively downward slope from the
 
pump station. High spots inthe outfall line provide a place for air
 
pockets to form, which may reduce the capacity of the pipe and trap
 
hydrogen sulfide. The pump station should discharge near or below sea
 
level so the pipe isalways full of water. This will eliminate the need
 
for an expensive headworks structure at the shoreline, to release air
 
and dissipate excess energy. Hydrogen sulfide problems will need to be
 
studied during final design. The larger diameter pipe requires more
 
time for the effluent to move through the outfall. However, without air
 
pockets and with primary treatment, the hydrogen sulfide problem should
 
not be serious.
 

Manholes and removable endgates should be provided for maintenance.
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CONSTRUCTION MATERIALS
 

Pipe
 

Using the outfall pipe diameters and the resulting pressure proposed in
 

the Master Plan, only concrete-coated-and-lined steel pipes or concrete
 

cylinder pipe would be satisfactory. Both of these will require thick
 

concrete coatings for stability during and after construction.
 

Fiberglass or plastic material5 are too light for construction inthe
 

open sea.
 

By increasing the diameters to 2600 mm and 2130 mm, for Sidi Bishr and
 

Kait Bey, respectively, the head can be reduced to about 21 m. This
This
allows the outfall to be constructed of reinforced concrete pipes. 


type of pipe has been commonly used for all large diameter outfall pipes
 

in the past 20 years. The pipe is frequently manufactured in4- to 5-m
 

lengths, which weigh up to 18 and 26 tonnes, respectively. It should be
 

possible to manufacture this pipe in Egypt, in a special casting yard
 

using local cement and concrete aggregate. Quality control procedures
 

would have to be strictly enforced to produce satisfactory pipe. With
 

proper equipment, two or more lengths of pipe can be placed at one time.
 

Bell-and-spigot joints with single or double rubber "0"ring gaskets
 

have been used in recent years on outfalls. A single "0"ring joint is
 

usually more flexible than the double "0"ring joint and appears to 
be
 

more compatible with the seabed conditions of alternating rock and soft
 
single "0"ring joint is generally easier to
soil. An outfall with a 


install, requires less time, and is considerably cheaper to build than
 

one with a double "0"ring. The purpose of the double "0"ring is to
 

allow pressure to be tested between the gaskets before the pipe is back

filled. Outfalls with single "0"ring gaskets can be tested in sections
 

Thrust ties across the joints should be considered during
if necessary. 

final design.
 

Armor Blocks
 

the pipe will be covered with medium size
Indepths less than 25 m, 

armor blocks (about 500 mm) to protect it from wave current and forces.
 

stone isnot available in the Alexandria area,
Since suitable natural 

the protection will probably be manufactured from concrete. The shape
 

of the manufactured armor may be ina cube or one of the several
 

patented shapes presently used for port work in areas where natural
 
Near shore, inareas of breaking waves, large
stone is not available. 


armor blocks will be used to protect the pipe.
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Bedding Stone and Cover Stone
 

Bedding stone of 75 to 100 mm minus gradation would be used to provide a
 

smonth bed under the pipe and for backfill under the pipe. Cover stone
 

of approximately 200 mm minus is reported to be available in Alexandria
 

area, but it is expensive compared with concrete aggregate. This
 

material will be used to cover the pipe in deeper water (below about
 

25 m). In shallower water, it will be used for an intermediate layer
 

between the bedding stone and the armor stone.
 

ENVIRONMENTAL CONSIDERATIONS
 

The discharge of adequately treated and chlorinated domestic sewage
 

through properly designed and constructed outfalls should not cause
 

major adverse impacts to the local marine environment, nor will it cause
 

impacts in the form of increased productivity.
significant beneficial 

Some adverse impact due to shifts in species will unavoidably occur in
 

adjacent to the diffusers due to the deposition of
the immediate area 

area thus affected has been computed to be up to 33
solids. The total 


based on a criterion of impact occurring when deposition is 10 times
km 

or greater than natural conditions. This impact will, however, be very
 

since up to six times the natural
slight for the majority of the area 

rate has been found to increase productivity without loss of species
 

diversity.
 

The potential response of LUnthic organisims residing near outfalls
 
Fisheries inforbased on their feeding habits is listed inTable L-7. 


mation collected for the 1978 Master Plan indicates that a large portion
 

of the fishery is pelagic Sardinella. These should be completely unaf

fish may be more directly influenced,
fected by the outfalls. Demersal 

habitat is anticipated
but no significant loss of suitable demersal 


since the expected species change in benthic organisms does not repre

resource to the fish, and may represent a food subsent a loss of food 

sidy.
 

increase in phytoplankton blooms,
Another impact will be a slight local 


which may be visible at times to fisherman. These are not expected to
 

be visible from shore or of significant size.
 

Adverse impacts due to bacterial pollution or oxygen demand are not
 

expected to occur.
 

Failure to limit the toxicants listed in Table L-4 to the allowable
 

effluent concentrations shown could result in significant adverse
 

impacts to the marine environment and potentially to humans who consume
 

the affected fish. This potential impact can only be mitigated through
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rigorous enforcement of appropriate sewer use regulations and industrial
 

pretreatment if required.
 

Failure to maintain adequate primary treatment and effective 
disinfec

tion would degrade the sea bed through solids deposition, ZID oxygen
 

times, bacterial contamination of the bathing
depletion, and, at 

Mitigating measures should include redundant facilities, 

par
beaches. 

ticularly in respect to electrical power and chlorination equipment.
 

similar

Major rupture of the outfalls, by whatever cause, could catuse 


such rupture is repaired. Mitigating measures
adverse impacts until 

should include marking signs to warn ships, prohibition of large ship
 

anchorage and appropriate changes to marine charts, pilots 
and the like.
 

OUTFALL CONSTRUCTION AND COST ESTIMATES
 

Estimating Assumptions
 

The design, material selection, plans and specifications for an outfall
 

must all be prepared with a thorough understanding of sea conditions,
 

and the construction experience, equipment, and abilities of the
 

available contractors. For this conceptual level cost estimate, we have
 

assumed the location and profiles shown on Figures L-2 and L-3 and 
the
 

Since no profile is available at the
following construction methods. 

new Sidi Bishr outfall location, we have assumed it to be similar to the
 

Bishr outfall profile. We expect the contractor to build
original Sidi 

the outfall from a trestle built through the surf zone to a depth beycnd
 

can be continued from barge-mounted equipthe reefs, where the outfall 

ment. This trestle may be about 800 m long at Kait Bey and Sidi Bishr.
 

From the trestle, the excavation, beddi;ig, pipe placement, and backfill
 

can be done from a stable platform above the surf.
 

Access to these trestles from land will be difficult because of the lack
 

At Kait Bey. we have assumed that the
of space and traffic congestion. 

outfall contractor will have the pump station site available to him for
 

some
At the Sidi Bishr site, the contractor may elect to barge
access. 

of the materials to the end of the trestle to avoid the traffic.
 

be done by
Excavated materials will be side-cast. Rock excavation will 


The softer rock will probably be loosened by

a combination of methods. 
 Thin
 
a heavy steel chisel and excavated by a large heavy clam bucket. 


cuts in harder rock will be loosened by shaped chargvs. Deeper excava

tion may be accomplished by underwater drilling and besting, or 
another
 

setting of shaped charges. Through the surf zone, the trench would be
 

supported by steel sheet piling. Through the surf zone and out to a
 

depth of about 25 m most of the outfall will probably be built in a rock
 

trench.
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Work would be done from barges beyond the trestle. Transition areas
 
between rock and soil would be excavated about 1 m below grade and back
filled with bedding stone. In some areas, bedding stone fill will be
 
required to support the pipe above the surrounding seabed. In other
 
areas, rock or soil excavation isrequired.
 

After the pipe bed is prepared, the pipe would be lowered into place
 

using a "horse." This piece of equipment would support the pipe above
 
the seabed while the joint ismade up. Itwould also insulate the pipe
 
from the movement of the floating equipment, which would move with wind
 
and waves. The pipes would be placed to grade on sandbags and the
 
bedding stone tremied under the pipe to at least the centerline. Cover
 
stone would be placed over the pipes, which would be covered with armor
 
blocks. The trench and medium armor block would not be used above a
 
25-m depth; above this, the pipe will be covered first with bedding
 
stone and then with cover stone.
 

For the estimate, we assumed the contractor would establish a waterfront
 
staging area, ineither the Abu Qir area or the Mex Dekheila area, for
 
casting the pipe and armor blocks, storing materials, and loading
 
barges.
 

The "construction window" during the year is important for the contr c

tor. He must estimate the number of days that construction will '
 
stopped or interrupted by bad weather. After discussint. .;.urntruc
tion window with local people, and checking the Mediterrdnean Pilot,
 
Volume 6 and the wind conditions reported inVolume 4, arine Studies, 
we found a wide range of opinion. For this estimate we have assumed
 

m
that the contractor's equipment can work in seas or swells of about 2 

and can stand by on position inseas or swells of about 4 m. Winds
 
exceeding force 3 will affect the work primarily on summer afternoons
 
and during the stormy months of December, January, and February. Thus,
 
we estimate that work can progress with two shifts per day for as few as
 
150 days per year. For estimating purposes, 240 days per year were
 
assumed.
 

Capital Costs
 

Capital costs for the two sea outfalls were estimated by three different
 
methods. The first and most definitive method was an independent esti
mate made by a separate company that specializes in outfall design and
 
construction. This estimate was made by H. V. Anderson Engineers and
 
is based on end-of-1980 prices, materials and construction methods as
 
proposed, and a maximum "construction window" of 240 workable days per
 
year. The estimate assumes simultaneous construction of the two outfalls
 
through the use of separate crews.
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The second method employed (used as a check on the independent estimate)
 

was to update detailed cost curves and information gathered 
from CH2M
 

HILL's involvement inthe recent San Francisco Southwest 
Ocean Outfall
 

This inde-

Project. This resulted inthe curves shown on Figure L-4. 


pendent estimate closely agreed with the first one.
 

As a final check, the cost estimates presented in the 1978 Master Plan
 

were updated and adjusted to reflect changed lengths, sizes, 
and costs
 

(year) bases. Results obtained by this checking method also compared
 

favorably 	with the independent estimate.
 

As discussed, one of the greatest uncertanties involved 
in estimating
 

the costs 	of such large outfall projects as these is the "construction
 

Any reduction in the assumed "construction window" will have a
 
window." 


For this reason, WWCG strongly
significant upward impact on costs. 

recommends immediately undertaking work to collect and analyze 

wind and
 

wave data 	ifthe sea disposal option is selected.
 

Egyptian and US marine experts expressed a wide range of opinion 
as to
 

In any event, contracthe probable length of the construction window. 


tors who submit tenders for this highly specialized construction will
 
likely contain some margin of
 make their own estimates and these will 


a basis of less than maximum possible. This expectation

safety, i.e., 

can be accommodated through the inclusion of contingency amounts in
 

higher proportion to base construction cost estimates than would be the
 

case for on-shore based construction. Also adding to the need for
 

higher off-shore construction contingencies isthe inability 
of field
 

investigations and design to fully define sea floor and 
sub-floor con

ditions to the extent surface and subsurface conditions 
are definable
 

This results in more contractor claims
 prior to on-shore construction. 
 As a result of
 
for "changed :onditions" on off-shore outfall work. 


40 percent contingency on those
 these considerations, we have used a 

portions of the outfalls constructed in the sea, in contrast to the
 

25 percent contingency employed on dry land based construction.
 

Table L-8 presents capital cost estimates for both the Kait Bey and Sidi 

The land portion of the Sidi Bishr outfall iC shown 
Bishr outfalls. 
 included. Those are esti
separately. Effluent pump stations are not 


mated in Appendix M for Kait Bey and Appendix J for Sidi Bishr.
 

Operation 	and Maintenance Costs
 

Once a properly designed and installed outfall is put into operation, it
 

must be inspected and maintained like any other marine and 
hydraulic
 

The outfall and diffuser pipe, armor blocks, and cover 
stone
 

structure. 

should be 	inspected for damage caused by currents, wave forces, dragging
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anchors, or trawlers. The diffusers should be inspected to see that the
 

ports are not plugged and are discharging properly. Any damage to the
 

armor blocks, bedding stone, etc., will need to be repaired.
 

Every 5 years or so, the endgate should be removed and the outfall
 
flushed out to remove loose accumulations of grease, sediment, etc. If
 

a heavy buildup of sediment or grease remains attached to the pipe, then
 
The "pig" isa large brushing or
itmay be necessary to "pig" the line. 


scraping tool, which is pushed through the outfall pipe with water
 

pressure. Normally, outfalls require very little maintenance and seldom
 
require pigging.
 

Anticipated operation and maintenance costs for the two outfalls are
 
shown inTable L-9. These costs are exclusive of treatment, sludge
 
management, chlorination, and pumping costs which are shown in
 
Appendix J. The cost estimate assumes each outfall will be inspected
 
annually by hard-hat divers and the end gates cleaned every 5 years.
 
The estimate also includes an annualized allowance of LE 130,000 per
 
year to cover costs that might be incurred from a natural disaster or
 

Such an accident is unlikely, but
collision with a shipping vessel. 

possible. The allowance provided is treated as a "sinking fund" paid
 
annually although the cost, if incurred, would not be annual.
 

ADDITIONAL STUDIES NEEDED
 

Based on our review of the marine studies, we anticipate that, before
 
final design, the following additonal information will be needed. This
 

list should be reconsidered in detail and authorized as early as
 
possible if the sea disposal alternative is favored.
 

0 	 Wind and wave data to establish "construction windows"--One
 
full year of continuous data isessential; longer records
 
would be statistically beneficial. The data could be
 
collected at sea by installing wind and wave instruments on a
 
spar buoy or in the surf zone or instruments could be mounted
 
on a braced staff. Sufficient data may be available frrn
 
studies funded by the UNDP-UNESCO.
 

o 	 Density profiles--Density profiles for summer conditions are
 
definitely required and records for 1 complete year are pre
ferable, using more precise instrumentation. An array of T-C
 
sensors plus random density profiles as deemed necessary
 
should be considered at each location.
 

one
 
summer and preferably for 1 year is required. Two metered
 
arrays supplemented by drogue studies at each outfall location
 
should be considered.
 

o Current data--Continuous current information for at least 
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o 	 Dye studies--A series of three dye drops should be made over
 

summer to oatermine vertical
several days time during the and
 

horizontal eddy diffusion rates.
 

Profiles--The bottom should be resurveyed before design and
0 

identify any significant changes.
again before construction to 


along the outfall
Geotechnical study--Geotechnical studies 


route, with special studies in areas to be trenched, will be
 

include shallow drilling (to
 

0 


required. These studies will 

10 m 	below the mudline) and laboratory testing of samples.
 

Receiving water quality--Water column data on nutrients,
 

chlorophyl, turbidity, light transmission, temperature, sali

nity, pH, and dissolved oxygen should be collected for 1 year.
 

0 


o 	 Sediment samples--Sediment samples should be collected for
 

particle size analysis, percent volatile solids, BOD, and
 

organic carbon. Settling traps should be used to measure
 

settling rates and particle size distributions.
 

0 	 Bacterial reduction--Measurements should be made of coliform
 

rate 	over time under ambient conditions.
bacteria death 


0 	 Benthic animals--Benthic animals should be collected by divers
 

or by grab samples. Collection should be a minimum of four
 

times per year for at least 1 year and at several stations
 

around each outfall site. Samples should be sieved through
 

1-mm 	screens and analyzed by accepted scientific methods.
 

0 Fish--Fish should be collected in the area by otter trawls.
 

Samples should be analyzed for stomach content, chlorinated
 

hydrocarbons, and trace metals.
 

0 	 Library research--Detailed library research should be done to
 

obtain available data on oceanography, marine biology, and
 

water quality in the Alexandria area. This search should
 

include universities and various UN and Egyptian agencies.
 

layouts and cost estimates based
0 	 Provide revised study level 

on the results of the above studies.
 

ABSTRACTS OF INFORMATION USED
 

This section contains abstracts of the information sources used to ana

lyze the sea disposal alternatives.
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1. 	Aleem, A.A. Effect of River Outflow Management on Marine
 
Life. Marine Biology 15:200-208. 1972.
 

Deals with the effect of the Aswan High Dam. Shows before dam
 
Mediterranean shelf fisheries (28,750 km2) provided 23 percent of
 
total Egypt fish catch. Mentions that the western sector
 
(Alexandria to Sallum) was little affected by flood waters, and
 
that 	demersal fish catch and trawling is limited in that area.
 
Flood did affect Alexandria's phosphate cycle. Midsummer levels
 
before flooding were 0.025 g-at P/l, then rose to 0.3 g-at/l. Same
 
was true with nitrates with an increase from 1 ug-at N/I before
 
flood to 3.5 g-at N/I afterwards. Reported blooms, mostly diatoms
 
off Alexandria were 9 to 10 million cells per litre. Leading spe
cies 	were Skeletonema costatum, Chaetoceros socialis, C. decipens,
 
C. curvisetus, Hemiaulus sinensis, Cerataulina beronT-an
 
T alassionema nitozschlodes. Nile bloom InDicember with
tadeti 	 a
 
minimum of a few thousands cells per litre inJuly and August. A
 
zooplankton bloom co-occurred with an increase from 2,000-4,000
 
individuals/m 3 in summer to 50,000-80,000 orgs/m 3 during the bloom.
 
Estimated demersal fish standing crop off the Nile is 1 ton/km

2
 .
 
After closure of the dam, pelagic fisheries decreased.
 

2. 	Becacos-Kontos, T., and R.C. Dugdale. Pollution in Greek Waters.
 
Marine Pollution Bulletin 2:158-160. 1971.
 

Found high concentrations of phosphate, silicate and nitrate around
 
the new sewage outfall at Keratsini in the Saronicos Gulf, with
 
effects detectable for 20 km. Cites low Mediterranean nutrient
 
background as factor in easy detection. Area is not open coastal
 
and no current data is provided.
 

3. 	Ben-Tuvia, A. Revised List of the Mediterranean Fishes of Israel.
 
Israel Journal of Zoology. 20:1-39. 1971.
 

Gives taxonomic revisions and new species. Points out problem of
 
warmer temperatures accounting for only 284 species ineastern
 
Mediterranean with a total of 540 species for the total system.
 
Brief notes on catch methods, depth, and life habit are included
 
with 	some species.
 

4. 	Ben-Tuvia, A. Man-Made Changes inthe Eastern Mediterranean Sea
 
and their Effects on the Fisheries Resources. Marine Biology
 
19:197-203. 1973.
 

Major influences are construction of the Suez canal In 1896, which
 
allowed 30 species of Red Sea fishes to enter the Mediterranean,
 
and construction of the Aswan High Dam in 1964. Lower winter tem
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peratures inthe Mediterranean is the main deterrent to establish

ment of Red Sea migrants, as are food resources and the canal.
 

Aswan High Dam affected Egytian sardinella fisheries but not
 

Israel's, although average size of fish has decreased.
 

Alexandria Wastewater Master
5. Camp, Dresser, and McKee, et. al. 

Volume IV,Marine Studies. 1978.
Plan Study. 


Physical current data that isprovided is sufficient for marine
 

ecology determinations. Density profiles (temperature and
 

salinity) are provided which is sufficient, but no other water
 

quality data issufficient. Sediment sample analysis is insuf

ficient inthe variables measured, number of samples taken, and
 

periods when samples were taken to provide quantitative information
 

needed in a biological assessment. The bacterial decay study was
 
BenLhic
not performed correctly, making its use very limited. 


are insuffauna collections provide only qualitative data and 


ficient to provide quantitative assessments, annual cycle infor

mation, or to be of use in monitoring impacts. Fish market surveys
 

were used and provided a partial basis for fish community charac

terization, but project- and site-specific sampling is needed.
 

More details are provided in Section I and II.
 

al. Initial Environmental Impact
6. Camp Dresser and McKee et. 

1978.
Statement. Volume II,Final Technical Report. 


General description of marine ecology of the Mediterranean is ade

quate, but specific information for mre localized coastal
 

nearshore areas of Alexandria is inadequate. This report mentions
 

studies underway by the University of Alexandria at the time of
 

writing. No specific data on nutrients, water clarity,
 

chlorophyll A, marine benthic fauna, zooplankton, phytoplankton and
 

fish, which can be used to derive dynamic interactions between the
 

components is available over an annual cycle.
 

Hydrographic Structure and Circulation
7. El-Din, S.M. Sharaf, et. al. 

Measure for the Extent of Pollution Along Alexandria
Patterns as a 


C.I.E.S.M. Work-shop on Pollution of the Mediterranean.
Coast. 

1978.
 

Mentions study on pollutants (domestic sewage, industrial wastes
 

and oil) on biota. This eport only has hydrographic data.
 

Mentions collection of temperature salinity, dissolved oxygen,
 

currents and other parameters nearly every month from May 1975 to
 

December 1976. Mentions reduced salinity of surface lens near
 

Mentions generally adequate DO levels and transparency.
shore. 

Gives currents based on drogues. Useful paper, with lots of other
 

data mentioned but not included.
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8. 	El-Hehyawi, M. Lofti. New Data on the Distribution of Pollutants
 
and Their Effects on Some Hyponeulston Constit,':-ts in the S.E.
 
Mediterranean. C.I.E.S.M. Workshop on Polluti. of the
 
Mediterranean. 1978.
 

