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Ladies and Gentlemen:

Black & Veatch International, in association with Montgomery Watson Americas and Sabbour
Associates, is pleased to submit three copies of the Canal Cities Water and Wastewater
Master Plans. The Master Plan documents consist of eight volumes, as listed below.

• Executive Summary
• Volume 1 -:. Suez Water Master Plan
• Volume 2 - Suez Wastewater Master Plan
• Volume 3 -Ismailia Water Master Plan
• Volume 4 -Ismailia Wastewater Master Plan
• Volume 5 ~ Pqrt Said Water Master Plan
• Volume 6 - Port Said Wastewater Master Plan
• Volume 7 - Institutional and Financial Report

Concurrently, we are submitting three copies of the Master Plans to the National Organization
for Potable Water and Sanitary Drainage (NOPWASD), one copy to the Suez Canal Authority
(SCA), and one copy each to the Governorates of Suez, Ismailia, and Port Said.

This project represents an important achievement in USAID's continuing program to provide
sustainable water and wastewater infrastructure in Egypt We trust that the
recommendations presented In the Master Plans will result in a well conceived and
manageable program for NOPWASD and SCA as they prepare for development and growth
in Suez, Ismailia, and Port Said.

It has been a pleasure working with USAID and we look forward to the next opportunity to be
of service.
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BLACK & VEATCH INTERNATIONAL
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Rick L~ Zila, P.E.
Project Director
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Suez Water and Wastewater Master Plan

Executive Summary

Background and General Information
The City of Suez is one of three major cities along the Suez Canal. It is the southernmost

point of entry to the Suez Canal and is the northernmost city on the Gulf of Suez. It is located

120 km east of Cairo and 75 km south-southeast of Ismailia. Figure SZ-I, Suez Location

Map, shows the location of Suez.

Suez suffered considerable damage to utilities and other infrastructure during the 1967-73

war. After the war, massive reconstruction efforts were initiated to bring the original

residents back to the City. In 1979, a Water and Wastewater Facilities Master Plan was

prepared and completed for the City of Suez.

The water treatment facilities and distribution system in Suez are owned and operated by

the Suez Canal Authority (SCA). Since 1980, SCA has made significant improvements to the

water treatment and distribution system based on the recommendations of the 1979 Water

Facilities Master Plan.

The wastewater collection and treatment facilities are owned by the Governorate.

Currently the wastewater treatment plant is operated by a contract operator, however ultimate

control of the facility remains with the Governorate. During the past few years significant

improvements have been made to the Suez collection and treatment facilities. These

improvement have been the result of a cooperative effort between the United States Agency

for International Development, the Governorate, the National Organization for Potable Water

and Sanitary Drainage and other Egyptian government agencies.

In 1998, Black & Veatch International was selected by the United States Agency for

International Development (USAID) to prepare water and wastewater master plans for the

three Canal Cities. The purpose of these master plans is to guide utility infrastructure

development up to the year 2020. Black & Veatch International in association with

Montgomery Watson and Sabbour Associates conducted the Canal Cities Master Plan project

during the period from June 1998 to September 1999.

Master Plan Objectives

The primary goal of this master plan is to adequately define water and wastewater needs

in Suez for both existing and future conditions. Deficiencies of the existing water distribution

system, the water treatment plant, the wastewater collection system and the wastewater

treatment plant are identified. New and modified facilities to rectify these deficiencies are

recommended. Similarly, deficiencies anticipated in the future have also been identified and

facilities needed to accommodate future growth are also recommended.
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Black & Veatch International
Suez 1 Suez Executive Summary

Canal Cities Master Plan Project



ELMAHAU.t\
ELKUBRA

IDGHWAYS -----

o
N

SCALE 1:900,000
~ 0 ~ 1000

jPIj MEl'BR

EGYPT

WAnR~ ••••••••••••

FIGURE: sz.l

BLACK & VEATCH INTERNATIONALUSAID
ARABREPUBLIC OF

EGYPT SUEZ
SUEZ CANAL AlITHORl1Y CANALCITlES INAllSOCIA'lIONWlI'II LOCATION MAP

NATIONALORGANlZATIONFOR WATERANDWASTEWATER MONTGOMERY WATSON SABBOURASSOCIATESI- -l
POTABLE WATER AND SANlTARYDRAlNAGB MASTERPLAN



Study Area Boundary
The study area includes both the existing urban built-up area and future build-out areas of

the City of Suez as allocated by local and central authorities for future urban development

projects. The total area within the study area boundary is approximately 97 km2
•

The study area boundary is based on ratified boundary coordinates prepared by the

Governorate and planning documents prepared by the General Organization of Physical

Planning (GOPP) or the local planning department affiliated with the Ministry of Housing.

The study area boundary is shown on Figure S2-2, Suez Study Area Boundary.

Population and Land Use
Existing and future land uses were developed for the City of Suez based on the current

Land Use Master Plan approved by the General Organization for Physical Planning (GOPP).

Water demand factors were applied to the different land use categories to estimate water

demands. Similarly wastewater production factors were derived based on historical data and

land use data. These wastewater factors were also applied to detennine projected wastewater

flows. Estimates of existing and projected population to year 2020 were used to obtain per
capita water use and wastewater production. This was used to verify estimates for the entire

study area.

The most recent topographical maps were purchased from the Central Agency for Public

Mobilization and Statistics (CAPMAS) and reflected 1994 land use conditions. In order to

portray the current land use conditions, additional site inspections were carried out,

particularly in selected fringe areas. The inspection fmdings, as well as modifications to the

land use registered by CAPMAS up to October 1998, were included in the land use plan of

existing conditions. Lists of ongoing and future housing and industrial development projects

were compiled with the help of the Housing Department of each Governorate. The size,

capacity, location, and progress status of each project were interpreted and then incorporated

into the land use plan of existing conditions and, whenever applicable, into the 2020 land use
plan.

The future land use plans were based on the land use master plan prepared in 1995 by the
Third Region Planning Department and GOPP with the assistance of an independent

consulting team. The current growth of Suez City follows the overall land use
recommendations of the Suez City 1995 Master Plan concerning new growth urban areas.

Current development status was evaluated for the overall feasibility of the land use

categorizations allocated and assigned for future development by the Suez City 1995 Master

Plan.

Subdivisions on which construction work is progressing, as well as subdivisions that are
unequivocally allocated for future development, were integrated into the CCMP future land

use plans.
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The existing, 2020, and ultimate land use plans are shown in Figure SU3, Existing Land

Use, Figure Sz-4, Suez 2020 Land Use and Figure SuS, Suez Ultimate Land Use

respectively.

Preliminary results of the CAPMAS 1996 census indicated that the population of the Suez

Governorate, including people living in Suez City and in rural areas of Qism Al Ganayin, had

reached 417,610. Following a cartographic analysis and a density analysis of AI-Ganayin

urban and rural districts, it was estimated that this figure may be two to three percent high.

However, the CAPMAS figure was used as the basis for CCMP population projections up to

the year 2020. Population projections were developed using different growth rates from

historical data obtained from CAPMAS and the Suez Governorate. The projections were

compared with population projections of approved planning studies prepared by official

agencies such as the Governorate, NOPWASD, or GOPP. The CCMP recommended

population projection is shown in Figure SZ-6, CCMP Recommended Population Projection.

The projected population figures are listed in five-year increments in Table SuI, Suez

Existing and Projected Population.

Table SZ-l Suez Existing and Projected. Population
Year Population

Current 417,610
2000 466,374
2005 515,039
2010 567,390
2015 633,346
2020 701,434

Ultimate 871,199

The low occupancy housing rate methodology assumes that new housing developments

would have occupancy rates equivalent to 70 percent of their maximum capacity in year 2020.

Ultimate condition assumes new housing developments would have a maximum occupancy

rate equivalent to 100 percent of their capacity.

Ultimate conditions in the study area will occur after 2020 or earlier depending on

variations to the projected population due to unforeseen factors such as gain in employment

rates or change in the prevailing rate of housing occupancy.

Final: September 1999
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Recommendations
The following recommendations are suggestions to improve and, whenever feasible, to

modify the provisions of the Governorate development plans:

• The Suez land use plan used for this master plan should be adopted and followed by

Governorate Authorities. If deviations from the land use plan occurs, appropriate

measures should be taken by the utilities to modify infrastructure to meet the revised

development needs.

• Population growth should be monitored regularly and utility development adjusted

accordingly.

Figure Sz-6 Suez CCMP Population Projections
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• Utilities and government agencies should form joint committees to monitor land

development and communicate regularly on changing utility needs.

Other land use principles that are anticipated for Suez in this master plan are listed below.

Changes to this land use approach would result in changes to infrastructure needs and should

be dealt with by utility planners accordingly.

• The amount of land assigned for development in the 1995 Suez City Master Plan exceeds

the amount of land required to accommodate the projected year 2020 population in the

CCMP land use plan. Therefore, the extra urban growth land which has not been

allocated for specific projects, will not be needed before the year 2020.

• Urban growth in Ataqa and Faysal should continue westward, away from agricultural

land.

Final: September 1999
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• The growth of Suez should be oriented toward the Gulf of Suez waterfront. The land use

plan proposes the creation of a public recreational area that would end the long-standing

practice of using the land along the Gulfs shores exclusively for industrial purposes. The

City could border the waterfront with much-needed landscaped recreational grounds and

lagoons. The environmentally friendly and construction-free Corniche and beaches would

extend south along the coastal road leading to AI Adabiya. This would reverse the City's

image as an industrial center and would help promote it as destination for local recreation

and tourism.

• To further enhance the City's image and to compensate for the lack of public areas in

Qisms AI Arbaein and Suez, the conversion of several ponds near Port Tawfik low­

density residential zones into lagoons surrounded by public playgrounds, is also

recommended.

Final: September 1999
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Suez Water Master Plan

Existing Raw Water Supply and Treatment Facilities

The City of Suez obtains its raw water supply from the Sweetwater Canal, which extends

from the Nile River north of Cairo and flows northeasterly to Ismailia, a distance of about 135

Ian. At Ismailia, a southerly branch of the Sweetwater Canal supplies water to Suez. The

amount of water in the canal is controlled by the amount of water released from the Aswan

Dam into the Nile River. The Ministry of Irrigation (MOl) controls the release of the water in

accordance with irrigation needs. At present, the Suez Water Treatment Plant draws up to a

maximum of 230,000 m3/d of raw water during summer. This is well within the MOl's

current domestic water allocation for Suez of 340,000 m3/d. SCA requested MOl future raw

water allocation for Suez of 460,000 m3/d in year 2005 and 600,000 m3/d in year 2017. These

water requirements are also well within the allocations provided by MOl.

However, SCA reports that for several days during summer, the water level in the

Sweetwater Canal has fallen to the point where treatment plant production had to be reduced.

In these cases, use from the canals by the SCA was significantly less than 230,000 m3/d. The

eventual operation of Bamag 180 will increase the total raw water intake from the Sweetwater

Canal to at least 410,000 m3/d. The capacity of the Sweetwater Canal to deliver water to Suez

is limited both by its cross-sectional area and by culvert-type obstructions. These sections of

the Suez branch of the Sweetwater Canal should be enlarged to increase its carrying capacity

and provide the needed water to Suez.

The Suez Water Treatment Plant was originally built in five stages between 1915 and

1965. The first three stages were slow sand filters, the fourth stage was semi-rapid sand filter,

and the fifth stage was rapid sand filters. The first three stages are non-operational and have

long been abandoned. The fourth stage, or Group 4, was rebuilt into rapid sand filters by the

French contracting firm Compagnie Europeenne de Traitement des Eaux (CTE) in the 1950s.

It has a capacity of 60,000 m3/d. The fifth stage was built in 1966 by Bamag of Germany

with a capacity of 45,000 m3/d and is referred to as Bamag 45 in this report. In 1981, another

treatment train, Bamag 90, was built by Bamag with a capacity of 90,000 m3/d. The newest

treatment train, Bamag 180, with a capacity of 180,000 m3/d, is presently under

commissioning, and is expected to be fully functional in 1999.

The four treatment trains have a total capacity of 375,000 m3/d. A schematic of the

treatment process flow is shown on Figure S'Z-7, Suez Water Treatment Plant Process Flow

Diagram. The treatment plant layout is shown on Figure SZ-8, Suez Water Treatment Plant

Site Layout.

Final: September 1999
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Existing Water Distribution System

The Suez potable water distribution system consists of approximately 695 km of pipes in

diameters ranging from 100 mm to 1200 mm. Pipe materials used include cast iron (CI),

ductile iron (01), asbestos cement (AC), and p01yvinyl chloride (PVC).

The distribution system serves the built-u;J :;1rea of Suez, including a Ministry of Housing

property located nOlih of the city. The system also supplies the Suez Cement Company,

located approximately 42 km south of the city, and the areas of Adabiya and Ain EI Soklma,

also located south of Suez. The total length of distribution mains (300 to 1200 mm diameter)

included in the hydraulic model is approximately 134 km.

A leak detection survey was conducted on 71 km out of the 695 km (about 10 percent) of

the pipes in the distribution system. During the leakage survey, one engineer and three

technicians from the SCA Network Department were trained in the hands-on use of leak

detection and pipe/valve locating equipment. At the conclusion of the survey, one set of the

equipment was provided by USAID to SCA in each city for their continued use.

The results of the leak detection survey indicated that only a very small portion of the un­

accounted-for water (UFW) is due to leakage in the pipes. The majority of the UFW is

believed to be due to unmetered domestic, commercial, and industrial usage, defective (under

reading) meters, hydrant use, main flushing, un-metered usage in governmental and military

buildings and other public uses that are not metered. An accurate estimate of the UFW could

not be made. Most of the treated water f1owm~~.~rs are not operational; therefore, an accurate

comparison oftreated water production with consumption is difficult.

Some previous reports reviewed for UFW estimates indicated that a difference exists of

about 35 percent between production and consumption is typical. The 35 percent UFW was

used in developing water demands for this study. The advantage of using the land use based

approach is that there is no need for actual data indicating the UFW. The UFW is imbedded

into the demands. If a lower UFW is used, then the water use factors would increase to match

the water production.

Planning Criteria and Methodology

Detailed water demand analyses were conducted to identify current water demands and to

project future demands. Demands were developed based on water use factors applied to

existing and future land uses. Water use factors were developed for each land use category

based on historical water use records. Future land use and population projections were based

on local and government general land use plans. Table SZ-2, Suez Water Demands, shows

the existing and projected average day demands and the maximum day demands.

Final: September 1999
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Table SZ-2 Suez Water Demands
Year Average Day Demands Maximum Day Demands

(m3/day) (m3/day)
Current I 159,800 207,740

2000 2 188,600 245,180

2005 2 222,500 289,250
2010 2 262,600 341,380

2015 2 312,400 406,120

2020 3 367,600 477,880

Ultimate 3 400,000 520,000
Notes:
I. Estimated current (about 1997) system demands; distributed and calibrated based on an
analysis of land uses and water use factors.
2. Estimated from growth rate curve.
3. Based on an analysis of future land use and water use factors.

A hydraulic model of the Suez water distribution system was developed with this project.

EPANet, a public domain software developed by the U.S. Environmental Protection Agency

(USEPA), was used for this master plan because of its modeling power and ease of use. The

hydraulic model was used to simulate operation of the distribution system at existing and

future conditions; to identify system deficiencies, and to develop and evaluate potential

facility improvements for correcting the deficiencies. The hydraulic model includes all

distribution pipelines 300 mm and larger in diameter. The water distribution system that was

modeled is shown on Figure SZ-IO, Suez Water System Recommended Improvements.

Recommendations
The foIlowing general recommendations could be implemented primarily by SCA

without help from outside contractors. These will provide sustainability of the master plan.

• Leak Detection and Repair. SCA should continue and expand the leak survey to

cover the entire distribution system using the leak detection equipment that was

provided to SCA by USAID as part of this project.

• Replacement ofOld CI and AC Pipes. SCA should continue the ongoing program of

replacing old Cl and AC pipes with Dl and PVC pipes to further strengthen and reduce

leaks in the system. There are approximately 3 km of 100 mm Cl house connections

and 20 km of 150, 200, and 250 mm AC pipes that need to be replaced in Suez. The

total estimated cost for this program is approximately US $3 million.

• Closed Valve Inventory. The distribution system contains hundreds of valves, most of

which are open. However, there appear to be a few valves that could have been

inadvertently left closed. As part of this project, pipe and valve locating equipment

were provided to SCA by USAID. This equipment could be used to locate the closed

valves.

• Replacement ofDistribution System Valves. There are approximately 300 gate valves

in the distribution system that need to be replaced. These valves are old and most of

them are difficult to operate and are not contained in valve boxes. Power-actuated

butterfly valves contained in valve boxes should be considered as replacement.

Final: September 1999
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• GIS Mapping and HydraulU: Modeling. A set of computers, printers, and digitizing
equipment with GIS mapping and hydraulic modeling capability was provided to SCA

by USAID under this project. The GIS mapping is critical in the ability to update the
land use plans and to estimate the water demands at the water demand polygon level in

the hydraulic model. The CCMP project will also provide introductory training to the

appropriate SCA personnel. SCA should continue to make use of the GIS capability
and to use the hydraulic model to reflect changes in land use and in the distribution

system.
Recommendations for further studies or preliminary design include the following:

• Plant Hydraulics Study. A study of the hydraulic grade line of the different hydraulic

components of the treatment plant should be conducted to identify measures to

increase the capacity of the components to their design capacities.

• Pump Rehabilitation and Replacement Study. This is a detailed study of the raw and

treated water pumps to develop a pump rehabilitation and replacement program. This

study should include a physical inspection of the pumps, review of operating and

maintenance records, etc.

• Safety Improvement Study. CCMP noted various safety needs, especially in the pump
stations, including the need for safety equipment, e.g., gas masks, etc. A complete

safety evaluation and implementation program is strongly recommended for the near

future.

• Alternative Treatment Process Evaluation and Preliminary Design. Alternative
treatment processes should be evaluated to determine the most feasible system
components for future treatment plants.

• Filter Backwash and Clarifier Residuals Disposal Preliminary Design. A
preliminary design should be done in the near future for a disposal system for the

water treatment plant filter backwash and clarifier residuals This system is a major

plant retrofit and requires investigation of the plant's hydraulic grade line, multiple or

a single centralized treatment unit alternatives and location(s), pipe sizes, lengths,

alignment, etc.

The recommended facilities improvements are grouped into two priorities: Phase 1

improvements are needed to address immediate or near-term deficiencies and should be

constructed within the next five years. Phase 2 improvements are additional facilities needed

by year 2020. Phase 2 improvements should be reviewed prior to implementation based on

the actual growth and water demand patterns that occur.

Recommended improvements to the existing water treatment plant includes rehabilitation

of the CTE treatment train, replacement of treated water flowmeters for the Bamag 45 and
Bamag 90 treatment trains, and installation of self-cleaning screens for all treatment trains

except Bamag 180.
Capacity requirements for water treatment plants are based on meeting maximum day

demands (MOD). A plot of the water demands against treatment capacity is shown on Figure

SZ-9, Suez Treatment Capacity vs Projected Water Demands. The existing Suez treatment
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plant with an evaluated capacity of 195,000 m3/d is not adequate to meet the current MDD.

After the Bamag 180 is operational and the CTE treatment train has been rehabilitated, the

Suez water treatment plant would be able to supply enough treated water to meet the MDD

requirement until year 2012. After that time, another 105,000 m3/d plant will be needed to

meet the demands until year 2020. The areas occupied by Group 1 and Group 3 slow sand

filtration trains, which are no longer operational, are possible sites for this expansion. In

addition, an adjacent vacant lot northeast of the water treatment plant could be acquired by

SCA and used for the expansion.

The recommended Capital Improvement Projects (CIP) are shown on Figure SZ-10, Suez

Water System Recommended Improvements. The Phase 1 improvements are summarized in

Table SZ-3, Summary of Probable Capital Improvement Costs - Phase 1. The total cost of

these improvements is approximately US $25 million.

Table SZ-3 Summary of Probable Capital Improvement Costs - Phase 1
CIPNo. Construction Cost, Total Capital Cost,

US$ US$
CIP-I - Pipe Interconnections and Replacement 2,560,000 3,072,000

CIP-2 - Pipe, Reservoir and Booster Pumping Station 5,503,000 6,604,000

CIP-3 - Water Treatment Plant Improvements 12,678,000 15,214,000

Total Capital Improvement Cost· Year 2000 20,741,000 24,890,000

Construction cost includes 20 percent construction contingency.

Capital Cost includes construction cost and 20 percent engineering and administration cost.

The recommended Phase 2 improvement projects are summarized in Table Sz-4,

Summary of Probable Capital Improvement Costs - Phase 2. The total cost of Phase 2

improvements is approximately US $91 million.

Table SZ-4 Summary of Probable Capital Improvement Costs - Phase 2
CIPNo. Construction Cost, Total Capital Cost,

US$ US$
CIP-4 - Reservoir and Booster Pump Station (Year 2010) 7,686,000 9,223,000

CIP-5 - Pipeline Interconnections and Parallel Pipes 1,008,000 1,210,000

CIP-6 - Pipes and Pressure Sustaining Valves 19,910,000 23,892,000

CIP-7 - Pipes and Pressure Sustaining Valves 7,936,000 9,523,000

CIP-8 - Pipes 2,228,000 2,674,000

CIP-9 - Pipes 1,962,000 2,354,000

CIP-IO - Water Treatment Plant and Storage Reservoir 32,407,000 38,888,000

CIP-II - Booster Pumping Stations Expansion 2,822,000 3,386,000

Total Capital Improvement Cost· Year 2020 75,959,000 91,150,000

Construction cost includes 20 percent construction contingency.

Capital Cost includes construction cost and 20 percent engineering and administration cost.
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Figure SZ·9 Treatment Capacity Vs Projected Water Demand
Suez
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The construction cost include all earthwork. trench shoring and pipe laying and

dewatering operations. as well as valves, fittings. blow-off assemblies. imported bedding
material. compacted backfill, surface restoration, disposal of excess excavated material and
traffic controls. These costs are based on use of international contractors. management and

inspection. These costs should be updated during detailed design to represent current costs
based on the inflation index and methods of construction.

Recommendations for further studies or preliminary design include the following:

• Plant Hydraulics Study. A study of the hydraulic grade line of the different hydraulic
components of the treatment plant should be conducted to identify measures to
increase the capacity of the components to their design capacities.

• Pump Rehabilitation and Replacement Study. This is a detailed study of the raw and
treated water pumps to develop a pump rehabilitation and replacement program. This
study should include a physical inspection of the pumps, vibration and other tests.
review of operating and maintenance records, etc.

• Safety Improvement Study. CCMP noted various safety needs especially in the pump
stations. and the need for safety equipment, such as. gas masks. etc. This study is
strongly recommended for the near future.

• Alternative Treatment Process Evaluation and Preliminary Design. Alternative
treatment processes should be evaluated to detennine the most feasible system
components for future treatment plants.

• Filter Backwash and Clarifier Residuals Disposal Preliminary Design. A
preliminary design should be done in the near future for a disposal system for the
water treatment plant filter backwash and clarifier residuals. This system is a major
plant retrofit and requires investigation of the plant's hydraulic grade line, multiple or
a single centralized treatment unit alternatives and location(s). pipe sizes. lengths.
alignment, etc.

• Operation and Maintenance (O&M) Cost Evaluation. This Master Plan also included
an evaluation of Institutional conditions within the water utility. This brief review
showed specific fmancial data was not available for system O&M. A detailed study
should be initiated to determine O&M levels required to maintain the collection and
treatment systems. Additionally this study should include a determination of the level
of funding necessary to maintain the water system.
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Suez Wastewater Master Pian

Existing Wastewater Collection Facilities
The existing Suez wastewater service area covers approximately 12 square kilometers, the

existing water service area covers approximately 43 square kilometers and both are expected

to expand to over 90 square kilometers at ultimate build-out. The majority of the wastewater

system in Suez is owned, operated and maintained by the Governorate. Additionally, small

portions of the system may be owned and/or controlled by the military, other government

agencies or by private industry. The collection system consists of more than 230 kilometers

of 175 mm to 1200 mm wastewater lines excluding service laterals.

During preparation of the Canal Cities Master Plans a number of sources were used to

obtain data on the existing wastewater collection system. Information in the form of maps

and construction drawings was obtained from, NOPWASD, the Governorate, construction

contractors and engineering consultants. It is important to note that no single source could be

used to obtain information on the entire system. Additionally the scale of drawings, the

reference datum and the level of detail varied from source to source. Ultimately a map of the

system was developed by combining the available information. This map was used to plan

future work and prepare the wastewater system model.

The map prepared for this project is a useful tool; however, it does have limitations.

Specifically where no maps or as-builts were available, line locations were drawn from field

observations. Some areas included horizontal data, but had little or no vertical data. In these

areas manhole inverts were estimated using available slope data. Existing wastewater

collection pipes included in the model are shown on Figure SZ-14, Suez Wastewater System

Recommended Improvements.

The gravity collector and interceptor lines, transport flow to 15 major lift stations. The

Atakka station is the main lift station for the city and occupies a site approximately halfway

between the old wastewater treatment plant and the new wastewater treatment plant.

Existing Wastewater Treatment Facilities
The Suez Wastewater Treatment Plant has been in operation since August 1995. Partial

funding for the initial planning studies, plant design, plant construction and a one year

operator training program were provided by the United States Agency for International

Development, (USAID).

Figure SZ-11, Suez Wastewater Treatment Plant Flow Diagram, and Figure SZ-12, Suez

Wastewater Treatment Plant Site Layout, show the general plant layout and the process

schematic. The plant is located approximately 8 km to the southwest of Suez on a site inland

from the Suez - Ain EI-Sokhna coastal road.
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The plant has two treatment trains each designed for 65,000 m3/d, or 130,000 m3/d total,

average daily flow. The plant was designed to treat wastewater with influent characteristics

of 400 mgll total suspended solids (fSS) and 280 mgll biological oxygen demand (BODs).

The plant design calls for effluent quality to meet a standard of 50 mgll TSS and 60 mgll

BODs. This represents over 85% reduction of the TSS load and over 75% reduction of the

BODs load.

This wastewater treatment plant has been designed to use a biological process to remove

nutrient material from the wastewater prior to discharge. Prior to initial design of the plant,

two studies were performed. The Receiving Waters Study and the Basis of Design Report

were used to determine the quality of plant effluent water that could be discharged without

detrimental impact to the receiving waters or the native environment. These studies, which

were reviewed and approved by all pertinent Egyptian agencies and authorities, showed that

plant effluent meeting the 50 mgll TSS, 60 mgll BODs standard would not have a negative

impact on the receiving waters or on the native environment.