Collected tar balls along Alexandria Coast. Also collected water,
 
zooplankton and polluted sediment samples. Water samples were ana
lyzed for extractable hydrocarbons zooplankton and sediment were
 
analyzed for As, Cd, Hg and Pb. Cite anoxic conditions inAbu Qir
 
Bay and that animal communities are "affected." Collected fish eggs
 
and says area from El-Sallum to the Nile Delta is a spawning ground
 
for Cupeidae, Serranidae, CarangMdaeu,
Mullidae, Triligdae,
 
En graulTdae nd-others. Polluted water of Abu Qr Bay had fewer
 
fish eggs.
 

9. 	El-Sebae, A.H., and M. Abo-elamayem. A Survey to Determine
 
Potential Pollution of the Mediterranean by Pesticides from the
 
Egyptian Region. C.I.E.S.M. Workshop on Pollution of the
 
Mediterranean. 1978.
 

Data on four samples of freshwater inAlexandria for lindane, hep
tachlor, p-p-DDE and o.p.-DDT is provided and indicates a potential
 
problem due to accumulation of these pesticides in food chains.
 
Concentrations of pesticides could be used as rough estimates of
 
inputs via outfall.
 

10. 	 EI-Sharkawi, F. Coastal Water Quality Control. Study of the State
 
of Pollution of Alexandria Beaches due to Sewage Discharge.
 
C.I.E.S.M. Workshop on Pollution of the Mediterranean. 1978.
 

Mentions discharge of 200,000 m3/day from present Kait Bey outfall,
 
and 18 other minor outfalls. Presents average total coliform,
 
streptococci, and percent fecal ccliform for water samples taken
 
from 	June through August along coastal area. Most show violation
 
of proposed 100 FC/100 ml standard. Describes each outfall.
 
Mentions study being carried out by High Institute of Public
 
Health, University of Alexandria. Suggests immediate closure of
 
beaches to protect public health.
 

11. 	 Fowler, S.W., et al. The Role of Zooplankton Fecal Pellets in
 
Transporting PCBs from the Upper Mixed Layer to the Benthos.
 
C.I.E.S.M. Workshop on Pollution of the Mediterranean. 1978.
 

Provides background data on one input of PCB's.
 

12. 	 Gerges, M.A. Trajectories and Speeds of Surface Currents Near the
 
Egyptian Mediterranean Coast as Deduced from the Movements of
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Surface Drifters. C.I.E.S.M. Workshop on Pollution of tlne
 

Mediterranean. 1978.
 

Reports on results of 2-year (1976-1977) release of 2664 .dhead
 
57 stations. Provides
surface drifters from El-Mex 	to Rosetta at 


Very 	useful.
trajectories from 1977 data for each month. 


13. 	 Groupe EPOPEM. Impact de L'Effluent Ubain de Cortiou sur les
 

Populations Phytoplanetonique ieritigues. C.I.E.S.M. Workshop on
 

Pollution of the Mediterranean. 1978.
 

Based on a spring and autumn cruise, cites "perturbed" phytoplank

(especially Cyanophyceae and Eugleno-phyceae) within 2 km of
ton 

normal". Also states
outfall but, farther away, system "even seems 


no phytoplankton bloom seen, Just change in species conosition.
 

Concerns the Marseille outfall. Cites lower plankton numbers very
 
dilution).
near 	outfall due to "dilution" (shows very low initial 


14. 	 Groupe EPOPEM. Effet Global de la Pollution d'un Emissalre Urbain
 

les Populations Zooplanetonique d'une Zone
(Marseille-Cortiou) sur 

C.I.E.SM. Workshop on Pollution of the Mediterranean.
Neritique. 


1978.
 

Cites 4 zones: 1) Very polluted ne-ai outfall (500 m, Secchi - 2 m;
 

10,000 mg C/I; 500-700 individuals/m
3); 2) near outfall (2m) with
 

and high zooplar':ton (3000
6 m visibilit. 1000 mg C/l, 

100 mg C/l, 800
individuals/m); 3) Intermediate 14-15m visibility 


3
 area of 

Shows effects of outfall with very little initial dilution.

individuals/m ; and, 4) normal 15 m visibility, 400 mg C/.
 

Marine Water Pollution Control.
15. Mujerlego, R., et al. 

on Public Health.
Recreational Coastal Water Quality Effects 


C.I.E.S.M. Workshop on Mediterranean Pollution. 1978.
 

related with mor

bidity rates of 50 percent, and 550-3000 MPN/100 ml related to 80
 
Found totil coliform MPN of 10-800 MPN/100 ml 


Infections.
percent. Morbidity rates for skin, ear, eye and nose 


16. 	 Murdoch, W.W. and C.P. Onuf. The Mediterranean as a System Part I-


Large Ecosystems. International Journal of Environmental Studies.
 

5:275-284. 1974.
 

A general paper on the Mediterranean as a whole system. Gives
 

overall circulation, topography, and oceanographic data.
 

Included 
are ranges of primary productivities of 30-70 gm C/m
2/year
 

in the eastern basin. Puts forth argument that total system can
 

system is not under threat.
withstand pollution and total 
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17. 	 Onuf, C.P. and W.W. Murdoch. The Mediterranea as a System Part II
 
- Small Ecosystems. International Journal of Environmental Studies
 
6:29-34. 1974.
 

General paper with a good overview of the coastal, river and
 
multiple-use aspects of the Mediterranean. Gives rationale that
 
since the coastal waters are unproductive, communicate freely with
 
the open sea and have small continental shelf, they can take a con
siderable load of pollutants. Gives tourism, fisheries, industrial
 
development, mineral extraction, and shipping as major multiple
 
uses.
 

18. 	 Stirn, J. Modifications of Some Mediterranean Communities Due to
 
Marine Pollution. Thalassia Jugoslavica 7(1):401-413. 1971.
 

Used 	modern methods (10-cm cores by divers, dredges) for macro- and
 
meiobenthos. Study areas were Gulf of Koper, N. Adriatic, and Lake
 
of Tunis, So. Mediterranean. Found Ulva lactuca. Enteromorpha
 
intestinalis nematodes, olgochaetes-Pelo ex po yc so es
 
"Capitella capitata, Eteone picta and scololepis fuli nosa and
 
copepods .HarpateticuslIttorals in Gulf of Koper a UA lac
tuca, Enteromorpha tntesttnals, Hyrdrobia acuta (snail), remato
des, amphipod iCorophum acuta polychaetes-(C itel a capltata) ,
 
Podarka pollida and harpachoid Ttisbe furcata) only parethisis on
 
one area serpuId worm Spirorbis corugatus In Lake of Tunis, both
 
on soft bottoms. Hard areas had Rercerla enititcs, Hydroides
 
unicinata, H. norvegica, Balanus amhItrite, tc. Provides com
pilation of-pollutant tolerant species that might Inhabit areas
 
near outfalls near Alexandria. A well-done survey, which provides
 
a good example for work inAlexandria.
 

19. 	 United National Environment Programme. Mediterranean Action Plan
 
and the Final Act of the Conference of Plenipotentiaries of the
 
Coastal States of the Mediterranean Region for the Protection of
 
the Mediterranean Sea. 1978.
 

Egypt signed this plan, which includes: (1)Convention for the
 
Protection of the Mediterranean Sea against Pollution; (2)Protocol
 
for the Protection of the Mediterranean Sea from Dumping by Ships
 
and Aircraft; (3)Protocol Concerning Cooperation inCombating
 
Pollution of the Mediterranean Sea by Oil and Other Harmful
 
Substances inCases of Emergency. In this document, the signing
 
parties agreed Inpr;nciple to protect the Mediterranean from
 
pollution, including land-based pollution, but did not agree to any
 
specific standards or procedures relevant to land-based pollution.
 

In the section on discharges from ships and aircraft, they placed
 
toxic and persistent organohalogen compounds and their precursors,
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sistent plastics and synthetics, crude oil and hydrocarbons, and
 
Arsenic, lead, copper, zinc,
radioactive wastes on a "black list." 


beryllium, chromium, nickel, vanadium, selenium, antimony and
 

related compounds, cyanides, fluorides, other pesticides and their
 

byproducts, potentially hazardous synthetic organics, and dangerous
 

strengths and quantities of acids and alkalines were placed on 
a
 

Both 	lists were stated
permissible list ifdischarged with care. 

sewage sludge and dredge
specially not to apply to wastes such as 


spoils.
 

The lists show a concern for persistent and food-chain accumulable
 

waste products, which are parallel to the priority of concerns used
 

by the Environmental Protection Agency inthe United States.
 

20. 	United Nations Environmental Programme. Final Act of the Kuwait
 

Regional Conference of the Plenipotentiaries on the Protection
 

and Development of the Marine Environment and the Coastal Areas.
 

1978.
 

An agreement of principles, not specific scientific/engineering
 
criteria.
 

Pollution by Petroleum Hydrocarbons Along the
21. 	 Wahby, S.D. 

Alexandria Coast. C.I.E.S.M. Workshop on Pollution of the
 

Mediterranean. 1978.
 

Oil and tar pollution originated
Collected floating tar balls. 

from 	tankers, the 'SUMED' pipeline, accidental spills in the
 

field. Provides some hydrographic,
Western Harbor, anI Alamein oil 

Good 	for background and
meteorologic and oceanogrphic information. 


other pollution sources.
 

-
The Benthos of Rijeka Bay Subject

22. 	 Zavodnik, D., and N. Zavodnik. 


to Stress of Pollution. C.I.E.S.M. Workshop on Pollution of the
 

Mediterranean. 1978.
 

Used modern methods (scuba transects and grabs) but approached 
the
 

subject on a biocoenotic basis, based mainly on height 
relative to
 

tide 	and bottom type. For sandy sublittoral areas, get Cymodocea
 
areas get Bunodlactls
nodosa and Echinocardium cordatum; for rocky 


anophllia italica, Cystoseira
verruscosa, Rocellaria du&l 

ure sands get _. noosa at
discors, and Sargassum .
 

T Ugmtm persty sediments get Turrltellacommunis, 
aphtricisIa 	 Knber, Jaxea


Cultrensis adraticus, Nephthys 

itotluton effects are
 nocturna, and Oestergrenia di 
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restricted to littoral areas due to surface plumes. Similar spe
cies, or ecological homologues, would be expected of Alexandria.
 

SELECTED BIBLIOGRAPHY
 

This section lists theses and technical papers that pertain specifically
 
to water quality and marine ecology of the Alexandria region. These
 
reports are listed alphabetically by author.
 

1. 	Abdollah, A. M. Study of the Currents and Hydrographic Structure
 
of the Water Masses inFront of Alexandria Coast. 1979.
 

2. 	Abdel Moneim, A. A. Eutrophication of Lake Maryout. M. Sc.
 
Thesis, Faculty of Science, Alexandria University. 1977.
 

3. 	Abou el Naga, W. M. The Occurrence and Distribution of Some Trace
 
Metals inthe Mediterranean Waters off Alexandria and Their Effect
 
on the Water Productivity. M. Sc. Thesis, Faculty of Science,
 
Alexandria. 1979.
 

4. 	Ahmed, F. M. E. Currents and Water Masses of the Coastal Area from
 
Abu Qir to Agamy. M. Sc. Thesis, Faculty of Science, Alexandria
 
University. 1979.
 

5. 	El Deeb, K. Y. Hydrography & Chemistry of Abu Qir Bay. M. Sc.
 
Thesis, Faculty of Science, Alexandria University. 1977.
 

6. 	Fl Kirsh, A. Hydrography of the Coastal Waters of Alexandria. M.
 
Sc. Thesis, Faculty of Science, Alexandria University. 1966.
 

7. 	El Rayes, 0. A. Cycle of Nutrients inthe Mediterranean Sea Water
 
off Alexandria. M. Sc. Thesis, Faculty of Science, Alexandria
 
University. 1973.
 

8. 	El Samra, M. A. Physical and Chemical Studies on Lake Idku and Abu
 
Qir Bay and the Mixed Water Between Them. M.Sc. Thesis, Faculty
 
of Science, Alexandria University. 1973.
 

9. 	El Sayed, M. Kh. Littoral and Shallow Water Deposits Along the
 
Mediterranean Coast of Egypt off Alexandria. M. Sc. Thesis,
 
Faculty of Science, Alexandria University. 1974.
 

10. 	 El Wakeel, S. K. ond S. D. Wahby. Texture and Chemistry of Lake
 
Maryout Sediments. Arch. Hydrobiol. 67 : 368-395. 1970.
 

11. 	 Emara. H.I. Distribution of Oxygen, Nutrient Salts and Organic
 
Matter in the Mediterranean Sea off the Egyptian Coast. M. Sc.
 
Thesis, Faculty of Science, Alexandria University. 1969.
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12. 	 Hanafy, T.H. M. The Effect of Sewage Discharge on the Waste
 
Quality off the Coast of Alexandria. M. Sc. Thesis, Faculty of
 
Science, Alexandria University. 1979.
 

13. 	 Hassan, H. M. The Hydrography of the Mediterranean Waters Along
 
the Egyptian Coast. M. Sc. Thesis, Alexandria University. 1969.
 

14. 	 Sabra, A. F. M. Wind, Currents and Sea Level Variations Over the
 
Continental Shelf off Alexandria Coast. M. Sc. Thesis, Faculty of
 
Science, Alexandria University. 1979.
 

15. 	 Samaan, A. A. Fisheries Investigations of Sardine and Other
 
Pelagic Fish Along the Mediterranean Coast from Rashid to
 
El-Sallum. Technical Report No. (2/3). Academy of Scientific
 
Research and Technology, 114 pp. 1979.
 

16. 	 Samaan, A. A. Primary Production of Lake Maryout. Ph. D. Thesis,
 
Faculty of Science, Alexandria University. 1966.
 

17. 	 Sultan, H. A. Preliminary Investigation on the Primary Production
 
of Marine Phytoplankton at the Egyptian Mediterranean Coast around
 
Alexandria Region. Thesis submitted to the Faculty of 'cience,
 
Alexandria University, 237 pp. 1975.
 

18. 	 Wahby, S.D. and Abdel Moneim. The Problem of Phosphorus inthe
 
Eutrophic Lake Maryout. Estuarine and Coastal Marine Science.
 
1979.
 

19. 	 Wahby S. D., et.al. Chemical Characteristics of Lake Maryout.
 
Estuarine and Coastal Marine Science. 7:17-28. 1978.
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Table L-1 

OUTFALL CHARACTERISTICS PROPOSED BY
 

1978 MASTER PLAN (MODIFIED)
 

Parameter Units Kait Bey Sidi Blehr 

Average dry weather flow 03/s 4.54 642 
3Peak Instantaneous flow m /s 6.68 9.30 

Velocity, average/peak Nms 2.00/2.94 1.69/2.37 
Inside diameter O 1,700 2,200 

Length (from shore) m 8,000 10,000 
Added length of diffuser m 50 00 
Total length from P.S. m 8,450 12,600 

Diffuser ports diameter - 50 50 
Diffuser depth m 40 55 
Friction factor (Manning$ "N") - 0.016 0.016 

TDH at pump station (peak) m 56 41 

Initial dilution 50 50
 

Subsequent dilution - 7 7 

Total dilution (at beaches) -- 1,000 1,000 

Construction material - Mortar-lined-and-coated steel pipe 
a1977 construction cost LE 40,000,000 46,000,000 

(Land and sea portions + diffuser) 
1980 construction costa LE 52,000,000 60,000,000 
(Land and sea portions + diffuser)
 

aVol I1, Master Plan 

bEscalated by ENR Index Ratio, 1980:1977
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Table L-2
 
StJiRY OF 1978 WATER ".ITY CRITERIA
 

Sidi ilshr Outfall Kalt Bay Outfall 
TypicalAdopted Adopted Typical 


Ambient Effluent Required Effluent RequiredConstituent Background 
Value.(S) a Value. C Criteria. C Conditions Value, C. Dilution, orb Dilution, SO 

30 to 40 - 109 103 dilution 109 103 dilution
Fecal 
Collforms
 

103 dilution 1 dilution
per 100.1 

BOO I q/1 4.4 mg/I Initial dilu- 480 mg/I 141 510 mg/I 150 

tion 

343 364Nil 1.4 mg/i Far-field 480 mg/I 510 mg/i 

over background dilution 

COO Nil 1.4 Far-flaid 960 mg/I 686 1.020 mg/i 730 

over background dliution 

SS 0.1 mg/I I mg/I Far-field 600/mg/I 667 536/mg/I 595 

dilution 

24 mg/I 902
0.0014 0.028 Far-field 31 mg/I 1,165 


mg/I mg/I dilution
 
N 


150 150

Adopted design dilution Initial 


Far-field 1,000 1,000
 

Volume IV, Merine Studies October 1978. pages 4-27
Sources Alexandria Wastewater Kaster Plan Studies. 

a 

- CO
C, 


bAssuming preliminary treatment only, without chlorination. 
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Table L-3 
RELATIVE CHANGES INSEDIMENT ORGANIC
 

IMATTER INFAUNA RESPONSESNO 

Benthic Infauna Range of BOO Range of %Volatile 

Conditions Change Solids Change 

Control Number 100% 100% 

Changed 137-383% 133-207% 

Degraded 1,482-2,693% 297-7370 

Table L-4
 
WATERRECOIENDEDI) QUALITY STANDAR)S FOR TOXICANTS 

Recomended 
Resultant Effluent 

After Initial Dilution Bloeccumulatlon Concentration (mgtl) 

Toxicant (un/I) Potential 15031 Dilution 

Safe Levels 


Arsenic 50m Negligible 7.5 

Cadmium 58 Moderate .75 

Chromium 100a Negligible 13.0 

Copper 20b Negligible 3.0 

Lead 3 2 b Moderate 4.8 
0.015
Mercury O.1 a Severe 

Nickel 100 NeglIgible 1.5 

Silver 1.8b NeglIgible 0.27 

Zinc 80b Negligible 12.0 

Cyanide 5None 075 

Phenols Ia Negligible 0.15 

Total
 
Identifiable
 
Hydrocarbons 4b Moderate 0.6
 

360.0Ammonia 2 ,400b None 

aQuelty Criteria for Water, U.S. EPA 1976 

bMaximum receiving water limits set by the California State Water Resources Control 

Board. Water quality Control Plan for Ocean Waters of California, 1978. 
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Table L-5 
WATER QUALITY STANDARDS PROPOSED BY WWCG(1981) 

Public Health 	 Fecal coliforms not to exceed 100 MPN/100 ml at the 

recreational beaches 

Beneficial Uses 
not to be reduced by more then 10%Dissolved Oxygen 	 Dissolved oxygen 

beyond the zone of Initial dilution. 

Suspended Solids 	 Sediment accumulation not to exceed normal (natural) 

rates by a factor of 10 In any more then 5%of the 

fisheries grounds off Alexandria 

Toxicants
 

Recommended Resultant Effluent Standard 

Safe Levelsa Concentration 

Toxicant (ua/I) (maJl. 150:1 dilution) 

Arsenic 50b 7.5 

Cadmium 
Chroaum 

5b 
100b 

0.75 
130 

Coper 20 3.0 

Lead 32  
4.0 

Mercury 
Nickel 

0.1 

100b 

0.015 
1.5 

Sliver 1.Oc 0.27 

Zinc soc 12.0 

Cyanide ,b 0.75 

Phenols b013 

Total Identifiable 
Hydrocarbons 4c 0.6 

Ammonia 2.400c 360.0 

aAfter Initial dilution.
 

bBased upon Quality Criteria for Water. U.S. EPA 1976
 

cBased on daily maximum receiving water limits set by the State Water Resources Control 

Water Quality Control Plan for Ocean Waters of California. 1978.Board. 
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Table L-6 
SEABED SETTLEABLE SOLIDS ACCUMULATIONS 

Kalt Bey Outfall SIdi Blshr Outfall
 
Summer Winter
 

Area Deposition Rate Area Deposition Rate Area Deposition Rate 
2
(M2) wa/ca2/dy g C/ci2/day (m2. 	 wa/cm2/day wa C/. /_ay (W) n/aZ/dey
 

5 §

5X105 .40 .14 4.5x10 .62 .22 6.1x10 .46 .16
 

9.6x0 5 .50 .18 8.5xl0 5 .79 .28 1.2106 .57 .20
 

1.4x10 6 .36 .13 I.3x10 6 .57 .20 i.x106 .41 .14
 

7 7
1.2xl0 7 .13 .05 l.0x10 .21 .07 1.4x,0 .15 .05
 

7 7 7

l.4x10 .04 .01 1.3x10 .06 .02 1.8x10 .04 .01
 

Total Area Receiving More Than .12 ma/cm2 /day 

Kalt Bey Outfall" 
2
 

15k 


SIdi O1shr Outfall:
 
2
Summer: 13 kM
2Winter. 18 km
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Table L-7 
TO EFFLUENTSBENTHIC ORGANISMS NEAR OUTFALLS NO POTENTIAL RESPONSES 

Possible

Responsea 

Substrate to Effluent a 

organism Feeding Mode 

Porifera (sponge) 
FavorHippospougla Filter feeder 
Favor
Filter feeder 

Favor
 

Ccmunis 
Filter feeder
Other sp. 


Coelnterata 
GerardIa sp. Filter & suspended Favor
 

particle feeding
 

Pol yc heta 
Glycera Predator Silt-sand Tolerant 

Tolerant
Commensal with 

bivalves
 

Hermione 

Crustacea
 
TolerantDrom persuata Scavenger 

Tolerant
Actaea rutopunctata Scavenger 

Mol lusca 
Chitons 

NegativeChiton olIvaceus Herbivore 

Gastropod
 

Tolerant
Turitela ap. Filter 

Tolerant
SIlIquarla angulna Filter 

Tolerant
Bittlum sp. Predator 

Negative
RIssoe costata Herbivore 

TolerantPersIcula Predator Sand 

Aporrhais 
pspel lcann Scavenger Gravel ly mud Tolerant 

Vermtus Als Filter & suspension Encrusting Favor 
TolerantPredatorNatica sp. 

OpIsthobranch
 
Tolerant
Predator S Ilt-sandBullarla striate 


Scaphopoda 
TolerantDental lum Direct-deposit Sandy 


feeder
 

aThe possible responses to wastewater are based primrily on the feeding modes of organisms and 

do not reflect predictions based on actual effluent exposure. 
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Table L-7 (continued)
 

Possible
 
Response a 

Feeding Mode Substrate to Effluent

Organim 


Bivalves
 
Chlaiys Filter feeder Nestling Tolerant 

Arco Filter feeder 

Posinle Filter feeder Sandy (in) 

Denus verrusoce Filter feeder Sandy (in) Tolerant 

Cordlum Filter & suspension Silty# Tolerant
 

Cyrtodarl 
 FlIter feeder Sandy Negative 

Spisula Filter feeder Sandy Negative 

Modlolous brbatus Filter feeder NestlIng &encrusting Tolerant 

Lima suicata Filter feeder Nestling Tolerant 

Tellina Suface deposits Silty Favor 

Bryozoa
 
Retipora cellulosa Filter feeder Encrusting solid Favor
 

substrate
 

Echinodermata 
Echnaster Predator Variable/moblie Negative 

Echinold Omnivorous & Variable/moblle Negative 
herbivorous 

Amphlura chiajel Surface deposit Varlable/moblile Tolerant 
feeder 

Ascidia
 
Botryllus Filter & suspension Attached/hard Tolerant
 

substrate
 

aThe possible responses to wastewater are based primarily on the feeding modes of organism 

and do not reflect predictions based on actual effluent exposure. 
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Table L-8 
ESTIMATED CAPITAL COSTS FOR OUTFALLS
 

(LE, end-of-1980 prices)
 

Kait 	Bey

Item 

45,932,000
36,829,000
Sea 	 portion 
Not 	Incl. See App. M 5000,000

Land portion 


36,829,000 
 50,932,000

Subtotal 


14,732,000 
 18,373,000

Contingencies on sea portion 


1 40%
 

Contingencies on land portion
 

# 25% 
 Not 	 nci. SeeApp. N4
 

51,561,000 
 70,555,000
Subtotal 


Engineering, legal and
 
7,734,000 
 10,583,000


administrative 6 15S 

81,13800059,295,000Total 	 Est. Cost 
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Table L-9
 
ESTIMATED NMAL AINTENANCE/INSPECTION OSTS
 

FOR THE KAIT BEY NDOSIDI BISHR COTFALLS
 

Initial year Year 1990 Year 2000 
Item Quantity LE Cost Quantity LE Cost Quanti LIECoat 

Annual InspectIon 
Mandays 160 160 160 

Cost 16,000 16,000 165000 

Annualized Cost of
 
Major Repair Eventa N/A 150,000 N/A 130,000 N/A 130,000 

Endgate/DIffuser Cleanlngb 

Coat 16,000 16,000 16,000 

Total Estimated Cost 162,000 162,000 162,000 

aBased an the probability that one mjor accident costing LIE2 million could occur during 
the first 15 yews of outfall operation. 

bBased on cleaning once In 5 yera 

L-49 



( t mI' DIrFUSER SECTION 

(~ 
PT: 

4 
45 j 

LENGTN 
OC"PTH 

400u 
55m 

pO'Dw DIAN m~ -. PR 54 
PORT OIAU ZSO am 

OAMT WV OLT7FA.Li 

#WSW:*c," 2 Ix 
L-0:0A I MOrTERR'A NEAN SEA 

mSIISmal OUTFALL 

LENGTH ItOTO 

+,4 

_ 

mc- LA t"I 

-
'" ,0 

:----'-,to,..RAIT OC 

f_ 
-

D 

.\.. .. &A 

\A 

PEV WAK 

9401 t vs.* 
LOCTIO -UKEKT 

AT AY1 

, , , 
I 

OF KAITABEYAN-S -

EFFLUEN T PSF 
RAS EL-SODA 

____________ 

* 

~REVIEW 
~'n' ' 

-~ 

~>\.~FIGURE 

1978 ALEXANDRIA WASTEWATER MASTER PLAN 
AND UPDATE - MAY 1981 

L-1 

LOCATION MAP OF KAIT B3EY AND 

SE ISOA (ALTERNATIVES IA AND IS) 

A/GOSDwwCG W/ECG 



- 7? 

t ._ 

__ _ __ 

1)1 , 

_ 

. , . . ,. '. ' -. *. 

0 v0-w 

., 

.r•Loom" 

-m , .. . . _O:.F...I . .1.-'. 
• ________" -

_____ -

: 

__ 



w-UMETCA.rMOC AAWP 

t .1 

o 0 

-. 20m _____ _____ 

.- 30M 

1197 ALEXANDRIA WASTEWATER MASTER PLAN
 
REVIEW AND UPDATE - MAY 1961
 

FIOURE L-2
 

KAIT BEY OUTFALL PROFILE 
A/GO6D WWCO W/ECO 6q 



TI9'STL AAAD 
-OLOPE 
Pi~OTEcT/ov 

3h'EFJ-PILE r~m~x 
170 W4A4ERE TOP OF 
PIPE f-LEV - 8m t 

. 

-130m _ _ _ _ _ _ _ _ _ _ 

0 

-0m 

00 

- 4 r- -40 

A04 

0 

-IPn 



0 00 

1976 ALEXANDRIA WASTEWATER MASTER PLAN 
REVIEW AND UPDATE - MAY 1WI 

FIGURE L-3
 

8101 BISHR OUTFALL PROFILE
 
A/G06D WWCG WIECO 



10,000 

9000, 

c000 - ___ ________ 

7000

oll
6000

c 5000 
z 

. 4000-' 
!e 

2 

3I3000

2 
0 

I-I
 

2000 

10000 

1000 1500 2000 2500 

OUTFALL DIAMETER (mm) 

EXPENSI' SOURCE: WALUS JOURNAL WPCF. 

- - MODERATELY PRICED VOL. S. NO. 5. 1979 

INEXPENSIVE 

1978 ALEXANDRIA WASTEWATER MASTER PLAN 

REVIEW AND UPDATE - MAY 1981 

FIGURE L-4 

COMPARATIVE COSTS FOR
 
OUTFALL CONSTRUCTION UNDER
 

VARYING CONDITIONS
 
AIGOSD WWCQ W/ECG 



APPENDIX M
 

CONVEYANCE SYSTEMS
 

This appendix discusses alternative systems of collecting and conveying
 
both untreated and treated wastewater to proposed sites for treatment
 
and/or disposal. Three systems are proposed: one system for each of
 

the three major alternatives of treatment and disposal.
 

Conveyance from areas that are both sewered and unsewered at the present
 

time are included. The conveyance systems have been developed using the
 
general criteria listed below.
 

0 	 All existing sewers and those presently under construction
 
that are part of the conveyance system are to be included.
 

0 	 All lines required to intercept sanitary sewage flows from
 
pump stations to be abandoned are to be included.
 

o 	 Major gravity collectors, pressure sewers, and pump
 
stations required to convey flow from unsewered
 
areas are to be included.
 

is not included.
o 	 Collection within unsewered areas 


o 	 Proposed interim improvements are considered as existing faci
lities.
 

o 	 Existing facilities are used where possible and practical.
 

o 	 Facilities are sized to convey peak dry weather wastewater
 
flows.
 

o 	 Gravity sewers are sized to handle projected year 203) flows.
 

o 	 Pressure sewers are sized to ultimately handle projected year
 
2030 flows. A comparison of flow conditions for both year
 
2000 and year 2030 was made. Pipes sized for year 2030 are
 
used if conditions warrant.
 

0 	 Pump station structures are sized to accommodate projected
 
year 2030 flows. Initial equipment is planned for pumping
 
year 2000 projected flows.
 

Much of the existing collection system uses combined sewers to convey
 

both wastewater and stormwater to the major collectors and pump
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stations. Excess stornwater flows are diverted from the present con

veyance system by gravity overflows and separate facilities at pump sta

tions, through drains to Lake Maryout and to the Mediterranean Sea.
 

Separate stormnater and wastewater systems are desirable. It isbeyond
 

the scope of this review to study possible methods of separating these
 

flows within the present system. Further study of this problem may be
 

addressed during development of the basis of design report for com

ponents of the adopted conveyance system. For the purposes of this
 

study, we have assumed that the combined system will continue inuse.
 

The area encompassed by the study has been divided into the following
 

general zones for planning the conveyance facilities:
 

Inner west and central (western and central sewerage zones)
o 


Inner east and outer east (eastern sewerage zone)
o 


o Nouzha
 

o Desert
 

Because of the inherent differences among the treatment/disposal alter

natives, each requires a combination of three conveyance systems. Some
 
of the alternative conveyance systems are similar with the only dif

ference being the final destination of the wastewater. Inall three
 

treatment/disposal alternatives, the conveyance plan for the Nouzha area
 
is the same.
 

Some sewage
The unsewered area of Abu Qir is outside the study area. 

(principally domestic) from Abu Qir will, least initially, probably
at 

be conveyed to the existing system for treatment. Because of this, we
 
have included a year 2000 allowance of 52 Ml/d from Abu Qir Inplanning
 
the conveyance alternatives. A treatment/disposal system choice for the
 

sewage generated within the study area is not significantly impacted by
 
Costs for
the inclusion or exclusion of Abu QIr domestic sewage flows. 


conveying the flow from the Abu Qir area to the eastern terminus of the
 

conveyance system studied inthis report have not been included. The
 

cost of capacity for the flow is included inthe conveyance system
 
within the study area.
 

Flows from projected development in the Sadat City and Manshlya
 
areas have been Included inplanning the treatment/disposal
El-Bahareyah 


and conveyance alternatives. Costs have been Included to convey these
 

flows to the system. Costs for collection within these areas are not
 
included.
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Several alternative plans for conveyance were explored for each zone.
 
Only the recommended conveyance system for each alternative ispresented
 
inthis appendix.
 

A discussion of existing collection systems is found in Appendix H.
 

DESCRIPTION OF ALTERNATIVES
 

The three treatment/disposal alternatives discussed in the report
 
require eight alternative conveyance systems within the general zones
 
listed above.
 

The basic conveyance system associated with each treatment/disposal
 
alternative is listed below:
 

Alternative 1B
 

0 	 Wastewater from the inner western and central zones will be con
veyed to the West Treatment Plant, receive primary treatment, 
and then be conveyed to the new Kait B*v outfall for sea
 
disposal (Figure M-i).
 

o Wastewater from the inner and outer eastern zones and from Abu
 
Qir will be conveyed to the Ras El-Soda Treatment Plant,
 
receive primary treatment, and then be conveyed to the new
 
Sidi Bishr outfall for sea disposal (Figure M-4).
 

0 	 Wastewater from Nouzha will be conveyed to the-East Treatment
 
Plant, receive secondary treatment, and be discharged to the
 
Qala Drain (Figure M-7).
 

Alternative II
 

0 	 Wastewater from the inner western and central zones will be con
veyed to the West Treatment Plant, receive secondary treat
ment, and then be discharged to the Umum Drain (Figure H-2).
 

o 	 Wastewater from the inner and outer eastern zones and from Abu
 
Qir will be conveyed to the Ras El-Soda Treatment Plant,
 
receive secondary treatment, and then be discharged to
 
local drains (Figure M-5).
 

0 	 Wastewater from Nouzha will be conveyed to the East Treatment 
Plant, receive secondary treatment, and be discharged to the
 
Qala Drain (Figure M-7).
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Alternatives lilA and IIIB
 

o Wastewater from the inner western, central. inner and outer
 
eastern zones, and from Abu Qir will be conveyed to the East
 
Site for treatment and land application (Figures H-3, M-6, and
 
M-8). 

Wastewater from Nouzha will be conveyed to the East Treatment
 
Plant, receive secondary treatment, and be discharged to the
 
Qala Drain (Figure N-7).
 

0 


Inventories of gravity lines, pressure lines, and pump stations proposed
 
for each alternative are contained inTables M-1 through M-9.
 

BASIS OF EVALUATION
 

The recommended conveyance systems for the three treatment/disposal
 
alternatives were selected from several systems considered. The merits
 
of each proposed system were compared using the following elements as a
 
basis for evaluation:
 

0 	 Costs: capital construction costs and long-term operation and
 
maintenance costs (see Appendix B)
 

o 	 Design: adherence to standards set for design and construc
tion (see Appendix A)
 

0 	 Flexibility: ability to meet present conditions and also
 
allow for new conditions, anticipated and unanticipated
 

0 	 Local conditions: local construction practices and availabi
lity of materials for both initial construction and lifetime
 
operation and maintenance; consideration of geological and
 
geographical conditions affecting construction and maintenance
 
of facilities
 

o 	 Desirability: consideration of factors that affect public
 
acceptance and systems operations; environmental factors such
 
as routing of pipelines and placerent of pump stations and
 
their effect on present and future land use, both permanent
 
and 	temporary; engineering factors such as accepted practices
 
and 	*standards of the industry," e.g., gravity sewers are
 
generally more desirable than force mains
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POWER SUPPLY TO PUMP STATIONS
 

Each pump station will have two independent sources of electrical power.
 

These two services may be either two independent and reliable utility
 
single utility service together with a dedicated onsite
services, or a 


The choice between these two alternatives for
 power generation system. 

power supply redundancy must be made Individually for each pump station.
 

For purposes of review and update of the 1978 Master Plan, however, we
 

assumed that the larger pump stations' total connected load of 750 kW
 

be served by two reliable and independent utility
and greater will 

feeds. 
 The smaller pump stations may be served by a single utility feed
 

onsite power generation system where this is determined to be
and an 

cost-effective. A more specific development of power supply criteria
 

and support thereof follows.
 

Where pump stations are equipped with onsite engine-driven power
 

generation systems, approximately 20 to 30 minutes will elapse from
 

primary source power failure to resumption of normal pump station
 

operation. Therefore, only outages of 30 minutes or longer are of con

cern when choosing between an onsite power generation system or, alter

natively, a second power company feed for power supply redundancy.
 

Records from the Alexandria Company for Electric Distribution (hareafter
 

referred to as the power company) show only moderate power supply
 
Detailed documentation
reliability at the Intermediate (10 kV) voltage. 


from the power company is not available, however.
 

In the absence of power company stdtiStics, the existing A/GOSD 
pump
 

station records were reviewed. These records show that at any single
 

point, the 10.5-kV power supply is interrupted for 30 minutes or longer
 
The power company's 66-kV power
approximately three times per month. 


supply system is,as would be expected, much more reliable. Single ser

vice outages of 30 minutes or more can only be expected approximately
 
In the event that power supply redundancy is proonce each 6 months. 


vided by two independent 66-kV power feeds, the expected frequency of
 

pump station outages exceeding 30 minutes would be acceptably low. That
 

is,the frequency and duration of outages with two independent 66-kV
 

power feeds would be within or below that range expected when an onsite
 

power generation system is provided as the redundant power supply.
 

Standby power generation systems would be expected to suffer many, if
 

not more, of the operational and maintenance problems that detract from
 

the power company's reliability.
 

Power supply reliability from the power company, along with the high
 

cost and high maintenance requirements for onsite generation, virtually
 

eliminates the engine-generator option for the larger pump stations. As
 

such, large pump stations, where individual motors are 300 kW or larger
 

M-5
 



and the total load is greater than 750 kW, are planned to include the
 

following power supply features:
 

Two incoming subtransmission voltage power lines, each from a
 

different substation served by a 66-kV feed. In the case of the
 

large East, West, and Desert pump stations under Alternatives
 

IlIA and IIIB, the power feed to each is planned to be via two
 

66-kV overhead power lines on separate poles brought to the
 

sites from the power company's main 66-kV loop around
 

Alexandria. Separate power company substations, located on
 
different segments of the loop, are proposed as power feed
 
origins.
 

0 


This
 

substation is planned to consist of: (a) two power transformers
 

(each of which could carry the entire pump station load) to
 
change the subtransmission voltage to the pump station utliza

tion voltage; and (b) switchgear to isolate either source.
 

0 A double-ended substation located at the pump station. 


o Pump station utilization voltages are planned to be 4.16-kV and
 

480-V, three-phase U.S.A. standard power, and 240-V, single

phase U.S.A. standard power. This selection allows optimum
 
switchgear, transformers, protective devices, and motors.
 

In the cases where individual motors are less than 300 kW, total load is
 

less than 750 kW, and 66-kV power is not readily available, a single
 

source from the power company and an onsite generation system is
 

planned. These smaller stations are proposed to utilize 380-V, three

phase Egyptian standard power.
 

INNER WESTERN AND CENTRAL ZONES
 

Alternative IB
 

A new western zone collector sewer, varying from 1200 mm to 1700 mm in
 

diameter, will collect domestic and industrial wastewater from the inner
 

western zone, which presently flows into Lake Maryout from discharges into
 

Mohsein Pasha Drain and Gabbary Drain (see Figure M-1). The collector
 

route will exten~d approximately 4 km west, from near Gheit El-Enab
 

main pump station to the West Treatment Plant. This collector will eli

minate the present need for six pump stations; the Gheit El-Enab main
 

and auxiliary, Mohsein Pasha, the old and new Furn El-Gueraya, and the
 

No. 1 West pump stations will be abandoned. The existing Industries pump
 

station will be rebuilt and will pump industrial wastewater to the West
 

plant through a newly constructed pressure line 914 mm in diameter not
 

yet in service. Flows from the Mohsein Pasha pump station will be con
veyed to the new collector in existing sewers.
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A new gravity sewer, 800 mm in diameter, will collect wastewater from
 
the No. 3 West pump station; this flow is currently pumped into a ditch
 
tributary to Lake Maryout. This sewer will travel south from the pump
 
station and east approximately 500 m to the West plant, eliminating the
 
need for the No. 3 West pump station, which will be abandoned. The
 
No. 2 West pump station will be rebuilt and will pump wastewater to the
 
new sewer through approximately 1.2 km of new pressure line 550 m in
 
diameter.
 

Flow from the central zone will be collected in a new Port Est collec
tor, varying from 1100 mm to 1200 mm indiameter. Its upstream terminus
 
will be near the Kait Bey pump station. Itwill extend about 2 km in a
 
southerly direction to a new Central pump station to be built in the
 
vicinity of Mohamed Ali Square. The existing Port Est collector will be
 
abandoned. A new collector, 1800 mm indiameter, will intercept flow
 
from the existing Interceptor General at El Sabaa Banat Street and con
vey it400 m to the new Central pump station. West of the point of
 
interception, the existing Interceptor General and the existing pump
 
station at Kait Bey will be abandoned. Wastewater collected at the new
 
central pump station will be conveyed through 5.1 km of pressure line
 
1200 mm in diameter to the West plant.
 

Alternative IBrecommends disposing of the primary treated wastewater at
 
sea. The effluent from the West plant will be pumped through 5.1 km of
 
pressure line 2130 mm in diameter back to the Central pump station. It
 
will then be pumped through 2 km of pressure line 2130mm in diameter to
 
the Kalt Bey sea outfall (see Appendix L).
 

Alternative II
 

Conveying wastewater from the inner western and central zones to the West
 
plant will be exactly as described for Alternative IB (see Figure M-2).
 
Conveying the treated effluent for disposal in the Umum Drain will be as
 
described inAppendix J.
 

Alternative III
 

The existing Industries pump station will be rebuilt and the Industrial
 
wastewater conveyed to the West Treatment Plant for pretreatment. (See
 
Figure M-3 and Appendices J and F.) These flows will be conveyed
 
through an unused existing pressure line 914 mm in diameter that has
 
been constructed from the Industries pump station to the Wtst plant. A
 
new gravity sewer ranging indiameter from 800 mm to 1900 mm will
 
collect wastewater from the inner western zone and will include the
 
pretreated industrial effluent from the West plant. Untreated
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wastewater presently flows into Lake Maryout from discharges at the
 

Nos. 3 and 1 West pump stations, and the old and new Furn El-Gueraya,
 

Gheit El-Enab main and auxiliary, and Mohsein Pasha pump stations. The
 

new collector will originate at the No. 3 West pump station and extend
 

4.4 km east to the new West pump station located south of the Gheit
 

El-Enab main pump station. This collector will eliminate the need for
 

seven existing pump stations, which will be abandoned. Wastewater
 

intercepted at the Mohsein Pasha pump station will be conveyed to the
 
The No. 2 West pump station will be
 new collector inexisting sewers. 


the No. 3 West
rebuilt and will pump wastewater to the new collector at 


pump station.
 

zone will be collected in the new Port
Wastewater flow trom the central 

Est collector and existing Collector General and conveyed to the new
 

described for Alternative 18. Itwill
central pump station exactly as 

then be conveyed to the new West pump station through 3.9 km of new
 

pressure sewer 1200 mm in diameter.
 

zones will be conveyed
All wastewater from the inner west and central 

from the West pump station to the Desert pump station. (See DESERT
 

ZONE.)
 