During the 12-month period ending January 1999, the average flow to the plant was

approximately 95,400 m3/d. During the same period the average TSS and BODs loads were

194 mgll and 169 mgll respectively. When compared to the design capacity of the plant this

represents approximately 50% of the TSS capacity and approximately 60% of the BODs

capacity. Since initial operation in 1995 the plant has consistently met or exceeded the

required effluent standards.

The infiltration during dry weather and high groundwater conditions, estimated from the

results of the previous Infiltration/Salinity study, is 29 percent of flow being transported for

treatment High groundwater is the principal cause of this infiltration.

Planning Criteria and Methodology

Average daily flow to the plant does not represent all wastewater generated in Suez.

Some areas of Suez receive water service; however, do not have wastewater collection and

treatment. If additional wastewater collection infrastructure were built to cover the entire

Suez water system coverage area the total flow to the wastewater plant would be increased to

approximately 170,000 m3/day. This represents nearly an 80 percent increase to the current

flow.

Capital plans outlined in this Master Plan were established to meet the goal of covering

the entire water service area with wastewater collection by the year 2005. Additionally,

population growth and growth in per capita wastewater production will also increase the flow

of wastewater to the plant. A projection of future wastewater flow is presented in Table SZ-5,

Suez Projected Wastewater Flow and BODs Load.

The increase in wastewater flow is used to plan future plant expansions; however, flow

alone is not a sufficient indicator of wastewater treatment plant capacity. The ability of a

wastewater treatment plant to successfully meet BODs discharge limits is considered the

limiting factor for a biological treatment plant.

Using anticipated flow into the wastewater treatment plant and using an estimate of

wastewater strength, the projected TSS and BODs loading was estimated. A projection of
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future BODs mass loading is also shown in Table SZ-5, Suez Projected Wastewater Flow and

BOD Load. Additionally a graphical representation of this data is shown in Figure SZ-13,

Suez WWTP Capacity vs. Projected BOD Load.

Table SZ-S Suez Projected Wastewater Flow and BOD Load
Year Projected Flow Projected BOD Load

(m3/day) (kg/day)
2000 I 96.000 19,570
2005 I 195,000 40,170
2010 I 228,700 47,110
2015 1 262,400 54,050
2020 2 296,100 60.997
Ultimate 2 310,900 64,040

Notes:
1) Estimated from growth rate curve.
2) Based on an analysis of future land use and wastewater production factors.

Preparation of the Suez Wastewater Master Plan included a review of existing facilities

and historical data. Wastewater flow analyses were conducted to identify current and

projected wastewater flows. Flows were developed using a land use methodology with

wastewater use factors developed for each land use category based on historical water records

and estimated wastewater return rates. Future land use was based on local and government

general land use plans.

A hydraulic model of the Suez wastewater collection system was developed as part of this

project. The hydraulic model was then used to identify system deficiencies and to develop

and evaluate potential facility improvements for correcting the deficiencies. The hydraulic

model includes wastewater collection lines 300 rom and larger in diameter.

The peak flows in the wastewater collection system reflect the water supply system. The

gravity system, however, includes storage capacity, resistance to excessive flow velocities and

a wide range of transmission distances and times from various parts of the system, all of

which tend to mitigate the downstream effect of peaks. In addition, infiltration will not

increase as the user flow increases; rather, it will probably decrease as the water level and

pressure in the pipe increase.

To the extent that infiltration constitutes a significant portion of the average daily flow in

Suez, it reduces the amplitude of peak and low flows. Peaking factors, expressed as a

multiple of the average daily flow (ADF), have been developed based on the existing WWTP

records and existing water demand patterns.
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Figure SZ·13 Suez WWTP
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Table SZ-6, Historical Flows and Peaking Factors, presents a summary of the historical

peaking factors.

Table SZ-6 Suez Historical Flows and Peaking Factors
Rate (m""d) Peaking Factor

Annual Average Daily Flow (ADF) (I) 95,000 1.00
Maximum Monthly Flow(2) 101,600 1.09
WWTP Minimum Day(2) 61,500 0.66
WWTP Minimum Nighttime Flow (MNF)(3) 38,800 0.63 x Min. day =0.42
WWTP Maximum Day MDF2) 116,200 1.24
WWTP Peak Hour PHF4

) 133,600 U5 x MDF =1.43
1) The annual average daily wastewater flow to WWfP.
2) Based on treatment plant records.
3) Minimum day on record multiplied by diurnal nighttime minimum hour.
4) Maximum day on record multiplied by diurnal daytime maximum hour.

The recommended improvement plan is based on the following criteria for phasing

infrastructure needs:

Phasel

• Construction of relief lines to alleviate hydraulic deficiencies in existing wastewater
system.

• Upgrading deficient lift stations.

• Construction of extension lines to serve areas currently served by the water system,
which do not have wastewater facilities.

• Construction of new lift stations to serve areas currently served by water system,
which do not have wastewater facilities.

• Expansion of the Suez Wastewater Treatment Plant to meet the demand of additional
flow.

• Wastewater System Management Plan to include an annual program for inspecting,
maintaining, and rehabilitating the existing wastewater system.

Phase 2

• Construction of new lift stations to serve growth areas without water or wastewater
service. .

• Construction of extensions to wastewater lines to serve growth areas currently without
water or wastewater service.

The function and future expansion of the wastewater collection system is directly related

to the land use development. Population and land development should be routinely monitored

and appropriate changes made to the wastewater facility plans. The pipe sizes and flow rates

for the recommended relief lines should be reviewed prior to construction, based on the actual

growth patterns.

Recommendations
It is recommended that the wastewater treatment process currently used in Suez be

continued. The wastewater treatment plant should be expanded by the year 2004 by adding a

third treatment train approximately equivalent to the existing trains. Intermediate sampling
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and testing should be conducted at the plant to monitor and adjust the rated performance of

the plant. Disinfection should be added only if mandated by EEAA and only after further

evaluation of the effects on the receiving waters. As the plant is currently meeting all

required effluent standards and as disinfection is not required, it is not included in the

improvement program at this time.

A biosolids testing program should be established to determine the suitability of the

biosolids for beneficial use. The current procedure of drying biosolids in the drying lagoons

should continue. Dried biosolids can be used for agricultural application after they have been

shown to be biologically stable and within acceptable guidelines for metals and chemicals.

A program should be implemented to survey and inventory the wastewater collection

system. Wastewater system surveys for system maintenance and control of infiltration should

be performed at least every 5 years. Before this Master Plan the Suez Infiltration/Salinity

survey was conducted and most of the urgent and cost effective repairs are being

implemented. Routine monitoring of infiltration should be conducted and if expected levels

of infiltration removal are not achieved, additional studies and rehabilitation projects may be

required. The recommended wastewater system management plan should include the

following components:

• An annual program of cleaning and inspection of wastewater lines by closed circuit

television cameras and other inspections as needed.

• System inspections to identify areas in need of rehabilitation.

• Updating the hydraulic model at least every 5 years in order to ensure that the model

reflects the current land use and demographic changes.

The characteristics of the effluent from the Suez Wastewater Treatment Plant indicate that

the effluent must have additional treatment before it is made available for reuse. Two of the

most notable characteristics are the total dissolved solids and the coliform bacteria. The

average IDS of the effluent for the 12-month period ending in October 1998 was

approximately 2,645 mgIL. Because of this high concentration of IDS, the effluent will

support only the most salt-tolerant crops if used as irrigation water without further treatment.

These crops may be date palms or certain forage crops. Additional testing should be

performed to determine soil conditions and drainage. It is recommended that desalination of

the effluent be considered if the effluent is to be used for irrigation.

The total projected capital cost of the Phase 1 Implementation Plan is $121.6 million. The

current value of the Phase 2 Implementation Plan is $145.9 million. The recommended

capital improvement projects are summarized in Tables SZ-7, Summary of Probable Capital

Costs - Phase 1, and SZ-8, Summary of Probable Capital Costs - Phase 2. The approximate

location of each project is indicated on Figure SZ-14, Suez Wastewater System

Recommended Improvements. Construction costs include allowances for

mobilization/demobilization, shoring, dewatering, and surface restoration. Additionally these

costs are based on use of international contractors, management and inspection. Costs will

vary depending on the actual surface and subsurface conditions.
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The projected capital costs listed for capital improvement projects include construction
cost plus allowances of 20 percent for contingencies and 20 percent for engineering, legal,

and administrative costs. No costs are included for land, rights-of-way, or rock excavation.

Table SZ-7 Summary of Probable Capital Cost - Phase 1
Construction Cost, Total Capital Cost,

CIPNo. US$ (1) US $ (2)
CIP 1 - Existing System Critical Improvements 12,073,000 14,488,000
CIP 2 - Port Tawfik Dock Area Collection System 312,000 374,000
CIP 3 - Westside Lower Trunk 15,600,000 18,720,000
CIP 4 - Old Drainage Channel Interceptor 2,340,000 2,808,000
CIP 5 - West Gabalaya Collector 1,680,000 2,016,000
CIP 6 - Coastal Interceptor, Lift Stations, and

Force Mains 21,480,000 25,776,000
CIP 7 - Industrial Zone Collection System 6,600,000 7,920,000
CIP 8 - SCA Zone Interceptor System 8,040,000 9,648,000
CIP 9 - Phase I Wastewater Treatment Plan

Expansion 26,808,000 32,170,000
Wastewater System Management Plan 0 7,650,000

Phase 1 Totals $94,933,000 $121,570,000
1) Construction cost includes 20 percent construction contingency.

2) Capital Cost includes construction cost and 20 percent engineering and administration cost

Table SZ-S Summary of Probable Capital Cost Phase 2.
Construction Cost, Total Capital Cost,

CIPNo. US $ (1) US $ (2)
CIP 10 - Existing System Phase 2 Improvements 6,014,000 7,217,000
CIP 11 - Local Development Interceptor 840,000 1,008,000
CIP 12 - Isolated Development Interceptor 1,320,000 1,584,000
CIP 13 - Cross Trunk Interceptor 3,708,000 4,450,000
CIP 14 - East Lowlands Development Collector

System 13,032,000 15,638,000
CIP 15 - Northwest Development Area

Collection System, 40,920,000 49,104,000
CIP 16 - Southwest Suez Industrial Zone 11,640,000 13,968,000
CIP 17 - Phase 2 Wastewater Treatment Plan

Expansion 44,142,000 52,970,000

Phase 2 Totals $121,616,000 $145,939,000
1) Construction cost includes 20 percent construction contingency.
2) Capital Cost includes construction cost and 20 percent engineering and administration cost

End of Suez Section
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Ismailia Water and Wastewater Master Plan
Executive Summary

Background and General Information
The City of Ismailia is one of three major cities along the Suez Canal. Ismailia is located

on the west bank of the Suez Canal at Lake Timsah, the smallest of the three Bitter Lakes

along the Canal route, approximately midway between the Mediterranean Sea and the Gulf of

Suez. Ismailia is the capital city of the Ismailia Governorate and serves as the center for the

Third Administration Region. Figure IS-I, Ismailia Location Map, shows the location of

Ismailia

Ismailia suffered considerable damage to utilities and other infrastructure during the 1967­

73 war. After the war, massive reconstruction efforts were initiated to bring the original

residents back to the City. In 1979, a Water and Wastewater Facilities Master Plan was

prepared and completed for the City of Ismailia.

The water treatment facilities and distribution system in Suez are owned and operated by

the Suez Canal Authority (SCA). Since 1980, SCA has made significant improvements to the

water treatment and distribution system based on the recommendations of the 1979 Water

Facilities Master Plan.
The wastewater collection and treatment facilities are owned by the governorate.

Currently the wastewater treatment plant is operated by a contract operator, however ultimate

control of the facility remains with the governorate. During the past few years significant

improvements have been made to the Ismailia collection and treatment facilities. These

improvement have been the result of a cooperative effort between the United States Agency

for International Development, the governorate, the National Organization for Potable Water

and Sanitary Drainage and other Egyptian government agencies.

In 1998 the United States Agency for International Development (USAID) contracted
with Black & Veatch International (BVI) to prepare water and wastewater master plans for
the three Canal Cities. The purpose of these master plans is to guide utility infrastructure

development up to the year 2020. Black & Veatch International, in association with

Montgomery Watson Americas and Sabbour Associates, conducted the Canal Cities Master

Plan project during the period from June 1998 to September 1999. Heath Consultants, a finn

specializing in field investigations for water systems, conducted field surveys and training for

leak detection, system pressures, and flow measurement during the project.
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Master Plan Objectives
The primary goal of this master plan is to adequately defme water and wastewater needs

in Ismailia for both existing and future conditions. Deficiencies of the existing water

distribution system, the water treatment plant, the wastewater collection system and the

wastewater treatment plant are identified. New and modified facilities to rectify these

deficiencies are recommended. Facilities have also been identified to accommodate future

growth are also recommended.

Study Area Boundary

The study area includes the existing built-up areas of Ismailia City, Abu Atwa, parts of

Nefesha village, and other adjacent areas, which are proposed for future urban development.

The urban area extends 6 Ian along the Suez Canal and 15 Ian along Lake Timsah. The total

area within the study area boundary is approximately 78 Ian2
•

The study area boundary is based on ratified boundary coordinates established in the map

titled Urban Limits of lsmailia City: The Approbation of lsmailia Build-out Area, issued by

the Third Regional Planning Department of GOPP in December 1993. The urban limits were

approved by the Governor of Ismailia, the President of the City's Local Council, and the

President of the Ismailia Urban Planning Department. The study area boundary is shown on

Figure IS-2, Ismailia Study Area Boundary.

Population and Land Use

Existing and future land uses were developed for the City of Ismailia. Water demand

factors were applied to the different land use categories to estimate water demands. Similarly

wastewater production factors were derived based on historical data and land use data. These

wastewater factors were also applied to determine projected wastewater flows.

The most recent topographical maps were purchased from the Central Agency for Public

Mobilization and Statistics (CAPMAS) and reflected 1994 land use conditions. In order to

portray the current land use conditions, additional site inspections were carried out,

particularly in selected fringe areas. The inspection fmdings, as well as modifications to the

land use registered by CAPMAS up to October 1998, were included in the land use plan of

existing conditions. Future land use was based on Ismailia Build-out Area maps from GOPP.

Lists of ongoing and future housing and industrial development projects were compiled with

the help of the Housing Department of the Governorate. The size, capacity, location, and

progress status of each project were interpreted and then incorporated into the land use plan of

existing conditions and, whenever applicable, into the 2020 land use plan. The existing, 2020,

and ultimate land use plans are shown in Figure IS-3, Ismailia Existing Land Use, IS-4,

Ismailia 2020 Land Use, and IS-5, Ismailia Ultimate Land Use, respectively.
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Preliminary results of the CAPMAS 1996 census indicated that the population of the

Ismailia urban core, excluding the satellite settlements of Nefesha and Abu Atwa, had reached
254,477, which was subsequently revised by CAPMAS to 255,134 in December 1998.
Following a cartographic analysis and a density analyses, it was concluded that the 1996
population of Nefesha and Abu Atwa, was 54,714. Therefore, the 1996 population of the

study area of 309,848 was used as the base figure in the CCMP population projections.

The projections were compared with population projections of approved planning studies
prepared by official agencies such as the Governorate, NOPWASD, or GOPP. The projection

based on CAPMAS population growth rate from 1986 to 1996 was the closest to the GOPP

projection in the official report titled Study of the Urban Boundaries of Ismailia, September

1992, and was used in the Master Plan. The CCMP recommended population projection is

shown in Figure IS-6, CCMP Population Projection.

Figure IS-6 Ismailia CCMP Population Projection
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The projected population figures are listed in five-year increments in Table 15-1, Ismailia
Existing and Projected Population.

Table IS-I Ismailia Existing and Projected Population
Year Population

Current 309,848
2000 336,468
2005 374,007
2010 417,020
2015 466,249
2020 523,320

Ultimate 575,051

The low occupancy housing rate methodology assumes that new housing developments
would have occupancy rates equivalent to 70 percent of their maximum capacity in year 2020.

Ultimate condition assumes new housing developments would have a maximum occupancy

rate equivalent to 100 percent of their capacity. Ultimate conditions in the study area will

Final· September 1999
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occur after 2020 or earlier depending on variations to the projected population due to

unforeseen factors such as gain in employment rates or change in the prevailing rate of

housing occupancy.

Recommendations

The CCMP land use plans integrate Ismailia Governorate's future development projects

and the proposals of the Ismailia Structural Plan study entitled Urban Limits of Ismailia City:

The Approbation of Ismailia Built-out Area, prepared by GOPP. The following

recommendations are suggestions to improve and, whenever judged feasible, to modify the

provisions of GOPP Structural Plan study and the Governorate development plans.

1. The Ismailia Structural Land Use Plan used for this Master Plan should be followed by

Governorate Authorities. If deviations from the land use plan occur, appropriate

measures should be taken by the utilities to modify infrastructure to meet the revised

development needs.

2. Other land use principles that are anticipated in this Master Plan are listed below.

Changes to this land use approach would result in changes to infrastructure needs and

should be dealt with by utility planners.

• Urban growth should continue northeastward and westward on desert land.

• Agricultural land within the City limits should remain cultivated and inaccessible

to urban development.

• Development along Lake Timsah should be closely monitored, to prevent

additional environmental damage and destruction of fishing grounds caused by

over-development and construction on land reclaimed from the lakeshores.

• Development along the Suez Canal should be restricted to only low density

residential development and recreational grounds open to the public.

• The creation of public open areas in future residential districts and the

preservation of the pond south of the City linked to Lake Timsah are

recommended to further enhance the environment-friendly image of Ismailia and

to compensate for the over-development of tourist facilities along the southern

shore of the lake.

3. Population growth should be monitored regularly and utility development adjusted

accordingly.

4. Utilities and government agencies should form joint committees to monitor land

development and communicate regularly on changing utility needs.

Final - Seplllmber 1999
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Ismailia Water Master Plan

Existing Raw Water Supply and Treatment Facilities

The City of Ismailia obtains its raw water supply from the Sweetwater Canal, which

extends from the Nile River north of Cairo and flows northeasterly to Ismailia, a distance of

about 135 kIn. In Ismailia, water from the Sweetwater Canal is used with treatment as potable

water and without treatment as nonpotable water for irrigation and other nonpotable uses.

The nonpotable water system is not included in the scope of work; however, the potable water

demands were developed taking into account that water supplied for irrigation and other

nonpotable uses are separate from potable water demands.

The' amount of water in the canal is controlled by the amount of water released from the

Aswan Dam into the Nile River. The Ministry of Irrigation (MOl) controls the release of the

water in accordance with irrigation needs. At present, the Ismailia Water Treatment Plant

draws a maximum of 159,000 m3/d of raw water during the summer. This is well within the

MOl's current domestic water allocation for Ismailia of 330,000 m3/d. SCA has requested

MOl future raw water allocation for Ismailia of 385,000 m3/d in year 2005 and 520,000 m3/d

in year 2017. These water requirements are also within the allocation provided by MOL

The Ismailia Water Treatment Plant consists of four treatment trains, the EI Mashroat,

Bamag 1, CTE, and Bamag 2. Bamag 2 is currently under construction. Raw water enters the

treatment trains through individual intakes on the Sweetwater Canal. The listed production

capacity of the treatment plant is 212,000 m3/d. The completion of Bamag 2 will increase the

total treatment capacity to 312,000 m3/d.

A schematic of the treatment process flow is shown in Figure IS-7, Ismailia Water
Treatment Plant Process Flow Diagram. The treatment plant layout is shown in Figure IS-8,

Ismailia Water Treatment Plant Site Layout.

Existing Water Distribution System

The Ismailia potable water distribution system consists of approximately 558 kIn of 60

mm and larger diameter pipes. Pipe installed prior to 1974 is mostly unlined cast iron (CI).

The pipes installed after 1974 are made of asbestos cement (AC). Lately, SCA has been using

only ductile iron (01), and polyvinyl chloride (PVC) pipes. The distribution system serves the

built-up area of Ismailia including the satellite areas of Nefesha District, Abu Atwa and Abu

Seweir. The total length of distribution mains (300 mm diameter and larger) included in the

hydraulic model is approximately 116 kIn.
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A leak detection survey was conducted on 61 km out of the 558 km (about 11 percent) of

the pipes in the distribution system. During the leakage survey, one engineer and three

technicians from the SCA Network Department were trained in the hands-on use of leak

detection and pipe/valve locating equipment. At the conclusion of the survey, one set of the

equipment was provided by USAID to SCA in each city for their continued use.

The results of the leak detection survey indicated that only a very small portion of the

unaccounted-for water (UFW) is due to leakage in the pipes. The majority of the UFW is

believed to be due to munetered domestic, commercial, and industrial usage; defective (under

reading) meters; hydrant use; main flushing, un-metered usage in govemmental and military

buildings and other public uses that are not metered. An accurate estimate of the UFW could

not be made. Most of the treated water flow meters are not operational; therefore, an accurate

comparison of treated water production with con~umption is difficult.

UFW estimates for similar systems indicate that a difference of 35 percent between

production and consumption is typical. The advantage of using the land use based approach

is that there is no need for actual data indicating the UFW. The UFW is imbedded into the

demands. If a lower UFW is used, then the water use factors for each land use would increase

to match the total water production.

Planning Criteria and Methodology

Detailed water demand analyses were conducted to identify current water demands and to

project future demands. Demands were developed based on water use factors applied to

existing and future land uses. Water use factors were developed for each land use category

based on historical water use records where available. Future land use and population

projections were based on local and government general land use plans. Table IS-2, Ismailia

Water Demands, shows the existing and projected average day demands and the maximum

day demands.

Actual production records indicate that the maximum day demand is 1.3 times the average

day demand, and the peak hour demand is 2.0 times the average demand. These peaking

factors were used in this master plan to reflect actual system operation.

A hydraulic model of the Ismailia water distribution system was developed with this

project. EPANet, a public domain software developed by the u.s. Environmental Protection

Agency (USEPA), was used for this master plan because of its modeling power and ease of

use. The hydraulic model was used to simulate operation of the distribution system at

existing and future conditions, to identify system deficiencies, and to develop and evaluate

potential facility improvements for correcting the deficiencies. The hydraulic model includes

all distribution pipelines 300 mm and larger in diameter.
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The water distribution system that was modeled is shown on Figure IS-IO, Ismailia Water

System Recommended Improvements.

Table IS-2 Ismailia Water Demands
Year Average Day Demands Maximnm Day Demands

(m3/day) (m3/day)

Current 124,200 161,460

2000 2 136,600 177,580

2005 2 155,700 202,410

2010 2 181,600 236,080

2015 2 212,100 257,730

2020 3 247,700 322,010

Ultimate 3 271,500 352,950
Notes:
L Estimated current (about 1997) system demands; distributed and calibrated based on an
analysis of land uses and water use factors.
2. Estimated from growth rate curve.
3. Based on an analysis of future land use and water use factors.

Recommendations

The following are general recommendations that could be implemented primarily by SCA

without help from outside contractors. These will provide sustainability of the master plan.

• Leak Detection and Repair. SCA should continue and expand the leak survey to
cover the entire distribution system using the leak detection equipment that was
provided to SCA by USAID as part of this project.

• Replacement of Old CI Pipes. SCA should continue the ongoing program of
replacing old CI pipes with Dl and PVC pipes to further strengthen and reduce leaks in
the system. There are approximately 25 km of CI pipes of various diameters from 60
mm to 300 mm that need to be replaced with PVC pipes. An additional 5 km of 400
mm CI pipes need to be replaced with DI pipes.

• Closed Valve Inventory. The distribution system contains hundreds of valves, most of
which are open. However, there appear to be a few valves that could have been
inadvertently left closed. As part of this project, pipe and valve locating equipment
were provided to SCA by USAID. This equipment could be used to locate the closed
valves.

• GIS Mapping and Hydraulic Modeling. A set of computers, printers, and digitizing
equipment with GIS mapping and hydraulic modeling capability was provide to SCA
by USAID under this project. The GIS mapping is critical in the ability to update the
land use plans and to estimate the water demands at the water demand polygon level in
the hydraulic model. The CCMP project will also provide training to the appropriate
SCA personnel. SCA should continue to make use of the GIS capability and to use the
hydraulic model to reflect changes in land use and in the distribution system.

Needs and improvements specific to each treatment system are described below:

1. El Mashroat Treatment System

• Because of a number of problems with the plant design, the El Mashroat treatment
train has been derated from the listed 52,000 m3/d to 33,000 m3/d. It was observed
that the pipes leading from the clarifiers to the filters hydraulically limit the amount of
flow through the plant. Also, at higher flows, the water level in the clarifiers rises
above the top of the inner ring dividing the reaction chamber from the concentric
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above the top of the inner ring dividing the reaction chamber from the concentric
clarification chamber. This causes short-circuiting in the clarifier with attendant
decline of clarifier performance. When plant staff raised the ring on one clarifier, it
eliminated short-circuiting in that clarifier. It is recommended that the rings
separating the concentric flocculators in the remaining three clarifiers be raised.

• The backwash system sends air and water through the same header in each filter;
however, plant staff found that the hydraulic capacity of the header is not adequate for
this in practice. Therefore, air and water backwashing is done sequentially rather than
concurrently. One filter is being modified to separate the air and water backwash
headers to determine whether this will correct the problem. In addition, since the
metal troughs are not level, backwashing across each filter is very uneven. Plant staff
have also noted loss of sand media through the underdrains. It is recommended that
the backwash system be upgraded by realigning the backwash troughs and
improving the underdrain system.

• A wetwell ahead of the treated water pumps drains when the depth in the treated water
reservoir is 2 meters or less. This limits the number of treated water pumps that can
be used. According to plant staff, the outlet pipes of the treated water storage tank and
the main pipeline leading to the pumping station are undersized. It is recommended
that the supply pipeline between the treated water tank and the treated water
pumping station be replaced with larger pipe. The optimal pipe sizes should be
determined by hydraulic analysis.

2. Bamag 1 Treatment System

• Plant staff noted that there is a hydraulic limitation on the raw water intake pipes,
which may have resulted from the replacement of a collapsed pipe with a concrete
vault. The headlosses in this vault may be contributing to the reduction in flow
capacity. Field investigations, including TV inspection of the two 600 mm intake
pipes, is recommended to determine the cause of the problem. A hydraulic grade
line study should also be conducted to determine the feasibility of connecting the
Bamag 1 raw water intake with the CTE and Bamag 2 raw water intakes, for
operationalflexibility.

• Plant staff indicates that they cannot operate the plant at the listed capacity of 60,000
m3/d because treated water quality deteriorates when the plant flow exceeds 45,000
m3/d, and that the sedimentation basin overflows at higher flows. During the site visit,
the launders were observed to be flooding. According to plant staff, there may be a
restriction in the pipeline between the sedimentation basin and the filters because,
although the sedimentation basin can be flooding, there is no increase in flow to the
filters. Correcting this problem requires further study by TV inspection of the pipe
connecting the sedimentation basins with the filters, potholing to trace the path of
the pipes, and measurement of the water surfaces of the sedimentation basin outlet
andfilter inlet at different plantflows so a hydraulic analysis can be conducted.

• The reason for the water quality deterioration is not clear. Loading rates on both the
clarifier and the filters are within expected design range, except for the sedimentation
tank finger weir rates. However, high weir rates have been shown to not contribute
significantly to deterioration of finished water quality. In the U.S., fmger weirs have
been removed from some facilities in favor of simple end weirs with higher loadings.
Further investigation is recommended to define the problem and to identify its
cause.
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• Plant staff notes that at flows above 45,000 m3/d, the treated water delivery head is too
high for the pumps so that they cannot deliver at higher flow rates. Hydraulic
modeling shows that the 600 mm discharge pipeline (which is scheduled to be
replaced) is too small to handle the flow. It is recommended that this pipe be
replaced with a 1000 mm diameter ductile iron pipe that would connect to the 1000
mm pipe west of the treated water pumping station, as discussed under water
distribution system improvements. The 600 mm suction line should be replaced with
a 1000 mm pipe.

• The pump station building is old and in poor structural condition. The old pump
station building should be demolished and a new building constructed.

3. CTE Treatment System
• Plant staff notes that the lamella plates are becoming blocked with alum sludge, which

apparently cannot be removed by draining and spraying with a hose. It is
recommended that the lamella pkltes be replaced with tube settlers, and that the
downflow orientation be reversed to upflow. •

• Plant staff reports that the first storage tank consists of an upper and a lower level, and
fllter sand is collecting in the lower level, blocking the outlets. There is no direct
.access to the lower level from the top of the storage tank to confirm this. This
problem requires further study that would include a TV inspection.

• Plant staff reports that the inlet weirs to the American Pump Station reservoirs are at
the same elevation as the overflow of the main storage tank just upstream. To remedy
the situation, staff have cut a single notch in each inlet weir, and have noticed
improvement. However, if the station pumps more than 58,000 m3/d, the reservoirs
are emptied. This problem requires further study that would include field
evaluations and hydraulic calculations to determine whether weir height is the
problem.

• Plant staff reported that high groundwater is flooding the electrical cables which
supply power to the pumping station. The underdrain system installed to prevent this
problem does not appear to be functioning. This problem requires further study to
determine the effectiveness of the underdrain system and to develop remedial
measures.

The recommended facilities improvements are grouped into two priorities: Phase 1

improvements are needed to address immediate or near-term deficiencies and should be

constructed within the next five years. Phase 2 improvements are additional facilities needed

by year 2020. Phase 2 improvements should be reviewed prior to implementation based on

the actual growth and water demand patterns that occur.

Capacity requirements for water treatment plants are based on meeting maximum day

demands (MOD). A plot of the water demands against treatment capacity is shown on Figure

IS-9, Ismailia Treatment Capacity Vs Projected Water Demands. The existing Ismailia

treatment plant with an evaluated capacity of 133,000 m3/d is not adequate to meet the current

MDO. Several improvements are recommended to increase the hydraulic capacity, fIltration

efficiency, and flow measurements at the various treatment units of the EI Mashroat, Bamag

1, and CTE treatment trains. When completed, these improvements would increase the

evaluated capacity of the trains to their respective listed production capacity, and increase the

total plant capacity to or near the design capacity of 212,000 m3/d.
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Assuming that the actual growth in Ismailia follows the water demand projections, this

treatment capacity would be sufficient to meet the demands until about year 2005 to 2006.

The new 100,000 m3/d plant (Bamag 2), which has been under construction for several years

will not actually be needed until then. However, it is imperative that the recommended

treatment plant improvements be completed as soon as possible to meet the current MOD.

The recommended Capital Improvement Projects (CIP) are shown on Figure IS-lO,

Ismailia Water System Recommended Improvements. The Phase 1 improvements are

summarized in Table IS-3, Summary of Probable Capital Improvement Costs - Phase 1. The

total cost of these improvements is approximately US $16 million.

Table 18-3 Summary of Probable Capital Improvement Costs - Phase 1
CIPNo. Construction Cost, Capital Cost,

US$ US$
CIP-l - Pipe Interconnections and Replacement 4,038,000 4,846,000

CIP-2 - Reservoir and Booster Pumping Station 5,351,000 6,421,000

CIP-3 - Water Treatment Plant Improvements 3,941,000 4,729,000

Total Capital Improvement Cost - Year 2000 13,330,000 15,996,000
Construction cost includes 20 percent construction contingency.
Capital Cost includes construction cost and 20 percent engineering and administration cost.

The recommended Phase 2 improvement projects are summarized in Table IS-4,

Summary of Probable Capital Improvement Costs - Phase 2. The total cost of Phase 2

improvements is approximately US $32 million.

Table 18-4 Summary of Probable Capital Improvement Costs - Phase 2
CIPNo. Construction Cost, Total Cost,

US$ US$
CIP-4 - Pipe Interconnections and Parallel Pipes 229,000 275,000

CIP-5 - Pipes, Reservoir and Booster Pump Station 15,170,000 18,204,000

CIP-6 - Pipes and Booster Pumping Station Expansion 7,372,000 8,846,000

CIP-7 - Pipes 1,337,000 1,604,000

CIP-8 - Pipes 764,000 917,000

CIP-9 - Pipes 1,766,000 2,119,000

Total Capital Improvement Cost· Year 2020 26,638,000 31,965,000

Construction cost includes 20 percent construction contingency.
Capital Cost includes construction cost and 20 percent engineering and administration cost.
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Figure 18·9 Treatment Capacity Vs Projected Water Demand
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The construction cost include all earthwork, trench shoring and pipe laying and

dewatering operations, as well as valves, fittings, blow-off assemblies, imported bedding

material, compacted backfill, surface restoration, disposal of excess excavated material and

traffic controls. These costs are based on use of international contractors, management and

inspection. These costs should be updated during detaIled design to represent current costs

based on the inflation index and methods of construction.

Recommendations for further studies or preliminary design include the following:

• Plant Hydraulics Study. A study of the hydraulic grade line of the different hydraulic
components of the treatment plant should be conducted to identify measures to
increase the capacity of the components to their design capacities.

• Pump Rehabilitation and Replacement Study. This is a detailed study of the raw and
treated water pumps to develop a pump rehabilitation and replacement program. This
study should include a physical inspection of the pumps, vibration and other tests,
review of operating and maintenance records, etc.

• Safety Improvement Study. CCMP noted various safety needs especially in the pump
stations, and the need for safety equipment, such as, gas masks, etc. This study is
strongly recommended for the near future.

• Alternative Treatment Process Evaluation and PreUminary Design. Alternative
treatment processes should be evaluated to determine the most feasible system
components for future treatment plants.

• Filter Backwash and Clarifier Residuals Disposal PreUminary Design. A
preliminary design should be done in the near future for a disposal system for the
water treatment plant filter backwash and clarifier residuals. This system is a major
plant retrofit and requires investigation of the plant's hydraulic grade line, multiple or
a single centralized treatment unit alternatives and location(s), pipe sizes, lengths,
alignment, etc.

• Operation and Maintenance (O&M) Cost Evaluation. This Master Plan also
included an evaluation of Institutional conditions within the water utility. This brief
review showed specific financial data was not available for system O&M. A detailed
study should be initiated to determine O&M levels required to maintain the collection
and treatment systems. Additionally this study should include a determination of the
level of funding necessary to maintain the water system.

Final - September 1999

Black & Veatch International
Ismailia 50 Isrnailia Executive Summary

Canal Cities Master Plan Project



Ismailia Wastewater Master Plan

Existing Wastewater Collection Facilities
The existing Ismailia wastewater service area covers approximately 20 square kilometers

and is projected to expand to more than 70 square kilometers at ultimate build-out. The

majority of the wastewater system in Ismailia is owned, operated and maintained by the

Governorate. Additionally, small portions of the system may be owned and/or controlled by

the military, other government agencies or by private industry. The collection system consists

of approximately 300 kilometers of wastewater lines with diameters ranging from 175 to 1350

mm. The system also includes nearly 12,000 manholes and 13 major lift stations.

A new wastewater treatment plant with a hydraulic capacity of 90,000 m3/day was

constructed in 1996. The plant was partially funded by the United States Agency for

International Development (USAID) in cooperation with several Egyptian Agencies.

During preparation of the Canal Cities Master Plans a number of sources were used to

obtain data on the existing wastewater collection system. Information in the form of maps

and construction drawings was obtained from, NOPWASD, the Governorate, construction

contractors and engineering consultants. It is important to note that no single source could be

used to obtain information on the entire system. Additionally the scale of drawings, the

reference datum and the level of detail varied from source to source. Ultimately a map of the

system was developed by combining the available information. This map was used to plan

future work and prepare the wastewater system model.

The map prepared for this project is based on the limited information that was available.

Where no maps or as-builts were available, line locations were drawn from field observations.

Some areas included horizontal data, but had little or no vertical data. In these areas manhole

inverts were estimated using available slope data which was not tied to local or system wide

datum. Existing wastewater collection pipes included in the model are shown on Figure IS­

14, Ismailia Wastewater System Recommended Improvements.

Existing Wastewater Treatment Facilities

The Ismailia Wastewater Treatment Plant has been in operation since January 1996. It is

located approximately 15 km to the south of Ismailia, northwest of the intersection of the

Ismailia-Suez Desert Road and the Cairo-Sarabum Desert Road. A process flow diagram and

a layout of the plant are presented in Figure IS-11, Ismailia Wastewater Treatment Plant

Process Flow Diagram and in Figure IS-12, Ismailia Wastewater Treatment Plant Site Layout.

The plant has two treatment trains, each designed for 45,000 m3/d, for a total design flow

of 90,000 m3/d. The plant was designed to treat wastewater with influent characteristics of

240 mg/l total suspended solids (TSS) and 270 mg/l biological oxygen demand (BODs). The

plant design calls for effluent quality to meet a standard of 50 mg/l TSS and 60 mg/l BODs.
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This wastewater treatment plant has been designed to use a biological process to remove

nutrient material from the wastewater prior to discharge. Prior to initial design of the plant,

two studies were performed. The Receiving Waters Study and the Basis of Design Report

were used to determine the quality of plant effluent water that could be discharged without

detrimental impact to the receiving waters or the native environment. These studies, which

were reviewed and approved by all pertinent Egyptian agencies and authorities, showed that

plant effluent meeting the 50 mgII TSS, 60 mgII BODs standard would not have a negative

impact on the receiving waters or on the native environment.

During the 12-month period ending December 1998, the average flow to the plant was

approximately 76,700 m3/d. During the same period the average TSS and BODs loads were

216 mgII and 183 mgII respectively. When compared to the design capacity of the plant this

represents approximately 90% of the TSS capacity and approximately 68% of the BODs

capacity. Since initial operation, the plant has consistently met or exceeded the required
effluent standards.

Recently plant operators have been informed by EEAA that in the future EEAA may add a

fecal coliform limit to the effluent discharge permit. When this limit is added, disinfection

will need to be added to the treatment process.

Because of the very low annual rainfall, the Ismailia collection system is not influenced by

rainfall-induced infiltration and inflow; therefore, no analyses for storm events were

conducted. The infiltration during high groundwater conditions estimated from the results of

the 1998 Infiltration/Salinity study, is 7,000 m3/day. Therefore, at the time of this study,

infiltration was approximately 14 percent of the average dry weather flow being transported

for treatment. High groundwater is the principal cause of infiltration.

Planning Criteria and Methodology

Preparation of the Ismailia Wastewater Master Plan included a review of existing facilities

and historical data. Wastewater flow analyses were conducted to identify current and

projected wastewater flows. Flows were developed using a land use methodology with

wastewater use factors developed for each land use category based on historical water records

and estimated wastewater return rates. Future land use was based on local and government

general land use plans

Average daily flow to the plant does not represent all wastewater generated in Ismailia.

Some areas of the City receive water service; however, do not have wastewater collection and

treatment. If additional wastewater collection infrastructure were built to cover the entire

Ismailia water system coverage area, the total flow to the wastewater plant would increase to

approximately 125,000 m3/day. This represents nearly a 60 percent increase to the current

flow.

The flow and loads to the WWTP will increase in the future and these increases can be
attributed to the following three causes: (l) extending wastewater collection to all existing
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water service areas, (2) population growth within existing service areas and (3) new

development.

Capacity of a wastewater treatment plant is a combination of flow and BOD concentration

and can be expressed as a BOD mass loading rate. As originally designed the Ismailia

wastewater treatment plant has a capacity to treat 90,000 m3/d with a BOD influent

concentration of 270 mg/l. This is equivalent to 24,300 kg/d.

Using anticipated flow into the wastewater treatment plant and using an estimate of

wastewater strength, the projected TSS and BODs loading was estimated. A projection of

future BODs mass loading is shown in Table IS-5, Ismailia Projected Wastewater Flow and

BOD Load. Additionally a graphical representation of this data is shown in Figure IS-13,

Ismailia WWTP Capacity vs. Projected BOD Load.

Table 18-5 Ismailia Projected Wastewater Flow and BOD Load
Year Projected Flow Projected BOD Load

(m3/day) (kg/day)
2000 1 80,000 17,200
2005 1 140,000 30,100
2010 1 165,000 35,475
2015 I 190,000 40,850
2020 2 217,100 46,677
Ultimate 2 237,700 51,106

Notes:
I) Estimated from growth rate curve.
2) Based on an analysis of future land use and wastewater production factors.

H one additional train were added to the treatment plant this would bring the BOD mass

loading capacity to 36,450 kg/day. Figure IS-13, Ismailia WWTP BOD Capacity vs. BOD

Mass Loading Rate, shows that BOD treatment capacity will be exceeded by year 2003 with

two trains operating and in approximately 2009 with three trains operating.

A hydraulic model of the Ismailia wastewater collection system was developed as part of

this project. The hydraulic model was then used to identify system deficiencies and to

develop and evaluate potential facility improvements for correcting the deficiencies. The

hydraulic model includes wastewater collection lines 300 mm and larger in diameter.

The peak flows in the wastewater collection system parallel water demands. To the extent

that infiltration constitutes a significant portion of the average daily flow in Ismailia, it

reduces the amplitude of peak and low flows. Peaking factors, expressed as a multiple of the

average daily flow (ADF), have been developed based on the existing WWTP records and

existing water demand patterns.
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Table IS-6, Historical Flows and Peaking Factors, presents a summary of the historical

peaking factors.

Table 18-6 Ismailia Historical Flows and Peaking Factors
Rate (m,)/d) Peaking Factor

Annual Average Daily Flow (ADF) (I) 76,800 1.00
Maximum Monthly Flow(2) 90,800 I.l7
WWTP Minimum Day(2) 46,700 0.61
WWTP Minimum Night-time Flow (MNF)(3) 31,500 0.67 x Min. day = 0.41
WWTP Maximum Day MDp2) 105,000 1.37
WWTP Peak Hour PHp4) 145,000 1.38 x MDF =1.89

I) The annual average daily wastewater flow to WWfP.
2) Based on treatment plant records
3) Minimum day on record multiplied by diurnal nighttime minimum hour.
4) Maximum day on record multiplied by diurnal daytime maximum hour.

The recommended improvement plan is based on the following criteria for phasing

infrastructure needs:

Phase 1

• Construction of relief lines to eliminate existing wastewater system hydraulic

deficiencies identified by the model under current peak flow conditions.

• Upgrading of lift stations to eliminate the hydraulic deficiencies identified by the

model under current peak flow conditions.

• Extension wastewater lines into serve areas currently served by the water system,

which do not have wastewater facilities.

• Construction of new lift stations to serve areas currently served by water system,

which do not have wastewater facilities.

• Wastewater System Management Plan to include an annual program of wastewater

line inspection, maintenance, rehabilitation, and inventory update.

• Wastewater treatment plant expansion to accommodate the increased flows projected

to be contributed by the new Phase 1 facilities and resulting from population growth to

the year 2004.

Phase 2

• Construction of extension lines to serve future development areas currently without

water or wastewater service.

• Construction of lift stations to serve future development areas currently without water

or wastewater service.

• Wastewater treatment plant expansion to accommodate the increased flows projected

to be contributed by the new Phase 2 facilities and resulting from population growth to

the ultimate development conditions.

The function and future expansion of the wastewater collection system is directly related

to the land use development. Population and land development should be routinely monitored

and appropriate changes made to the wastewater facility plans. The pipe sizes and flow rates
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for the recommended relief lines should be reviewed prior to construction, and adjusted on the

actual growth patterns.

Recommendations
It is recommended that the wastewater treatment process currently used in Ismailia be

continued. The plant should be expanded by the year 2003 by adding a third parallel

treatment train. Intermediate sampling and testing should be conducted at the plant to monitor
and adjust the rated performance of the plant. Additional treatment capacity may be needed

by 2009. Disinfection should be added if mandated by EEAA; however, it is not currently

included in the improvement program. A program should be established for further

agricultural reuse of the treated plant effluent. A biosolids testing program should be

established to determine the suitability of biosolids for beneficial use. After biosolids have

been shown (by appropriate testing) to be suitable for beneficial use, the current procedures of

biosolids handling should continue.

The total projected capital cost of the Phase I Implementation Plan is $166 million. The

current value of the Phase 2 Implementation Plan is $83 million. The recommended capital
improvement projects are summarized in Tables V4-ES2 and V4-ES3 and indicated on Figure

IS-14, Ismailia Wastewater System Recommended Improvements. Construction costs include

allowances for mobilization/demobilization, shoring, dewatering, and surface restoration.

Costs will vary depending on the actual surface and subsurface conditions. The projected

capital costs listed for capital improvement projects include construction cost plus allowances

of 20 percent for contingencies and 20 percent for engineering, legal, and administrative

costs. No costs are included for land, rights-of-way, or rock excavation.

Table IS-7 Summary of Probable Capital Cost - Phase 1
Construction Cost, Total Capital Cost,

CIPNo. US $ (1) US$ (2)
CIP 1 - Existing System Critical Improvements 21,888,000 22,618,000
CIP 2 - Expansion Lift Station 26,448,000 31,738,000
CIP 3 - AI Abbassy Lower Trunk 20,820,000 24,984,000
CIP 4 - Upper Trunk 14,604,000 17,525,000
CIP 5 - Suez Canal University Force Main 2,676,000 3,211,000

CIP 6 - Old University Site Interceptor 6,924,000 8,309,000
CIP 7 - Gaweesh Area System 2,124,000 2,549,000

CIP 8 - West Basin Interceptor 1,584,000 1,901,000

CIP 9 - Upper Sweetwater Canal trunk 4,764,000 5,717,000

CIP 10 - Northwest Ring Road Col1llrefCial Area Trunk 16,296,000 19,555,000

CIP 11 - Isolated Lift Station and Force Main 492,000 590,000

CIP 12 - Phase 1 Wastewater Treatment Plant
Expansion 16,344,000 19,613,000

Wastewater System Management Plan 0 8,000,000

Phase 1 Totals $134,964,000 $166,310,000
I) Consttuction cost includes 20 percent construction contiItgency.

2) Capital Cost includes consttuction cost and 20 percent engineering and administration costs
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Table 18-8 Summary of Probable Capital Cost - Phase 2
Construction Cost, Total Capital Cost,

CIPNo. US $ (1) US $ (2)

CIP 13 - Existing System Phase 2 Improvements 5,040,000 6,048,000

CIP 14 - Northwest Hilltop Residential
Development 1,020,000 1,224,000

CIP 15 - North-central Hilltop Residential
Development 3,132,000 3,758,000

CIP 16 - Upper Northeast Basin Residential
Development 15,432,000 18,518,000

CIP 17 - Lower Northeast Basin Residential
Development 3,180,000 3,816,000

CIP 18 - North Canal Trunk 2,892,000 3,470,000

CIP 19 - Phase 2 Wastewater Treatment Plant
Expansion 38,400,000 46,080,000

Phase 2 Totals $69t096tOOO $82~14,OOO

I) Construction cost includes 20 percent construction contingency.
2) Capital Cost includes construction cost and 20 percent engineering and administration costs

Final - September 1999
Black & Veatch International

Ismailia 59 lsmailia Executive Summary
Canal Cities Master Plan Project



Recommendations for further studies or preliminary design include the following:

• Wastewater System Inventory. As noted in the Phase I summary, a complete
wastewater system inventory should be prepared. Additionally, and of equal

importance, this inventory must be continuously maintained and updated. This

inventory should include pipes, manholes, lift stations and force mains. Inventory

detail should be added to the GIS data prepared for the Master Plan. Inventory of

smaller pipes should be added to the GIS database and used for system maintenance
and replacement.

• Wastewater Treatment Plant Capacity Analysis. The original design of the
wastewater treatment plant was based on limited knowledge of influent characteristics.
Daily operation of the plant and daily testing of influent has shown the original design

was somewhat conservative. A study should be initiated to test chemical and
biological characteristics of plant flow at the influent, the effluent and at several

intermediate points in the treatment train. This information should be used to re-rate

plant capacity and to accurately target future plant additions and expansions.

• Operation and Maintenance (O&M) Cost Evaluation. This Master Plan also

included an evaluation of Institutional conditions within the wastewater utility. This

brief review showed specific financial data was not available for system O&M. A

detailed study should be initiated to determine O&M levels required to maintain the

collection and treatment systems. Additionally this study should include a

determination of the level of funding necessary to maintain the wastewater system.

End of Ismailia Section

Final - September 1999

Black & Veatch International
Ismailia 61 Ismailia Executive Summary

Canal Cities Master Plan Project



Port Said Water and Wastewater Master Plan

Executive Summary

Background and General Information

The City of Port Said is one of three major cities along the Suez Canal. It is situated on
the Mediterranean Sea at the northern terminus of the Suez Canal. The City stretches out on

the reclaimed land that separates Lake Manzalah from the Mediterranean Sea up to Al
Gameel, the only outlet from the lake to the sea A ring road extends from the southern

entrance of the City up to its western border at AI Gameel, traverses Lake Manzalah
approximately 2 kIn from inland, and intersects the Port Said-Damietta coastal road that leads

to the Nile Delta Figure PS-l, Port Said Location Map, shows the location of Port Said.

Port Said suffered considerable damage to utilities and other infrastructure during the

1967-73 war. After the war, massive reconstruction efforts were initiated to bring the original

residents back to the City. In 1979, a Water and Wastewater Facilities Master Plan was

prepared and completed for the City of Port Said.
The water treatment facilities and distribution system in Port Said are owned and operated

by the Suez Canal Authority (SCA). Since 1980, SCA has made significant improvements to

the water treatment and distribution system based on the recommendations of the 1979 Water

Facilities Master Plan.
The wastewater collection and treatment facilities are owned by the Governorate.

Currently the wastewater treatment plant is operated by a contract operator, however ultimate

control of the facility remains with the Governorate. During the past few years significant
improvements have been made to the Port Said collection and treatment facilities. These

improvement have been the result of a cooperative effort between the United States Agency
for International Development, the Governorate, the National Organization for Potable Water

and Sanitary Drainage and other Egyptian government agencies.
In 1998, Black & Veatch International was selected by the United States Agency for

International Development (USAID) to prepare water and wastewater master plans for the

three Canal Cities. The purpose of these master plans is to guide utility infrastructure

development up to the year 2020. Black & Veatch International in association with
Montgomery Watson and Sabbour Associates conducted the Canal Cities Master Plan project

during the period from June 1998 to September 1999.
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Master Plan Objectives
The primary goal of this Master Plan is to define Port Said's water and wastewater needs

for both existing and future conditions. Deficiencies of the existing collection and treatment

system are identified, and facilities to rectify these deficiencies are recommended.

Deficiencies anticipated in the future have also been identified and facilities needed to

accommodate future growth are recommended.

Study Area Boundary
The study area includes both the existing urban built-up area and future build-out areas of

Port Said and Port Fouad as allocated by the local and central authorities for future urban
development projects. The study area boundary is based on ratified boundary coordinates

prepared by the Governorate and on planning documents prepared by the General

Organization of Physical Planning (GOPP) or the local planning department affiliated with

the Ministry of Housing. The study area boundary is shown on Figure PS-2, Port Said Study

Area Boundary.

Preparation of the Port Said Water and Wastewater Master Plan included a review of

available data, development of land use maps, water demand and wastewater flow projections

for existing and future conditions, development of computer hydraulic models, evaluation of

hydraulic capacities and development of an improvement implementation plan. The overall

objective was to develop a phased, cost-effective plan to meet existing and future needs to

accommodate ultimate build-out of the Study Area.

Population and Land Use
Existing and future land uses were developed for the City of Port Said. Water demand

factors were applied to the different land use categories to estimate water demands. Similarly

wastewater production factors were derived based on historical data and land use data. These
wastewater factors were also applied to determine projected wastewater flows. Estimates of

existing and projected population to year 2020 were used to obtain per capita water use and
wastewater production. This was used to verify estimates for the entire study area.

The most recent topographical maps were purchased from the Central Agency for Public
Mobilization and Statistics (CAPMAS) and reflected 1994 land use conditions. In order to

portray the current land use conditions, additional site inspections were carried out,
particularly in selected fringe areas. The inspection fmdings, as well as modifications to the

land use registered by CAPMAS up to October 1998, were included in the land use plan of
existing conditions.
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Lists of ongoing and future housing and industrial development projects were compiled

with the help of the Housing Department of the Governorate. The size, capacity. location, and

progress status of each project were interpreted and then incorporated into the land use plan of

existing conditions and, whenever applicable, into the 2020 land use plan. The existing, 2020,

and ultimate land use plans are shown in Figures PS-3, PS-4, and PS-5, respectively.

Preliminary results of CAPMAS 1996 census indicated that the population of Port Said

Governorate had reached 469,533. This included people living in both Port Said City and in

rural areas of Al Dawahi Qism. This population figure was later revised by CAPMAS in

December 1998 to 462,259. The population in the City of Port Said including Port Fouad was

estimated at 430,502. This figure was used as the basis for CCMP population projections up

to the year 2020. The projections were developed using different growth rates from historical

data obtained from CAPMAS and the Port Said Governorate. The population projections

were compared with projections of approved planning studies prepared by official agencies

such as the Governorate, NOPWASD, or GOPP. The selected "most likely scenario" is the

projection based on CAPMAS population growth rate from 1986 to 1996. This is the closest

to GOPP projection in the official report titled "Study of the Urban Boundaries of Port Said,"

prepared in September 1992 and was used in the Master Plan. The CCMP recommended

population projection is shown in Figure PS-6, CCMP Recommended Population Projection.

The low occupancy housing rate methodology assumes that new housing developments

would have occupancy rates equivalent to 70 percent of their maximum capacity in year 2020.