INNER EASTERN AND OUTER EASTERN ZONES
 

not be affccted by the
Stormwater conveyance in the eastern zones will 

Several existing overflow
treatment/disposal alternative selected. 


points along the shore of the Mediterranean Sea will remjin for excess
 

stormwater flows. Provisions for pumping excess flows to the sea may be
 
3 East, 4 East, and 6 East pump stations,
required at the Nos. 1 East. 


and at the Mamoura pump station. The Montazah pump station and the
 

Nos. 2 East and 5 East pump stations may need to be retained for the
 

sole purpose of conveying stormwater.
 

An overflow for excess stormwater flows will be provided inthe Smouha
 

area that will discharge, by gravity, to the Qala Drain.
 

A stormwater pressure main 914 mm indiameter is presently being
 
East pump station to a subdrain in the Qala
constructed from the No. 11 


Drain system. WWCG recommends that this line bE retained for excess
 

stormwater flows as a part of a new pump station to be built on the site
 

of the No. 11 East pump station. Gravity sewers conveying flow from the
 

Nos. 7, 8, 9, and 10 East pump stations should be sized to convey both
 
new pump station. The size of these
stormwater and wastewater to the 


gravity sewers cannot be determined without further study. No costs for
 

increasing the sizes of the gravity sewers or for providing stormwater
 

pumping facilities are included.
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Alternative IB
 

A new collector will be cunstructed to convey wastewater from the Smouha
 
area (see Figure M-4). Itwill begin north of the existing Smouha pump
 
station and will intercept flows from the existing Hadara, lbrahimia
 
south, and Aacha subsystems. This new collector will originate as a
 
gravity sewer 1300 mm indiameter and will proceed 1.3 km east along
 
Mohamed All Street. Itwill intercept flows from the existing Sidi
 
Gaber and Abu Qir collectors, increase indiameter to 1600mm, and con
tinue 1.5 km south to a new Smouha pump station located near the
 
existing siphon under the Mahmoudlya Canal. The existing Smouha pump
 
station will be abandoned. The new Smouha pump station will also
 
collect flows from a section of the existing Ilagar El-Nawatiya collec
tor. The flows from these two collectors will be pumped 9.5 km to the
 
Ras El-Soda Treatment Plant utilizing approximately 3.? km of an
 
existing pressure line 1220 mm Indiameter, which presently conveys
 
wastewater from the No. 11 East pump station to the East plant. If
 
flows develop as projected, a parallel pressure line 1065 mm indiameter
 
will be necessary before year 2030 to provide the needed capacity.
 

A new collector will be constructed to collect the flows from the
 
existing upper Hagar EI-Nawatiya collector and to intercept flows
 
entering existing Nos. 9 and 10 East pump stations. The collector,
 
800 mm indiameter, will originate west of the No. 9 East pump station
 
and proceed north to where itwill intercept the flows from the No. 9
 
East pump station. The collector will then increase o 900 mm in
 
diameter and proceed cast to where itwill intercept flows from the
 
No. 10 East pump station. With a further increase Indiameter to
 
1100 mm, the collector will continue to the No. 11 East pump station.
 
Nos. 9, 10, and 11 East pump stations will no longer be used to pump
 
sewage. The new Abu Soliman pump station will be built at the site of
 
the No. 11 East pump station.
 

The Siouf Keblia area will be served by a new collector that will convey
 
the flows to the new Abu Soliman pump station. The collector will start
 
in a street approximately 150 m west oi 'he rio. 7 East pump station.
 
Flows from the pump station will be conveyed to the collector in a gra
vity line 500 mm indiameter. The collector, 700 mm in diameter, will
 
proceed south 500 m and Join an interceptor 450 mm indiameter from
 
the No. 8 East pump station. The collector will increase to 900 mm in
 
diameter and continue approximately 550 m to where a collector 1400 mm
 
In diameter from the Manshiyah EI-Bahareyah area will join it. Here the
 
collector will Increase to 1600 nm Indiameter, and will continue west
 
approximately 670 m to Abu Soliman Street. Itwill then Increase to
 
1700 mm indiameter and proceud south 390 m to the Abu Soliman pump sta
tion. Nos. 7 and 8 East pump stations will be abandoned. Flows from
 
the Mahmoudiya Keblia area south of the Mahmoudlya Canal will be con
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veyed through 640 m of gravity sewer 1000 mm indiameter to the Abu
 
Soliman pump station. Wastewater will be puped from the Abu Soliman
 
pump station to the Ras El-Soda plant through 3.1 km of pressure line 

2000 m in dimeter. 

Conveyance of flows within the Ras El-Soda area will be as described
 
In the 1979 Design Report for the Ras El-3oda Wastewater System. 

-SodaThree n'jra-v7tTy c orswT" U"vey wasteaterto the-tI 
plant.
 

The Kohandes collector will originate in the vicinity of the existing
 
the flow from that pump station,Montazat pump station and will carry 

Namoura pump station. No. I East pump station, and Abu QIr. The Montazah 

pump station will be used for stormwater only. The collector will tra

verse nearly 3 km and will vary in diameter from 1100 - to 1550 m. 
Flow from the Hospitals pump station will be conveyed through 600 m of
 

gravity line and will enter Lhe Mohandes collector at a point approxima

tely 2 km upstream from where the collector ends at the Ras El-Soda
 
plant. The Hospitals pump station will be abandoned.
 

A new collector InStreet 45 ispresently under construction. The new 

in diameter 700 A new extension to thesewer varies from = to 1800 m. 

Street 45 collector 700 w In diameter will Intercept the flows from the
 
No. 2 East pump station. which will be used on!y for storwater flows.
 
This new collector will terminate at the Ras El-Soda plant.
 

The Cairo Street collector will originate at the Intersection of Cairo 

Street and Nalek Hefny Street. Itwill Intercept flow from the Nos. 4 
and 6 East pump stations and convey it approximately 930 m to the Ras 

= toEl-Soda plant. The collector will vary in diameter from 700 
1200 m. A pressure line. approximately 0.8 km long and 400 In= 

diameter, will be constructed from the No. 4 East pump station to the 
new colle~tor. A new pressure line. 350 mm in diameter, will convey 
wastewater 1.4 km from the No. 6 East pump station to the new collector. 

Flows from the future Sadat City will be pumped to the Ras El-Soda plant 

through a pressure line to be constructed when flows warrant It. 
Interim flows from the area may be discharged to the Ras El-Soda collec
tion system. A pump station and 5 km of pressure line 1000 mm In 

Included in the cost estimates.diameter from Sadat City have been 


A new collector will be constructed along the CornIche. Itwill origi

nate at the Glyn pump station and proceed east 4.1 km to the No. 3 East
 
from 850= to 1200 m in diameter.pump station. Its size will vary 


It will intercept flows from Glym. Sarwat, Sidi Bishr, and the No. 5
 

East pump stations. These pump stations will be abandoned, except for
 
the No. 5 East pump station (which will be retained for stormater). 

-10
 



The No. 3 East pump station will be rebuilt and will convey the 
collected wastewater to the Ras El-Soda plant through approximately 3.3 
km of pressure line 1000 m In diameter. 

Effluent from the Ras El-Soda Treatment Plant will be pumped to the Sidi 
Bishr sea outfall (see Appendix L). 

Alternative 11
 

Conveyance of wastewater Inthe inner and outer eastern zones to the Ras 
El-Soda plant will be exactly as described for Alternative II (see 
Figure N-5). The effluent from the secondary treatment process will be 
discharged to the Abu Qir drainage system by way of existing local
 
drainage collectors (see Appendix J).
 

Alternative I1I
 

Conveyance of wastewater in the Smouha area will be by the new Nohamed 
Alt Street collector as described for Alternative lB (see Figure M-6).
 
Flows will be pumped from the new Smouha pump station to the new East
 
pump station on the present site of the No. 11 East pump station, which
 
will be abandoned. Conveyance to the East pump station will be through
 
3.9 km of pressure line 1220 m Indiameter. Approximately 3.2 km of 
the existing pressure line 1220 mm in diameter will be utilized. A 
parallel pressure line 106b m in diameter will be required to carry 
year 2030 projected peak flows. 

Flows from the upper Hagar El-Nawatlya collector and the existing Nos. 9 
and 10 East pump stations will be conveyed to the new East pump station. 
The conveyance system will be the same as described for Alternative IB. 
The Nos. 9, 10, and 11 East pump stations will be abandoned. 

The configuration of the conveyance system from the Siouf Keblia area 
will be generally the same as that described for Alternative 11. In 
this alternative, the collector will begin near where Mustafa Kamel Street 
crosses the Montazah Canal and will intercept an existing siphon under 
the canal. The diameter of the collector will start at 1700 mm and will 
successively Increase to 2500 w. These increases insize will allow 
this line to collect flows from the Ras El-Soda system, Abu QIr, and 
Sadat City. The length of the collector in this alternative is3.7 km. 
The collector will terminate at the new East pump station. 

Wastewater from the Mahmoudiya Keblia and the Manshiya El-Bahareyah areas 
will be conveyed to the East pump station In collectors as described for 
Alternative Il. 
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described for
Wastewater will be collected along the Corniche as 

Alternative 1B and will be conveyed to the No. 3 Cast pump station.
 

Existing pump stations at Glym, Sarwat, and Sidi Bishr, will be aban-


The No. 5 East pump station will be retained for stormwater.
doned. 

The No. 3 East pump station is to be rebuilt and the flows conveyed 3.7
 

InAbu Soliman Street, which will serve the
km to an interim relief sewer 

No. 11 East pump station (see Appendix H). The interim sewer will be
 

require a larger pipe ifthis alternative
used as a collector and will 

is selected. The flow in this collector will be conveyed south to the
 

new East pump station. The cost of increasing the size of the relief
 

sewer is not included.
 

Conveying wastewater in the Ras El-Soda area will be similar to the
 

system described for Alternative IB. Flows will be conveyed to a new
 

Ras El-Soda pump station located as described in the 1979 Desne Report
 

for the Ras El-Soda Wastewater System. Flows will be1conveyed app-rox
pump sMitToii to the Siouf Keblia collectormae1T"i ro-mtnenew 


pressure line, 1600 mm indiameter.
 

Interim flows from Sadat City will be discharged to the Ras El-Soda
 

system until direct conveyance to the Siouf Keblia collector is
 

necessary.
 

The flows from the Nos. 4 and 6 East pump stations will not be conveyed
 
continue to be discharged to the
to the Ras El-Soda system. They will 


Abu Soliman collector in the existing pressure lines.
 

All wastewater from the inner and outer east zone will be conveyed from
 

the East pump station to the Desert pump station (see DESERT ZONE).
 

NOIJZHA ZONE
 

and wastewater systems beWWCG recommends that separate stormater 
No provision for stormwater flows is
planned for the Nouzha area. 


included inthe sewage conveyance facilities recommended for Nouzha.
 

The same wastewater conveyance system will be used for all three alter

natives (see Figure M-7).
 

Wastewater from the unsewered area west of the Alexandria airport will
 

new gravity sewer 750 mm in diameter and conveyed .5
be collected in a 

km to a new pump station at Fisherman's Village (Ezbet El Saydeen).
 

This flow will then be conveyed 1.7 km north in a pressure line 500 mm
 

in diameter to the starting point of a new collector. The new collec

tor will vary from 900 to 1100mm Indiameter and will extend east
 
new main pump station built tn serve the
approximately 1.9 km to a 


Nouzha area.
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Flow from the area north of Alexandria Airport will flow 430 m through a
 

collector 650 m in diameter to the Nouzha collector. Flow from the 
eastern Nouzha area will be conveyed to the Nouzha pump station through 
a new gravity collector 800 m in diameter that will extend west 
approximately 0.5 km. Flow from the Nouzha pump station will be con
veyed to the East Treatment Plant through 0.9 km of pressure line 950 m 
diameter. Secondary treated effluent will be discharged to Lake Maryout 
by way of Smouha Drain inall alternative plans (see Appendix J). 

DESERT ZONE
 

No system to convey wastewater to the Desert zone isneeded for
 
Alternatives IB and 1I.
 

For Alternatives IIIA and IIIB, flow will leave the West pump station in
 

two pressure lines, both 1450 m indiameter (see Figures M-3, M-6, and
 
M-8). These pipelines will extend approximately 2.5 km south across
 
Lake Maryout to where they will cross the Alexandria-Cairo Desert Road.
 

They will continue another 2.5 km south across the lake and then enter
 
an area of farmland reclaimed from the lake. From there, they will tra

verse farmland approximately 4 km south and then join the pipelines from
 
the East pump station.
 

Flow from the East pump station will be conveyed in two pressure lines,
 

both 1750 mm indiameter. The lines will extend south from the pump
 
station approximately 9 km, crossing the Mahmoudiya Canal, the
 
Aloxandria-Cairo Delta Railroad, Delta Road, and the drinking water
 
canal, and passing by the east side of the Hydrodrome. They will then
 
travel southwest approximately 5 km and Join the two pipelines from the
 
West pump station. All of this route will be across low-lying farmland,
 
some reclaimed from Lake Maryout.
 

The four pipelines will be routed southwest approximately 9 km through
 
reclaimed farmland to the intersection with the Noubaria Canal, where
 
the route will turn and extend south for approximately 15 km to the
 
Desert pump station. The pipelines will cross the Noubaria Canal
 

approximately 2 km before reaching the Desert pump station.
 

At the Desert pump station, the flows from the West and East pump sta

tions will be combined and pumped to the land application site inthree
 

pressure lines 1850 mm indiameter. These pipelines will extend
 
approximately 44 km to the discharge point for the land application. A
 

fourth pipeline will need to be added to the conveyance system before
 
year 2030 if the flows increase as projected.
 

The pumping and conveyance facilities at the Desert pump station will be
 
Storage will be provided at the
designed to carry maximum day flows. 
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Desert pump station for peak flows. Wastewater stored during peak
 

periods will be returned to the system and conveyed to the land applica

tion site as the peak flows subside to rates below the maximum day
 
design flow.
 

The storage for flow equalization would be provided insix reinforced
 
14-m side water depth, and
concrete tanks, each 40 m indiameter with a 


equipped with a conical-shaped bottom. The wastewater would enter and
 

exit the tanks at the low center points of the bottoms. Flow would be
 

delivered to the tanks by variable capacity pumps designed to divert
 
of 1255 Ml/day.
flows influent to the Desert pump station Inexcess 


Discharge from the tanks would be by gravity through flow control gates
 

to the pump station inlet, maintaining pump station flows slightly under
 

1255 HI/day until the equalization tankage is empty. The equalization
 
tank contents would be mixed by diffused air to minimize sedimentation,
 
with associated tank cleaning requirements, and odor release. High
pressure washdown water would be provided to assist indaily tank
 
cleaning. Final design would provide for the addition of tank covers
 

and exhaust air scrubbing for additional odor control when and ifneeded
 
in the future.
 

EVALUATION
 

Flexibility
 

The conveyance system alternatives in this appendix were developed on a
 

conceptual basis. Since the conveyance will be refined in the final
 

design, the flexibility to adapt the conceptual design was considered in
 
the proposed conveyance systems.
 

Flexibility was considered in recommending the sizing of pump stations,
 
In general, it is
pressure lines, and in some cases, gravity lines. 


more economical to construct a gravity sewer to its ultimate size. If,
 

due to limitations on the availability of large-diameter pipe, two pipes
 
are necessary to carry the projected design flow, construction could be
 

staged. Therefore, where projections of future flows allowed, staged
 
They will be designed to
construction of the pump stations was planned. 


needed to meet flow requirements as they
allow equipment to be added as 

develop. The same reasoning was applied to some of the pressure sewers.
 

flows would not be sufficient to maintain recommended veloci-
If initial 

ties ina line sized to accommodate projected design flows, a smaller
 
initial line was recommended with provisions for a larger line when
 
needed.
 

Each of the conveyance systems presented have opportunities for
 

flexibility and no single alternative presents a great advantage over
 
the others inthis regard.
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Operations
 

From the standpoint of operation and maintenance of a conveyance system,
 
pump stations are the highest single item of cost. Costs connected with
 
the operation of the pump stations, including the cost of power, can
 
vary depending upon size and complexity of the individual stations.
 
Alternatives IlIA and IIB with 16 pump stations and a total year 2000
 
pumping capacity of 3975 M1/d are highest inthis category. Operation
 
and maintenance costs for ump stations inAlternatives ilIA and IIB
 
are 264 percent higher than for Alternative IBand 286 percent higher
 
than Alternative I. Alternatives lB and IIeach have 14 pump stations
 
with total year 2000 pumping capacities of 2133 Ml/d and 1528 Ml/day,
 
respectively.
 

C-avity sewers have the second highest unit costs for operation and
 
maintenance of a conveyance system. Alternatives iliA and IIIB have the
 
largest amount of gravity lines, 31.4 km, and these are, inseveral
 
cases, larger than those inthe other two alternatives. Projected year
 
2000 operation and maintenance costs for gravity sewers inAlternatives
 
IIIA and IIIB are 19 percent higher than for Alternatives IBand II.
 
Alternatives 1B and Iieach have the same amount and sizes of gravity
 
sewer.
 

Pressure sewers have the lowest per unit cost for operation and main
tenance of the system. InAlternatives IBand I, pressure lines make
 
up 50 to 60 percent of the total piping inthe system. InAlternatives
 
IlIA and IIIB, pressure lines make up approximately 90 percent of the
 

system. This isdue to the large amount of pressure line required to
 
convey wastewatei to the land application site inthe desert. Operation
 
and maintenance costs for year 2000 for the pressure lines in
 
Alternatives 1114 and IIIB are 380 percent higher than for Alternative
 
lB and 590 percent higher than for Alternative 11.
 

Inevaluating the effects of the factors discussed above, the system to
 
convey flows to the desert inAlternatives IlIA and IIB is responsible
 
for the largest difference between the alternatives. Total year 2000
 
operation and maintenance costs for Alternatives IBand I are 39 per
cent and 32 percent, respectively, of those for Alternatives II|A and
 
IIIB. Operation and maintenance costs for each alternative are listed
 
inTables M-13, M-14, and M-15.
 

Construction
 

Construction of a conveyance system as outlined inthis appendix will be
 
a major undertaking. Alternatives lB and I contain 65 km and 72 km of
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pipe, respectively. Alternatives lilA and IIIB have 279 km of pipe.
 
The alternatives propose utiliz..ig from 14 to 16 pump stations having
 

individual pumping capacities for the year 2000 varying from 14 Mi/day
 

to 1275 Mi/day. Constructibility of the proposed system for each alter

native has been carefully considered. Information inAppendices A and B
 

is used as a guide in proposing the design of the conveyance facilities.
 

For cost estimating purposes, the use of vitrified clay pipe fo, gravity
 

sewers 
up to 600 mm in diameter was assumed. The use of this pipt would
 

be subject to the comments made inAppendix A. Gravity sewers between
 

600 mm and 2000 mm indiameter were assumed to be made of glass rein-

There isa question as to the availability
forced plastic (GRP) pipe. 


of GRP pipe in sizes above 1600 mm. We have been informed that GRP pipe
 

up to and including 2000 mm in diameter will be manufactured inEgypt
 

and will be available within the next 2 years. Imported pipe inthese
 
pipe isnot available,
sizes Is available and could be used, if local 


without a great impact on the estimated cost of the conveyance system.
 

Imported ductile iron pipe is proposed for pressure sewers up to and
 

including 1220 mm indiameter. Above this size, Imported concrete
 
InAlternative IB,
cylinder pipe isproposed in all but two cases. 


reinforced concrete pressure pipe isproposed for the 2130-mm pressure
 

line from the West plant, just as was proposed for the Kait Bey sea out

fall (see Appendix L).
 

InAlternatives IIIA and IIIB, concrete cylinder pipe is proposed for the
 

pressure pipes 1450 mm, 1750 mm, and 1850 mm in diameter from the West
 
and East pump stations to the land application site. WWCG has received
 

indications from a US-based pipe manufacturer that it would be
 

feasible to build a pipe manufacturing plant inEgypt to produce
 
concrete cylinder pipe inthe proposed quantities. This manufacturer
 

currently has concrete cylinaer pipe manufacturing facilities inSaudi
 

Arabia.
 

Water is expected to be a construction problem indeep excavations and
 

in the lower areas of the city. Costs for dewatering by well-point
 

systems and by sump pumping and the use of both wood and steel sheeting
 

have been incorporated into the preparation of the construction cost
 
estimates.
 

except the desert zone are
Construction of the facilities in all zonrL 

similar in all the alternatives. Alterntive IB incorporates installa

tion of large pressure pipe to the sea outfall, but construction methods
 

will be similar to those used inother pipe installations within the
 

western and central zones.
 

Construction of the conveyance facility to the desert presents different
 
The initial 5 km of pipeline will traverse
construction conditions. 
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Lake Maryout after leaving the West pump station. Our estimate assumes
 
that the two pipelines 1450 mm indiameter will be elevated where they
 
cross the lake, supported on a system of concrete cradles and pilings.
 

The initial 14 km of the pipeline route from the East pump station, and
 
4 km of the pipeline from the West pump station, traverse an area that
 

agrihas been reclaimed from Lake Maryout and is now used mostly as 

cultural land. This area, identified inthe 1978 Master Plan as Zone 4,
 

We assume that pile supports
consists of subsoils of layers of clays. 

will be required through some of this area and that conventional cut
and-cover methods, with special attention given to pipe foundation and
 
bedding, may also be used. Pile-supported sections will be elevated on
 

cradle supports, as proposed for the lake crossing. Extensive dewa
tering and special soil stabilization and pipe foundation treatment 4; 

anticipated on the sections of buried pipeline.
 

The next 24 km of pipeline (two lines 1450 mm Indiameter and two lines
 
1750 mm indiameter) will traverse more of the low-lying, reclaimed
 
farmland and enter the desert plateau west of the Noubaria Canal.
 