Ultimate condition assumes new housing developments would have a maximum occupancy

rate equivalent to 100 percent of their capacity. The projected population figures are listed in

five-year increments in Table PS-l, Port Said Existing and Projected Population.

Table PS-l Port Said Existing and Projected Population
Year Population

Current 430,502
2000 466,634
2005 509,426
2010 561,465
2015 617,786
2020 692,104

Ultimate 843,594
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Figure PS-6 CCMP Recommended Population Projection
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Recommendations
The recommended development complies with the strategic objectives of the Government

of Egypt Those objectives include reduction in the population concentration of the Nile

Valley by encouraging growth in new regions that include Sinai. Therefore, a key

recommendation of the Land Use Plan is to orient the growth of Port Said eastward, in the

direction of the peninsula and on the eastern bank of the Suez Canal.

The following recommendations are suggestions to improve and, whenever judged
feasible, to modify the provisions of the governorate development plans.

1. Governorate Authorities should use the preliminary Port Said Structural Land Use

Plan used for this Master Plan. A land use master plan should be prepared and

adopted. If deviations from the preliminary land use plan occur, the utilities should

take appropriate measures to modify infrastructure plans to meet the revised

development needs.

2. Other Land Use principles that are anticipated in this Master Plan are listed below.
Changes to this land use approach would result in changes to infrastructure needs and
should be dealt with by utility planners.

• Urban growth should be directed to the eastern side of the Suez Canal.
Development should proceed on the available and accessible land in Port Fouad and
in the area south of Al Dawahi.

• Reclamation of Lake Manzalah is no longer justified, and should be discontinued,
to reduce or reverse the environmental damage and destruction of fishing grounds
associated with reclamation.
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• Land allocation should be oriented toward development of the Lake Manzalah
waterfront, to end the long-standing policy of regarding the lake as an obstacle to
development.

• A developed waterfront boulevard should be planned that links the City with much­
needed central landscaped recreational grounds. An environmentally friendly
landscaped waterfront would attract birds and complement the adjacent Ashtoum
EI-Gameel Natural Reserve. This would help promote both the City and the Natural
Park as ecotourism destinations. The long-term economic benefits associated with
this include the ability of Port Said to attract ecotourism vacation market.

• The salt ponds in Port Fouad should be preserved and converted to recreational
lagoons bordering the Port Fouad public playgrounds and low-density residential
zones. Like the Lake Manzalah waterfront, this type of development would also
provide habitat for birds and other wildlife.

• Subdivisions A41, A42, and A43 on the strip of land leading to the Port Said
wastewater treatment plant should remain undeveloped. The area surrounding the
Port Fouad wastewater treatment plant should also not be developed. This will
eliminate potential health hazards and odor nuisances.

3. Population growth should be monitored regularly and utility development adjusted

accordingly.

4. Utilities and government agencies should form joint committees to monitor land

development and communicate regularly on changing utility needs.
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Port Said Water Master Plan

Existing Raw Water Supply and Treatment Facilities
The City of Port Said obtains its raw water supply from the Sweetwater Canal, which

extends from the Nile River north of Cairo and flows northeasterly to Ismailia, a distance of

about 135 kIn. A northerly branch of the Sweetwater canal supplies water to Port Said.
The amount of water in the canal is controlled by the amount of water released from the

Aswan Dam into the Nile River. The Ministry of Irrigation (MOl) controls the release of the
water in accordance with irrigation and other needs. The carrying capacity of the northerly

branch to Port Said is estimated to be about 160,000 to 170,000 m3/d.

In 1998, the Qantara Pump Station was constructed about 40 kIn south of Port Said. The

purpose of the Qantara Pump Station is to augment the water supply to Port Said which had

been unreliable due to wide seasonal fluctuations in the flow. The Qantara Pump Station

pumps water from the canal through a 1500 mm pipeline to a 50,000 m3 raw water reservoir

south of the EI Raswa Water Treatment Plant in Port Said.

The MOl's current domestic water allocation for Port Said is 260,000. SCA requested

MOl future water allocation for Port Said of 360,000 in year 2005 and 525,000 in year 2017.

These water requirements are within the allocations provided by MOL

The Port Said Water Treatment Plant, also referred to as the EI Raswa Water Treatment

Plant, consists of six treatment trains. Two of the operating treatment trains consist of Bamag

filtration plants and three trains are based on rapid sand filters. The sixth, a slow sand

filtration train, is being converted to a rapid sand filtration system. Another slow sand

filtration train has been removed from service, with no plans for rehabilitation. Raw water

enters the plant site through the El-Abasa Canal. A schematic of the treatment process flow is
shown on Figure PS-7, Port Said Water Treatment Plant Process Flow Diagram. The

treatment plant layout is shown on Figure PS-8, Port Said Water Treatment Plant Site Layout.

Existing Water Distribution System
The Port Said existing distribution system consists of approximately 330 kIn of pipes

ranging from 75 rom to 1000 mm. Pipe materials used include cast iron (CI), ductile iron

(01), asbestos cement (AC), and polyvinyl chloride (PVC). The distribution system serves

both Port Said and Port Fouad. The Port Said system is supplied by the EI Raswa Water

Treatment Plant through five pipe crossings under the Junction Canal. The Port Fouad system

is also supplied by the EI Raswa Treatment Plant by four pipe crossings under the Suez Canal.

Two other pipe crossings under the northern end of the Suez Canal near the Mediterranean
Sea connect the Port Said and Port Fouad water systems.
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A leak detection survey was conducted on 35 kIn out of the 333 km (about 10 percent) of

the pipes in the distribution system. During the leakage survey, one engineer and three

technicians from the SCA Network Department were trained in the hands-on use of leak

detection and pipe/valve locating equipment. I\.! the conclusion of the survey, one set of the

equipment was provided by USAID to SCA in each city for their continued ~se.

The results of the leak detection survey indicated that only a very small portion of the

unaccounted-for water (UFW) is due to leakage in the pipes. The majority of the UFW is

believed to be due to unmetered domestic, commercial, and industrial usage; defective (under

reading) meters; hydrant use; main flushing, some unmetered usage in governmental and

military buildings and other public uses that are not metered. An accurate estimate of the

UFW could not be made. Some of the treated water flow meters are not operational;

therefore, an accurate comparison oftreated water production with consumption is difficult.

UFW estimates for similar systems indicate that a difference of 35 percent between

production and consumption is typical. The advantage of using the land use based approach

is that there is no need for actual data indicating the UFW. The UFW is imbedded into the

demands. If a lower UFW is used, then the water use factors for each land use would increase

to match the total water production.

Planning Criteria and Methodology

Detailed water demand analyses were conduded to identify current water demands and to

project future demands. Demands were developed using a land use methodology, with water

use factors developed for each land use category based on historical water use records. Future

land use and population projections were based on local and government land use plans.

Table PS-2, Port Said Water Demands, shows the existing and projected average annual water

demands.

Table PS-2 Port Said Water Demands
Year Average Day Demands Maximum Day Demands

(mJ/day) (mJ/day)
Current I 180,000 234,000

2000 2 194,400 252,700

2005 2 219,700 285,600

2010 2 257,000 334,100

2015 2 300,700 390,900

2020 3 357,000 464,100

Ultimate 3 399,100 518,800
-

Notes:
I) Esllmated current (about 1997) system demands; distributed and calibrated based on an

analysis ofland uses and water use factors.
2) Estimated from growth rate curve.
3) Based on an analysis of future land use and water use factors.

Actual production records indicate that the maximum day demand is 1.3 times the average

day demand, and the peak hour demand is 2.0 times the average demand. These peaking

factors were used in this master plan to reflect actual system operation.
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A hydraulic model of the Port Said water distribution system was developed with this

project. EPANet, a public domain software developed by the U.S. Environmental Protection

Agency (USEPA), was used for this master plan because of its modeling power and ease of

use. The hydraulic model was used to simulate operation of the distribution system at

existing and future conditions, to identify system deficiencies, and to develop and evaluate

potential facility improvements for correcting the deficiencies. The hydraulic model includes

all distribution pipelines 300 mm and larger in diameter. The model was calibrated using

system pressure and pumping rates measured during field tests.

Recommendations
The following are general recommendations that could be implemented primarily by SCA

without help from outside contractors. These will provide sustainability of the master plan.

• Leak Detection and Repair. SCA should continue and expand the leak survey to
cover the entire distribution system using the leak detection equipment that was
provided to SCA by USAID as part of this project.

• Replacement ofCI Pipes. SCA should continue the ongoing program of replacing old
CI pipes with DI and PVC pipes to further strengthen and reduce leaks in the system.

• Closed Valve Inventory. The distribution system contains hundreds of valves, most of
which are open. However, there appear to be a few valves that could have been
inadvertently left closed. As part of this project, pipe and valve locating equipment
were provided to SCA by USAID. This equipment could be used to locate the closed
valves.

• GIS Mapping and Hydraulic Modeling. A set of computers, printers, and digitizing
equipment with GIS mapping and hydraulic modeling capability was provide to SCA
by USAID under this project. The GIS mapping is critical in the ability to update the
land use plans and to estimate the water demands at the water demand polygon level in
the hydraulic model. The CCMP project also provided training to the appropriate
SCA personnel. SCA should continue to make use of the GIS capability and to use the
hydraulic model to reflect changes in land use and in the distribution system.

The recommended improvements are grouped into two priorities: Phase 1 improvements

are needed to address immediate or near-term deficiencies and should be constructed within

the next five years. Phase 2 improvements are needed by year 2020, and should be reviewed

for conformity with actual growth and water demand patterns before they are implemented.

Capacity requirements for water treatment plants are based on meeting maximum day

demands (MDD). A plot of the water demands against treatment capacity is shown on Figure

PS-9, Port Said Treatment Capacity Vs Projected Water Demands.

The existing Port Said treatment plant with an evaluated capacity of 220,625 m3/d is not

adequate to meet the current MDD of 253,000 m3/d. Repair of the one filter currently out of

service will add 4,375 m3/d and will increase the total capacity to 225,000 m3/d. The

rehabilitation of Train 2 will add another 40,000 m3/d, increasing the total capacity to 265,000

m3/d. Completion of these two rehabilitation projects will bring the total capacity to

approximately match the current MDD. These projects should be completed as soon as possible.
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Figure PS·9 Treatment Plant Capacity Vs Projected Water Demand
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Bid documents are being prepared by SCA for a new 100,000 m3/d plant. Assuming that

the actual growth in Port Said follows the demand projections, the new plant would be able to

supply enough treated water to meet the MDD until year 2011. Another 100,000 m3/d plant

would be needed to meet the year 2020 demands.

The recommended Capital Improvement Projects (CIP) are shown on Figure PS-lO, Port

Said Water System Recommended Improvements. The recommended Phase 1 Capital

Improvement Projects (CIP) are summarized in Table PS-3, Summary of Probable Capital

Improvement Costs. The total cost of the improvements for Phase 1 is approximately US $50

million.

Table PS-3 Summary of Probable Capital Improvement Costs -Phase 1
Construction Cost, Capital Cost,

CIPNo. US$ US$
CIP-l Pipeline Interconnections 4,289,000 5,147,000

CIP-2 Reservoirs and Booster Pump Station 7,649,000 9,179,000

CIP-3 Water Treatment Plant Improvements 1,680,000 2,016,000

CIP-4 Water Treatment Plant (with pump station) 28,372,000 34,046,000

Total Capital Improvement Cost· Year 2000 41,990,000 50,388,000

Construction Cost includes 20 percent construction contingency
Total Capital Cost includes Construction Cost and 20 percent engineering and administration cost

The recommended Phase 2 Capital Improvement Projects are summarized in Table PS-4,

Summary of Capital Improvement Costs. The total cost of Phase 2 projects is US $60

million.

Table PS-4 Summary of Probable Capital Improvement Costs- Phase 2
Construction Cost, Total Cost,

CIPNo. US$ US$
CIP-5 Pipeline Interconnections 1,351,000 1,621,000

CIP-6 Pipes 4,789,000 5,747,000

CIP-7 Pipes 4,336,000 5,203,000

CIP-8 Pipes 654,000 785,000

CIP-9 Pipes 4,642,000 5,570,000

CIP-lO Water Treatment Plant 28,372,000 34,046,000

CIP-ll Reservoirs and Booster PS Expansion 6,029,000 7,235,000

Total Capital Improvement Cost· Year 2020 50,173,000 $60,207,000

Construction Cost includes 20 percent construction contingency
Total Capital Cost includes Construction Cost and 20 percent engineering and administration cost
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Recommendations for further studies or preliminary design include the following:

• Pump Rehabilitation and Replacement Study. This is a detailed study of the raw and
treated water pumps to develop a pump rehabilitation and replacement program. This
study should include a physical inspection of the pumps, vibration and other tests,
review of operating and maintenance records, etc.

• Safety Improvement Study. CCMP noted various safety needs especially in the pump
stations, and the need for safety equipment, such as, gas masks, etc. This study is
strongly recommended for the near future.

• Alternative Treatment Process Evaluation and Preliminary Design. Alternative
treatment processes should be evaluated to determine the most feasible system
components for future treatment plants.

• Filter Backwash and Clarifier Residuals Disposal Preliminary Design. A
preliminary design should be done in the near future for a disposal system for the
water treatment plant filter backwash and clarifier residuals. This system is a major
plant retrofit and requires investigation of the plant's hydraulic grade line, multiple or
a single centralized treatment unit alternatives and location(s), pipe sizes, lengths,
alignment, etc.

• Operation and Maintenance (O&M) Cost Evaluation. This Master Plan also
included an evaluation of Institutional conditions within the water utility. This brief
review showed specific [mandal data was not available for system O&M. A detailed
study should be initiated to determine O&M levels required to maintain the collection
and treatment systems. Additionally this study should include a determination of the
level of funding necessary to maintain the water system.
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Port Said Wastewater Master Plan

Existing Wastewater Collection Facilities
The Port Said wastewater service area covers approximately 13 square kilometers and is

projected to expand to more than 44 square kilometers at ultimate build-out.

The current, modem community of Port Said has its origins in the construction of the Suez

Canal. In the 1950s and 1960s, the General Organization for Sewerage and Sanitary Drainage

(GOSSD) supervised the design and construction of infrastructure in Port Said, including

much of the current wastewater system.

Additional expansion of the wastewater infrastructure occurred as the community grew.

During the war between 1967 and 1973, Port Said was evacuated. The wastewater facilities,

particularly treatment facilities, were damaged during the conflict. Major reconstruction was

needed after the residents returned to Port Said.

The collection system continues to expand and now consists of more than 194 kilometers

of 175 mm to 1200 mm wastewater lines, excluding service laterals, and more than 6,000

manholes.

A new wastewater treatment plant with a hydraulic capacity of 190,000 m3/day was

constructed in 1997 with assistance and funding from the United States Agency for

International Development (USAID). The plant is located on the northwest edge of town,

adjacent to the Ring Road and practically surrounded by Lake Manzala.

During preparation of the Canal Cities Master Plans a number of sources were used to

obtain data on the existing wastewater collection system. Information in the form of maps

and construction drawings was obtained from, NOPWASD, the Governorate, construction

contractors and engineering consultants. It is important to note that no single source could be

used to obtain information on the entire system. Additionally the scale of drawings, the

reference datum and the level of detail varied from source to source. Ultimately a map of the

system was developed by combining the available information. This map was used to plan

future work and prepare the wastewater system model.

The map prepared for this project is based on the limited information that was available.

Where no maps or as-builts were available, line locations were drawn from field observations.

Some areas included horizontal data, but had little or no vertical data. In these areas manhole

inverts were estimated using available slope data which was not tied to local or system wide

datum. Existing wastewater collection pipes included in the model are shown on Figure PS­

14, Port Said Wastewater System Recommended Improvements.

Existing Wastewater Treatment Facilities
The Port Said Wastewater Treatment Plant has been in operation since January 1997. The

plant is constructed on a filled-in area in Lake Manzala. The plant has a design flow capacity

of 190,000 m3/d. A layout of the plant is presented in Figure PS-ll, Port Said Wastewater

Treatment Plant Site Layout. A schematic of the plant is presented in Figure PS-12, Port Said

WWTP Schematic.
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Although Port Fouad is within the Port Said Governorate, its location makes it appropriate

for it to operate its own wastewater treatment plant. The plant is currently being constructed.

Construction was started in February 1999 with the erection of the security fence. Piling is

scheduled to be in place by January 2000. Work has also started on the first of several

pumping stations. Figure PS-13, Port Fouad (proposed) Wastewater Treatment Plant Site

Layout, presents an overview of the new Port Fouad plant. Figure PS-14, Port Fouad

(Proposed) WWTP Schematic, presents a diagrammatic view of the new plant.

The Port Said wastewater treatment plant has one treatment train and a design capacity of

190,000 m3/d, average daily flow. The plant was designed to treat wastewater with influent

characteristics of 330 mgll total suspended solids (TSS) and 300 mgll biological oxygen

demand (BODs). The plant design calls for effluent quality to meet a standard of 50 mgll TSS

and 60 mgll BODs. This represents an approximate 85% reduction of the TSS load and an

approximate 80% reduction of the BODs load.

This wastewater treatment plant has been designed to use a biological process to remove

nutrient material from the wastewater prior to discharge. Prior to initial design of the plant,

two studies were performed. The Receiving Waters Study and the Basis of Design Report

were used to determine the quality of plant effluent water that could be discharged without

detrimental impact to the receiving waters or the native environment. These studies, which

were reviewed and approved by all pertinent Egyptian agencies and authorities, showed that

plant effluent meeting the 50 mgll TSS, 60 mgll BODs standard would not have a negative

impact on the receiving waters or on the native environment.

During the 12-month period ending January 1999, the average flow to the plant was

approximately 105,000 m3/d. During the same period the average TSS and BODs loads were

183 mgll and 177 mgll respectively. When compared to the design capacity of the plant this

represents approximately 55% of the TSS capacity and approximately 60% of the BODs

capacity. Since initial operation the plant has consistently met or exceeded the required

effluent standards.

The infiltration during dry weather and high groundwater conditions is estimated from the

results of the Infiltration/Salinity study to be 31,300 m3/day. This represents approximately

28 percent of the average dry weather flow transported for treatment at the time of this study.

High groundwater is the principal cause of this infiltration, however Port Said does

occasionally experience rainfall. Evaluations of the effects of rainfall induced inflow and

infiltration on the wastewater system are included in this Master Plan.
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Planning Criteria and Methodology
Wastewater flow analyses were conducted to identify current and projected flows. Flows

were developed using a land use methodology, with wastewater production factors developed

for each land use category based on water records, wastewater records and estimated

wastewater return rates. Future land use was based on local and the government's general

land use plans. Approximately 36 percent of the existing water service area is not served by

the wastewater system and/or the wastewater collected does not receive treatment. This

represents approximately 115,000 residents (27 percent of the existing population) who are

without complete wastewater service. Projections are for areas which currently have water

service, but no wastewater service, to be included within the wastewater system by year 2005.

Capacity of a wastewater treatment plant is a combination of flow and BODs

concentration and can be expressed as a BODs mass loading rate. As originally designed the

Port Said wastewater treatment plant has a capacity to treat 190,000 m3/d with a BODs

influent concentration of 300 mgll. This is equivalent to 57,000 kg/d BODs loading.

Using anticipated flow into the wastewater treatment plant and using an estimate of

wastewater strength, the projected TSS and BODs loading was estimated. A projection of

future BODs mass loading is shown in Table PS-5, Port Said Projected Wastewater Flow and

BODs Load. Additionally a graphical representation of this data is shown in Figure PS-13,

Port Said WWTP Capacity vs. Projected BOD Load .

Table PS-S Port Said Projected Wastewater Flow and BOD Load
Year Projected Flow Projected BOD Load

(m3/day) (kg/day)
2000 1 105,000 25,300
2005 1 240,000 57,800
2010 I 259,000 62,400
2015 1 278,000 67,000
2020 2 294,000 70,800
Ultimate 2 335,000 80,700

Notes:
I) Estimated from growth rate curve.
2) Based on an analysis of future land use and wastewater production factors.

As noted earlier in this report, the Port Said wastewater treatment plant is located on filled

land that was formerly a portion of Lake Manzala. Recently the Governorate set aside an

additional area in Lake Manzala to facilitate expansion of the plant. This additional land is

adjacent to the existing plant and would approximately double the land area of the plant when

filled.

If a second treatment train could be constructed on the adjacent land with half the capacity

of the existing plant the total BODs treatment capacity would increase to 85,500 kg/day.

Projections_ in the table above show a BODs of 80,700 is anticipated at the ultimate build out

of Port Said.
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The above table also shows the existing treatment capacity of 57,000 kg/day will be

exceeded in the year 2005 if wastewater service area is extended to cover the entire water

service area.

A hydraulic model of the Port Said wastewater collection system was developed as part of

this project. The hydraulic model was then used to identify system deficiencies and to

develop and evaluate potential facility improvements for correcting the deficiencies. The

hydraulic model includes wastewater collection lines 300 mm and larger in diameter.

The peak flows in the wastewater collection system parallel water demands. To the extent

that infiltration constitutes a significant portion of the average daily flow in Port Said, it

reduces the amplitude of peak and low flows. Peaking factors, expressed as a multiple of the

average daily flow (ADF), have been developed based on the existing WWTP records and

existing water demand patterns. Table PS-6, Port Said Historical Flows and Peaking Factors,

presents a summary of the historical peaking factors.

Table PS-6 Port Said Historical Flows and Peaking Factors
Rate (m""d) Peaking Factor

Annual Average Daily Flow (ADF) (I) 105,200 1.00
Maximum Monthly Flow(2) 110,400 1.05
WWfP Minimum Day(2) 69,400 0.66
WWfP Minimum Night-time Flow (MNF)(3) 59,000 0.85 x Min. day =0.56
WWfP Maximum Day MDp2) 204,000 1.95
WWfP Peak Hour PHF4

) 239,500 1.17 x MDF =2.28

1) The annual average daily wastewater flow to WWTP from 1998 records.

2) Based on treatment plant records.

3) Minimum day on record multiplied by diurnal nighttime minimum hour.

4) Maximum day on record multiplied by diurnal daytime maximum hour.

The recommended improvement plan is based on the following criteria for phasing

infrastructure needs:

Phase 1

• Construction of relief lines for hydraulic deficiencies in existing wastewater system.

• Upgrading deficient lift stations.

• Construction of extension lines to serve areas currently served by the water system

which do not have wastewater facilities.

• Construction of new lift stations to serve areas currently served by water system which

do not have wastewater facilities.

• Wastewater System Management Plan to include an annual program for inspecting,

maintaining, and rehabilitating the existing wastewater system.

Phase 2

• Construction of new lift stations to serve growth areas without water or wastewater
services.

• Construction of extension wastewater lines to serve growth areas currently without
water or wastewater services.
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The function and future expansion of the wastewater collection system is directly related

to land use. Population and land development should be routinely monitored and appropriate
changes made to the wastewater facility plans. The pipe sizes and flow rates for the
recommended relief lines should be reviewed prior to construction. Design should be based

on flow measurements and actual growth patterns.

Recommendations
It is recommended that the wastewater treatment processes currently used in Port Said be

continued. The plant should be expanded by the year 2004 by adding a parallel treatment

train of approximately half the capacity of the existing facility.
Design, construction and commissioning of the Port Said wastewater treatment expansion

could easily require three to five years. This is especially true in light of the fact that the land
must first be filled. It is recommended that design of this important expansion be started as

soon as possible.

Intermediate sampling and testing should be conducted to monitor and adjust the

performance of the plant. Disinfection should be added if mandated by EEAA; however, it is
not currently included in the improvement program. A biosolids testing program should be

established to determine the suitability of biosolids for beneficial use. If biosolids test

successfully the current biosolids handling practice should continue, with modifications to

improve the quality of solid waste added to sludge mixes by excluding glass, plastics, and

ceramics.

The total projected capital cost of the Phase 1 Implementation Plan is $92 million. The

current value of the Phase 2 Implementation Plan is $88 million. The recommended capital
improvement projects are summarized in Tables PS-7, Summary of Probable Capital Cost ­

Phase I and PS-8, Summary of Probable Capital Costs - Phase 2. The approximate location
of each project is indicated on Figure PS-16, Port Said Wastewater System Recommended

Improvements. Construction costs include allowances for mobilization/demobilization,
shoring, dewatering, and surface restoration. Costs will vary depending on the actual surface

and subsurface conditions. The projected capital costs listed for capital improvement projects
include construction cost plus allowances of 20 percent for contingencies and 20 percent for

engineering, legal, and administrative costs. No costs are included for land, rights-oi-way, or

rock excavation.
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Table PS-7 Summary of Probable Capital Cost - Phase 1

CIPNo.
Construction Cost Total Capital Cost

US $ (I) US$ (2)

CIP I - Existing System Critical Improvements 7,044,000 8,453,000
CIP 2 - A28 tift Station and Force Main 6,480,000 7,776,000
CIP 3 - EI-Raswa Canal Eastern Interceptor 10,044,000 12,053,000
CIP 4 - Central Azmy St. Trunk System 3,720,000 4,464,000
CIP 5 - North Azmy St. Trunk System 1,152,000 1,382,000
CIP 6 - North Coast Trunk System 3,438,000 4,126,000
CIP 7 - Lake Manzala Shoreline Trunk Extension 6,000,000 7,200,000
CIP 8 - Phase I WWfP Expansion 33,228,000 39,874,000
Wastewater System Management Plan NA 7,300,000

Phase 1 Totals $71,106,000 $92,628,000
I) Construction cost includes 20 percent construction contingency.

2) Capital Cost includes construction cost and 20 percent engineering and administration cost

Table PS-8 Summary of Probable Capital Cost - Phase 2

CIPNo.
Construction Cost Total Capital Cost

US$ (I) US$ (2)
CIP 9 - Existing System Phase 2 Improvements 2,580,000 3,096,000
CIP 10 - Lake Manzala InterceptorlForce Main 17,442,000 20,930,000
CIP 11- Western Trunk 3,288,000 3,946,000
CIP 12 - South Development Trunk 6,840,000 8,208,000
CIP 13 - Fish Farm Collection System 2,304,000 2,765,000
CIP 14 - South Commercial Zone System 1,920,000 2,304,000
CIP 16 - Southwest Development System 20,196,000 24,235,000
CIP 17 - North and East Development 19,320,000 23,184,000

Phase 2 Totals $73,890,000 $88,668,000
1) Construction cost includes 20 percent construction contingency.

2) Capital Cost includes construction cost and 20 percent engineering and administration cost
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Recommendations for further studies or preliminary design include the following:

• Wastewater System Inventory. As noted in the Phase I summary, a complete

wastewater system inventory should be prepared. Additionally, and of equal

importance, this inventory must be continuously maintained and updated. This

inventory should include pipes, manholes, lift stations and force mains. Inventory

detail should be added to the GIS data prepared for the Master Plan. Inventory of

smaller pipes should be added to the GIS database and used for system maintenance

and replacement.

• Wastewater Treatment Plant Capacity Analysis. The original design of the

wastewater treatment plant was based on limited knowledge of influent characteristics.

Daily operation of the plant and daily testing of influent has shown the original design

was somewhat conservative. A study should be initiated to test chemical and

biological characteristics of plant flow at the influent, the effluent and at several

intermediate points in the treatment train. This information should be used to re-rate

plant capacity and to accurately target future plant additions and expansions.

• Operation and Maintenance (O&M) Cost Evaluation. This Master Plan also

included an evaluation of Institutional conditions within the wastewater utility. This

brief review showed specific financial data was not available for system O&M. A

detailed study should be initiated to determine O&M levels required to maintain the

collection and treatment systems. Additionally this study should include a

determination of the level of funding necessary to maintain the wastewater system.

• Planning and Design of Wastewater Treatment Plant Expansion D

End of Port Said Section
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Institutional & Financial Report

Executive Summary

Introduction
Institutional strengthening is a dynamic process driven by the changing service

objectives of the Canal Cities' water and wastewater utilities. As new challenges arise, the

organization of a utility and the methods of performance improvement must change

accordingly. However, to successfully manage change, the Canal Cities utilities must take the

following actions:

• Identify programs for improvement.

• Establish procedures for implementing change with operational performance

targets and an action plan for achieving benchmarks.

• Reorganize their institutional structure to support needed changes.

A financial system capable of providing resources needed to implement changes is

critical to supporting institutional changes. The institutional and financial review presented in

this Master Plan identifies and recommends changes that will strengthen the institutional

aspects of the utilities.

Performance Improvement Programs
Utility staff, under the guidance of an external consultant, should develop sustainable

performance improvement programs. This methodology was considered by project

participants; however, because of time constraints, it was decided that the existing scope of

work would identify and describe potential programs and provide a corresponding action plan

for implementation. Development of comprehensive programs, which would include the

following, should be done under separate work plans.

• Identifying current industry standards and their characteristics for performance.

• Identifying ultimate targets for the utility and setting benchmarks for achieving the

targeted improvements.

• Defining the structure, staff, and systems needed to reach targets and benchmarks.

• Identifying the resources needed for improvements.

• Developing action plans with monthly, quarterly, and annual deliverables.

• Developing performance monitoring plans to track achievement of benchmarks

and implementation of action plans.

The following performance improvement programs, which would move the utilities

towards autonomy and financial independence, were identified.

Revenue Collections

Revenue billing and the corresponding collections are the responsibility of the SCA

and the respective water utility. Increasing revenue collections is a function of increasing the

billed revenue from current users and improving the corresponding collection. Therefore,

improvements in revenue collections are directly related to the elements that make up a bill;
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Le., legally connected account, use, customer classification, and application of the tariff.

Performance improvement programs, which address these elements and can directly impact

the revenue collection, include the following:

• Billable Use - confirming proper use is being billed.

• Water Service Connection Audit - confirming that all legal connections are

included in the billing data base.

• Classification Verification - confirming that customers are properly classified.

• Dlega! Connections - identifying and processing illegally connected users.

• Arrears - addressing accounts which are in arrears or default in a timely fashion.

Improvements in the water utility's collection of revenue will directly impact the

wastewater revenues, as wastewater is a surcharge to billable water.

Revenue Control

Improvements in the control of revenues must be addressed both externally (macro

level) and internally (micro level). External agencies, SCA for the water utilities and SCA

and the Governorates for the wastewater utilities, currently control the revenues of the

utilities. Prior to increasing their involvement in revenue control, each utility must prepare its

organization to assume such responsibilities. Once the utility has the financial expertise

needed to increase its revenue control, regular budgeting, accounting, and reporting activities

will provide the justification for moving control of the revenues from the external agencies to

the utilities.

Customer Education

Detailed community education programs pertaining to water conservation, wastewater

influent control, public health, water-borne diseases, and disposal of hazardous wastes were

developed and implemented under the Canal Cities Phase II Technical Assistance Project.

Performance improvement programs for education of the customer on the need to pay for

water and wastewater services and to make utilities self-sustaining should build on the

successes of that program. New printed material addressing the financial status of the utilities

could be distributed to end-users. Likewise, the curriculum for grade school children could be

expanded to include financial matters.

Setting User Charges

Under the current system, the water utilities are not encouraged to independently

request or suggest the need to increase user charges. Expenditures are approved based on

operational needs and are independent of the amount of revenue billed or collected by the

water utility. The determination of justifiable and adequate tariffs or user charges requires

appropriate financial documentation. Information collected by a financial department within

each Utility could provide the basis for calculating user charges. The utility cost of service

and tariff design model for Suez developed under the Canal Cities Phase II Technical

Assistance Project should be updated annually to provide the documentation and justification

needed to increase user charges. Similar tariff models should be developed for the other two

cities.
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Recommendations
Performance Improvement Programs

• Develop, internally, comprehensive improvement

programs, as defined above, for revenue collection,

revenue control, customer education, and user charges.

• Provide financial expertise within each utility.

• Update or create fmancial models and implement needed

tariff adjustments.
;

Organizational Structure
The purpose of reviewing the present organization~ structure of the water and

wastewater utilities for the Canal Cities is to identify and develop programs for restructuring

existing systems which will facilitate autonomy and financial independence of the utilities and

support the proposed performance improvement programs.

Existing Systems
The water and wastewater utilities of Suez, Ismailia, and Port Said are separate

entities. The water utilities are under the control of the SCA. The wastewater utilities report

to the Governor of their respective areas. NOPWASD provides planning and technical

guidance for the wastewater utilities. The relationship between the utilities, the governorates,

and the SCA is illustrated in Figure I&F.l

Proposed Changes
Current national policies suggest a movement towards combining a community's

existing water and wastewater utilities into a single entity. However, this study focuses on

internal improvements within the existing utility organizations that can be implemented in the

short term.

Decentralized financial and administrative departments are recommended for each
water utility. These departments would be responsible for the revenue and expenditure related

activities at their respective utility. By combining revenue and expenditure functions in one

department, cash flow analysis can be performed on a regular basis, providing senior

management with the financial data needed to make informed decisions about tariff

adjustments, expenditure requests, and capital needs.
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Organizational Structure
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A comparison of the existing and proposed organizational structure for a Canal Cities'

waterworks is shown in Figure I&F.2.

Figure I&F.2 Alternative Organizational Structure for Canal Cities Water Utility

EXISTING STRUCTURE PROPOSED SRUCTURE

CJ
o Existing

Recommendations· Reorganization !
j

• Decentralize financial activities of the utilities.

• Provide financial expertise within each utility.

-,._- --. -- ---- - -- - .... - -- _. - ------ -- --_.. -~._. - - --I

Action Plan
The purpose of an action plan is to organize the steps needed to logically implement

changes, to quantify time requirements for implementing the changes, and to identify the

parties responsible for managing the change.

Implementation of Changes
Comprehensive, internally developed performance improvement programs would consist

of action plans, including assignment of responsibility for implementation. External

consultants cannot effectively assign this responsibility. The implementation schedule

presented in Figure I&F.3 provides the framework for an internally developed comprehensive

action plan.

Institutional change is a long-term commitment. In order to achieve sustainable

change, the foundation for such change must be in place and must be supported by senior

management and staff. As indicated in the schedule for implementing the action plan, the first

nine to twelve months focus on organizational changes and defining and adopting new

systems. Only after the systems have been approved can they be implemented and effective

changes realized. Implementation of the systems and the corresponding performance

improvement programs are scheduled for the second portion of the plan.
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Schedule for Implementation of Action Plan
10 )Task Name auarter1

Year 1
Quarter 2 I Quarter3 Quarter 4 QuarterS

Year 2
Quarter 6 I Quarter 7 OUarterS Quarter 9

Year 3
Quarter 10 I Quarter 11 Quart8r12 Quaiferl3
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4 Define Syatema

5 Revenue Systems
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7 Budgeling Systems

8 Reporting Systems

9 Computer Systems

10 SOloct PUot W1r. and Wotwlr. Ulllilioofor Implmntn. of FD

11 SOlect Stalling

12 Identify staff

13 Train staff In new systems

14 SOIocI Equipment

15 Specllyequlpment

16 Procure equipment -including computer systems

17 Install equipment-Including computer systems

18 TraIn staff In use of equipment

19 Implomont PUot Flnonolot Dopartmonto

20 Implement Sy.lama

21 Revenue Systems

22 Expenditure Systems

23 Budgaling Systems

24 Reporting Systems

25 Computer Systems

26 Implement Perlarm&ncelmprowment Progtama

27 Revenue Collections

28 Revenue Control

29 Expand Customer Education

30 Calculate Usef Charges

31 Expand 10 Othor Wator and Wallewator Utllltioo

I Task ["::~ summary.. ..

-
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Performance Measures
Changes proposed in any perfonnance improvement program are theoretical until they

are implemented. Once implementation begins, the effectiveness of the changes can be

monitored by perfonnance indicators. Improvement in perfonnance indicators reinforces the

perfonnance improvement programs. Either no change or a negative change in a perfonnance

indicator signals the need for modifying the improvement program. Samples of potential

perfonnance indicators for the programs identified in the Perfonnance Improvement
Programs section, are summarized in Table I&F.1.

Table I&F.l Potential Performance Measurements for Proposed Performance
Improvement Programs

Performance Performance Indicator Target or
Program Benchmark

Revenue Collections
,/ Billable Use • Number of bills with estimated use I Number of • Less than 10 percent

bills

• Billable use I Production • 75 to 80 percent

• Use based on meter reads I Total use billed • Greater than 90 percent

• Number of working meters I Total meters • 100 percent
installed

• Meters calibrated I Total meters • 100 percent
,/ Connections Audit • Number of customer contracts I Number of • 100 percent

billable accounts

• Number of new accounts included in billing • 100 percent
system in less than 2 months I Total number of
new accounts

" ClassifICation VerifICation • Number of multi-use accounts verified I total • 100 percent
number of multi-use accounts

" Illegal Connections • Billable use I Production • 75 to 80 percent
,/ Anears • Revenue collected I Revenue billed • 90 to 95 percent

• Total arrears I Quarterly billable revenue • Less than one quarters
billable revenue

Revenue Control • Actual revenue surplus I Budgeted revenue • 100 percent
surplus

• Actual revenue surplus retained by Utility • 100 percent
Customer Education • Number of domestic accounts notified I • 25 percent per year in

Total number of domestic accounts an on-going program

• Number of school children educated I Number • 100 percent
of school children targeted for education

setting User Charges • Collected revenue I Actual expenses • At least 100 percent

Recommendations and Action Plan

• Develop and implement comprehensive action plans for
perfonnance improvement programs.

• Develop and adopt perfonnance indicators for each

perfonnance improvement program.
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Private Sector Participation
The Government of Egypt is gradually moving towards a market-orientated economy.

With the current advertisement for a Build-Own-Operate-Transfer (BOOT) project for the

East of Cairo Area and North-West Suez Gulf Area Water Supply Project, it appears the

Government is ready to expand private sector participation (PSP) into the water utilities.

The objective of the private sector participation review is to determine the feasibility

of contracting all or a portion of the O&M functions of the Canal Cities utilities to the private

sector as concessions.

Applicability of PSP
Private sector participation is already taking place in the Canal Cities' utilities.

Operation of the wastewater treatment plants is contracted to SCA and carried out by Timsah,

a private company. However, that contract was negotiated at the start-up of the facilities and

has been partially funded by USAID. Issues and constraints facing private sector involvement

with existing utilities differ from those facing a new facility. The following critical issues

must be dealt with:

1. Regulatory Issues
0/ Time constraints and the limitations on managerial control have a negative

impact on potential investors.

0/ Current legislation should be modified to encourage qualified contract

operators to pursue private sector opportunities.

2. Employment Issues
0/ Private sector companies are able to hire and train qualified personnel locally,

as evidenced by the success of the Timsaw operation.

0/ The ability of a PSP company to provide the same service with personnel from

existing utility staff will have to be analyzed on a case by case base.

0/ A concessionaire must have the authority to terminate non-performing

employees.

3. Financial Issues
0/ In general, costs associated with contracting the O&M functions for an existing

facility tend to be higher in the short term than continued operation by a

government entity

0/ In the long term, if the contractor is given appropriate managerial autonomy,

savings in labor and operating costs should exceed the cost of return on

investment, resulting in an overall reduction of operating costs.

0/ The impact of private sector participation on rates and charges depends on how

the Government chooses to pass the cost of operations on to the consumer.

Feasibllity of PSP
As evidenced by the SCAffimsah agreement, it is feasible to involve the private sector

in the operations of Canal Cities' utilities. However, the SCAffimsah agreement was a special

case with conditions that do not apply to other utility operations. Attracting qualified
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investors or contractors to participate in the operation of the Canal Cities' utilities will require

modification of existing concession legislation and labor laws, and a willingness to raise

tariffs to cover the actual cost of operation.

Recommendations for Private Sector Participation

• Lobby national government for changes in concession ;

legislation. ,

• Lobby decision-makers for tariff adjustments needed to ,
make PSP viable for Canal Cities utilities. :

Financial Analysis
The long-range goal for the Canal Cities' water and wastewater utilities is to achieve

an appropriate degree of autonomy, financial independence, and self-supporting growth to

manage and administer their respective systems. The purpose of the Financial Analysis in this

Master Plan is to update relevant portions of the 1996 study and to forecast the operational

cash flow through 2020.

Update1996~timtiornUSmdy

The 1996 Institutional Study reviewed the financial management practices of the SCA

and the Governorates. The following table summarizes the utilities' current systems, as they

relate to recommendations of the 1996 study, and the changes that will further enhance the

financial viability of the utilities.

System Current Status
Funding of Operation and ./ Databases needed to collect and analyze operating costs

Maintenance and revenues have not been maintained due to the lack of a

full-time qualified financial staff within each utility.
./ O&M is not fully funded from operating revenues.

Tariff Structure ./ No action has been taken by decision-makers to implement

proposed tariff adjustments.

Automated Billing System ./ Present billing system remains basically a manual

operation.
./ Utility staff introducing computerization on a limited

basis.

Collection vs. Billing ./ Inability to collect government accounts continues to

negatively impact overall collection rates.

Adequacy of Meters ./ Due to the utility staff's concerted efforts, it is estimated

that only about 10% of accounts remain unmetered.

Adequacy of Computer Hardware ./ End-users are somewhat frustrated with their inability to

and obtain desired microcomputers and peripherals, supplies,

Software and service.

Forecasted Operating Cash Flow
Suez Canal Authority water department personnel provided limited financial information

for the institutional and financial aspects of this report. Because the Authority's accounting

system does not easily provide detailed financial information about the water and wastewater
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utilities by community, the information was general in nature and combined data for all three

communities. Historical analysis and projected cash flow per community and utility are not

available. Based on the limited data provided by SeA the following fmandal observations

and general recommendations can be made for the water and wastewater utilities.

Recommendations

Financial Analysis

• Procure computerized customer information and billing ,

system.

• hnplement performance improvement program for arrears ,

collection, and implement associated organizational and

procedural changes !

• Obtain current data and update or create financial models

for utilities in each community to allow tracking and I
budgeting of costs.

• Make appropriate adjustments to water tariffs based on ,
current and complete fmandal data. ,

• hnplement performance improvement program for arrears :

collection, and implement associated organizational and

procedural changes.

End of Institutional & Financial Executive Summary Section
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Figure PS-15 Port Said WWTP
BOD Treatment Capacity v ProJected BOD Mass Loading Rate

BOD Capacity
Additional 1/2 Train
114,000 kg/day \.

BOD Capacity ~

Additional 1/2 Train
85,500 kg/day ,

~
Existing BOD Capacity
57,000 kg/day ~

7
.V -+-Projected Average Dally BOD Load

-WWTP Capacity

40.000

20,000

120,000

140.000

100,000

'tI
131 80,000
.:.:
C
0
lD

60,000

o
2000 2005 2010

Year

2015 2020

-
~



t.S.wJl~I~ W.§Wl ~tiy.Ai3\ ~WI

(f'~/&)cijWl ~.J:jJIrf'

'I' 0 'i •• , .0 ••• 1'1' •••

oVA •• 'I' f •••• 1'1' •• 0

1'1'£ •• 'I' 0 C\ ••• \ 'I' • , •

1V ••• 'l'VA ... \ 'I' • , 0

V.A •• 'I' C\ f ••• Y'l' • 'I' •

A.V •• 'i'i 0 ••• byi1\ ~4..i

~\Jb.)L..

yUll .. . lA~ # ('~lJ"" _ r'

~, ""'.;-!I \:lll dlLot.... ~ ., ~I uL.'~'~ u-W~ lA..J:!olij # (Y~ • -'.~.J • # r'

.. .~ - . -'I u .. -'I W~ ~.... '~~'I 11\ . U:. .C::\ lAS
~.J--9 '" .J..'H~ ~ . ~ ~.?'-"" ~ ~ (jG~ J

U-JJ L...iA 4..0fi..:JI ("'I' 0' a.;. .litJ ,c.;ill.i ~ ~jlJl '0~ 0A I~.» c..:.uts 4..0J.:IJA ~)

WL...a)1\ ~WI 01\ ~J ,4k...J\ ~jJ ~.ft1 ~jl<JI o~ ~ ~L...al ~~ ~.J

o.i.-A r.:l.J~ lA.llc. ~.ftj ,,,,i•. ;.,11 ~l 4..b..JI ~t..- ~.;u.aJ ~W\ 4.k-ll ()4 y Jil4
.UL.:oYI 4.=t.WI.. .

o.,;W ,q '0\ lSJ'---.::J 0.J~ 0.JJ~\ c.>a}i\~ O\:i 4..::Jb~ '))'~"'I ~t .il

~ll."" loJI c.s~I OJ'? ,,!~\11 L.;jLuJ W4;1\ o.J.L-il\ ~y...., ~I ~I

~~ (J c::ijJ..J1 ()4.ui .ylle. JJ~I ~ 0.:1))1 u\~.:li:il\ ~jJJ 'f'~'!rS Aoo. •

~~ LaS ,~. '''.J..JH ~I ofi ~~ .lie A. V•• ~j ~\ c.s~1 ~\11

J.., 1-..) f'~\r f' 0 V. •• )~ 4..b....J1~ ue ~~ utA~I~ Ut ~le. J.J~I

~I 4.i1:u.JI ~~~I u~l ~~~ ~\ ~I w~\ \~} " • • 0 f'le.

. o~\ ~4-a~

'f'I.J-C\~~l ~)L..j 0A~\ 01\~~~.J ;)9;",.J r-:<l!o\J~ ~

• USoAA cl.J y.J\ ~ ~1.+1\ u~~, ~~ ~~ \~ 64 rfA~.J

lS.i.,.d1~,

Black & Veatch International rl

,'\'\'\~ : .J4-Jl I-pl

iit.All J..u. ~W\ .1:.k:.1t {1



, t.1 '
.b~ lJA ~li!1 Uy.aJ\ w~ .J\.:j\ y.lli ~~.J '..?-x ~ lJA ) ..hQl.b#~~

b b..:..J\ \~ ~ wly..lliJ1 db cl-R-J ~.J ~\ uy.aJ1~~ ~y\ lJA.J ).hQ~\

'f'WI

'-' ~., :; _;;jl.J'I .; \I II ~ I :y.a.iJ'\ . ~'~\ .y.aJ1 ~ 1 "-'. l.tl .' I I ~.../I '9 \ 111 Q ""-"<.:l I.J "UJ1.::l...J1 I......l~ .lJ...J.:l".JJ (.....g 1......lUA.::U ~~ ~ ~I ~. ... .. .- .. ~~ ~

u~1 f'1~1 JAy:. ~.h..J ~ ~l}il f'i.~1 ~ f'1~4 w1Jy.a.iJ1 ~.b.J~.J

w~.J At? II.JI 0~1 w4-aS (J'lLJ ~ ~\.J~\ f'1~1 will 0A ~ JSJ~I

. ~I wy.oll o~ ~Q'l ~y~1 w'J,~I.J~\ ~I wy.aJ1

4.Jb...J\.bbJ1 ~ _C II~ Li I...~ . \ ~\ wl.aI~1 .lJh.J ~.ill~ .J ~ (J'l ~,~.J " ~

04~~.b.:i ~I ~\.....u.J1 0A % f"\ ~IY'" ~~.J ~1.J~1 wl.al~'J, ~WI

'g .~~ ~1 <.S .Jl;uJ\ w1Jy.a:i )/.J~\ W y.aJl~ ~.b.:i 'J, 416. y ~I

% "fY <.S\~ ~ ~ o. • • 0.J~ u\.S..uJ1 0A b~ ~~ J~ 1~.J ,~b fy 'J, ~

. Ua\.S~ w y..a wl.a~~ 'J, u\S...J.\ ~kJl joWl 0A

o.:l.Jj-J1 dbL.J.J1 J--$.~~~I wy.aJ1~~jIJ u\ c9jl.J1 0A

~I wy.aJ1 4Jb~~~.J ,"f. • 0 f'Lc. J~ 41b. y~1 04-a wl.a~

4.....J:iS~J~ I.~- ,.\ '.< _. , . 'I ..- 'I ' .._ ..<)'1 '..< ~ w1J· -~.II ~
,~~u U'~"":U ~ <.S~ ~ ~Y.J ~.-

f' )Q.o",\l y.uo.. ~.J..JH ~I wy-dl4Jb ~~.J,~I c.s=Jl ~YI

<.S~ U)? .,,<\ j#.~ f'~Ir f' ~ '\ • • • • 1.A.J~ 61Jy.a:i 4Jk.J~ 4b~ Jj~YI

U.1? ...$\~~~ I~.J yJ/~ i. · 0.J~ ~\ ~J 4..b.1.ll\ 6Uy.a.iJI ~~

L.:91WI ~I jlyJl 0A Wjl.JI JkYI .J:l.lli ~.J f'~I/r:-S oy. • • 0.J~~ £.j~

L..:Jb~ '11.1 ~ _": _1\ 6U, _":11 6L..a$. l~w .-".- .11 d _._11 "'-'<)'1, f.5, 1.(t-l.J-"-"=l.JI...-~ ~ .. f' .~ \.;>'~ ~ .J

,''-------.1.L/1I' ........JI w - . _II o~ 0 - :;1~ u~1 ~I ;>\ ,..:.. .., ",\ a _. _II w .. -'I
~........ (.S ~.- ~ ..-fi .. \ ...J~ ~

r--J!.u. u-l!4.iL...a)'l;'J,~~!~!c?ypJ!~Y! Jb! :(PS-5) JJ.J;J!

~~:j b ... ~ :Wp!~! :(IS-13) J5..:J!~~!.h~~ wlJ'-::t:J/ ".u.~

. .J..J#/ ,~/ 4?ypJ!~Y! Jb! J;li., ~..)J! ~..1.4;J~! u~!

tS~1 ...,.=ill'
Black & Veatch International

~)J'

'l", .

,'\'\'\ ~: ~4J\ r-.p\

.\.:All u.ll ~WI .hb:J.\



~ ~Hlr~' '\. ·.. ~.J.J§ "Y-~,,'a"l ~ lSj h\-,~~ h ~~ ~~

UI.:i11 1 ~:. III I - ,II 4.b.\~1 - . -II u .. -II oL.<> ~GuJ ~\ "".J§,~ -", -II" u.o Y""-' . ~, ~ ~ .' , ~~ -' ~

(LJa 'j..." lS~ ~i jil (~i. • - &..ilWI ~I ~lyJI ~4} jil /~ ii. )

:: I/? ..... " 0.) UI.:i11 1 ~:. III I - ~ - ~ WI ~GuJ\ _. -II u ,. -II oL.<> . -<.:~
...}-'--'/ \. .' (,.)-Q Y""-' . ~ . .J . ~ ~ .' LJJ-""' ,"

JI~1 J--,..".=o. un g;. JiA;l I~-, ,(~ ,?JP-~i jil/~ '1. -' &..il~ ~ ~I-""

.lu ~., % A.......J . -': - - 'I _.- 'I " ._.<)t\ ~ .' , lu ~" % A 0......J &..ilW\ u.....:J\
.~j9..l .~ f.j -'*""'"~ ~-' ".j9..l , ,

0-" ~y.a,J\ JlyJl 'JJ1j'f ~~\ ~I ~I.»} ~-' ,~\ e::.JG.. ~y.a ~ (.J."",a-,

f )"'0'\1 J----"c ~ ~I.JJ ~l.»} ~-' ,~\ e::)";' ~y.a ~ ~I uy..all 04<>

~~I wUy.o:iJ\ J.,;;'j ",'j'I! ~l 04-J~" ~W\ ~1.J~1 w.,,~1 Ab..... ~ ~~I

A b", JI u-a ~.YA ~ ~l ~~\ w19y.o:iJI ~y.i ~h:j ~ "~'" a'i\1 ~1 .J:U~-'

. ~I A")l\1 ~ ) Ig\l;;",,!,'i'I! ~I o4-JI ~ ~.J!Ib ~ 0~ J LU~

wlbl ",11-, o~\tl J-.S 0-" lA~Wc.\-, ~\JA ~ ~\ w~I.J~\ o~ w~

:L...ilWl A .'\'011 ~l-, J\ ~4} ~~~ ~\ 4J~1 uy.o:iJl J ~\ ~~\

~~ ~b ~ 0~ ul fl/~ '1. u-oWllS~1 ~\t\ ~4J-, fl/~ o •

. ~l ~l ~ ) 19 l19'i'I!'i,,1 ~I o4JI

~I \~~ ~\tl oft S'.J.;,~\ ~! 4.b.1~\ w19y.o:iJl.k..uji.a 0\5. ~

A }\.a\1 JlyJl ~~.f1.<> 0\5.-, ~~Ir ~, • 00. •• u-a y~ t..", '\ '\ '\ ~~ ~ ~l

~ J'.l=.. jil/~ ,VV u-oWI f.j~1 ~\tl ~ ~ji.a-, fl/~ 'Ai 4:ilWI

0/0 00 Ji,,:i J!.A::..\tl o~ 01 ~ Ab", ~ ~~'" a'i\1 0.J~~ 0.J~l ~ ~.J\.i" ~ -' ,-0 ji.91\

lJ--a A b", JI A. II' 0-" 4u~ % '1. -' 4:ilW\ ~I ~I yJ\ 0-" 4.b...J\ o.J.J§ 0-" 4u~

wlj~~ u oL.<> ..... ~I I., ~':\\ ~.:l..l ili, . -':. -II ~.- II ···--<\71. ~ y.a ., ~ -'~ . ~ lS~ ~

. ~~I w1..ha\yJI ue ~y) ~ u.o\~

L-.J I... U -- II oG..J\ t\.9J \ u ,,:. uWl ..~LII ltli ~)l ~ ~ ..
(,j'l ~ .. ~.. .J -'~-' . ~ ~ ~ .. ~ ~

~ 0-"~p % "A JiA;l \~-' ,~~lr ~ i' i. • ~ ~..,LJl /e..t)\ ~1.JJ ~\:i.i

'~\.J~I o~ ~\.»} W!-' ~k..J\ ~ ~J ' 1~\ ~\ ~ltli JiiJ ~I ~I uy.a1\

.l}. "'.J~ u~ Jl:.. ~i ~ e..tJl ~)I ~I .JA ~.,;J\ o4-JI y~ t\.9J) ~-'

lSl".i.dl ~,

Black & Veatch International

, '\ '\ '\~ : J4JI .r-.r<=ll

.\.:.All J.ll ~w,121



I
iti
W
0::
LL

~
<i.
~

WI­
~o

o::~
9z
58

FIGURE: JlS.13

WASTE
ACTIVATED

SLUDGE

,...'----........,
I ,

I \
I ,
I I
\ I
\ I
\ I, /, /

'FINAl
SETTLING

~
m
0::

~
iten

SLUDGE
THICKENER

o

PORT FOUAD ( PROPOSED)
WASTEWATER TREATMENT PLANT

PROCESS FLOW DIAGRAM
DAlll: AUGUST 1999

o

o 0

o 0

o 0

AERATION

r----------,I I
I I
I I
I I
I I
I I
I I
I I
I I
I I'- .1

-----------,
j
I

DECANT

~~.,-- .......,
/ ,

I ,
I \
I ,
I I
\ I
\ I
\ I, /, /

..............-_......