Construction of the pipeline across this Zone 4 area Is expected to
 
require some elevated, pile-supported sections and to allow some buried
 
sections with special treatment, as proposed for the preceding section
 
of line.
 

The final 44 km of pipeline from the Desert pump station to the land
 
application site is across both developed and undeveloped desert land
 
lying above elevation +9 metres. This area, classified as Zone 5 in the
 
1978 Master Plan, isexpected to offer no special construction problems.
 
In some areas, dewatering and temporary re-routing of irrigation and
 
drainage channels will undoubtedly be required. The Desert pump station
 
is located inthe Zone 5 area, where conventional construction is anti
cipated.
 

The pipeline will cross two major canals, a major road, and various
 
minor canals and roads along its route. The Noubaria Canal, the El
 
Nasser Canal, and the Alexandria-Cairo Desert Road will require spe
cially constructed crossings. Minor road and canal crossings are
 
anticipated tz require routine construction.
 

Desirability
 

The relative desirabilities of the conveyance system alternatives pri
marily depends on their environmental impacts. A detailed analysis is
 
beyond the scope of this study, since proposed systems are conceptual in
 
nature and pipeline routes approximate. Anticipated long- and short
term impacts are identifiable and are discussed.
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The effluent pipelines from the West and Ras El-Soda Treatment Plants to
 
the sea outfalls are the most important difference between the land

based portions of the conveyance system of Alternative IB and the other
 
alternatives. Construction of the pressure line from the West Treatment
 
Plant will result inmajor short-term adverse impacts. The proposed
 
route follows existing streets through the central city. Approximately
 
I km of the route passes through an area of high density commercial
 
development. Near the Kait Bey outfall the roadway is narrow and
 

congested. Construction activity will further aggravate existing
 
transportation problems and may result inlosses to abutting businesses.
 
We do not anticipate removing any buildings along the route, nor do we
 

believe the likelihood of finding archaeological resources is signifi
cant.
 

The adverse environmental impacts associated with the Alternative II
 
severe
conveyance system will be of the same nature, but will be less 


than those discussed for Alternative IB.
 

The desert conveyance system creates the major impacts of Alternatives
 
IIIA and IIB. Approximately 91 km of pipeline are required to route
 
the flows to the land application site. Proposed right-of-way widths
 
vary from 15 to 30 m, and are anticipated to require more than 90 feddans
 
of land.
 

Construction of the proposed section of elevated pipeline from the West
 
pump station across Lake Maryout isanticipated to have a short-term
 
impact on water quality and fishing. The impact of crossing the main
 
basin isexpected to be negligible, since the area to be traversed is
 
primarily reed grass and the value of existing fisheries is low. It is
 
anticipated that fish landings will be reduced while the section of the
 
pipeline crossing the fishery lagoon south of the Alexandria-Cairo
 
Desert Road isunder construction.
 

Disruption of agricultural production will be unavoidable inareas of
 

the pipeline corridor occupied by farmland. The disruption is antici
pated to be short-term; most of the land will return to production fter
 
construction of the pipeline.
 

The route does not traverse any known tombs shown on the 1949 Survey of
 
Egypt topographic maps. A reconnaissance level archaeological survey'to
 
T-cate sites of possible historic or archaeological significance is recori
mended prior to final route selection for the pipeline.
 

The proposed pipeline route crosses the drinking water canal, the
 
Noubaria Canal. and the El Nasser Canal. Leakage or lallure of the
 
pipeline at these crossings, especially at the drinkinj water canal,
 
would have serious adverse impact. Special facilities ind constriction
 
are recommended to minimize the possibility of failure.
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Potential odor impacts at the Desert pump station can be minimized
 
through proper design and a location away from present and proposed
 
settlements.
 

Substantial energy requirements to operate the conveyance system to the
 
land application site are unavoidable and will have a long-term impact.
 

Some beneficial impacts may result from constructing maintenance access
 
roads in undeveloped areas. There is also the possibility that the
 
route selection and the crossing of existing installations could be
 
coordinated with future transportation needs.
 

COSTS
 

Capital construction costs for the alternative conveyance systems are
 
presented inTables M-i, M-11, and M-12. Operation and maintenance
 
costs are presented inTables M-13, M-14, and M-15. Table N-16 is a
 
summary of the total cost of each )fthe alternatives.
 

Capital costs for the conveyance alternatives are estimated inaccor
dance with the Information and guidelines contained in Appendix B.
 
Appendix B also contains the basis for the pump stations' operation and
 
maintenance costs.
 

Operation and maintenance costs for pressure sewers are based upon a
 
percentage of the capital cost for the system. Operation and main
tenance of the system of pressure lines, exclusive of those inthe
 
desert zone, is calculated at 0.10 percent of the capital cost by com
puting labor costs at 0.03 percent, and materials and equipment costs at
 
0.07 percent. These percentages are based upon records of similar
 
operating systems and information published by the US Environmental
 
Protection Agency (EPA).
 

Operation and maintenance of the pressure sewers inthe desert zone is
 
expected to be a lower percentage of the capital cost than for the other
 
pressure sewers within the system. Operation and maintenance of these
 
lines iscalculated at 0.06 percent of the capital construction cost
 
(not including right-of-way costs), with labor at 0.02 percent and
 
material and equipment at 0.04 percent.
 

Operation and maintenance costs for gravity lines in the conveyance
 
systems are based upon the same sources of information as for the
 
pressure lines. Operation and maintenance costs are calculated at
 
0.30 percent of the capital cost: 0.20 percent for labor and 0.10 per
cent for materials and equipment.
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Labor is assumed to cost LE 6.50 per manday.
 

Costs for rights-of-way have not been included for the conveyance
 
We antici

systems in the western, central, eastern, and Nouzha zones. 


pate that most of the lines will be constructed in existing streets 
and
 

Any lines for which rights-of-way may have to be acquired
easements. 

will most likely be the same for each alternative. Any necessary right

the

of-way acquisition in these zones should have little impact on 


calculated capital costs for the sytem.
 

have been calculated for the desert conveyance
Right-of-way costs 

route length of 91 km, with a large persystem. The system has a total 


Right-of-way
centage traversing tillable land with no existing streets. 

portions of the desert conveyance system


costs are calculated for all 

except the section crossing Lake Maryout. Costs are calculated at LE
 

10,000 per feddan of permanent right-of-way required. No allowances are
 

made for property severance or penalties for disruption of present 
use
 

such as crop production.
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Table 4-1
 
LENGTH OF GRAVITY CONVEYANCE LINES FORALTERNATIVE I, SEA DISPOSAL
 

(k) 

Pipeline Dlmeter 
(m)a
 

500 600 700 600 900 000 1100400 

Inner West/Central 
0.50
West Zone 


0.90Port Eat 
Coll. General 

inner/Outer Ernst 
14ohamed AlI 

1,25 1.10CornIche 
0.69 0.46
Cairo St. 

0.23Street 45 0,07 


0.47Mohandes 0.30 0.30 

Hagar EI-Navatlya 1.09 0.36 0.56
 

Slouf KeblIa 0.35 
 0.50 0.55 0.64
 

Nouzha
 

Fisherman's Village 0.65
 
Nouzha 0.43 0.50 0.60 1.30
 

0.30 0.72 2.05 2.94 2.78 0.64 4.81
Total 

a

(m)Pipeline Olmeter 

1200 1300 1400 1500 1600 1700 1800 

Inner West/C ntrl
 

West Zone 1.00 1.20 0.73 1.10
 

Port Est. 1.10
 
0,40Coll. General 


Inner/outer East 

1.30 1.50Mohamed All 

Corniche 1.78 

Cairo St. 0.76 
Street 45 

Mohandes 0,51 0.67 1,12 

Hager EI-Newatlys
 

Slout KblIa 0,31 0,90 0.67 0.39 

Nouzha
 

FIsherment' Village
 

Nouzha 

4.64 2.12 1.77 1.20 4.02 1.49 0.40
Total 


eFor convenience, line sizes we listed In 100-m Increments only. Planned half slies ere 

placed In the next higher category. 
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Table *-2 

LENTh OF GRAVITY ODNVEYNCE LINES FORALTERNATIVE II, SWOOAMY TREATNENT 
(ka) 

a 

Pipeline Diaeter (m) 

700 900 1000 1100400 500 600 600 

Inner Wet/Contral 
0.90West Zone 0.90

Port Eat 
Coll. Generl 

Inner/Outer East 
Nohed All 

1.25 1.10
 
CornIche 
 0.46
0.9
Cairo St. 


0.07 0.23Street 45 0.470.30 0.30Mohandee 
1.09 0.36 0.11

Hager EI-Newatlye 
Slout Keblile 0.35 0.50 0055 0064 

mouzha 
0.65
Fisherents VIllage 


0.43 0.9 060 -Mouzh, 


2.94 2.76 0.64 4.61 
Total 0.30 0.72 2.09 

(m)a
Pipeline Diameter 

1200 _ 00 1400 1500 1600 1700 IW 

Inner est/Contral
 
1.101.00 1.20 0.73West Zone 


1.10
Port Est. 
 0.40
Coll. General 

Inner/Outer East 

I.O0
1.30
Mohmed All 

1.76
Cornlche 

0.76Cairo St. 


Street 45 
IO2
0.51 0.87
Mohandes 


Hager El-Nawatlys 
0.31 0.Go 0.67 0.39
Slouf KeblI 


Fiseran's Village 
Nouzha
 

Total 4.64 2.12 1.77 1,20 4.02 1.49 0.40
 

listed In 100-an Increments only. Plened half slee we 
afor convenlence, line site* are 


placed In the next higher category.
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Table 14-3
 
LENGTH OF GRAVITY CONVEYNCE LINES FOR ALTEN4ATIVE Ill, LAND APLICATION
 

Ike)
 

(w) aPipeline Olmeter 

400 0 600 700 100 M 1000 1100 IXO . ! o400 

Inner West/Central 
Weat Zone 0.50 
Port Est. 0.90 1.10 
CoIl. Genera I 

Inner/Outer Easat
 
IMohmd All 1,30 

Corniche 1.25 1.10 1.78 
Cairo St, 0.29 0.41 0.12 0.46 076 

Street 45 0.07 0.23 
Motandes 0.30 0,30 0.47 0.51 0.67 

H1er"EI- ewatlys 1.09 0.3 0.30 
Slout KeblIs 0.35 0.64 0.31 0.90 

Flaheruan's VIllage 0.15 
Mouth& - 0.43 0.3 0.0 - - -

Total 0.30 1.01 0.48 0.71 2.94 2.23 1.10 5.11 2.6N 2.12 1.77 

Pipeline Olmter (w)' 
1)0 1600 1700 1900 900 2W00 2100 =0 -in 240 I 

Inner Welt/Contral 
West Zone 1.10 0.3 1.20 1.00 
Port Est. 
ColIl. 0.40General 


Inner/Outer East
 
Mohamed All .*50
 
Cornlche
 
Cairo St. 
Street 05 
Kohadoe loll 
HP'Ja EI-Nwat lye 
Sloutf Keblal 1.46 0.14 t.0 0.67 039 

Mouzh 
Fishermen's Village 
Pouzhe 

Total 1.10 2.62 2.19 1.74 1.00 1.05 0.67 0.39
 

ar onryanlence. line &lIs" re listed In 100-es Increments only. Planned hell Sites are 

placed In the newt higher category. 
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Table M-4 
LMOTh OF PRESSM COWAYMIC LINES FOR ALTECATIVE 16, SEA DISPOSAL 

Pipeline Diameter (ma) 

350 400 300 J30 M 100 I= 1450 600O 1710 0 ~2130 

Inne Wat/central 

P.S. 2 Wat 
Central P.S. to West SIP 
Went SyP to Central P.S. 
Central P.S. to See 

1.2 
3,1 

Sol 
20 

Outfal I 

Inner Outer East 

HmoNura P.S. I,? 

P.S. I East 1.6 

Soeat City P.S. 
P.S. 3 East 

5o 
3.3l 

P.S. 4 East 0.8 

P.S. 6 East 
Swuha P.S 

1.4 
701 

167 
Abu SolIman P.S. 

Noma... 

Flshenmn's VIIlage P.S. I.7 

Noulh P.S. V - -

total 1,4 0.1 1.7 2.6 0O9 10.0 12.2 $07 7.1 
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Table M-9
 
LONIOh OF PRESSMUC WNWEYMC LINES FOR ALTMIATIVE Ii, SEOWM)Y 7REATIENT
 

(km) 

Pipeline Diameter (me)
 
350 40 50 0 000 1200 1410 1600 IM 115 213
 

Inaer Wst/oentral 

P.S. 2 Vest 
Central P.S. to Vst STIP 

1.2 
5t 

Inner/Outer ast 

H4mura P.S. 
P.S. I Eot 
Swat City P.S. 
P.S. 3 East 
P.S. 4 East 
P.S. 6 ast 
Simuha P.S 
Abu SolIen P.S. 

1.4 
0.6 

1.6 
to? 

S.0 
3o3 

7.1 
Se 

Weushe 

Fishermen's Village P.S. 
Nouzhe P.S. - -

107 

- - - -

Total 1.4 0.6 197 2.1 0.9 10.0 12.2 Se 
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Table *4-6
 
L0NGTH OF PRKSU OONVEYANDC
LINES FOR ALTENATIVE III, LANDNPLICATION 

(Oa) 

Pipeline Oimeter (m) 
1750j" ~ li39000 j3a 150 

Iner est/Contral 
leaP.So 2 Net 

3.9Control P.S. t. eat P.S. 

Innwr/Dter East 
107
Nmmure P.S. 

106
P.S. I East 
6.3Saet City PS. 
3.6
P.S. 3 East 

1.4
Smouha P.S 
lotRon EI-Soda P.S. 

Flohermo.s Villia P.S. Io?
 
0.9
Moiuth* 

Deserts
 
West P.S. (two ilnes) 600 

760

East P.S. (two linea) 
Desert P.S. (three iines). . . . . . . 

1.7 2.5 0.9 9.3 l. 76.0 132.0
11.6 60
Total 


mns are total length of rallel lines shown.Lenths of Desert lines 
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Table M-7
 
PIgP STATIONS FOR ALTERNATIVE II, SEA DISPOAL
 

Cweclty (MI/day) 
Year 2000 Yew 2130 

Nms2e 	 Avg. PekAvg. Peek
 

Inner West/C ntral 
P.S. 2 West R 16 27 22 37 
Industries P.S. R 42 67 46 74 
Central p.S.b N 	 a.196 292 241 354
 

b*395 605 400 740
 
Inner/Outer East 
Namurs P.S. R 43 74 66 Ito 
P.S. I East R 11 23 is 30 
P.S. 3 East R 52 	 s8o 114 
P.S. 4 East A 7 14 t 19 
P.S. 6 East R 6 14 7 16 

Sadat City P.S. N 60 99 74 120 

Smouha P.S. N 146 227 1115 2 
Abu Sollmen P.S. N 211 324 33 465 

Res El-Soda P.S. N 16 209 184 276 

Nousha 
Fisherman's Village P.S. N 0 0 Is 30 

Nouzha P.S. N 45 70 77 125 

aLegends N - new construction 

R - rebuild existing 

bCentral pump station Isa dual pump station In this alternative 

a. Pumps central zone flows to West STP 
b. Pumps West plant effluent to sea outfall 
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Table -I 
PUW STATIONS FOR A.TERNATIVE 11, SE0ICNDRY IREATMENT 

Capacity (NI/day)
 

Year 2000 Year 2030 

NW az Avg. Peak Av. Peek 

Inner Veat/Central 
Peso 2wat 
Industries P.S. 

R 
R 

16 
42 

27 
67 

22 
46 

37 
74 

Central P.S. N 196 292 241 354 

Inner/Outer East 
Namwur P.S. R 43 74 66 110 

P.S. 
P.S. 

I East 
3 East 

R 
R 

II 
32 

23 
I 

Is 
69 

30 
114 

P.S. 4 East R 7 14 9 19 

P.S. 6 East R 6 14 7 16 

Sadet CIty P.S. 
Smuhs P.S. 
Abu So lman P.S. 

N 
N 
N 

60 
146 
211 

99 
227 
324 

74 
185 
33 

120 
2 

465 
Ras El-Soda P.S. N 136 209 164 276 

Nouzhe 
FIshrno&Village 
Nouth@ P.S. 

P.S. N 
N 

0 
45 

0 
70 

is 
77 

30 
125 

lLegen4dl N m new construction 

R a rebuild exlating 

14.3 



Table -9 
P11W STATIONS FOR ALTEPdATIVE 111 LAND APPLICATION 

Yea" 2000 Yew 2030 
News Taska 

Inner Wet/Central 
P.5. 2 Wolt R 
lndustrles P.S. R 
Central P.S. N 
Vet P.S. N 

Inner/Out. East 
MNmoure P.S. R 
P.S. I East R 
P.S. 3 East A 
P.5. 4 East R 
P.S. 6 East R 
Sedt City P.S. N 
Smouha P.S. N 
Ras El-Soda P.S. N 
East P.S. N 

Noushe 
Flshermin's Villge P.S. N 
Noulha P.S. N 

Desert 
Desert P.S. N 

aLegendi N a new construct.on 
R - rebuild exilting 

bPeak pmlng cpaclty for Deeert pip station 

for peek hour flows. 

vg. Peak 

16 27 
42 67 

196 292 
395 605 


43 74 
II 23 

32 as 

7 14 
12 23 

60 99 
146 227 

125 194 
985 "2a 


0 0 


45 70 

b 

)1 1,273 

Is iaxlim day flow. 

A Peak 

22 37 
46 74 

241 334 
490 710
 

66 110 
1 30 
69 114 

9 19 
16 31
 
74 120 

15 32 
170 254 

1,1" 

1 30
 

77 125
 

.
 
1.300 1.700 

Storaea Is P Id*d 
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Table M-10 
ALTEWIATIVE lB ONVEYNCE SYSTD4 

CAPITAL CONSTRUCTION COSTS 
(1000 LE) 

Inner West/Contral 

Pump stations 
Gravity lines 
Pressure linesD 

12,362 
1,119 

Subtotal 20,501 20,603 

inner/Outer East 

Pump stations 
Gravity lines 
Pressure lines 

20,517 
20,51 

Subtotal 41,07i 6,944 

Nouzhe 

Pump stations 
Gravity lInes 
Pressure lines 

2,251 
2,262 

Subtotal 4,540 1,1 2 

Alternative 15 Subtotal ",It9 46,751 

Cont Ingnw-ya1M 

Subtotal 82,649 3,0 

(nglne r n, Leg"1 and 

AdilnistretIonb Ifl!! JXl 

Subtotal 95,046 67,276 

Alternative 10 Total 162,32 

Coningncy for pumpstalons and gravity lines 

Is 201. 
bEngineering, leal. and adalnistratlon Is 151. 

Is "s contifgtcy for prw..re lipa 

1-30
 



Table M-11
 
ALTERNATIVE II ONVEYNICE SYST04
 

CAPITAL 0)NSTRUCTION COSTS
 
(1000 LEI
 

Inner West/Centrai 

Pump stations 
Gravity lines 
'ressure lInes 

7,244 

8,119 
Im 

Subt, tel IS5I45 5,542 

Inner/Outer East 

Pup stat Ions 
Gravity lines 
Pres sure lines 

20,517 
20,541 

I 

Subtotal 41,078 26 45 

Nouahs 

Pu" statIons 
Gravity lInes 
Pressure lines 

2,25 
2,292 
- 16 

Subtotai 4,540 1,182 

Alternative 11Subtotal 60,941 3,709 

Contlngencya 15,24) 60.42 

SubtotaI 76,226 40,451 

Engineering, Legal 
AdjinhstratIonb 

and 
11.4)4 4.04 

Subtotal 67,660 4,$19 

Alternaflve II total 134,171 

1ontlngency 

Ii 201. 
b(nglefElng, 

for puee 

legal, end 

stations and gravity lines 

ai4lnilnistlo, is IS. 

Is 29J I ontingency for pressure lines 

*-SI 



Table M-12 

ALTERNATIVE III CONVEYANCE SYSTE4 
CAPITAL CONSTRUCTION OSTS 

(1000 LE) 

Inner West/Central 
Pump stat ions 16,145 

9,509
Gravity lines 

Pressure lines
 

4,387
25,734
Subtotal 


Inner/Outer East 
Pump stations 27,632 

Gravity lines 24,174 
14,056
Pressure lines 


14,056
51,606
Subtotal 


Nou he 
Pump stations 2,256 

Gravity ines 2,262
 
.102
Pressure iInes 

1.162
4,540
Subtotal 


Desert
 
Pump station 19.930
 

-336,215
Pressure lines 


16215
19.930
Subtotal 


355,640
102,010
Alternative III Subtotal 


71164
25,503
Contlngency 


427,006
127,513
Subtotal 


Englneering. L,sI and 

AdinIstratIont, 19,177 4.051 

Subtotal 146,640 491,09 

Subtotal 631,46 

2,s
Right-of-mav 


640,229
Alternative III Total 

aContingency for pum stations snd gravity lines Is Z5a onntlng5OACY Pof presure 

lines Is 20%. 
b(ngmo ring, legal, ad adainlitrailon Is I1S. 
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Table M-13
 
ALTERNATIYE II OONVEYNCE SYST04
 

O4M STS 

Costs 4103 LE)
 

1960 1900 2000 

Inner West/Central
 
Pump Stations 

60.0
Labor (9,231 mandays) 60.0 60.0 

material (complete) 246.3 246.3 246.3 

Power& 230.2 243.5 276.0
 

Pressure Lines
 

L~or (I,9 .an4eyo) 12.4 
 12.4 12.4
 

Material (complete) 24.7 24.7 24.7
 

Gravity Lines
 
Labor (4,692 mandays) 30.5 30.5 30.5
 

MaterIal (complete) .30). 003
20 


Subtotal 24.4 
 639.7 670.2
 

,i, 'Outr East 

Pump tat Ions 

Labor (26,615 Mandtey) 186.0 166.0 196,0 

Material (complete) 293.1 293.1 293.1 
pow-b 206.1 279.2 315.9
 

Pressure Line"
 

Labor (2,492 mandays) 16*2 16.2 16.2
 

Material (romplete) 32.4 32.4 32.4
 

Gravlty Line
 
Labor (II.S62 mondays) 77.1 77i 77.1
 

Material (complete) 51,4 9194 51,4
 

Subtotal 642.3 93304 977.1
 

Pump Stations
 

Labor (2.769 mondays) 10.0 18,0
 

aterl al (completa) 29.2 2912
 

Porerc 
 24.2 28.0
 

Pressure LIn". 

Labor (i0(ma4waYS) 0.7 0.7 

Materlal (cookplete) 1.4 1.4 

Gravity Lines
 

Labor (1,323 mendas) 6.6 1*6 

latrlat (c le )114e71 $1 
Subtotal 67.6 l1.6 

Total O&M cuAst 1,446.7 I,M4.9 1,733,9 

sPower met% oe based on the followIng estimated C~ntIm0fl-I 

ItiSo-19.6 mIllion k*h
 

I990-72.4 mIllIon kWh
 

2000--20.O milllion kxh
 

bllr u sts we bseod on the following e4110ted Wiikuptioni 

1960--l,., million kuh 

:0(i--.V million tIk
 

cpk~ ools aweto*I rm the talowing estimated uf6imptlOal 

IV90-l.6 millIon &wh 

V.33
 



Table M-14 
ALTERNATIVE II ONVEYANCE SYST0I 

O&M4STS 

Costa (103 LE)
 

190 1900 2000 

Inner West/Central 
PUmp Stations 

Labor (9.231 mandays) 60.0 60.0 60.0
 
137.3
Material (complete) 137.3 137o3 


633 102,1 116.2
powers 

Pressure Lines
 

Labor (306 mandays) 3.3 3.3 3,3
 

Material (comlete) 6.7 6.7 67
 

Gravity Lines
 
Labor (4,692 mendays) 30.5 30.5 30.5 

Material (complete) 2003 309) 301) 
36049 374.3Subtotal 341,4 


Inner/Outer East 
Pu"p Stations 

118.0Labor (20.615 mandays) 186.0 16.0 
Mete'lal (compleIte) 203,1 203,1 2L93, 

po3b 306.1 271.2 315.9 

Pressure Lines 
Labor (2,492 mndays) 16.2 16.2 16.2
 

Material (cplete) 32.4 32.4 32.4
 

Gravity Lines
 
Labor (1I162 mandays) 77.1 77.9 77.1
 

51,4
Material (cc ilate) 

Subtotal 662. 
 935*4 972.1
 

Noutha
 
Pump Stations
 

Labor (2,769 mnidays) 1.0 610
 
2.2 29.2
material (complete) 

PorC 24.2 26.0 

Pressure Lines
 

Labor (108 mendaysl) 07 07
 

material (comIete) 
 104 1,4
 

Grav;ty Lines
 
L6 606
Labor (1.323 mendays) 

Material (compIete) 347 N7 

Subtotal 7.l l.
 

Total 04W Cost 1,203.7 I,34.1 1,43.0
 

*Pow costs arebased on the foilowing estieted conumptlo"I 

i980-5-.I million kWh 
1990--8.6 million kWh
 

2000--1t.O million klh
 

bro~ cosl we based on the following estimated onslumptio"l 

1900--11.6 .111"A klh 

I9t-2O3.2 million k~h 

7000--.6.9 *111 lon Wh 

Cle€' (u5?tbae t~lted on the following estimated conswuptIoai 

"i0-1.6 8illio1 kwh
 

2000-1.9 million idh
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Table M-IS 
ALTEINATIVE III ODNVEYAMCESYSTEM 

O&M WSTS 

Costs (103 LE) 

1960 1900 200 

Inner est/Central 
Pump Stat ions 

Labor (13,231 mendays) 66.0 6S0 1400 

Material (complete) 
pomera 

324.3 
349,2 

324.3 
- 6 

324,3 
4t9.1 

Pressure Lines 

Labor (400 mndays) 26 d46 206 

Materiel (complete) $11 5.3 3 

Gravity Lnes 

Labor (5,965 mandays) 36.9 36.9 30.9 

Material (comlete) 26.0 -0 moo 

Subtotal 632.3 "06.g l2 

Inner/Outer East 
Pump Stations 

Labor (32,611 mandays) 212.0 212.0 212.0 

Material (complete) 
Po3 

b 
6207 
M7e 

621.7 
616.4 

61.e7 
7936 

Pressure Lines 

Labor (1,292 mndays) 6.4 6.4 6.4 

Material (complete) 16.9 16.9 16,9 

Oravlty Lines 
Labor (13,954 mandeys) 90.7 90.7 90.7 

Material (complate) 6094 60A O04 

Subtotal 1,3$5.0 1,633.5 1,810.7 

Nouzhe 

Pump Stations 

Labor (2,769 mandays) 1100 1.0 

MaterIal 
Por 

€ 
(complete) 29.2 

24e2 
292. 
23.0 

Pressure Lines 
Labor (100 mandays) 097 07 

Material (complete) 1.4 1.4 
Gravity Lines 

Labor (1,323 eandava) .6 1.1 

materIel (complete) .i. iiN 

Subtotal 61.6 9106 

Oftwer ots arm based on the following estImated isumptlonl 

19110--35. million kMh 

1990--45.6 million kh 

2000--54.6 million An 
gCousts ae bated on the following estimated oonuaptlonl 

19.0--20.9 mIllIon kh 
It0--61.6 million kNth 

?000--0).4 0I1ll(n kh 

c11woer W616 are ba6ed A tt.0 following mti4te4 03Aimtlol 

10-1.6 million th 

?o(>..-I.9 mIlllIn IWh 
I+.." 



Table N-15 (continued) 

ALTERIATIVE III ODNVEYNCE SYSTEM 
ON4 O)STS 

Costs (103 LE) 

1900 1900 2000 

Pmp Stations 
Labor (4.000 nendays) 
material (complete) 
po".d 

26.0 
310.0 
426.0 

26.0 
310.0 
687O 

26.0 
310.0 
"5.0 

Presure Lines 
Labor (23,646 mendays) 
material (complete) 

Subtotal 

155.0 
230.0 

1,147.0 

15540 
230.0 

1,406.0 

l5.0 

1,606.0 

Total 016MCost 3,334.3 4,0M6.2 4,,60.5 

dpftr costs we based on the following estimated consamPtlIoM 

1910-12 million IM 
1990-83.1 million Wh 
2000-107., mllIo Ioh 
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Table M-16 
SUI4t&Y OF TOTAL ONVEYANCE SYSTE4 (OSTS 

( 1000 LE) 

Alternative 1I 

Pimp statIons 50,530 
Pressure lines 67,276 

Gravity lines 44,506 

Total capital cost 162,322 

04& cost (year 2000) 1,134 

Alternatlvw II 

Pump stations 43,152 

Pressure lines 46,519 
Gravity lines 44,500 

Total capital coat 134,179 

O&Mcost (year 2000) 1.430 

Alternatives IIiA and II18 

Pump stations 94,825 

Pressure lines 491.059 
Gravity lInes 51015 

Total capital cost 637,699 

Right-of-way cost 2,530 
O&M cost (yew 2000) 4.491 

06-37 
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APPENDIX N
 

ECONOMIC ANALYSIS
 

INTRODUCTION
 

An economic analysis was conducted to compare the three most attractive
 
methods of wastewater disposal on the basis of cost-effectiveness.
 
These three alternatives include: Alternative IB,Sea Disposal;
 
Alternative IIIA, Land Application (wastewater treatment by anaerobic
 
lagoons followed by rapid infiltration into a ground-water storage
 
system); and Alternative IIIB, Land Application (wastewater treatment by
 
anaerobic lagoons only). Under Alternative liA, the water quality
 
would impose no restrictions on the types of crops to be grown. With
 
Alternative 111B, water quality would restrict the crops grown to feed
 
and forage.
 

This appendix presents both the conclusions of the economic analysis and
 
documentation for these conclusions. The analysis and conclusions are
 
also summarized inChapter 6 of the Report, Volume 1.
 

GENERAL
 

As discussed InAppendices I,J, K, and L, all three alternatives men
tioned above are technically feasible and can provide the necessary pro
tection to the public health and the environment. Unlike the sea
 
disposal alternative, which provides only benefits associated with
 
wastewater collection, treatment, and disposal, the land application
 
alternatives would also provide direct monetary benefits from irriga
tion. Therefore, the project benefits are substantially higher for the
 
land application altern:t;ves than for the sea disposal alternative.
 
However, the prnJ.ct costs are alsn substantially higher.
 

The economic analysis focused on whether the additional project costs
 
for either Alternative IlIA or 1118 appear warranted in view of the
 
additional benefits.
 

One method of analyzing direct monetary aspects of projects that exhibit
 
differing costs and benefits is to determine the internal rate of return
 
(IRR) generated by the projects. Simply stated, the IRR is the interest
 
rate at which the present worth of the future flow of monetary benefits
 
is equal to the present worth of the future flow of monetary costs. The
 
IRR is therefore numerically equal to the present worth discount rate at
 
which the ratio of benefits to costs would be 1.0. The intangible and
 
indirect benefits also are important considerations. Using the
 
wastewater for irrigation would help achieve the national goal of food
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self-sufficiency, create about 1100 farm jobs, and result in some
 

decentralization of the population through development of small villages
 

needed to accommodate the farming and treatment operations. The final
 

decision on whether the additional expe-ditures are warranted should be
 

made on the basis of the availability of financing and potential oppor

tunities foregone. Ifcapital is limited, consideration should be given
 

to whether society could gain greater benefits by investing available
 

funds in other types of projects.
 

STUDY APPROACH
 

The purpose of the economic analysis was to provide Egyptian and USAID
 

officials with a basis for deciding which wastewater disposal altern

ative would provide the greatest net benefit to the economy of Egypt as
 

a whole. Ther fore, opportunity cozts and prices (often referred to as
 
"shadow prices") were used inmeasuring benefits and costs. These sha

dow prices refect the real cost of production inputs and outputs to the
 

national economy with the influence of market distortions removed.
 

Examples of market distortions that were removed include artificially
 

low prices for som crops caused by government controls, and subsidized
 
prices for some farm production items such as fertilizers, fuel, and
 

improved seeds. Energy costs in the economic analysis were based on
 
cost of developing new sources of
marginal rates, which reflect the full 


supply.
 

The economic analysis was based on a useful life for project facilities
 

of 50 years. However, the structures were sized for the year 2000
 

design flow capacity.
 

Tangible benefits and costs were measured inmonetary terms for each
 

alternative. However, intangible benefits and costs also were important
 

in comparing the alternatives. Therefore, they are described innarra

tive terms.
 

Data used in the analysis were obtai;ied by a review of previous similar
 

studies, published and unpublished information available from Egyptian
 

government agencies, interviews with knowledgeable professionals, site
 
The
investigations by the study team, and engineering cost estimates. 


data are regarded as adequate for the purpose of updating the Master
 

Plan. However, more detailed investigations will be required to confirm
 

the economic feasibility of the selected alternative.
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SEA DISPOSAL ALTERNATIVE
 

Project Benefits
 

A detailed description of Sea Disposal Alternative IB is presented 
in
 

Appendix J. Insummary, the plan includes treatment facilities at the
 

West plant, East plant, and Ras El-Soda plant.
 

Project benefits are measured on the basis of the "with and 
without"
 

principal. Future conuitions with the project are coipared with con-

Net improvements are
ditions anticipated to occur without the project. 


benefits attributable to the project.
 

For the most part, wastewater isnow discharged untreated into area
 
The


waterbodies, including the Mediterranean Sea and Lake Maryout. 


exception has been brief periods when the East Treatment Plant has
 
on the


operated. The major discharge points are the Kait Bey outfall 


Mediterranean Sea, the Tabia pump station discharge to Abu Qir Bay, and
 
Additionally, numerous local
local drains tnt, the Western Harbor. 


overflows are located along the Mediterranean shore. Finally,
 

wastewater discharge into Lake Maryout is eventually released into the
 

Western Harbor by the Mex pump station.
 

Future conditions without improvements inthe wastewater facilities were
 

considered as part of the "Environmental Data Base Review" presented in
 

Appendix I. In summary, population, land uses, and economic development
 

of the Alexandria region are expected to change dramatically even if
 

improvements are not made to the existing wastewater facilities.
 
increase approxi-
Current projections indicate that the population will 


A variety of residential,
mately 84 percent by the year 2000. 

commercial, and industrial developments are expected to accommodate many
 

of the future demands for housing and employment. Total wastewater
 

flows inthe Alexandria region (including the outer areas) are expected
 

to increase from 480 Ml/day (sewered) in 1981 to about 1476 Ml/day in
 

the year 2000.
 

The adverse environmental impacts associated with taking no action to
 

improve the wastewater facilities of Alexandiia are regarded as
 

unacceptable. The public health consequence of increased population
 

densities innonsewered areas and increases inthe discharges of
 
severe. 
 The risks of contacting
untreated wastewater flows would be 


contaminated water would increase dramatically. In addition, the wors
on


ening of the beach pollution could have a significant adverse 
impact 


the important tourism economy of the Alexandria region.
 

No attempt was made to measure the monetary benefits of the wastewater
 

system improvements for Sea Disposal Alternative IB, primarily because
 

N-3
 



the public health and other nonmonetary benefits are of overriding
 
importance. Furthermore, the monetary benefits from sea disposal of the
 

effluent would also be achieved by the land application alternatives.
 
Consequently, they are of no significance inthe economic comparision of
 

alternatives. Estimates of the incremental monetary benefits for the
 

land application alternatives are estimated in a subsequent section of
 

this appendix and are considered in the comparison of alternatives.
 

Sea Disposal Alternative 1B would resolve the overall problem of
 

wastewater collection, treatment, and disposal inAlexandria. The pri

mary benefits would be inprotecting the public health and generdl
 
environment. These are discussed in Appendices J and L. Other related
 

benefits include increased tourism, improved labor productivity because
 
of uatter health, and local employment generated by facilities. Some
 

benefits also would result from using dewatered solids as a fertilizer/
 
soil conditioner on farms.
 

Project Costs
 

Project costs are for construction, operation, maintenance, and replace
over the 50-year period
ment of facilities. A schedule of these costs 


of analysis is presented inTable N-i. The costs are based on price
 
levels at the end of 1980. They represent economic costs excluding
 
taxes and duties. The operation and maintenance costs inTable N-i
 

differ from those reported inother appendices and sections of the
 
report. This is because marginal rather than average costs have been
 
used in computing electric energy costs. The marginal rates reflect the
 

full cost of developing new sources of energy supply.
 

Project Feasibility
 

Sea Disposal Alternative IB is feasible from a technical viewpoint and
 

would provide the necessary protection to public health and the
 
environment. The economic feasibility depends upon how this alternative
 
compares with other available alternatives in terms of benefits and costs.
 
This comparison of alternatives is presented in a subsequent section of
 
this appendix.
 

LAND APPLICATION ALTERNATIVES
 

Project Benefits
 

Detailed descriptions of Land Application Alternatives IlIA and IIIB are
 
presented inAppendix K. Insummary, the land application alternatives
 
consist of conveying wastewater to the desert, providing pretreatment,
 
and using itto irrigate farm crops. The difference between
 

of pretreatment and the
Alternatives IlIA and IIIB lies in the level 

cropping pattern.
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In addition to providing the same project benefits as discussed for the
 

sea disposal alternative, the land application alternatives will provide
 
tangible monetary benefits as a direct result of farming operations.
 
These benefits from land application of the reclaimed water have been
 
measured on the basis of a farm budget analysis. Direct irrigation
 
benefits have been defined as the return to water (net farm income) that
 

results from irrigation with the reclaimed water. The return to water
 
is calculated as a residual by estimating gross crop income and
 
deducting crop production costs (including a return to farm labor).
 
i¢u,is on investment (6 percent), and return to management (I percent
 
of yross income).
 

The return to water was calculated for representative crops expected to
 
be grown in the irrigation service area. The anticipated cropping pat
tern was then used as a basis for calculating the weighted average bene
fit on an annual basis.
 

Cropping Pattern. Consideration was given to available markets, antici
pated prices and yields, costs of production and net Income, soil and
 
drainage conditions, and wastew;,.er quality in projecting the cropping
 
patterns for lands irrigated under Alternatives lilA and 1110. For pur
pores ot this study, a cropping pattern consisting mainly of vegetables,
 
grair. and be, "-iwas assumed for Alternative lilA. During the first
 
years of pi,.,ect operation, the land will be reclaimed by using a
 

:rop rotation including legumes and grains. In subsequent years, vege
tables and grain would be the principal crops. Many other high value
 
(rops also could be grown and shouldj be evaluated prior to design.
 
These Include timber, fiber, sugar, and oil crops.
 

For Alternative 1111, the cropping pattern would be limited to foraae,
 

fiber, and seed crops primarily because of public health considerations
 
in irrigating with primary level effluent. The cropping pattern assumed
 
in this study consists of equal areas of water-tolerant grasses and
 
alfalfa.
 

Markets. Markets are adequate to handle the crop production that would
 

occur from either land application alternative. Egypt has been trans
formed from a net exporter of agricultural products to a large importer
 
of many basic foods as a result of a rapidly growing population snd a
 
relativey low rate of growth in agricultural production. In the 3-year
 
period 1977-79, imports of wheat, corn, beans, lentils, vegetable oil,
 
sugar, red meat, and poultry meat made up 42 percent of the total supply
 
of the nine basic food groups on a quantity basis (Ref. 1). For other
 
crops normally exported, such as rice and oranges, increased domestic
 
demands have restricted export availabilities.
 

Crop Yields. The yields at full production for some of the crops likely
 
to be grown under Alternative lilA and 1118 are presented in Table N-2.
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Crop yields !,ithe first year of irrigation will amount to only 60 per

cent of those attained at full production. Full production i1ll be
 

attained over a 5-year development period.
 

those reported in Table K-27 of Appendix K, Land
Yields are the same as 

Subsequent to the preparation of Appendix K,
Application of Wastewater. 


reviewed and verified to be reasonable on the basis of
the yields were 

additional information provided by Mr. Yehia Mohieldin, Undersecretary
 

for Economic Affairs, Ministry of Agriculture.
 

inputs are Influenced by
Prices. The prices of many farm pro 'icts and 


government controls and other interventions. Gosernment programs are
 

at subsidized prices affordable by the
designed to provide basic foods 

The government also has established food
 poorest Egyptians (Ref. 2). 


a priority national goal. Egypt ii concerned with food
security as 

falls far short of its
security because its agricultural production 


needs and because rising world connodity prices place a burden on Its
 

balance of payments (Ref. 3).
 

and the World
Most international lending institutions, such as USAI| 


Bank, require the use of shadow prices Ir the economic analysis of pro

jects whenever government controls, :uosidies, taxes, and other inter
prices. Shadow prices
ventions cause significant distortions in market 


the "true" values of project inputs and outputs with the
 
are measures of 

Influence of market distortions removed.
 

the inputs and outputs for each of the Alexandria
The prices of 

wastewater management alternatives were reviewed to determine whether
 

market prices were sufficiently distorted to warrant using shadow
 
the prices of many farm products
prices. This review determined that 


are sitnlfirantly distorted. for example, the market price of wheat is
 

less than the free market price. furthermore. the -arket
substartiallv 

prices of soiIe production inputs such as fertilizer are kept at
 

a means of increasing producl j.
levels _o encourage th*tr use as 


Shadow I rices for some crops can be comnputed on the basis ol ,,ections 

prepared by the Corinoditles and Export Projections Division or the World 

Some of the data for the shadow price analysis were
Bank (Re'. 1). 

economist who recently conducted an appraisal
obtained from a World Blank 


(Ref. 8). Data also
of a new lands irrigation project in a nearby area 


from numerous Egyptian and U.S. government S!,rces, and
 
were obta ned 


1, ?, J. 4, 5, and 6).
from studies by other consultants (Ref. 


shadow prices for several of the pro-
Comparisoni of market prices with 
in the ebonomic (oiparlson of the projectject outputs and inpits used 
Table N.J. they vere adjusted to price
alternatives are presented in 

estito be consistent with the project cost

levels at the end of 1980 
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Shadow prices are listed only if they differ significantly from
mates. 

anticipated -arket prices. A description of how these shadow prices
 

were derived is presented inthe following paragraphs.
 