PRIMARY
SETTLING

...'----"...
/ "

I \
I I
, I
\ I
\ I

" /'
........._---'

i
I
I

I
r--~ _Li SLU~GE! ~ i ----------1

I
, PUMP I I I

STATIONl I :

r-------fT'----- "'.. I I. ..J. -I :i -----

---,.
PRIMARY
SLUDGE

r-----------------------------

I

BLACK & VEATCH INTERNATIONAL
INASSOCIA'11OllWlill

MONTGOMERY WATSON SABBOUR ASSOCIATES

SLUDGE
DRYING

BEDS

PARSHAlL
FLUME

CHANNELS

-"R;'" •

~
!Z
W
::>
....I

It
W

GRIT
REMOVAL

USAID
CANALCITIES WATFllAND WAS11lWATFllMASTERPLAN

~
m

!Z
W
::>
-I
LL
LL
W

GRIT TO LANDFilL ...----------,

I
I
!

SCREENING
AND SCUM
REMOVAL

g
!Z
W

~
~

ARAB REP\lBUC OF

EGYPT
SUBZ CANAL AtmIORITY

NATIONAL ORGANIZATION FOR
POTABLRWATIlP.ANDSANITARYDRAlNAGB

SLUDGE TO LANDFill ..- _

o 1st. STAGE CONSTRUCTION

[] 2nd. STAGE CONSTRUCTION

C?
C?
C?
C?

PUMP
STATION

SCUM TO lANDFill..---------,
SCREENINGS~ __l ,I
TO LANDFill •

I '

----.. SOLIDS

-- LIQUID FLOW

H:'<cmplport53ld'l'lotIiDg\wast""areI\PS.13 dwg

Y.j
~~~ .
1~

...:: "

~:~L'
-:;\.
t-,,/
':.:'

~("
','"
;_c.. r ,
;: ,
!~.

~.~.

l:~ ~r,

~~:~!
~ ',~
~ ,,,
'f· ...

",), "

.~~ :'., -\.. ',
~(:\:'
t' ..
'i~.~' ~
:'? ....~'
i'r .'

::""

~~ ':

'J,:"

.~ ~"

~'I, ;
t.-\
.: ~, ,

" ,t'i ...
f,

{~
l'''oIr' ~.'
~~ ..

r~:

.l''-:,
'.~ :~

, "
if,
.~- . ,
~' ..

if"f
,~. t.
~t., ~"
!:t";',1

~!~~i" '

'~~~;;

>,
~0
."..:..':::~'
1(~'

~~}:/:'
~./'/; ,'"
~f,C.;t.
~~~;.'.\ ~ r

',l>..
1~~1 :
7ort.. ,
~J"

~~~..~,
~"i



fiGURE: 1'5-12

PORT SAIDWASTEWATER TREATMENT PLANlSITE LAYOUTDA'l1l: AUGUST 1999

LAKE
MANZALA

o
H

SCALE I : 8,000200
0

200
<\00

~~

iMrnR

~
OPEllATlONS
CENTElt,
COtm\OL
BUIWING
HEADWORKS
CO-COMPOSTING•
fAoums

lNASSOCUnOHwrm

8LACK & VEATCH INTERNATIONAL

I
I

/

MONTGOMERY WATSON SA880UR ASSOCIAT£S

!
'/

/)]3

':. 0~ .....

/'?(,4''''/~
-"COo>\,C'

'--
f'

USAIDCANALCITlESWATER AND WASrEWATERMASl1iRPLAN

LAKE
MANZALA

ARA8 REPVllllC OFEGYPTSUIlZ CANAL AUffiQRlTVNAnON<\! QRQAN/ZAnON FORPJTAIlLl! WAttR AND SANffARY OIWNAGE
1\\ctnlp~1l>l1lz>g)~.12dwg

/.'

'.;
:j

','

\-

~,

\~
"

'.

~" .
\~

~, .

",, '.
~';'
i· '

~

"

,.,
t·~.

".
:,,'

c,

~,

t' ,

,
" ,
J.~ .

i.,

~).

!,,
,<

~..
i',
~r .
It;:,

'~~':
:f:~
1h .'",

f':-
.~

":(
if
it

(~,
.~,

{~

~:
L-i



~

~
iii

~
~
!zw
~w

SLUDGE
DRYING

LAGOONS
SUPERNATANT DECANT

~ -I MIXING PUG 1:=---'- SCREENED MUNICIPAL
MILL SOLID WASTE---'-,

i
i
I

GRIT TO LANDFILL~ '__I
I

COMPOST TO STORAGE AREA .....__• ••~ COM:~8'NG

SCUM TO LANDFILL ~-----'---l

SCREENINGS TO LANDFIll .....--.------, i
I I
I I
I I

+tttI+t
tfHttt
+tttI+t

o I w IcO, > I

~!JC?C?

+tttI+t ~

~ I i= I
O~o!o~ol ~ C?C?

m

w I :::J I

MAZRAH I- ~

0«01 0 I
a C?C?

PUMP
zw

I ~ I 0.\ C?C?

STATION :::J

m

I I

ii
I-

~
000 !O 0

z
~

W
:::J

m

-'

0:: LAGOONS
EFFLUENT

II.
~

II.

PUMP

w
GRIT

REMOVAL -'

STATION

a.
m

.':

e,
·f \
"tl
~,;

~'
1, ,

,~"~
~ .

~,'.,
~,

~'

:t' ;,

; "

~!'" ..
-:.~) ,

;.; .' ~

l j

f;':

~;
til
~: '"

ti,
~w~) ',.
11",

~>" ",
,,'
~...

•1. l'
~, .
~i .'
,'\'
,/,,'
( ••'" I',

~;. ..
:)..'
No""
'.'..~
'! I

:~. "
~.: .
-; ~ ,

"l,,',:
,}>,,':

A:',"
'.~ ,.'

--..... SOLIDS

-- LIQUID FLOW

PORT SAID
WASTEWATER TREATMENT PLANT

PROCESS FLOW DIAGRAM

ri·:
i',l"5','
il: '
,_,H,

f>
~, '
0",

,"1",.
~J, '

!f·
f~l
,r
;'
<' •.,

ARAB~UCOP

EGYPT
SUBZCANALAumORITY

NATIONA!. OROANlZATION POR
POTABLE WATERANQ SANITARY DlWNAGB

USAID
CANALCITIES WATER AND WASTEWATERMASTER PUN

BLACK &VEATCH INTERNATIONAL
IN ASSOClA1ION wns

MONTGOMERY WATSON SABBOUR ASSOCIATES

DA'J;ll: AUGUST 1999 FIGIJRB: PS-II

U·\CCmp',poltSaJdlplollU1g\'W3ste\....atf:r>PS·ll dwg I~lj·



oJ.3' .... Jl wL-a~l L)-'lLJ ~ t.3~\ \~ lk.JIJ.c} rJ ~I ~yJl ~ .ill

IL1L4---'!~"P: ~ ~ Jig , \ ..~b 4.-J~ wla l.b.Jl· \~.. -\ ·:I\..b L: 'I lal ,::k.~1.. .' .J-l ~ '-6-:' .' ., .J-'-'l') .3 ...?- ...r~ I' ~ ~

wulu 1.1 .:\\ -:. L\J.JI . dl~'1 laS , ~1J.1.J\ w~)lJ\ L.J \,..:tb.J ..:. II \...'" '+'~ lY'" ~ U ~., L)-'l ~ ..~ ~

-:. L\..WI o~ ~".ill 4.11i\\ ~i)1 wul.uJl· i ~i wulu 4.-Ji 1. I .b.. ~ 'i ~ilY'" ls-~.3.. ~ .,. ~.3 .. .) ..... '+' . .J-l .3 .'

'. <:.: - \ ~.Il ~~1 l..b..,j'il wulu l~w ~ \..h.JJ 4.-J -'-11 - t.. ..·Yl ~~ .llJu-->-' r-~ .3 .) ~. f' ' tY .,~ c..-. ~

w&:.J~ :(PS-14) JS-.:JI~J,~1 L91.hi~ .)~ J~} C::?'~ 4..b~.JA

(4..t~.t~3';l1 ~l 'I y .tl ) ~ :iJ.,..l<l 'I.. . .. '1~ ·'1 "'-':'1
• ..~ < fJ'< ~'*j'~";; .. '..JJ! .' ~ ~~~j .. .' 'Y'~;

~.3"~~V~~~~.)~~~~\u~l~~~~i~

4 h .... Jj ~ )<')"'a"1 ~1~.3 UjWl 0.)) .....' 0A ~J.) ~~~~I

,)< .~rlFJ:! LJ.:b.~ 41.... .J1('WI [.,[.,..;, .JI :(PS-ll) JS..:JI~J 'f'~lr f' ' " ',' • •

'~..).E c~1 ~U '? ~,1[.,';'11!~..;11 :(PS-12) r9..)

0----A~~.JA U\ 'i} , ~.)~ ~~ J=,..IJ JI)9.)~ J~.3 0A ~)I ~

o..L.A 'JJ '::,'i 4lb. i..S.YH.3 ' ~ ~b~u~~~~~ LJ~ J ~Yl
" -

Jl ()<~, .'11 .)~1 0A.3 c}yJl J..? ').J-'-'l ~~H , " "" ~l~ ~ ~\ l~ ~~l

wI h .... <l 0A ~.)~ J.) ~ ~1 i~ laS " ••• ~~ ~ A.L\.:Jl (~jly;Jl) Jlaci

c ';'J:! !.AS ';..JJ~I ~I ue {r[.,j[.,;' -: tjg :(PS-13) J£;JI FJ:U' o~.w\ ~)I

~..;;) .J!.J-i..)J!~~..ftLJI c?:wll~b~ '? ~.'[.,';'lrl~..;11 :(PS-14) J£;JI

. (~~"il ~l u-ll t,*yl

~i,.dl u=ill'
Black & Veatch International

\ "I '\ '\~ : .;4-1' .r..r<:l'
.Lilt .:J.ll ~Wt .kb:.1\



J ~ji.J1 0A.J ~.):j "rS 'l \A.J~ :G..l...u.a ~.J.JH ~\ u ~I ~ ~~

~Y.J ,~I~I ~ji1\ oft :Y4J ~ "rS t t ue ~~ ~~ :G..~I o~ ~

wi',) Il1,uJ1~.J ,~yJl oW '))'::"i oft ~j ~ .J.JH ~.b.11 ~WI ~I J~I

~I ~.J f ,!4'~~ ~\ u~l.J £.5.J~ ~WI ~I ws.;&1 w~l.J

U.J '(.5 ""a" uy..a.U ~WI ~I 0A I~ I~~ ~ ~I.J ~.J~ ~ ~L};ll

y~1 ~~...9 ,t/i?JI ~ (::A~\ uy..a.U ~L}:ll ~I ~ ~haj wbjj d.b.

~G...J (.5 '")'all u~1 w~ 1"'l)·..aI.J ~.J~ ~~ ~)G..j ~ (' ~Vl - '~"V)

~~...r--"' .J9r, f"jt.J tA.a o.}i9JI o~ ~~ .J~.u4 ~I u~\ 4..;Jbw~

e:.. )~~~wbjj \)9''''' f..S..ft'-:! wi __I~.J ,~j ~ .J~ lJ~ o..:l.JC ~~

.~lw~1

£.5 .J4-J1 .b# 0A rS ' ~ t ue ~~ tA.a 416.~I u ~I~~ lJ~

~...9 ,~ Jb4 "\ ••• lJA ysi.J ~j1J1 w~ji1\ u~ ~ '" · ·-, Vo 0A ).1i4

,~. • •• L#.J.J~~ 0.L...;!4 (.5 ""oQ u~~b~ ~~j ~ '~VV f"lc

'I..:llI .. .U\ ' w .~I1.J 4..iJ.JAll 4..lJ .:. II U~I :iJWI t- ~I o~.... . .tl/'"£.5...)---l ~..J""""I (.).4 '.?'... ...~.. ~ ~.J ~~ ~

. ~ ',~ .II 0 I ..~
~ ~ '"tr:' .. .J

J.J 'a ... B .Jjl I aJI 0A j.:lC ~I~I ~ o~1 U.:l.J ~)I wi bb.;. J\ jl.:lCj ~Lfll

~ w~ .'- . t .. J. -- 'I .. , _. _II u . _II • lA .....,1 UWI ~I ,',e. wliG.l ,-c..s-- ~~ ~~.J ~ ~ c::-:- .' . ~ '" ~
~6..JI _. _II u' _II w .:'11 oW~ .~II A'... II . ~~ w~ .bJI·.J~ ~.J. ~ .. "J=""'-':ffl-' (.).4 .... .J-UI.J.J ~ .J~

I~I ·.c . .1\, '.Co _I ~ &~ ·i _, All' .' 'LII' ~";ll ~I I li.af" ~ (.).4~ i' J U rrw (Y'.J ~"""-'&-' U±U .J" t.s'.J .J

0A w\j~\ j.J?-.J ~j :iJha)14 \~ ,jSS~\ ue w~~ ~ Jy..=Jl .b.\.J .J~

~~\ ~ ~ .ill.J ~U:i11 ~.J ..:l~)11 ~I JA.J ~)I ~\.ia ~ 0A y..\ ~~ .J~

. ~I u~\~ c:jyU jl.:lC'i.J 4 'y9'iIII JI JLo.c)u b)b.;. ...11

l.S..i.,..d\ u=ill\
Black & Veatch International

\ '\'\'\ ~: ~t.pl ;.!".o:ll

;;l:.A.\1 0.ll ~w\ .k.I::r..-,:J.\

j'J..'



~.~\
~~~e:....~-1J\J:t,\~~\~\

I
I

I
I

I
I

I

J
~

~
'''.L

'''.L
'''J...

'''.L
'''J...

'''J...
'''J...

0
,...

>
<

or
·

~
~
,

g
r2i

..
..

..
~

~

'
~

~
~

~
~

..
g

]'
~J'

1

J
~

~
~

~
J

:~
l'

''';l
'3

1
~

"3
~J

J
'J

.~
.:

"]

~
"'l

>:
~
\

~

J
'
~~

~1
1

1
§

,
...q

J'
'

.
~

J
'J

a

:ll
~,

"5.,
~

~

]:
~

]:
~

:'
'':U

,~
~0

·
l'

y
-·y-

"'OJ"

)'"
·

·
·

·
·

·
·

·
"1

J
'

·
·

·
·

·
·

·
·

~
-==l

·
·

·
·

·
·

·
·

'...
..,

.
.

.
.

.
.

.
~

o
r

,...
""

""
y
-

<
r

'1-

l'
";

0
<

'1-
0

y
-

>
y
-

>
'1-

>
'1-

,...
,...

'1-
·

,..
.~

.
.

.~,
~

""
""

""
<

,...
·

y
-

O

"1
·

·
·

·
·

·
·

·
·

·
·

·
·

·
·

·
J

·
·

·
·

·
·

·
·

.
-

-
~

>
'1-

0
·

,...
0

>
:
"

J
"

>-
""

·
<

>
""

'1-
·

,...
>

>-
>

0
·

>-
>-

_
-==l

-
.

3
..,

~
0

0
0

""
>

·
";

'1-
,...

~'
.~

:J
i

J'
I

..:1'
_

_
""l

""l

~
3

.~
1

~
:3

.~
~t

~.1
~

j'
1

~,J
J~

.~
..,J

,~.
~

~
~:

'J
,

.~:
j

1.
'~

J
-~

l
""l

~
,~

~
.~

-
]

_
,]

-
;
~

\]'
~

'0
"L

].
j

~
to

.1
;'t

A
.J.

':~
.~

,~
,~,

:3
,'"

{;j,
")

'J
1J

J
.~

,
~

,:.I
~

l
~

.4
~

q
~.

'J
;:J

~l
~

CO)
~

::1..J
1

~
,]

..JI
-

,oJ
~t.~

ItJ
j,

:,
:4

\~
~;J~'

,]
,'.

t':J'
,~""l

'~
:;,

J
....
~

0
.
.
,
.
,

'"
-
-
~

'J
I'

,
~

-
J
,

F
"
,

•
-

""l

1)
"";J

t
1

_
-
~
3
~

~t
\'!l.,~

_
~
_

-
.

I
n

~
~

.
,
J
,
.

~
tJ

~
t:j

~'!(3
U,]

4
t

J
l

~
~

j~
q

'
~
"
"
l
:
"
'
)

."1
t

-1'
'1

""l
."')

'
~
,

\
o

.
"
"
l
-

''1'
'~~:

'J
.~

:3
";J

~
~
.

.~..'!,~~,
3,

.~
j~

~
~

=!
'I

-1
t]'1

~t'l
J"

~
~

-
~
!
I
:

t-<l
~.

-1'
"";J

~
.:J'

'
.
:
1

'
.
q

'
j.

,]"
,I

.:.1
~
.
~

t-.l
U

'l
~

l
~

"
"
l
-

'J
..,

J
J

1
l

1
,"'.1

]'"
y

:~
~,}

·.~
:~
~
~

~
]~.~.

3
1

1
-
'
J

""l
~

-
,]

tJ
~

'1
J

~
:3

II
s.,::'1

~
-

..,
J

,1
-.

Y
-'

::;
-'J

J
'J

];
"

~
.

~
:I;

j
:

~.
].

'2
'J1.

.
-1

.i.~
J

J.
3!

~
']"

"
;J

•
,]

~0
~

j'J
\~

.
1

I'
~

_
~

~,
,~

,]
""l

~
.
~

1
'
,,~

]1
4

~:j,
~J

~.~
J~?

J
~
~

j
~
.
j

"
,

~
1

~
-"'"

~
~

}
-

""'j
J....

..
-;j

1
~

.,...,...,..-

~J
t(
;c:

.2;a::::....oC-
, -

~
·

>c<l

3 -;"
...><:

·
u

·
'

!:!
~

c:l



O~.J f'~It f' "" • , "0 -: ~.J~ ~.l.4.;1 ~6J1 4.;Jb.JI~ O.J..l5 .J.ll:i.J

- .tIff"00,. .. MDD wL-:..l..J:h)IJ UWI _. _~11 ~l ~ UI.S . 0 .illl
f'~ f' . , , lS~ " ...JF.J

lSi f'~ltf' f ,yo )~~I oJyJ ~J 416. J~ ~I ~yJI c:~j lSJ~.J

o~j~! ~~I.h;JI .:l:!~.J Jb! c.jJ~.J f'~lrf'''''(o••• ~} ~4)'\ ~I .:l:!~

f'~lrf' ""0. ·· ~j ~4"i1 o.J.ill1 .lJ~ l- f'~ltf'f. • •• tA~ ~I ~ ~L..4j

~6J1 u'-?~')/1 (.5 l.,;.:il ~~)11 o.J.ill1 o.:.YJ ~j ~.J~I LB~ f'Wj lS':'~.J

.~ ~ t.J'-ll4 ~.JyWl ~~ f'W} y;y 'oil.J 'sMDD

~ o.l-J':'::" oL.wW~ 4..h:....J \.h,J' ul~ LJb. --'loW 4.:uAl' ,, . ,. ~ '" ~~ ",~.J

L.lt!j1J' r 1911 t;A~ ~J..P.~.l.a ~~, ~I ui uC~.J 'f'~lrr ' •••· •
~ o.y.:.;..~b A h .... 4 'JJ ,:;-" f'~.J ,.,. • " rL....c. ~ MDD u4-\..ji:..~

~~~I~YI :(PS-IO) ~I~J ,.,. • y. f'te. u~4:h4 ~\j)l f'~lrr' ····
J) ,.11' ,(ta ~ .t_ i'il~ tt ~ . ~,...:lIo. .\ ~ .'f..w.o "f..J..O~ •.•._-:1'J . V:!:':IJ ~. (S": {",.."*..).l' ~~,.. -J..-H.. .. • ~

0---?-y :(pS-4)J~~J'~JY/-ib...;-J1~I~Y I.fi.ya :(PS-3) ,J-J

~Wl4b.~~WU:.J~

LaS ,~~ }'i.J.:l u~ f 0 ~'p ~}i.' 4.b.yJ4 uti)",....;" J\Ac.i ~1.S:i ~41 ~-'

l..:Yjij J~~ «.J~ '\. JLac.~' 01\~~!~

~.;1l~~! -'Ji;in~ 41~)1~ ~, riJ
uS=JA~' ]/J..134 ~.J4~1 JiJJ34

\ • V ••• "'1 ••• ..>.!-'-"1.JA.b.,b ~jJ:' r!.J
'\ 'V'\ ••• f'\ £'1 ... .bi....::J1 i!p ~.J~-' w\,jly;.. :l r!.J

',\Yi ... \''\.'1'' ... o4-J1~~~ JL..ci :r r!.J

l"f.C\ ••• Y"Y'VY ••• (~.J~ r::") o4-JI~~:t r!.J

toyo, ••• '('VV\'(' ••• ~JIJ=i 'Jei; ~lW % y. ~ u.uts:i~~f1* • _ •

~Jtb ~ .:..Iili % Y. ')Jiiil\ U;l\S:i J..,...li:i

~Jbb~~\S:i%Y.-,~\~~l)I~\~

1S.i,A.;.:J\ ..,a-..:Jl'

Black & Veatch International

''\'\'1 ~: .)4-11 T-~\

.LQJI ,j..u. iW\ ..bb.1\



~

~

Figure PS·9 Treatment Plant Capacity Va Projected Water Demand
Port Said

~.~i I i i I I

New 100,000 m3fd plan
Total Capacity II

465,000 m3ld
I \ I11Vt''''.' VI , • n~1iiJ' '""'WI.v ' v I"'""WI T I 't

500,000 I .....-,.. - - L LOI" • .i H_ ...... New 100,000 m3ld plan
Total Capacity •
365,000 m3ld

400,000 I " I I I I I L"A": I

'a
~ 300,000

200,000 ~ ~:. 4== · I I F I I I

100,000 I I I II ......Projected Average Day Demand
-Treatment Capacity
--e-Projected Maximum Day Demand

i

2D202015201020052000
o I I I I I ,
1995

Year



~JJ.Jj;b ~J,.JAJ..JJ.i-?.JJ GIS ~l.J'...htf!~Y .bJ!-..p..JJ.i-?.J -

. ~ ..11 illi§~ II U JJ\~ 4...&J '11;jJts; .11 U..a~
<.)--------4 ~~Y"""' .' (S", .,.J .' " ~.Y' y

.h.-JI .:. '1' ~ t ... il .illl wlj ~)\ il' '11 wLw1...b11 ~ ....("11 '0' i..Y"'-' ~ c..s--- ..J ., ~.J . .J Y~ ~

~\..J'11 wtAl ,.;" "II w 1bb.;, 4~.b..:i ~ 0..J..ill1I~ ~ GIS Ji ("~

(:j~\~ by..J1 wtAl~1 w~ I..S~ ~ by..J1 w4-ljk..1 ~~.J

LJ.1! "1\.l.JI lJ-'O~)u ~..J~ ("WI bb.;, JI t.J~ ("~ lAS , c.AJ.J..J~I
wL....uts.alJ il.)~;/I - .II illi§~ .1 -\ ~ ·i~, . ·'1 illi§ ~~,~,.' , . ~Y"""' ~ ~.J-l c.J ..~.J ~Y"""' """"::'¢"';'

wl..J.2 .2;.:111 ~ ~1ji:i1 ~.J..J~1 (:j~1 ("I~I J..-aljj.J GIS Ji ~Li~

~yJl Jk'1l~ r:i.ill.J 0 ~jjlll ~ ~J ~1..J'11 wtAl~1 ~

: ~ lAS 4i;)) y.uo. UfJc~~ wl~1~~

u1JY! J..h~!

'.' ];.:ill ~.)WI wl~ ~I J"..J..;. tA\yjj'j ryJl ~I Jki~J

o ~)I) ~l:JI y~1 ~

{.JWI J..h..;J

4 ~I.Y' ~J 0 ".". rk J~ tA \J9;1 ryJI 4l....a)t1 wl~1

1-,:.11 - -~ 'I I. -.:~I ~. :JS:hll, tA iW:i .l3 U d..-uWI tb.. .. 11 Jki
~~ c-----a ~.J-l (JA .. 4=-. CJ-:=I ~ ...r-'

obhJl wb\ik..;/ ~I .bW'11.. . .... .J

J 'OJ <?~I ("~I w4-ljk..~ ~~ ~k...JI wlb.A b..J~ w~ ~.l::>:j r:i.ill

;;..J.Li :(IS-9) JS,..:J!~J' MDD ~.u j.a~ tA JA.J I..S~I ~\ ~j ~~;/I ~

o 4..J.ft.J! b?:wl! w~ljb.! Jt~ ~..JE by.,.J/ :i..;J~ ~

lS~Iu=ill\

Black & Veatch International

~)J'

'I" •

, .. '\ '\~ : J4-'JI .r!.r<:l\

o\.:All .;Jl ('WI ..b.b;J.I



'j - .1\ oL.-.,j§~ ~\ L...LJ '.<:.. ",1\ ~W\ wb.a .':1\' I. WU..J ~~ " .J-! ~ c...r " .Y-' ~ t..,?:! "

,(,WI bb..;. J.1 :Y)~;l\ ~J JlAc~1 b~ <.Sj~..J ' ~..Jl.;.. LB1..J~ 4.J~;l1

~/.J ~y~! iJP ~! ­

..L--......4.l~ J..J w4~\ LP ~SJ\ Jl.Aci ~Y-'L;1 oW~ ~Iji J ~

,'luC. I 0 ,/:,S,\I '0 ''4 .... i \~t.J ~j ~ ..-:.11~ .Ie L:..':I JlAc~1 b~
~ .../*"<:1-o'?-. (' , ..J (j..J.Y-' . ~~

. t .=-..1\ l~' y '.- <: U ~I ~ 4...& ~I 4.\\S ·'1 1 -~•.~ ~II ~ ..~.II·
..J~ ()A ~ ~..J ., ~ ~..JA y ~ c...r ,~

...JAy! .JjbJ! iJ.4 4&.~! ~!yJ! (J)U.J) J!~! ­

~I..JA eJ'.b'i b\J9'(' <.S..J4J1 ~uy11 ~y.J1 oW~ ~Iji J ~

~~I ..:l;!..J~ LJA..J LJyJl ~I LJA 4.c.~ ..»utI~ ~JSjI .]A)I ..:l;!.A.\1

• l...J "~"I ." ~\ .lll, I.,.';'
.~~..J • r-:c ~

WuJ! UJllhA1!~ -

. t ..L...l.l'. ('I ftlQi\ \ ~ IQ b...J\ w~ o..)c ..-:.11~ t~:.~LJ..J .., c....>->-'-' c...r- ~ (.}'l:l (j..J.Y-' . ~

U-...a~ .L9J-", . a9 LJ-'~ 4.\~~y ~ ~I (.}'l:lb...J1 LJA~ j..)c ~~

, t-,~II~ ~ ' ~-,"...J\ ~W ~ ~1 ~-,~I ~ AJS,)..JA~I 4.\\S,.,l1

~.l:..:i\ o~~1 b~ ('I~I ~-' (.}'l:lb...J1..J ..»ut1yJ\ ~I~ ..:l;!~ o~t

.~I (.}'l:lb.J1 ~\..JA'

{S~I u=ill'
Black & Veatch International , 'I

''1'1'1 ~: dltJ\ .1-;::11

•\.:.All 0.ll i WI .l:,k:.J.\



cr-M~\~I ~'il ~b~1 .b... - f"Wlf"-M . _ .Jo1A

f"~lrf" f'~\rf"

"'I" i ••• 'A •••• '~W\ rW\

"o"V •• 'Hi .. r " •••

"Ao, •• '" 'W •• r " •• °
'I"n, .. "oV ••• r " • , •

'1"'\.'\ •• '1" •• V •• r ",.'0

ilU .. '1"0 V••• '" ".'" .
0' AA •• 'I""L'\' •• '"D.>ill\ ~4J

:u~

r\~1 ..::..)l.k...-' ~\}il "::'L..'~I J!h:i lJ"L..i~ •Y-,k...-' ~ j-,," (4.uiJ \ '1'1 V rte.) ~:ut.;.J1 '-:!~\ "::"~I.ji.:..~\ -\

.4--1'
.,...;]1 ..::..~~ ~ 6" tAY-,.llJ i' -y

~ .L....l\ l~' ..::,)l.k... ., fy, ..::..L..\~\ J!b,:i L..\~ IAffi - -\". _ r -'~.J _ lJ" - r-'

~ J I a.J lS:ll1 ro~I ~ w~\.f1::..;1\ 4 4J§ J 4:U-J1 ~I w~1 w~ ~

~ ·t ~ _-'I w~Lib.\l1 ~ .. ~ '0 '1 ;l... -- _::\\~ \\ ..5N.~ 1\11., LJ J ., -'*' . .. J-1A...JA' c-:- lS~ .. <S',~

roh ';''', "II r---.:i.L.-'9.lJ ~~I w~\.f1::..\l1 4~ ~j1A~~ 'O-J.J:llI 4.c~ w4-\.f1::..~1

. 04Jl ~I ~tu'il ~ roWI bb.;. 011 \~ ~ o~ 'O-J.J:ll1 ~Lr..o

~J J.p '~J.J-H o~\ 4S} ,:;J ~.jJ~ ~j~ J\JC} tJ~l \~ CA ~ Jij

~WJ 4JSJJA~\ O)J'i\ ~JC\ f'~ jj~ ~lJJ: ~J - EPANET ~UJ: f'1~\

A ••• • .. • ~t '. ~t\ ... t~.A~ -'\.t:.~ '-tit •• til' • "_~ ~L_ti
'"'100<I1 J" '~J 6l,.l.Jf-J ~JI",Q"l"l ~~ ........),lA.l ~ f'UUI hh' 4.11 .3Al~~ - ~I

~W\ UJ~' u-! Hj.jl1\ 4S} I~I ~ c.sS~ ~J")~\ ~j~, f"~l ~J

,'" . ",'j)W~ J-..,." 0.1\ J~~\ t "9'J .ll"b.jJ~\ ~A'C. ,1J"b.ja· 41'9"1100.1\ II
.......... ......... .~.. ~" ...j

Hj.jl1\ .J:--Ul\-JA.k.jhi. A.it.s ~JJ~\ ~j~\ ~.j "':-'~\ r;r .<'I'i'J ~\~\

. .)SU ~ f - - ..)\bi4

($~\ <..I"'--ill\

Black & Veatch International \"

\ '1'1'\~ : ';4-;1\ .r-;:J\

.LJI J.ll ('WI J:..k,;J.\



:uJlio~ L;-t9 I0\\ lJ-a ~1 lil-' ~4.l.a\.c .Ji:- &..;J~\ o4JI w~ (J-'l4§ 0~1 0a~-u

• 4<'\ 'j",JI oWl~ ~I ~UI oWl ~, A..:W.:lg ".' -" , ...' ~ "

, .. \~ dl~ 'I ~~ w~ . j 0 ~ ..~ II oWl wG..&\:U .llil\ .. ·;;'1 ",
~~J" LJ , r...s- J ~.. .' .. ..>.1 ('::--' ~y

~..,Li r"';:j ".1 w\~ lJ-a.J ,% \0 oJj§ 4<'\g'j",J\ o4J1 ~J 4:i1J1 o4J1~

o~1 ~ ue~ wU4:J 4l:J1 r.:lc .JA o4-J1 w\";"4h1~~ ~\)~I wl.A\~1

oL....uJ\~ . I::;~~~\ Ij15 ,whltb.~I· . ~~ \.~; ~:u ..~II.. .. lJA U'l .. <' " ~ ~".~~

<)tJ . I ~I I~I will' ~ Ie-I oWl I~\ w)lak..a ,....:u ..~II
~ ~ J r lJA ~., r ~ j-1-uI .~..);!"'-'

. ~I o4J1~ J41

w4\.ib.~1 ~~J~h o4-J1 w\..;..\.ib.1 ~~ 4)')'09'"~J~i ~1fi'-1 ~

C-- ~I}il r"""'\ ".\ 4 J?g·\4 rl~4 w\";"4h~1 ~.b.:i ~ j§J'~ W~I

wL..i~1 U"LJ~ ~I}JI rl~1 will lJ.a~ JSl oj.l:i...o.ll oy.J1 rl~1 ~b

)1)9\ ,,'4~~\ f )9'1~.l::o..:i ~J .o4-JI wl.Al~1 ue ~l..JI w)4....JI ~ oj))\

4 l" JIJ~~I :L-W\ h h;'\ U"~; ~ U\.S....J\ j\.:lciJ ~\}l\ wtA\~~

)/'0" ',,4:; .J..iW& {JWI UfS:.uJ1 oJ/x./ :(PS-2) JJ.J.;JI U:J.:1dJ '~\.J'J\ wtA\~";l

. ,,~I W~ljhY if,J1.uJ1 kftaJlJ

<$.J..,.odl u=ill'
Black & Veatch International

~)Y

\V

,"'''' .. ~: ~4J' .I-~I

.\.:.All u..ll rW\ .hk:J,\



FIGIll\ll: PS-8

~
~

\
U',

)

r­.r

"

Il._~,-

II

'J

o
LJ

PORT SAID
WATER TREATMENT PLANT

SITE LAYOUT
DATE: AUGUSf 1999

[']
r{l
[;'J

LJ
.-Jj
LIJ

'\

II ".
I
\\

'\ \\~ I

'"'-~i \
0\\ ~ i

,:) ~\ t\ \
g1\ \
n~I \

I 1\\ \
\'\'\ \

1 t \
I 'r \1 \ \I

'-

-1

i \\
,'\

..ASSOCIATIOIl WIlB

BLACK & VEATCH fNlERNATIONAL

MONTGOMERY WATSON SABBOUR ASSOCIATES

--------

/

... ~'~
',\, \

,

'.;,

"

,
\

~------~-----------------~
" I
"" I

"" J"., I'.,' " I
" " Possiblo Silll of J"" r::=r: I

"" I'. " I" " "" ,
"" I

,. ">" :l" ',',<.<.,' >'" : \
'. ','. "" I

v 't' .. ' " I
'.' • , "" J

. " I
""J 1

-~~--""'"~,- ... _.-. ------
--~-

l(

USAID
CANAL CITIES WATER AND WASTEWATER MASTER PlAN

\ "

~,

~~ ~\
(\ \~. \ .
~. '\

o

ARAB REPUBUC OF

EGYPT
SUEZCANAL Aum01UTY

NATIONAL ORGANIZATION FOR
POTABLE WATER AND SANITARY DRAINAGB

N

!JlQ!!t!l!
0100 ---'­0«10---­
0500 _-.0­
0600 _ •••• ­0700---­
B800 ---

01000 -----

SCALD 1 : 2,000
~ D ~ 1mM loOllU

-. --::-,>

H ·.l:\mr·PQltsald·.pletUn~ ~1lt.",'1') Ndw~

.I '
~.... '
~~' :

'tl
:'\"

~;" l:
JO'h , "j
~. .~:~
t',;

;~: .
:~. " '

~i~ '.

f:'
.~\ "

'<.. :.
}o.... ,)
r,.~, .
';:l,", "

,~;:' :.
'~. ' .'1' ~ l> I

~\.:~,.:

l'
"

"
'. "

.,.. ;-
~. .
",

~~' ;.

:;.;\,. 1 , ,
~"
"';';j"(", ,
~'i' ','
I; ,
t'.;,
.,
"

:.'
"l.""
:-~'

\~" \
:t:,1
~.:\(:

t ~~'

l~t

,.
"

'.'
'>.

t,

Y'.,
..,

!I,
, ~~,

~~~:,' "

, "

:q'.
I, ,
;1".'

t,
"
.~ " l..~:

~~;J..
,..'1 ..

".~,



--Chlorine

Treated waH' Treated wate:\
SIDraga storage)

,

AlTler1con P.S.

~'="'h

~

To Junction Canal

l
, ---", ,- -.........~ ,/ -',

(
Treated wa) - / Treatedwa~1 Treatedwa~ (TreatedWa~srorage"'J\ Srorage n Storago Storage

...... ,
-~--~

;~~~; .~ 'j
l~r~-vonI1JrlMoter.-J '--'Chlorfno

i Tm_wa~sro~~
~ -- --- -- ------- ---

Solids

To Junction Canal

I
r--r...l-r--.,

~lJ (ll (ll (lJ Annex
Y 'I " YP.S.
L __ L -y _ L __ J (Under Rehabrlilabon)

I~

I[ ] VonbJri Mo~ !I IPropeUer Meter ITo Distribution System •
] t .. To Distribution_----------------- ..1.- -'- System

~

Bemaop·S.
LL-J L_Waikwa5h

qsh

ater
'Q 'Q
Q

Bockwash BackwashAir Air

.~

'.',

; l:

~~ ,

'~, '

,l •

.'..,

;"

;:,. .

,~ ,

~,'t' 'I

,\.

,
>,

" ,
~..,
:;r ..
>,l,:
';~:
:~ .
:~:
"

f..

,.

" .;:
~.

i~'

l'
~~

?.'
,:\,'

'~J:::

\:-

.~' ,

";"
New Bamag Old Bamag Train 2 Train 3

(Under Rehabilitation)
Train 4 Train 5

f:~

PORT SAID
WATER TREATMENT PLANT
PROCESS FLOW DIAGRAM----_._-

..,:~ .

~~

,',

,
,

'f'"

ARAB REPUBLIC OF

EGYPT
SUEZ CANAL At!I'HORITY

NATIONAL ORGANIZATION FOR
POTABLE WATER AND SANITARY DRAINAGB

H 'l\mn'f'<,'t(,I"I~nh 'lIf'!, ... ~ICT I'" 7 ,h\~

USAID
CANAL CITIES WATER AND WASTEWATER MASTER PlAN

BLACK & VEATCH INTERNATIONAL
IN ASSOClAllOtI WIJH

MONTGOMERY WATSON SABBOUR ASSOCIATES

~ /3.s-·
DATE: AUGUST 1999 FIGURE: J'S.7



J--.:;../y :(PS-7) ",I< . ;~fl ~J ,A...u.~\ ~.Y J)l;.. LJ-4~\ e:9JA rL;JI o4-JI J;..lj.J

.t b ... ~ '-> b..'b..;. 'jfl r-wyl :(PS-8) J£:JI u.~ ~~ '~JJ;-' 4.1.4~ by..J1~~~

• ~JJ;-' 4.1.<l;J by..J1~~

~l~l 0A rS'" ~Iy.. 0A ~jJH yy:;J\ o4a ~jji! ~bJ\ ~I ufi1i

~IJA.J ..J--A)I ~.b..!\ 0A~~ ~IJA ~l ~.J 'r-a ' • • .-vo LJA ) ..bs~

~ r' ':"'.J pvc ~~l ~j..,!S LJAJ (.)JJ~~1 ~~l 0AJ uyJI ~.b..ll LJA

L.;J'-'uJ 0~)I -lb...a LJA~j~~~~ ~.J JI)9j~J ~.J~ LJA )lS ~jji11

L.......aJi J\ ';. Q ~ 4...l~ .. lAS ,Jt.......oJ~1 ~ ... I~i .. \ ~~ oltJl.. .r-.J~ . .. r11 y Ull.Ul ~~ JA ..

,~~I oL....l§ I'" ......, ~ ~\JA~) J)l.:.... yytl\ o4a ~'-'uJ oJ-Ul)1~ LJA.J

, '-l .~tL.....J J~\ ~\J . . .t\ oW~' '~ '\ .., L 'I 'ti l.A d1\JAl~ ,..Y'"', .. t.>A ~..,....... ..~ LJ~ LJ ..yo. lJ jJ-Ul ~

. J\)9j~~ ~j~o4-aw~~Jkji.J1 ~~I y:..;JI

0./0'. ~ly.. LSI rS" J~ ~\JA ~ y~\ 1Jc~ w4kc ~I~ ~~

r--:i JW:.~\ o~ ~\..r.J ~liliJ 'rS ". tgJ.,b ~4j ~ ~\ t:1jji!\~ ~IJA LJA

...\" .., 11,1~ t... ~I ol,jgjl '..lAJw~ 0 bl t", .'<l"Q~ "~,, L...l.l J:i\ .... ~ LJ".J • ~ t.>A u::::- J (.)JJ~ , ...J

'LJO .... 9\1 J~i ~4J ~J LJA/l~.J\/~I~1 us.l.Ai ~h:iJ y~1 LP ~I wl~

~~ .,,\1 oW~ ~j wl.lluJ1 LJA o~\~ ~~ ~J.l1\ ~ ~)S).Y'~l ~1.5.)1 w.aJS

. ~I~\ \~I~~.l.a J5J

~\..j ;;.J~ ..»iJI o4-J1 LJA I~ 1~ I~~ ui y ~l LJC ~I ~ti.i I"" ! a)~

wlAh,", ".~I lJC ~\J ;;.J~ .?-ll o4-JI F J ~I LJA~ ~\~\ LJA y~1 lJC

0A Jii wl~\.)~ - ~\ wb\.»J\~ ~Y! ~ ~ ~I A..:c\.l..o.11~ ~.J4-:ilI~ ~y..Jl

&-9.l1\~~ ~I~I ~ w4kc~ tsAt.h.J1 w4ih rl~l~ - 4 .... ) ..... 0.lI w\~I.;JI

wlAl);'-; ",~l~ ~~IJ ~~I ~4-J1 ~ - wbl..lC ~.Y u~.l;l- o4-JI r\~\.J

0.J~ ..»----i-ll o4-JI w~ ~J .J;1i9.J~~ rl.J ,~4S ~ 'i ~I LSy..\'l ~Wl

l.S..i"A.:.:lI~1

Black & Veatch International \1

\ 0,'1'1~ : ~4J\ .r-;:JI

.w.ll .J.ll iWI .l:tk>.l\



'. i.lli ~t\ b ~L II oWl 4..c .. , WI oWl t_ ~ tu~ J....=.,:i
~ (.)---A ,~ ..J='-' " Y L)A r- ., c.s""".. .J~ .,

r--S ,rO J~ ~~)'I~ ~y:;J\ JWJI 0~1 ~ ~3 b~WI ~~ JW tlill\

, bpJl 04J~ ~.J~~~ c.s~ ')/w t.) b.,bJI 04J1 4..cy u.a t ..Au '41.fti

01~ .lJ..ll u-a lA.J3~ ~ ~I oy.J\ w~ ~ 4..c.JJ1 ~ 04J1~ U§j£J

w4.~ ')/ w.., ,J.,J .lJ..ll u-a .;AI ~\ 04J\ ~I~ ~ c.s)\ 0) j..,~3 ~I ~ ~}

\ ~ ~.J~ ~~ c.s~ c.s jjl ~W11 tfi
'
~ .J~3 'c.s..ft.\1\ w4.~')/\.., 4..c1.JYI

b.J big\1 c9.J~ 'JJ'~aJ ~ 'C\ C\A r-\.c ~3 r-~Ir r- 'V. • • • - ,'\. • • • tJA C3\~

~l J,...dj ~I opJl 04J1~ j;!yu u~ ~..J~ y~ 4u~ r-S t. 4.ib~

. oWl~ . _~ 0 ...<11 wb lillI~ 1 • .1_ .l4k.J ')/ ~I clb ~\S ~~(..i---A.. .. r...s- ~ 3 ",~ .... .. .. .J~

~1.J.4 ..h;. ~ b..,hJ1 oy.J\ 4.c.y LJ.<l 04-0-11 'O..;billl c9.J~~3 •..ft.!~} ~.J.4

o~\ ~~ by.a)1~y~ (" r- o. • •• ~) rG.. o~ U\~~} r-" '0 .. ..;-w.
~. "!.J~~..l.J W6.. c.s.;-J\ o)j3 '6 1010';"'> ~I ~ )45.11 3 '~· "I..J~ ~

~I ~ UCla';''', J c.s)\ bjj3 LJ.<l ~y.J\ oW~~ i9J3 'f'~lr f' t C\. • • •

W..J~3 " • • 0 rLc.~ rHI(r r'\ · · · · W.J~.l).. 1l1.J~~..l.J rl.;, /)~ ~

w~1 J 3A ~ 04-0-11 LJ.<l ~)hJI w~\ o~ ~3 " • 'V r\.c ~ f'~It r- A" 0 • • •

. c.s)1 -O)j3 tA.)ji ~I 4,o10.;.JI

L.::J~ b )1~ l....a.Jl .' ~'I ~ oWl Wb~ ..<",':, .J---Ul ,,'~~ 3 " .J3H", U~

w\ b ... 4 u----a - ~W\ .b~1 LJ.<l - ~ LJ.<l Ufi1i3 ~b.b..,b ~ LJ.<loy.JI

~)\ w~yJl f"~\ tY'U ~ ~.b..,k..:G~ ~~ J ~ ~ ~LA4 ~y

~.J~.JA~} ~~..J~.JA..h;. ~3 tY'JUI.h:J\ ~~ 416.. c.s.YH3 ,~y.J\

.d,j)b..)' .b.b.. ~ji ')/3 ~~I LJ.<l ..ft.i ~~~..J~.JA.b. ~I..ft.) r-J J§3 '~Y-"