The prnduction of wheat or other cereals in the service area would
 

reduce "he amount of imports for these crops. Therefore, the shadow
 

price t:r wheat reflects the value to the Egyptian economy of producing
 

this crop inthe project area rather than importing it from the United
 

States. The computations of shadow prices at the farmgate are presented
 
below: 

Price FOB U.S. Gulf Coast 

per tonne of whe. t $236 

Freight and Insurance 25 

CIF Alexandria $261 LE 182.70 

Losses (6%) LE 10.96 

Handling (4.5%) LE 8.22 

LE 201.88 

Transportation from project area
 
-LE 2.75
to Alexandria 


LE 199.13
Farmgate shadow price 


LE 200.00
Rounded 


The 1990 world market price ior wheat, expressed inend-of-1980 constant
 

U.S. dollars, is projected by Lhe World Bank to be $236 per tone FOB
 

U.S. Gulf Coast. The freight and insurance cost from the U.S. Gulf
 
at $25 per tonne, yielding a price CIF
Coast to Alexandria isestfvt d 


At a foreign exchange rate of LE .70
Alexandria of $261 per tonne. 

Losses and handling
$1.00 US, this amounts to LE 182.70 per tonne. 


costs add another LE 10.96 and LE 8.22 per tonne, respectively, to the
 

price of delivering wheat to the consumers, who are assumed to be
 

located InAlexandria. Ihis rnsults ina delivered cost to the consumer
 

of LE 201.88 ar tonne. Tha ,6eliveryof wheat produced in the project
 
Therefore, the shadow
area to consumers would cort LE 2.75 per tonne. 


price at the farmgate would be LE 199.13 per tonne, which was rounded 
to
 

LE 200 per tonne.
 

The shadow price for potatoes, the representative vegetable crop, was
 

computed on the basis of the assumption that 25 percent of the produc

tion from the project will be exported and 75 percent consumed domesti
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The shadow price for the export portion was estimated as
cally. 

follows:
 

Exch. Rate Adj. Inflation Adj. 

Year 

Export 
Value 
(103 LE) 

Quantity Export 
Exported Price Amount Amount 
(tonne) (LE/tonne) Factor (LE/tonne) Factor (LE/tonne) 

2.56 
1977 16 166,000 96.39 TM 172.56 1.45 250.21 

2.56 
1978 6 98,000 61.22 M. 109.60 1.25 137.00 

1.43 
1979 19 112,000 169.64 TIM 169.64 1.10 186.60 

Average Price (weighted by quantity) 201.74
 

39.74
Delivery from Project Area 


Famgate Shadow Price (export portion) 162.00
 

The farmgate price for potatoes consumed domestically was calculated on
 

the basis of a weighted 5-year average of wholesale Egyptian prices at
 
LE 105 per tonne, adjusted for inflation to price levels at the end of
 
1980. A market commission of 4 percent of wholesale price, trader
 
margin of 5 percent of net wholesale, and transportation charge of
 
LE 2.75 per tonne were deducted from the wholesale price to obtain the
 
farmgate price of LE 93 per tonne.
 

The average potato price for use in the project analysis wa, computed as
 

a weighted average of the export-derived farmgate price (LE 162/tonne)
 
and the domestic derived farmgate price (LE 93/tonne). This amounts to
 
LE 110 per tonne.
 

Computing the shadow price of potatoes as an average of the export and
 
domestic farmgate prices isa conservative approach. An argument could
 
be made for applying the export derived farmgate price of LE 162 per 
metric ton to the entire production. Potatoes are an export product in
 
Egypt and a substantial portion of any increased production is likely to
 
contribute either directly or indirectly to the level of exports. In
 

addition, since Egypt is becoming increasingly dependent on food
 
imports to meet domestic needs, the local consumption of potatoes is
 
likely to Increase, and this could indirectly reduce the level of other
 
food crop Imports. Further consideration of these crop substitution
 
relationships and their influence on shadow prices should be made in any
 
subsequent feasibility studies.
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The fertilizer requirements for most crops would be met by nutrients in
 
the reclaimed water and the application of sludge. However, it is anti
cipated that some supplemental potash will be needed to meet the fer
tilizer requirements for potatoes and alfalfa. Therefore, a shadow
 
price was calculated for potash (60 percent potassium).
 

Price FOB Vancouver per
 
Tonne of Potash $109 

Freight and Insurance 30 

CIF Alexandria $139 LE 97.30 

Port Handling LE 8.20 

Transportation to Project Area LE 2.75 

Famgate Shadow Price LE 108.25 

Rounded LE 108/tonne 

The 	world market price for potash, expressed in end-of-1980 constant
 
U.S. dollars, was adjusted for freight and insurance differentials to
 
the CIF Alexandria price. Port handling and transportation costs to the
 
project area were added to derive the farmgate shadow price of LE 108
 
per tonne.
 

The shadow price for fuel is based on the world market price for crude
 
oil of $30 per barrel at Rnd-of-1980 price levels. On this basis, the
 
farmgate price for diesel W; was computed as LE .161 per litre.
 

The shadow price for wheat seed of LE 233 per tonne was computed on the
 
basis of the shadow price for wheat (LE 200 per tonne) plus the cost of
 
cleaning and treating (LE 33 per tonne).
 

The shadow price for electricity was computed as 56 Mlls/kWh on the
 
basis of the rmrginal costs for developing new sources of supply. This
 
appears to be a conservative (relatively high) estimate in view of the
 
marginal costs for electricity from various new sources summarized
 
below:
 

o 	 Barber and Carr (1980) 
New thermal plants 

42 Mlls/kWh (capital recovery 8 Mlls, O&l 2 Mlls,
 
fuel 32 Mlls)
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o Weitzman, Klrtley (September 1979)
 
Mazout burning thermal plant (1980 prices)
 

220/132 kV - 34 Mlls/kWh
 
66/33 kV - 37 Mlls/kWh
 
11 kV - 45 Mlls/kWh
 
Low voltage - 55 Mlls/kWh
 

o Pacific Consultants
 
Mid-1979 price estimated as 50 mlls/kWh, apparently on the
 
basis of the 1978 Sanderson and Porter Power Sector Survey
 

and Hunting Technical Services, Report No. 4, "Alternative
 

Strategies and Site Selection", July 1979.
 

zero for unskilled
Consideration was given to adopting a shadow prIce of 


There is a substantial amount of unemployment and underlabor. 

Thprefore, it could be
rmployment among unskilled workers in Egypt. 


argued that there isno opportunity cost to the economy of employing
 

these workers inthe construction, operation, and maintenance of the
 
farm laborers under the land application alternatives.
project and as 


Recently, there have been some reports of difficulties inattracting
 
so labor was
sufficient numbers of laborers for state and private farms, 


valued in the analysis at end-of-1980 market wage rates. However, it
 

should be recognized that this is a conservative approach and may tend
 

to overstate the true economic costs of the project.
 

Cost of farm production information was
Farm Production Costs. 

returns studies have
aailable from numerous sources. Farm cost an1 


recently been conducted for several reclamation projects such as
 

"Economic Evaluation of Land Reclamation" (Ref. 4) prepared by the
 

Ministry of Irrigation, and "New Lands Productivity inEgypt" (Ref. 5)
 
Another important source of information
prepared by a USAID contractor. 


is from studies and cost of production records maintained by the
 
sources
Ministry of Agriculture (Ref. 6). Information from these various 


was used in preparing an independent estimate of costs for producing
 

representative crops under Alternative 1lIA and IIIB.
 

To avoid double counting, farm budget costs do not include items
 
irrigation facilities and
accounted for inother project costs such as 


electric energy.
 

Farm labor costs are based on total work requirements. Therefore, they
 
if it is performed by the farm
reflect a return to all farm labor even 


family.
 

Nearly all of the fertilizer requirements are met by nutrients in the
 
are the only crops requiring any
wastewater. Potatoes and alfalfa 


supplemental commercial fertilizer.
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Miscellaneous costs too numerous to itemize are estimated as 10 percent
 
of the other crop production costs.
 

The return on investment for machinery is included with the production
 
cost for machinery. All other investment costs are included in project
 
costs.
 

The allowance for return to management is based on 1 percent of the
 

gross income.
 

Farm Budgets. Individual crop cost and return studies (farm budgets)
 

were used to estimate net farm income and returns to water. 
These
 
budgets served as a basis for measuring the direct irrigation benefits.
 

Budgets were prepared for representative crops that would be grown under
 
each land application alternative. The crops selected as representative
 
of the cropping pattern include berseem, wheat, and potatoes for
 
Alternative IIIA, and alfalfa and grass hay or pasture for Alternative
 
IIIB. As discussed inthe "Cropping Pattern" section, other crops would
 
be grown under each alternative. However, these crops are reasonably
 

returns that can be expected on typical
representative of the costs and 

farming operations inthe irrigation service area. Summaries of the
 
economic budgets for each crop are presented inTables N-4 through N-8.
 

Direct Benefits. Direct irrigation benefits amount to LE 42.0 million
 
per year for Alternative IlIA and LE 5.8 million per year for
 
Alternative IIIB at full project development. These benefits are calcu
lated on the basis of the return to water for the representative crops
 
and tNe anticipated cropping pattern. They are based on price levels at
 
the s.nd of 1980. The computations are shown in Tables N-9 and N-10.
 

A period of about 5 years from initial irrigation will be required to
 
achieve full crop production. Crop production--and hence direct irriga
tion benefits--will be low during the first few years of irrigation.
 
During this period, salts will be leached from the root zone and organic
 
matter will be incorporated into the soil. This 5-year development
 
period is reflected in scheduling the irrigation benefits from each land
 
application alternative. The schedule of benefits also reflects the
 
projected increase inwastewater flows up to the year 2000 design
 
capacity.
 

Other Benefits. The primary benefits from the land application alter
natives, inaddition to the irrigation benefits, would be in protecting
 
the public health and general environment in the Alexandria region.
 
These are described inAppendix K and are at least equal and probably
 
superior to the similar benefits provided by the sea disposal alter-


Benefits from increased tourism and improved labor productivity
native. 
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because of better health would be similar to those from the sea disposal
 

alternative. Local employment from construction, operation, and main

tenance of the land application alternatives would be greater because
 

of the larger project costs. Offsetting these environmental benefits
 

somewhat would be some unavoidable changes in the ground-water conditions
 

as a result of irrigation.
 

In addition to the direct irrigation benefits, Land Application
 

Alternative IlIA provides important benefits in achieving the national
 

goal of food security. The annual value expressed In 1980 shadow prices
 

of food crops produced with the year 2000 wastewater flow is LE 71.2
 

million. This would have a beneficial Influence on the balance of
 

payments by reducing food imports and perhaps increasing exports of some
 

crops.
 

Permanent employment opportunities would be provided on irrigated farms.
 

The number of jobs will depend upon whether labor intensive or mecha

nized farming methods are adopted. A rough estimate indicates about
 

1100 farm jobs would be created by Alternative ILIA. Only about 350
 

farm jobs would be created by Alternative IIIB because of the different
 

cropping pattern and more mechanized farming practices necessary to
 

minimize health risks.
 

Tables K-28, K-29 and K-30 inAppendix K, Land Application of
 

Wastewater, provide a summary of the social impacts, public health
 

impacts, and environmental impacts of Alternatives IIIA and IIIB.
 

Project Costs
 

A schedule of construction, operation and maintenance, and replacement
 

costs along with monetary benefits and net benefits for Alternatives
 

IIIA and IIIB are presented inTables N-11 and N-12, respectively. The
 

costs are on 
an economic basis, excluding taxes and duties and utilizing
 

shadow prices where appropriate. They are based on price levels at the
 

end of 1980.
 

Energy costs are an important consideration in evaluating the land
 

application alternatives. The energy requirements for both land appli

cation alternatives are substantially greater than for the sea disposal
 
inthe economic analysis have been based on
alternative. Energy costs 


cost of developing new sources of
marginal rates, which reflect the full 

energy supply. Therefore, the operation and maintenance costs inTables
 

nd N-12 differ from those reported in other appendices and secN-11 

tions of the report.
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COMPARISON OF ALTERNATIVES
 

The comparison of alternatives was made on the basis of an incremental
 
analysis. Both of the land application alternatives are more costly
 
than the sea disposal alternative. All three alternatives achieve the
 
basic purpose of maintaining public health and environmental standards.
 
Therefore, the focus of the analysis was on whether the additional costs
 
(i.e., those costs in cxcess of the costs of implementating Alternative
 
IB)for land application of the wastewater can be justified on the
 
basis of the additional economic benefits.
 

Based on the projected economic costs and benefits presented inTables
 
N-i, N-11, and N-12, the IRR for incremental costs and benefits for
 
Alternative IlIA is 7 percent over a 50-year period of analysis. For
 
Alternative IIIB, incremental project costs would exceed incremental
 
benefits even at an interest rate of zero.
 

SENSITIVITY ANALYSIS
 

A sensitivity analysis was conducted to determine whether the results
 
would be significantly changed if different assumptions were used con
cerning the costs and benefits of the alternatives. The results of the
 
sensitivity analysis for Alternative IlIA are presented inTable N-13.
 

A delay from 5 to 10 years in the time required to attain full crop
 
yields would reduce the IRR from 7.0 to 5.5 percent. Ifconstruction
 
costs increased 10 percent above the estimates, the IRR would be 6.3
 
percent.
 

Substantial amounts of electricity are used for pumping inAlternative
 
ILIA. A marginal rate of LE .056 per kWh was used to compute energy
 
costs in this economic analysis. Ifthis rate is increased by 10 per
cent, the IRR would be 6.6 percent. Note that marginal rates are
 
substantially higher than current market rates for electricity.
 

If the shadow prices for crops produced on irrigited lands are increased
 
by 10 percent, the IRR would increase to 8.9 percent. This indicates the
 
study results are significantly influenced by crop prices.
 

The IRR decreases to 6.8 percent if the salvage values at the end of
 
the 50-year period of analysis are excluded. Although the salvage
 
values are substantial, they are heavily discounted in the analysis on a
 
present worth basis.
 

The IRR increases from 7.0 percent to 7.7 percent when the foreign
 
exchange rate is changed from LE 0.70 = $1.00 US to LE 0.85 
$1.00 US. This indicates that the use of an artificially low exchange
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rate tends to understate the benefits in relation to the costs for
 
If the trend toward devaluation of the Egyptian
Alternative ILIA. 


currency continues, land application of the wastewater under Alternative
 

lilA will become increasingly desirable.
 

project
In conclusion, it appears that some delays in reaching full 


development or minor variations inconstruction costs, electricity
 

costs, or crop prices could occur without significantly influencing the
 

economic feasibility of Alternative IIIA. Of those variables tested,
 

changes in crop prices and the foreign exchange rate appear to have the
 

greatest potential influence on study results.
 

FINANCIAL CONSIDERATIONS
 

Arrangements for financing and recovery of costs for the project have
 

not yet been determined. The financial feasibility of the project can
sources and terms of financing are decided and
not be evaluated until 


policies are established for repayment. The estimates of capital costs,
 
basis for
presented inTables 4-1, 5-1, and 5-2 of the report, provide a 


determining financing requirements. A breakdown between local and
 

foreign exchange costs isprovided inthose tables.
 

A discussion is presented below of the potential role of water pricing
 

and its effect on the project. Consideration also is given in this anal

ysis to the viability of the project from the perspective of the farm
 

operator.
 

Purpose of Water Pricing
 

Water pricing is a complex Issue involving legal, social, economic, and
 
The interest and participation by potential
financial considerations. 


farm operators will be determined to a large extent by the cost of
 

water. 
It is important to understand the role of prices inachieving
 

project objectives and determining project feasibility.
 

Water prices serve two basic purpose. First, they are a source of
 
Second, if based on marginal cost
 revenue for financing the project. 


principles, they serve to encourage the efficient use of resources.
 

However, water prices also can be established to accomplish other goals,
 
group to another or the
such as the redistribution of income from one 


economic development of a particular region or sector of the economy.
 

Water policies in the
Subsidies serve to mask the true cost of water. 

United States, for example, have sought to keep the prices of agri

cultural water low to achieve social objectives. Ifthe true cost of
 

the water were paid, farmers would probably grow less water-intensive
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crops or improve irrigation efficiencies and farming methods. Waste
 
should not be encouraged by providing water at prices substantially
 
below Its true cost.
 

The financial purpose of water pricing is to provide revenue for
 
However, it is
constructing, operating, and maintaining the project. 


often difficult to satisfy both the economic and financial requirements
 
of a water project. Benefits are frequently widespread through the eco

nomy, making it difficult or impractical to Identify and collect revenue
 

from all the beneficiaries. When charges to beneficiaries do not pro

duce sufficient revenues, other approaches must be used. Government
 
method of overfinancing, such as grant programs, is the most common 


coming this problem.
 

Financial Return to Water
 

The farm budgets prepared for the economic analysis were modified to
 

include market prices for farm crops and production inputs rather than
 
This provided a basis for determining whether
economic (shadow) prices. 


farm operators will receive adequate returns to meet their financial
 

obligations inview of the market prices that will prevail under govern

ment price controls, subsidies, and other such influences.
 

Summaries of the financial budgets for respresentative crops that would
 

be grown under Land Application Alternative IlIA are presented inTables
 
N-14 through N-16. The crops representative of the cropping pattern
 
include berseem, wheat, and potatoes.
 

indicate the income from each crop at full development is
The budgets 

adequate to pay production costs, provide a return to management, and
 

Jield a residual return to water. 
The residual return to water amounts
 

to LE 109.3 per feddan for berseem, LE 104.3 per feddan for wheat, and
 

LE 255.1 per feddan for potatoes. Two of these crops can be produced
 

per year under the cropping pattern anticipated for the service area.
 

The financial returns to water and related services provided by the pro-

The weighted
ject under Alternative IlIA are summarized in Table N-17. 


average annual financial return per feddan are presented for both the
 

relatively low initial level of crop production and at the full produc

tion levals attained in the fifth year of irrigation. The average
 

annual financial return is expected to increase from LE 115.8 per feddan
 

in the first year t( !.E 434.8 per feddan in the fifth year. A portion
 

of these returns coulN be used to help pay for project construction,
 

operation, and maintenance costs.
 

In conclusion, the project would be financially feasible from the
 

viewpoint of the farm operators, provided the water charges do not
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exceed the ability to pay as indicated by the financial return to
 

water for each crop. The policy formulated for assessing water charges
 

should provide for reduced payments during the initial 5-year develop

ment period before full crop production is attained. It also should
 
the 	supply
reflect the expansion in area served with reclaimed water as 


of wastewater increases.
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Table N-i
 

ECONOMIC COSTS FOR ALTEIATIVE 16, SEA DISPOSAL
 

(LE 0.70 $$1.00 US) 

Construction Costs Replacaeomt Costs 

Local Foreign Total O&Q Local Foreign Total 

Cost Exchange Cost Costs Cost Exchange Cost 

Year (106 LE) (106 1) (106 LE) (106 LE) (106 LE) (106 $) (106 LE) 

I 4.7 4.2 7.7 0 0 0 0 

2 11.4 12.4 20.2 0 0 0 0 

3 45.5 50.9 81.2 0 0 0 0 

4 62.1 57.0 102.0 2.22 0 0 0 

5 66.6 64.8 111.9 2.22 0 0 0 

6 37.4 34.5 61.6 5.33 0 0 0 

7 30.6 26.4 49.1 6.89 0 0 0 

8 15.7 13.0 25.4 10.00 0 0 0 

9 1.4 2.9 3.4 12.81 0 0 0 

10 2.8 6.0 7.0 13.23 0 0 0 

11 0 0 0 13.50 0 0 0 

12 0 0 0 13.74 0 0 0 

13 0 0 0 13.99 0 0 0 

14 0 0 0 14.24 0 0 0 

15 0 0 0 14.49 0 0 0 

16 0 0 0 14.75 0 0 0 

17 0 0 0 14.99 0 0 0 

18 0 0 0 15.25 1.1 4.8 4.5 

19 0 0 0 15.50 0 0 0 

20 0 0 0 15.75 0 0 0 

21 0 0 0 15.75 8.8 37.4 35.0 

22 0 0 0 15.75 0 0 0 

23 0 0 0 15.75 10.7 46.1 42.9 

24 0 0 0 15.75 0 0 0 

25 0 0 0 15.75 1.0 4.6 3.8 

26 0 0 0 15.75 0 0 0 

27 0 0 0 15.75 0 0 0 

28 0 0 0 15.75 0 0 0 

29 0 0 0 15.75 0 0 0 

30 0 0 0 15.75 0 0 0 
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Table N-I (continued)
 

ECONOMIC COSTS FOR ALTERNATIVE 10, SEA DISPOSAL
 

51.00 US)(LE 0.70 $ 


Construction Costs Replacement Costs 

Local Foreign Total OM Local Foreign Total 

Year 

Cost 
(106 LE) 

Exchange 
(106 S) 

Cost 

(106 LE) 

Costs 

(106 LE) 

Cost 

(106 LE) 

Exchange Cost 

(106 S) (106 LE) 

31 0 0 0 15.75 0 0 0 

32 0 0 0 15.75 0 0 0 

33 0 0 0 15.75 1.1 4.8 4.5 

34 0 0 0 15.75 0 0 0 

35 0 0 0 15.75 0 0 0 

0 15.75 8.8 37.4 35.0
 

0 0 15.75 0 0 0
 
36 0 	 0 


37 0 

42.9
15.75 10.7 	 46.1
38 0 	 0 0 


0 0 15.75 0 0 0

39 0 


3.9
15.75 1.0 4.1
40 0 	 0 0 


0 0 15.75 0 0 0

41 0 


0 0 15.75 4.1 2.0 5.5

42 0 


0 15.75 22,0 10.4 29.3

43 0 	 0 


0 0 15.75 16.2 7.7 21.6

44 0 


0 0 15.75 22.9 11.0 30.6

45 0 


0 15.75 15.5 7.4 20.7
46 0 	 0 

25.6
15.75 19.2 9.2
47 0 	 0 0 


9.9 8.9 16.2
0 15.75
48 0 	 0 

15.75 1.6 0.9 2.2


49 0 	 0 0 


0 15.75 3.4 1.6 4.5

50 0 	 0 


Salvage value at end of 50-year period Is LE 176.5 million.
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crop 


Winter
 
Bersem 

Wheat 

Barley 

Cabbage 

Chickpos 
Potatoes 

Wheat byproduct 


s-mr
 

Sugar beets 

Tomatoes 

Potatoes 

Squash 

Corn 


Both Seasons
 
Alfalfa 

Grass hay/pasture 


Item 


Farm Products 
Berseem 
Wheat 
Potatoes 
Alfalfa 
Grass hay/pasture 
Wheat byproduct 

Production Inputs
 
Potash FertilIzer
 

(60% K) 

Fuel (diesel) 

Wheat seed 


Project Inputs
 

ElectricIty 


Table N-2
 
CROP YIELDS AT FULL PRODUCTION
 

Crop Yield (tonne/fd)
 
Alternative IIIB
Alternative IIIA 


12.0
 
13
 

-
1.3 

-9.0 


2.0 
7.0
 

-
2.0 


14.0
 
7.0
 

-7.0 

-7.0 

"
I6 


- 23
 
10
 

Table N-3
 

COMPAISON OFWJKET AND SiADOW PRICES 

Average Farm Gmte Price (LE)
 

Unit Market Shadow
 

15
 

Tonne 7 

Tonne 15 


200
 

Tonne 
 O0 110
 

Tonne 16 
 16
 

Tonne 14 14 

Tonne 30 30 

Tonne 35 10 

LMtre 0.03 0.161
 

Tone it 23
 

0.0561lh 0.000 
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Table N-4
 

ECONIC FAFNBUDGET FOR BRSEDI
 

LE/FeddnItem 

1110.0Incom (12 tonne/feddan I LE 15/tonne) 

Crop Production Costs 

2.5Form Labor 

4,60Machinery 

,Seeds 

20 7Ftel 

aicei iiaoewa 

47.3Total 


co2.7Net Income (Gross Income less production coats) 

Less Return to Man gement (1 of grosa Incme) 

Residual Return to water (L() 	 90.9 

Notels
 

I. To evoid &rublecountlng. fer budget eats do not Include Itama accoeted for In 

project 	coats such as Irrlgatlu facilities and electric eergy. 

are used to reflect the true value to the national economy of taro2. Shadow prices 
products. 



Table N-5 

ECONOMIC FARM FOR M4EATBUDOGET 

Ite LE/Fddon 

Income 

Crop Income (1.3 tonne/fedden I LE 200/tonne) 260.0
 

Oyproduct Incame (2.0 tonne/fedden 6 LE 30/tonne) 60.0
 

Gross Income 320.0
 

Crop Production Costs 

Farm Labor 1.6 

Machinery 40.6 

Seeds 12.8
 

Fuel 8*6
 

Miscellaneous 6.4
 

Total 70.0
 

Net Income (gross Income less production costs) 250.0 

Less Return to Management (1B of gross Income) -%2 

Residual Return to Water (LE) 246.6 

Notess
 
I. 	 To avoid double counting, farm budget costs do not Include Items accounted for In 

project costs such s Irrigation facilities end electric energy. 
2. 	Shadow lIces are used to reflect the true value to the national econmy of farm 

products ad Inputs. 
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Table N-6 
ECONOMIC FAM4 BUDGET FOR POTATOES 

LE/FeddanItem 

770.0Income (7.0 tonne/feddan I LE 1 O/tonne) 

Crop Production Costs 

3.8Farm Labor 

74.3
Machinery 


160.0Seeds 

255
Pesticides and Chemicals 


Fertilizer (150 kg potash-6O K I LE 106/kg) 16.2 

17.7
Fuel 


298.Miscellaneous 

327.3
Total 


Net Income (gross Income less production costs) 442.7 

435.0 

Less Return to Management (I% of gross Income) 7.7 

Residual Return to Water (LE) 

Notes$
 
budget costs do not Include Items accounted for In1. To avoid double counting, farm 


project costs such as Irrigation facilities and electric energy.
 
to ref Iect the true value to the national economy of farm2. 	 Shadow prices are used 


products and Inputs.
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Table N-7 

ECONOWIC FAF44 FORALFALFABUDGET 

LE/Feddan
itsm 

Income (23 tonne/foddan I LE 16/tonne) 68.0 

Crop Production Costs 

Crop Estableishment Cost 14.3 

Fanq Labor 4.7
 

Machinery 77.5
 

3.6
Pesticides and Chemicals 


Fertilizer (34 kg potash-60 K I LE 106/kg) 3.7
 

Fuel 
 24.0
 

12.
Miscel laneous 


140.8
Total 


Not Income (gross Income less production costs) 227.2 

Less Return to Management (Ij of gross Income) 3.7 

223.5
Residual Return to Water (LE) 


Notes:
 
1. 	To avoid double counting, farm budget costs do not Include Items accounted for
 

In project costs such as Irrigation facllIties and electric energy.
 
2. 	 Shadow prices are used to reflect the true value to the national economy of farm 

products and Inputs. 
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Table N-8
 

ECONOMIC FARMBUOGET FOR GRASS HAY/PASTIRE 

LE/FeddenItem 

Income (t0 tonne/feddan I LE 14/tonne) 	 140.0 

Crop Production Costs 

Crop Establishment Cost 1.2 

1.4
Farm Labor 


2.7
Machinery 


3.6
Pesticides and Chemicals 


4.0
Fuel 


2.0
Miscellaneous 


Total 
 22.1
 

Net Income (gross Income less production costs) 117.9 

Less Return to Management (% of gross Income) 1.4 

Residual Return to Water (LE) 116.5 

Notes: 
include Items accounted for inI. 	 To a oid double counting, farm budget costs do not 

project costs such as Irrigation fbllltles end electric energy. 

2. 	 Shadow prices are used to reflect the true value to the national econmy of farm 

products and Inputs. 
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Table N-9 
DIRECT IRRIGATION BENEFITS AT FULL DEVELOPMENT 

ALTERNATIVE IliA,LAND APPLICATION 

Cr 
Representative 

Budget 

Harvested 
Area' 

(Feddan) 

Return to 

Water Per 
Feddan 

JLE) 

Total 
Return to 

ater 
(LE) 

Grain Wheat 27,00 246.8 6,683,000 

Vegetables Potatoes 81,240 435.0 35.339.000 

Direct Irrigation Benefit 42,022,000 

OHervested area eceeds Irrigation service ares because more than one crop can be grown 
per year (crop Intensity 2.0). 

Table N-10
 
DIRECT IRRIGATION BENEFITS AT FULL DEVELOPMENT
 

ALTERNATIVE 1118, LAND APPLICATION
 

Return to Total 
Water Per Return to 

Representative Area Feddan Water 

pBudget (Feddan) (LE) (LE) 

Alfalfa Alfalfa 17,120 223.5 3,826,000 

Grass Hay Grass Hay 17,120 116.5 1,994,000 

Direct Irrigation Benefit 5,820,000 
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Table N-II 

EONO4IC COSTS NOD BENEFITS 
ALTERIATIVE ILIA. LAND APPLICATION 

(LE 0.70 , $1.00 US)a 

RepIcoment CostsConstruction Costs 
Local Foreign Total Monetary Net

Local Foreign Total OC4 
Exchange Cost Benefits Benefits

Cost Exchange Cost Costs Cost 
(106 LE) (106 LE) (106 LE) 6 $-----6 (106 LE) (106 LE)


Year (106 LE) (106 6) 

0 0 -2.60
 
1 1.4 2.0 2.8 0 0 0 

0 0 -4.30
 
2 3.6 6.7 6.3 0 0 0 


0 0 -13.50
0 0
3 6.2 10.4 13.5 0 

0 -25.02
0 0 0


4 17.7 7.3 22.8 2.22 

0 0 -46.69
0 0
5 35.3 12.4 43.9 2.79 


0 0 0 -294.59
 
6 237.5 77.6 291.8 2.79 0 


0 0 -294.592.79 0 0 

b 0 0 6.62 -133.53
7 237.5 77.6 291.8 


12.35 0
a 100.8 36.4 127.8b 

0 0 9.74 -12.89


0 0 22,63 0
9 0 

0 0 20.85 -17.10
 

10 10.5 5.9 14.6 23.35 0 


0 21.65 -2.21
23.66 0 0
II 0 0 0 

0 0 0 32.76 8.39


0 24.39
12 0 0 

0 33.89 898
24.91 0 0
13 0 0 0 

0 34.93 9.52
25.41 0 0
14 0 0 0 


0 0 0 35.93 -5.89

15.9 25.92
15 12.0 5.6 


0 0 0 36.89 10.46

0 26.43
16 0 0 


37.88 10.95
0 0
26.93 0
17 0 0 0 

4.62 4.50 38.85 6.91
27.44 1.13
18 0 0 0 


0 39.82 11.87
 
0 0 27.95 0 0


19 0 

0 0 0 40.63 12.18


0 26.45
20 0 0 


0 0 41.28 12.63
 
0 0 20.45 0
21 0 


41.67 -26.34
28.45 9.89 42.39 39.56

22 0 0 0 


11.38 48.77 45.52 41.99 -32.98
0 28.4523 0 0 

0 0 0 42.02 13.57

0 2e.45
24 0 0 


4.17 42.02 9.40

0 26.45 1.04 4.47


25 0 0 


prices are used to reflect the true opportunity
WShadow prices rather than existing market 


costs of resouros.
 
bRpresents LE 144,500.000 construction cost less LE 16,700,000 salvage value for West plant. 
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Table N-11 (continued) 

ECONOMIC COSTS NO BENEFITS, 
ALTERNATIVE lilA,LAND APPLICATION 

(LE 0.70 " $1.00 US)G 

Construction Costs Replacmant Costs 
Local Foreign Total 0154 Local Foreign Total 

Cost Exchange Cost Costs Cost Exchange Cost 

Year (106 LE) (106 S) (106 LE) (106 LE) (106 LE) (106 S) (106 LE) 

26 0 0 0 26.43 0 0 0 

27 0 0 0 28.45 0 0 0 

28 0 0 0 20.45 0 0 0 

29 0 0 0 28.45 0 0 0 

30 0 0 0 28.45 1.16 4.96 4.63 

31 0 0 0 28.45 0 0 0 

32 0 0 0 28.45 0 0 0 

33 0 0 0 28.45 1.13 4.82 4.50 

34 0 0 0 28.45 0 0 0 

35 0 0 0 28.45 0 0 0 

36 0 0 0 28.45 0 0 0 

37 0 0 0 28.45 26.70 50.39 61.97 

0 28.45 11.38 48.77 45.52
38 0 0 

39 0 0 0 28.45 0 0 0 

40 0 0 0 28.45 1.05 4.49 4.19 

41 0 0 0 28.45 0 0 0 

42 0 0 0 28.45 4.13 1.96 5.50 

43 0 0 0 28.45 8.40 4.00 11.20 

44 0 0 0 28.45 0 0 0 

45 
 0 0 0 28.45 2.19 5.45 6.01 


46 0 0 0 28.45 0 0 0 
0 28.45 10.88 5.18 14.5147 0 0 

46 0 0 0 28.45 20.58 47.48 53.81 

49 0 0 0 28.45 0 0 0 

50 0 0 0 28.45 0 0 0 


Salvage value at end of 50-year period Is LE 356.1 million. 

OShadow prices rather then ecisting market prices are used to reflect the 

costs of resources. 

loetary 
Benef Its 
(106 LE) 

Net 
Benef its 
(106 LE) 

42.02 
42.02 
42.02 
42.02 
42.02 

13.57 
13.57 
13.57 
13.57 
8.94 

42.02 13.57
 
42.02 13.57
 
42.02 9.07
 
42.02 13.57
 
42.02 13.57
 

42.02 13.57
 
42.02 -48.40
 
42.02 -31.95
 
42.02 13.57
 
42.02 9.38
 

42.02 13.57
 
42.02 8.07 
42.02 2.37 
42.02 13.57
 
42.02 7.56
 

42.02 13.57
 
42.02 -0.94
 
42.02 -40.42
 
42.02 13.57
 
42.02 13.57
 

true opportunity 
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Table N-12
 

ECONOMIC OSTS AND BENEFITS
 
ALTERNATIVE 1111,LAND APPLICATION
 a 

(LE 0.70 . $1.00 US)

Year 

Construction Costs 
Local Foreign Total 

Cost Exchange Cost 
(106 LE) (10

6 S) (106 LE) 

Replacement Costs 
014 Local Foreign Total 

Costs Cost Exchange Cost 
(106 LE) (106 LE)(106) (106jE) 

Monetary 
Benef Its 
(16L) 

Net 
Benef Its 
(0 LE) 

I 1.0 1.5 2.0 0 0 0 0 0 -2.00 

2 3.2 6.0 7.4 0 0 0 0 0 -7.40 

3 6.2 10.4 13.5 0 0 0 0 0 -13.50 

4 17.7 7.3 22.8 2.22 0 0 0 0 -25.02 

5 32.0 8.8 38.1 2.79 0 0 0 0 -40.89 

0 0 0 0 -275.79
6 228.9 63.0 273.0 2.79 

0 -275,79
0 0 0 


8 97.0b 31.2 118.9b 11.00 0 0 

7 228.9 63.0 273.0 2.79 


0 2.20 -127.70
 

9 0 0 0 19.83 0 0 
 0 3.20 -16.60
 
0 3.35 -27.01
10 8.2 2.4 9.9 20.46 0 0 


21.01 0 0 0 3.46 -17.55
11 0 0 0 


12 0 0 0 21.36 
 0 0 0 4.63 -16.73
 

13 0 0 0 21.81 
 0 0 0 4.77 -17.04
 

1 0 0 0 22.23 0 
 0 0 4.75 -17.48
 
5.05 -28.83
15 8.7 3.6 11.2 22.68 0 0 0 


0 5.19 -17.91
16 0 0 0 23.10 0 0 


23.54 0 0 0 5.32 -18.22
17 0 0 0 

23.96 1.13 4.82 4.50 5.45 -23.01
18 0 0 0 


0 0 0 5.56 -18.83
0 24.41 


20 0 0 0 24.83 0 0 

19 0 0 


0 5.69 -19.14
 

0 0 0 5.73 -19.10
0 24.83
21 0 0 

5.11 21.91 20.45 5.76 -39.52
0 24.83 


0 0 0 24.83 11.38 48.77 45.52 5.80 -64.55
 
22 0 0 


23 

24 0 0 0 24.83 0 0 0 
 5.82 -19.01 

25 0 0 0 24.83 0.83 3.56 3.32 5.82 -22.33
 

aShadow prices rather than existing market prices are used to reflect the true oppor

tunity costs of resources. 
bRepresents construction cost less LE 16,700,000 salvage value for West plant. 
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Table N-12 (continued)
 
ECOONMIC COSTS AND BENEFITS
 

ALTERNATIVE 1118, LAND APPLICATION
 
(LE 0.70 - $1.00 US)8
 

Construction Costs gapI&cement Costs 
Local Foreign Total 0&4 Local Foreign Total Moietary Net 

Year 
Cost 

(106 LE) 
Exchange 
(1065) 

Cost 
(106 LE) 

Costs 
(106 LE) 

Cost Exchange Cost 
(106 LE) (106 S) (106 LE) 

Benefits 
(106 LE) 

Benefits 
(106 LE) 

26 0 0 0 24.83 0 0 0 5.82 -19.01 

27 0 0 0 24.83 0 0 0 5.62 -19.01 

28 0 0 0 24.83 0 0 0 5.62 -!9.01 

29 0 0 0 24.63 0 0 0 5.62 -19.01 

30 0 0 0 24.63 0.83 3.56 3.32 5.62 -22.33 

31 0 0 0 24.83 0 0 0 5.02 -19.01
 

32 0 0 
 0 24.83 0 0 0 5.82 -19.01
 

33 0 0 
 0 24.83 1.13 4.82 4.50 5.82 -23.51
 

34 0 0 0 
 24.63 0 0 0 5.82 -19.01
 

35 0 0 0 24.63 0 0 0 5.82 -19.01
 

36 0 0 0 24.83 0 0 0 5.82 -19.01 

37 0 0 0 24.83 19.03 28.54 39.00 5.02 -58.01 
38 0 0 0 24.63 11.38 48.77 45.!? 5.82 -64.53 

39 0 
 0 0 24.83 0 0 0 5.82 -19.01
 

40 0 0 0 24.83 0.83 3.56 3.32 5.82 -22.33
 

41 0 0 0 24.83 0 0 0 5.82 -19.01 

42 0 0 0 24.83 4.13 1.96 5.50 5.82 -24.51 

0 0 0 24.83 8.40 4.00 il.20 5.82 -30.2143 

44 0 0 0 24.83 0 0 0 5.82 -19.01
 

45 0 0 0 24.83 1.78 4.01 4.58 5.82 -23.59
 

46 0 0 0 24.83 0 0 0 5.82 -19.01 

47 0 0 0 24.83 5.00 2.38 6.67 5.82 -25.68 
48 0 0 0 24.83 36.11 22.43 53.81 5.82 -72o82 

49 0 0 0 24.83 0 0 0 5.82 -19.01 

50 0 0 0 24.63 0 0 0 5.82 -19.01 

Salvage value at end of 50-year period IsLE 283.4 million.
 

aShedow prices rather than existing market prices are used to reflect the true oppor

tunity costs of resources. 
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TaLlo N-13 
SENSITIVI, e ANALYSIS 

Internal Rate of Return 
for Alternative IIIA 

(Percent)Item 

7.0Base Case 

Attalnment of Full Crop Yields
 
55Delayed to 10 Years 

6.3
Construction Cost Increased 10% 


Electricity Costs Increased 10 6.6 

Prices Received Increased 10% 8.9 

6.8Excluding Salvage Value 

Change ,.i Foreign Exchange Rate from 

LE 0,70 - $1.00 to LE 0.85 - $1.00 7.7
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Table N-14 
FINANCIAL FARM UDGET FORBERSE9I 

LE/FeddanIte 

180.00Income (12 tnne/fedden 6 LE 15/tonne) 

Crop Production Costs 

Farm Labor 2.5 

Machinery 46.6 

Seeds 9.6 

Fuel 3.9 

Miscel laneous 6.3 

Total 68.9 

Net Income (gross Income less 
11101
production costs) 


Less Return to Management 
(IS of gross Income) 	 1e 

109,3Residual Return to Water (LE) 

Notes:
 
I. 	 To avoid double counting, farm budget costs do not Include Items accounted for In 

project costs such as Irrigation facilities and electric energy. 
Items Inthe farm budget to assess the2. Existing market prices are used for all 

ability of farm operators to meet their financial obligations. 

N-31
 



Table N-15 
FINANCIAL CROP BUOGET FOR WHEAT 

LE/FeddanIten 

Incam 

100.0Crop Income (1.3 tonne/fedden II LE 77/tonne) 

60.0Byproduct Income (2.0 tonne/fedden I LE 30/tonne) 

160.0
Gross Income 


Crop Production Costs 

1.6
Farm Labor 


40.6Machinery 

6.3Seeds 

1.6Fuel 

4.94lscelaneous 

5%0Total 

Net Income (gross Income less
 
105,0
production costs) 

Less Return to Management 
1.6(1%of gross Income) 

103.4
Residual Return to Water (ILE) 


Notes:
 
1. To avoid double untlng, farm budget costs do not Include I.das accounted for In 

project 	costs sbch as Irrigation facilities and electric enrgy. 
Items In the farm budget to assess the2. Existing market prices are used for all 

ability of farm operators to meet their 	financial obligations. 
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Table N-16 
FINANCIAL CROP BUGE* POTATOES 

LE/FeddenItsm 

560.0Income (7.0 toons/feddan I LE 80/tonne) 

Crop Production Costa
 

3.8
Farm Labor 


74.3MachInery 

16000Seeds 

25.5Pesticides 


Fertilizer (150 kg potash-60%K I .035/kg) 5.2
 

Fuel 
 3.3 

27.2
4iscellaneous 


Total 
 2Mf.3
 

Net Income (ross Income less 
260.7product loci costs) 

Less Returv to Management
 

(IIof ross Income) 

255.1
Residual Return to Water ILE) 


Notes:
 
1. To avoid double ounting, farm budget costs do not Include Items accounted for In 

project costs such as Irrigation facilities and electric energy. 

2. 	Existing market prices ere used for all Items In the fare budget to "moss the
 

ability of farm operators to met their financial obligations.
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Crop 
Production Level 

initial ProductIonb 

Full Production0 

ALTERNATIVE 

Representative 
Budget 

ersem 

Wheat 

Wheat 

Potatoes 


Sharvested ores amceds irrigation 

pW year (crop Intensity 2.0). 
bCrop yields Inthe first year of 

attained at full production. 

Table N-17 
lilA, FINANCIAL RETUIRNSlUo 

Financial 
Return to Financial Weighted 

Harvested Water p Return to Average Return 

Are red4n Water Financial Return 

Veddan) 4E) ILE) - Fer Feddan 

54,160 57.3 3,I0jO00 

54,160 M.5 3.1U.000 

6,271,000 115.8 

27,000 103.4 2,600,000 

61,240 255.1 20.724.000
 

3,524,000 434.3 

service area because more then one crop cn be orem 

Irrigation will mount to only 60 peroent of those 

CFull production will be sttalned In the filth year of Irrigation. 
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