c$~I~1

Black & Veatch International '0
, '\ '\ '\~ : .)'+JI ;!"A:l\

.L<!I 0...u ('WI .kk>J.I



~~~I~\ iIi ~ i"j ~ i ,i ~y1\ rL.•iil~ ui~ •

u~~ ,~\ wy.aJ\ ~kJ o~~1 ~.J..J:l ~~) ~.)yJ\ u-a)il

~kJ .)\j.9.J~~ Ahy="J\ ~\ ~ r.)r;.~ L& ,~\~~

~\~)\~ A y.. ,ol\ -rhL;...J\ 1.1 'I?, ~J \~ ~~~I wy.aJ\

·~fll

U9~ ~1yJl ~..,hi :J..b. ~.a.J~~~ ~ts.uJl ~\ ~\.JA ~ •

. ~il

.:i........J§\ .. , 4.S ~ :- \JW~ .c II o' YI .-;'~1 .. 11 1>' i 1(" :-.: • i l.....l=o..J •. ~ ..J-l---ulA . ~ ~ J6-?- ~ u-~ J6-?- ~ LJ •...

~w\~~l ue 4 "l;ji4~t)4'iI~ ~\.JY\ w\""I~1 .J..,hi

. ~lyJ\ w4-~1

lS.1.".dl ...,=illl

Black & Veatch International \ 1

\ ......~ : ..;4J1 ;.!.,A:lI

.\..:.ill .;..tl rW\ ..hb:.1\



~ ~13 ~..J-.J:l ~~ ~ ~\)jl r\~;/ c..Sft'JI Jd~~ u~ ~ ~3 •

rh;;i ".;/ L:-J~'JI I~ ~ wl~ ~i c..SJ~3 'rwl hh.;.J\ 1~ ~ 4Jl;.,JJ

rY rj\'j ."J'" ~~~'J\ ~1 w44h1~ wl~ 63.b. ~J ~1..J'J1

. wI ...:":1\ ~ :;lel . ;;'~I . ~11 h,h.;.~,· ·..L'. -11
~ ~ u-~ .' <.JC (J;i-'~

.. ~11 ~ '1 ~ .11 ~\.,jg ~ :. ~\j '\. ~-11 .. ~1\ .0:\...1:.. ~ •Y'-'-' ~ LJ ~J - ~.Y""" () tJ.Y'J.. ~~ Y'-'-' ... ..J-l~

4 ok,JI ~J JI~.J.J-: ~ ~J Jy.a..,!\~~l ~ti.J\ ~1.J'JI ~

. ~1y.:::JI L:-J~ Wl..,!\

~)~ ~.ll~ ugJ ~3 4Jjl.JI:;~C~:I .JYA ~~ ~ r.l •
. ~:l1~ =lli.u .. 11 ,~I:; .::ILJ \ ':11 4...ll.ul1 I . '11C ~.. ~ ~ 3J"" . ..J y-a, J ~~. .J y-a

~~I ..b ~'JI~ l..L :" ..< \..& l';S~ h,6:...~,'\ ~ •~ .~ .J . U:?J= (,)-'lfJ.J..J-' t..J ~ ,~ .. ~

tsbUJI I~ .)C~~ ~1 ~b.11~~~jS.JA~y ~LA~

~~ all JI.ii..a\S~J .J.J;t1J1 L:-J4~ 4/'J.,\1 d..p.\.l11 0A '."'",JI ~\

~~I Gts.a j.-..;1yu~ .)C~ lA.a (~~\ r~i) :;.JJ~I ~.)y6'\

.L.....,jl~ ~.J-.J:l ~ J~ lA.a ~:A...~:l1 ~~ ~LAts ~I () jllJI

. wi j4';I S"~ ~J~:l1 ~4uJ\ liJ-Ul L:-J4 4.i..a ~'JI ~..,b ~.:I~\

4 )gJ9y wl~ ~J ~~3 .)I~..J-.J:l ~ c-LJI ~y ~ j;~\ ~

.:II j...--J..J-.J:l ~~ ~ 4...awl L;-JC)lJ13 djt:iS..\\ 4. 0 9';' ., J\ ~\ J.hu.J~~

~yJI .J~\3 ..J3 )6\\ L:-J4 ~J ~I 0A t~l l~ c..S.:I~ (J ~3
. 4J :~ .. II :; :" ..C:: 1:: . ~~ . ~ .:It..a ~1 . '11
~ ~ (,)-'lfJ..J..J-' U.I.Cl c.s- ~ c..S ...Po

•

15..i"A.:::l\~1

Black & Veatch International \i

\ '1'1'1~ : .;4J' .r-.r"=Jl

.l:.Al1 0...u rWI ..b.k>..11



900,000 r----------------------------,

800,000

700,000

600,000

500,000

400,000

300,000

200,000

100,000

2000 2005 2010 2015 2020

464,949 521,007 594,282 688,830 810,211

466,634 509,426 561,465 617,786 692,104

459,682 499,483 543,507 592,475 647,351

462,245 505,721 554,005 607,896 668,439

U~~\

o '--:-19=6-=-0---:-196=-=-6---:-1=97-=-6---:-1=98-=-6--:1=99-=-6-__:_::_:~___:=----:::c~___:::=-__:_::_::=__!

_CAPMAS Historical Dala 245,318 264,078 262,760 399,793 462,259

- - - CAPMAS 86-96 Growth Rale

- .. - .. CCMP land Use Based Projection

- ~ • - Govenorale Growth Rate 92, 95 & 96

- -Govenorale96 Growth Rate

~\.J ~y..a.J\ ~fi..::Jl ~Y?[l\~'il U\~\t\ ~ ~ ~..,.JI .JHb:i11 Jkc.i~

~ ~ o~.l.;J\ ~UJI ~ ~I~I ~I 0) I~tl) WI LSj\.J ~ U\S...J\ j#.y~~

~1~.Jl:!~LJ ~jj ~\..J\t\ f'1~\ 4.b. ''''''0'01 I~ ,~~ O..J:!"):?-~ ~~

- ..ll o\.ril U .:-l\ ~I t... ~ 0 ' W , ... :-.l\ oW~ .J 'I . __ ll
~..J--""'"' ..~ c.s-'-.J ~.. ..J:!..>?-, ...?-J ~~ , .. .J~ ~~

~~ , .C l.a::u::.. \ .1..l:U.1 llik...J\ ~..bh;. '.,.- ':1 uk... .... UtJI uk.-a ::11 Ji..W
U~ .. ~.J .. ~..)-l9A.. ,.."..... J

,W~

~ ~I ~ '''.J~ ~\) f'\~\ bb':H\ t4i1 ~k...J~~~\ ~~ •

LJ~ ~)i\ f'l ,:,,'j 'Ill 4.b. 0C u\j~l d..b. \~~ ,bb:..J\ \~ ~ ~j\~j

4.........ll.J\ ~~ ;i, , "Ili.J\ u\~ I \/1 i:..::U 'i .,C: ., • -;,~\ ••11' :u .<•. - '\ -0' )rl.. . .' , ..>?- < U u-""";: U-..r-' l.F ~ ~

. ~\ u4--\.jb.1 ~ wl~~ ~\j..,ll f'~ ~ ~l....J\t1

tS.i,d\ <.J"'-..:...ll\

Black & Veatch International

\ '\'\'\~ : ';4-;J\ .r-.p\

.LA.l1 u..u rW\ .kb:J,\



ARAB REPUBlIC OF

EGYPT

""'''''''_Tt._.......,....~

NOTE Land use categones shown
represent average densities derived
from GOP? land use maps

~ Of, " ...... "',..........

LEGEND

o
N

USAID
c..MW.l"lI'~ .....'lll....,W'O:;lTVd.'rlllMS.[Iln_
-- -;:;:-:;::;---

_ _ Study Area Boundary

WWTp. wastewater Treatment Plant

WTp. Waler Treatment Planl

PORT SAID Ultlmale Land Use

[J AgrIcultural Land
00 Beach Setback
~ Cemetery
~ CommercIal - Office & Gov'1
ffi Commerclal- TOUrism
C8I Educational Facilities
~ Futuro Developmento Industrial· Low Waler Use
HI Industrlal- Moderate Waler Use
~ Irrigated Parks & Open Spaces
~ Military Camps
l] Resldenllal- Very Low Densllyo Resldenlial • High Density
o Residential - Low Density
IZl Residential - MedIUm DensIty
• Resldenlial - Very High Denstly
(-;1 Salt Ponds

~Of:6~ai~~-

o.oJIGaoEIlVW,o,'SCH

:Iii1'L100lJifiiiii

Sina'j
I

,/
, i

, f
I'
i

,f,
1/ ?

/1
II

. 'II,
/1

, ]'\
J \

/_(
"

"
" ,

",
"

I,
I
I
I

i.'1
I
I

"

'I
"

"

'I
'I
1
1fd/,...

Mediterranean Sea

~

!~
il\

Lake
Manzala

~o
"0'

~~
09

•'wriT·'••~%
.~

,~ l

,'"
.~'

~:;
-'
"
'il

'<',.
',.
"J.
~ .}

~; ~lJ

~ ',:.
;i~ .'

it::
~/~~: '

~': '~I

t...~ ~
I:; ;,

:;

\r.',:

",
:'{
",

,l"

'?....
I' ", "

"''''~

i~ ,
~- .
:~.~ y'

f~ :
t \
~f~
I'... '

~".

.~

! '

,
•}~
~c:
.''f",

'it,
:t

,.

~I<

'1"~: 'I
r~{, ~

~/':;
'e
~~;
~\~~ ~,.,~ .. I

;no""
N"",
~~ ;1,,.
'f.'

~: ,:,



:~;.

"',
~-....
". ;'

~::~:
~:.,: I
.1f J

~<.,'
'(J<.,I, ~ •

•~; ;"'1
k"

ARAB REPuauc OF
EGYPT

m'.... \.''''g_UIoII_~

LEGEND

"'._.....U1~ ..""""" ..
"'''-''-C_~II

1fTr1lf0A.Dl1M11WU>""''''''''''''' ............''''''
~~O""WOII_''''''''''''"''

o
N

NOTE Land use categories shown .
represent average densities denved
from GOPP land use maps

'_ ~SludvArea Boundary

WWTpM Waslewater Truatmenl Planl

wr~·_~aler _~atment Plant

PORT SAID 2020 Land Use

Q Agrlcullural Land
mBeach Setback
~ Cemetery
~ Commercial - Office & Gov't
Ell Commercial- Tourism
~ Educational Facllliles
B8 Fulure Developmento Induslrlal M LOIN Water Use
~ Industrial M Moderate Waler Use
o Irrigated Parks & Open Spaces
~ Miliary Camps
o Residential· Very Low Densllyo Resldenlial M High Density
o Resldenlial - LOIN Density
~ Resldenllal· MedIUm Denslly
• Residential M Very High Density
BI Sa" Ponds
r:1 Water Bodies

aA(~&I'EA'C><'N1H'''''.lO'''''''

~W"'TWi &AeOOl.RASSOCIOoTES

~----moInrn:r -

--PORT SAIO 2020 LAND USE

CAttAlCIl1[SW"TEI>'«ll.l.~Jjte1l'II""'SIfRJ\HI

Sin;
I

/ '.' I
I

~" ,
~"I jt
" ,,

", ,'I
/,
;,
f\

,j ,
-. j ~

""""""..I ,
",

I
I,,

i'l,
I

'I
1

"

I
1
1

'I,

'"

.,<

I'P--

Mediterranean Sea

~

I~
11\

Lake
Manzala

1'0
"'0'

~;,.
\9

\..:.
I:

........,.'1 ......,.

.,

'~~'~~~
~'(Q,'

~i, .:.
~t ',~ .
~.~: l

:t:~~ "
'.­-t."

f::~'

t,
h~"
~'(~'
~ I, '
;". ,~~

:t·' ,
:,'"",'.,
~; ..>,
fJ'
't" •
(1c;"
;,i,,:..
M~'
;"\
tf!··
;:-l"
\~': " .
;''''~' .

<'
( I

,1,.

(,

',;:.,'

..

.',
~.

I, ."

",'
~i~ ..
M4\"
I'
..: .~

,/~ I)

t:;
';'i;.
'1' :

F:";, ... ,
~~.,. ,

,:

,.
"



.~' .
,~ lt" \'

Lake
Manzala

/'-13
muitEfoi:3

I\MIlREPUBtlCOf
EGYPT

,...., ...."...........,.. ,....... '

..'1 "_ ,,, ...........~ ..~ ~~

,,,..,,.,, ,,, .. ,.''''''''_.Ull..
... ," :."""''''m••''..

LEGEND

o
N

"""L~"'I ~~t'lP"" .... 'f""'"

PORT SAID EXISTING LAND USE

LJ Agrrculluratland
[g Beach Setback
r:~ cemetery
rJ Commercial - Office &. Gov trn Commercial·Toutlsm
E:a Educalional Facllilles
t?J Future Developmenlo Industrial - LOIN Waler Useo Induslrlal - Moderate Weier Usen Irrlgaled Parks & Open Spaces
131 Milliary Camps
[ J Resrdenllal - HIgh Donslly
[] Residenllal - LOIN DensIty
L"J ResIdential- Medium Donsrly
[ 1Residenhal - Very Low Densr1v
( 1Sail Ponds

WTP. Waler Trealment Plant

PORT SAIO EXISTING LAND USE
" ... ,.., " .." .... " ...

DATE iuCij$hil119

WVVTP- Waslewaler Treatment Plant

NOTe- Land use categories shown
represent average densities derrved
fram GOPP land use maps

-. ..Siudy Area Boundary

Sin

;' .... ,

I,

~,

" ?/1
;1

",

I'I

I''; \
. I,
'"

" ",\l,,
"

I
I

I
I
I

I
I

I
W'il
I

I
.'I,
1
I

.)

'~:t~i", ,'. . .,.. .i.,1<. " ,.' -:Xl:. -"'" 'b' '(,. ';'..... , • "'~, ;.~•.:;J ,§' ~.;",'>~ ./~ \ . \
'-"t.; AI (.j J - >' ~O.r(F~~~d;<~:~
-'I' "I" Gt 't. nr'"i "'f / ;'; :s , t ;>,. ~ i' "";.;; . ,-/' '!i\..... ·r~",,· '/W .'

'''''''1 ' . .'f..K( '. "'</__ .".
. I·t '. ('. ."'". ". '\I';'.:)".J I • '"

...,-/' ":
~ ",.1 " ,

,
"-'," "". .r'. ")"' • j, ' ....@'.' ",' "',
ri;, ,~~,' I'
"/1 ( ...."

Mediterranean Sea

-,, ....--

",,,,
~,
" " ",

"" " .... _-1'0
"0'

%p

/
\

!
I

./
I

I

wWTP

':'

:"'.
(~~., ,l

,j,.:
It;! ~.,

:... ,

~i',:.
~: .
~£ '~\,

,,)
i:"t

I;t;
~\l"

't::",
,1r':

t~; ;
:~~',
'(;..~ I '

.-.,
7;.,1
l~' "
t.~l

~~.
;-,.~ ..
:~.

~,
;.
.)~ ...,

~,

;t';'

,j',.""

{.
'\,.

~, !'

::'

., ,~

Il,.•• :,,,

..,:.-

'r!

::~:':'\

l
,,,,'



o~~1 ~I ~I 0b~ ~ J~il\ w'l-hA ui~~4il1 ~yJ\ ~ uajiiJ\

. ~I ~I..b <.JA % , •• ~3 4J~~i ~J ~

. w!yiuJ~ JS w!ft~ 4..,c.Jp!.J ~W! U!S.uJ! J!.Jc! :(PS-I) JJ~! L.J.:t:.!:IJ

wts...J1 J~ rWI

£,".0." ~Wl("Wl

fi'1'1rf "...
o. '\ £"'1 " •• 0

0'1 H io ".,.
iWVAi " • , 0

i'\n. £ ".".
11.£,"0,\£ r..ft9l1 ~4J

tS.i"d\ u=ill'
Black & Veatch International A

\ '\'\'\~ : JLs-J1 ;!...o:JI
.\..:.All ':.u.l ~W\ .kk:..ll



Wt.:... ~..J4J\ ~ts-......J\.J ~~\ ~\ uk..J~ 4j~ ~\~ jl.jC.} ~ tAS

~ Q - .......... , 4......aWI u\.:Jt...~\ I.L~. ~ Q ~Jd:l~~\ . ~ ,',~'i\ :;..Jbl A...i Qk.w ,:\"9';",,JI Q
.J ( • • ~. ~'J ~ \-I c ,: J • • .J

~\}'1\ u~\~1 bb':'<l ~ ..J4ic'i\ ~ uhi ~ t.J~ JS ~ ~\ ~.JA.J ~.JA.J

~u.a dLJ~ uL.S~ ,,,.,,. f'W ~1}'11 f"~l bb':'<l~.J ~W\ u.J}::JI ~

~J L.::J~ ~I..!i/ r /1 ':' 'j ,,'/ b b.;, :(PS-5 ,PS-4, PS-3) J~Y/ L»:UJ,~

. ~f..iil/~ ~/~/ ylIl;ft {J~~J r. r. rl.c

. ~ ~l.....=..'il :LaW\~ '.< '-'I ,,-- '101 i ill jl~ 4.-U.llJI <\:ill\ :.~
~ < .J . I..S ~..Y'"'..J~ Y?- <.? ." ~ ...»uU

u'5 . 'I~ I~.J~ £"\ '\ 0 "'''' ~ ~ ~..J~ illb...a u~ j.jC. u i ~J ,'\ '\ "\ f'k.

~ ~J ,~Iy-all ~ ~ - ~lyWl- ~~ ~\ ~u.JIJ ~..J~~.lA U.a JS

L...aW\.4 <'J.ullI..Sj-5~I)& .... \\ ~I~ ,''\ '\A ~j~ ~~ ~ ~)I I~ t.1~

~I)-J..J~J ~9 "'..J~~.lAu~ ~.L.c ~~~J ,~ £"\"" 0 '\ ~J ~l.....=..)'\J

L...aWI.4 <'J9:.J.11..Sj5.~1 j~1 wl~.ili! ~.J'l...uJts rS)1 I~ f"~IJ ~ £",. ,o.,,~

:L-!.fl.J\ .:l1.jC.\1\ .:l;!~ ~ .li\J ," • ". f'k. ~~ W ji.JI ul.S..uJl jl.jC.\1 ~ l.....=..)'1J

J \1 " ~I :i~.1 II .. 1.111' -; ...~ ~\ "'1. I-:~\~'~" I,,:,~....I. "'I.o,:~J ' a....... ~ "'I.:i.l\.uIJ ~UU.JJ ,\A ~ .... ",, " <l ~ .is.J.lUlJ~ ;:.~u ..;u!U.l.Il.A
{ • .... \-r- • ... \ ••

• ~..J~ illb...a U.a.J ~l.....=..)'IJ :LaWI~1..Sj5.~\ j~\ 0A~

~\ :;~I bJb.;,:;\\ w\...ual..Jj ~ :;~))I wl~~1 J.:t1.AA wl~~1 o~ A...i..J1.AA WA:i

w~IJ y~\ o~ ~~I ~I.J ~L:....J\ ~~..J w~ 4..b1~ \Ajl.jC.} ~

J) 9<l~ lYlW~ ~I ul~i9::J\ w.i\SJ ,~Iy:JI bJb':'"iU :LaW\ ~\J ~I

4.-..aWI~ I..S j5.~I j~1 \A~A ~I ,'\ '\ "\ f'\.c. ~ ,'\ A"\ f'k. 0A ~1.S..uJ1 ~\

~J ,'i~1 ~\11 ~)\J 11,\1 \A..J4ic~ \AJ~i..:..1 ~ ~I wl~~1 ~ ~La.::..)'\J

b.1b ';,'iU :LaW\ 4\ ~j..J) ~\ Wj1..J\ ul.S..uJ\ j\.jC.i~ y-.fi~1 ~I u\~ u\~~\

1..Si\11l~..J~ ~~ ~1y:J1 4.Shi..J\ jJA ~1..Jj 11 u~1 ~)I ~fil ~ ~I~\

of'WI bb.:. JI ~ \..r:1~1 ~ ~IJ " '\ '\"~~ 0~1.jC.} ~

o;f.Ji.Il u.w rW/ bb.:. ~I~ ~..fiU/.{"jplul.S....Jl J/.Jcf :(PS-6) JS.&/~J

-:. '-L.....iA . ~ J~'il w'i~ . i ··<\...ua..J1 J~'i 09':' iJ\ J.lltA!\ ~._.; A , ~ "i~'~
~ ~ < U ~ • U -~ ......---~

lJ----<l.J ," • ". f'L-.c ~ I..S~\ ~I ~Lb U.a % V. Jj\..U....u :;.:l;!~1 ~I ~I

<.S~\ u=ill'
Black & Veatch International v

\'\'\'\ ~: J4-'J\ .r-~I

.L:.Al1 ,:>.ll i WI ..6k:.l\



.',

,',

o
N

",

Sinai

, 5O,DOO

lOO;;;,..";,,s0=",500...."",,'.."kma

/
'~""" --...... _-... Study a BoundllJy Sources:

"'"'~''' GoP I Port Said Governorate;
-----.--.....~of Port SaId Bufld-out Areas

sePrmber 1992.

Hiiii
-.; .......,.,.

~j'

..,

Mediterranean Sea

". \
\

'-'~~!.c

-~t?

,~,,'
{

.~

~}-~b~"
<90U r..;,:.:,~

q.,b~:~"\

"""

.,.., ..~,,-,,-

~~

~.
\ ',,--
"~~~

1 ~. '---".. 1
\, I ! I\ --I !

/
<

WWTP )
I,

)
_I

.. ,

Ashtom E1-Gamil Nature ReselVe

;.

,:",

\.,

:",....

"
.~\ :

~'

.,
,,,.,,. ,

';;:.1,'

>/
'r
)

;".'

,>',-.

';r

>

!~~i~
'f < I

i: ~,

",
~l"1

,,'','
"".,~
:'~'

tl<
i'
'..

,."
~:,
.~ :
'C•.\~~ ':
~.,.
;'"
I',;

i~ ,
'f·
~J".
3~,~,

f:..~'
t

BLACK & VEATCH INTERNATIONAL
IN ASSOCIATION WIllI

PORT SAID
STUDY AREA BOUNDARY

-;-..
,'.

AIlAllRllPVBUCOF

EGYPT
SUilZCAtlALAurHORITY

NAUONALOROAN\ZAUONFORPOTABJ..BWATBRANDSANfTARYDRAINAGB

IN11lRNATlONALEl.Ll:PSOlOB·llAYFORD 1909
U.TN. PR01EC'I1<m ~ ZONIl36

S1ERI!OPLOTIlNO bASED Oli<lEOOHlIC 'JJlIANGUl..AUON
OF BGY'P1'IAN 5URVHV AU1lIORIlY

USAID
CANAL CITIES WATERAND WASTBWATERMASTER PLAN MONTGOMERY WATSON SAB60UR ASSOCIATES

DAlE: AUGUSf 1999 F10URl!: PS-2
., l.'-,tlrloo'I"'''ol'pl''\I'''1 ",,,h, \-':) ",h>ll.

I



wW J..l.h.:i.l _. -II u . _It w~k...J\ o~ 1~\ l..a.Ji .' , . \ ~I I~I wulw
.' .' ~ y--=-u r .' ~3~.J r ... 3

)\ .,ii ,,' <l W ji.J1 ~\ 3 ~b. Uts....J\ .)b.c.\ ~ C1A~\ 3~ W ji.J\ ~I u ~\

d~\/~I u~l clliJ J~3 .)yJ\/o~\ r\~1 J~ c~~ ".". r lc~

. ~I ~l ~ lCOI ~I..J ~L;JI wI ~\ ~. -.::':- ':11 ~j I~\ ...J l?-l.. Y LJA~ r ~3

~1 I o .....~1 ~W\ ~ ..<: .. 1\ .\ u II . ~I . -.UI ..b,j\ .:. 1\ 6..i:>.\ ~\ ~ ..
L.-.-.\...o..;;>" < 3 . lS j"...r-' .J~ LJA .' y:.~ ~ .J-'-'l ~

u3~1 ~..b..:il3 ' ,'\ '\ £ rL....c. ~ ~I.J~I w~I~1 U3.); ,bjlyJl o~ ~3

U .L-:.I\ ::Lli.J1 . . j ~h Ul....al wllib ~I 1" . \ ~I w~I~~ UkJl
~ ~ ~ c..s- .. < .' ..r."-. ~ ~ .J "

w~l ,,", I '11 wL...i~ w~~ ~.JJ\ L& (~~k...Jl o~ ~lli ~.J.)\3 ~.J~\ r:i ~\
, '\ '\A J-U:jS\~ ~l...:=..)'13 ~W\~ lSjSyJl j~1 ~1~~I ~I.J~I

.~kJ\ u3);Jl ~ ~1.J~1 rl~l4..b~

($..L,A..:J\ u==JlI
Black & Veatch International o

\'\'\'\ ~: ';4J\ ;.!"A.:l\

.LOlI ,J.ll rWI .hk:J.I

1'-/1



[', [' ,t 1t ~, ~
,C" ~ -[ -
[, [, ~ b,

r t;:' .~ l
, ~ fa' -[, t....

~. ~ ~~ ,t
~

. 1 .. -
, '[-

c.o' '[-r
~ f ~ f
( ~" ~. "~
~, 1, t ~.,
1" t.... l;; ~,.. .., ~.r L' 'I:- ...- ': E [

t l s, [
'" ,~ r;:. t ~'r ~: l <to ~
1~·t~1 1:- ," \;""" ,~" r -
-[ [l; L~' [

f\, ·r ~ l~ ~rC" r;:, •
• ~ v· ' j,-~ \ ~ --

t' 0' ~" l.. l
~ ~ "t ~, ~--

t\
L
~

c
~

,I, " E·" ~ C [, ,t' ,[f 't 'r t .:., E ,[ h --'
f t t \; ~t \' J [, 1

t" ,l t ~ 'r { ~ f [,
l.. ~ L. ,. - t, t f~ " -..-:
- L " .. 'f:.~,,[~,~ ~r~,~
~. I l.. t ,0 ... -, f .t ~

GJ., '~ c.' p ~ f~,' Iv; [
,t: \; :' ~" '~ ~ ! 'L ,t
(l-l O't~t....E

l'· f - ~,- t.'. f' t t'" ... J::. r l_' "

~
_ t....... -r- - ' .

, " l.· f.-' • -
~: ~ 'F .~ ee~ (.,-[ ,t'l ~ EIE"~ [l
'r~I~~1: ~~~ f~
~ Ci- t.... ~ l B;. 'c;. [: l
of, E ~ r; ( t ~ ~ f <to

[ r;:. ~. t ~. ,~t f 'E- ~ ~
t.... ~ 1 -, E - - f t'
,~. - .~.. c l:' ~ l.. f -
'I:- Co ~ 'i.; - (), ~ LE V\ h' .' c... :l:'~ .' , ~

~ ': l:- ~,f; t'~,~' Gi..: ~ r'
(. , ,t.... -, c- 'Gi. I~

:tlf'~~~ ~~['~~t
[ " .'-' [, f 'f (., ,t .[, ~ 'I:- C L t.... \: .'

~ l:- E :( 1- ~ t ~ _[,

tl

co G. ~,

~{ t :~ t
n - [, "1."
~ [k t....[ ,~~ r
~ ,( ~ ,
:::l' 'a -' '
g' ~~. t....
~ f"'~

-, G\ '£:\- ~. ~
I ~ 'f

" [, l..l h ~
~ ~. l'
.... t' l;'

~Jll~~'
~ .- r

r.1 ~ 1.
,0 - 1_ l..

~~ [b.C •
~ g [, ~-
~ - h -

r.1, \- ~~ [\

f ,o[ - £
~ - [, r·-" - C \::: r [. £-

t f .r:- ·r ~ C-
o z. ·r "1." 'f tl c..
{~~ ~ [, ;., fA

_ -to~ b
~ Et ,,[ f



HIGHWAYS

aMAHAUA
aKUBRA

o
SCALE 1:900,000

500 0 500 1000
e MEI1lIl

EGY"PT

-~(

WATER CANAL ••••••••••••

ARAB REPlJBUC OJ'
EGYPT USAID BLACK. & VEATCH INTERNATIONAL PORT SAID

StJBZCANALAmBORIl'Y CANALcmBS IIU8lIOCIA1JO!lWllH LOCATION MAP
NAnoNALOROANlZA'I1ONPOR. WATBR.ANDWAS'IEWATBR. MONroOMBllYWATSON SABBOURASSOCIATBS.- _

POIABLBWATBR.AND SANrI'All.YDIWNAGIl MASI1lII.PLAN



~.l.<l q _. -II w . _1\ ~k...a .' w~ ' .. _~.1 4..J ,/>, JlAc.i it9.iJ .'
~ ls-~ ~ . 3~ ~ .. ...rY:>- .' ~

~..JA~\ ~\.S}I UH :G3 t.u.JI j~1 J)G,. u-a ~WI ~l w\~\ J)G,. ~.J.J:l

wL.:uk. , _. _1\ w . _1\ l.....l. :'.11 oW ~ .:;1\ :;<... 1\ llib.J\ USAID U ..lll~.. 3~ y-=-'J.~ .. .. ..Y"-'~3 3 .. 3 ..

. c.s...?--i ~~~~

..L..Ji cB)W =\S ,. USAID U ..ll\~~ ~I 4J\.S .11 w ~I ~ '\ '\ A 1..c. Ji. ~ ~3.. ~ .. ..J-4 y.J ro ls-

wy-aJI J y~\ o4aw~ 4.-.a1..c wI hh; 4 jbc.l ~jill BLACK & VEATCH u~"ilg

~lo~\u..w~1

f'L.£..~~~~l 4);:'\ ~1.)A.J:#~.jJ ~ 4.AW\ ~'hh; oJl o~ 6A u~l..9

=\S:- cBl ~ :·~w BLACK & VEATCH . .':,'\~ j,ji cB)W =\S :. ~~'.ill..)---'-'l~ ~ • v-::-. ~

c.s) ,~t",,~\ ~~I c.' ~,<JI3 MONTGOMERY WATSON U~\3 c.s~.JA

~ "~u~J o4a" olilll u..w roWI hh; ..1\ tJ~ j\jc.~ SABBOUR (.J~)

• ~ '\ '\ '\~~ ~ '\ '\ A ..Jil~ u-a 0ji9J\

tS..i.,A;:;JI c.,r=ill'
Black & Veatch International

\ q,q,o,~ : J4JI r-;:!I

.I..:..<ll u.ll iW1 ..kJ=.J.I



~J ~y.JI oW J..,b~ WI~I ~)l.::JI ~)I 0.l.JI tS.b.} ~ ~.J~ ~~

,- 4..:u.l.JI ~ k ..... 11 . ~I ._.1\ ,- JWlI ~u . ·'1 oW ~I..l..l ~ ~
~ .. ~J y-"-'~ ~~ ~ u-a~~ ... ~

~.LiAJJ~jj.JI c..fa:H'l1 ~1 0A 4Jj:l.Jl o~~ ~1 4"'\'o",".JI ~1.J'l1

~ tS.;---i1.:l ~p ~J ,kjLJI ~'ll ~I ~j o~1 0A ~~1 ~1- ~\

.L."w t .. 4J ·····'1 0 '\.:k..:j ~I ~ 4...u .~ II \A:,').b. .. 4..:u~ .~ .. II J;...l.Jl.~ ~ ~.J . J ~ . ...~ J ~.. ~~

tSJ)---JI .b4aJ - ~.J.J: ~l...JI ~..;bll ~ th~J ~1J11 ~1.J'l1 0A 4l.;J rS "
• ~..JJ:I ~~ c!y:(PS-l) JS..:JI if.:¥.!J ,~1 bh ~}

.JL....:.J11 0A .J#. .J~ tSy..'l1 4.~.uA...~'l1 ~J ~ .J~ ~~ ~ly w....,Q~ ~

oJt....-e'j 4 U'~ J~ ~ ~ ,yyJI ~4:i-i1 ~ USJJ (' '\ vr - ,'\ i V) yyJI ~~

{"~jJ Jbc} ~ "'\VC\{"k ~J ,Yj oJyJ\ ~ ~'l1 ~~ ~)?1~1~1' ~.l.JI ~

• ~.J~ ~~ ~1 uy.alIJ y~1 o4a w~.{"l.c bb;4

~ 4..:u~ . j ol!A.11 ...~ ol!A.11 ~~ wl:u.i..o ···'1 oUS~~.. .J~ .. fS" .. t:U.JJ ..J... ~~ ..

~~~~~~Y?- "iLc.c\ 'C\A. {"k ii..a ~\ wy..,i ~.J ,lgl.!;',~;i.l ('~ ..;J\

~ oJbc} ~ tSj,!1 o'-+JI w\~ ("'WI bb; J\ ~ bj)~1 w~jill w.J o'-+JI (:jjjj.J

. , '\ V'\ ('k

4 b." 4 L,"~ ~l::.. ~ , _. -'1 u .. -'1 ~~ ~ wl:u.i..o ~l::...Jl ~
~ .. ~J~ ~ . .J~

4 • I ;.,l;. 4 b." JI ~1j~ USJ.J ,~ S'..h 0A J.J1.:9.A ~I~ ~1 u y.all ~~

. 4..1:Jl:....J1

tS~l u=ill'
Black & Veatch International

, '\ '\ '\~ : .;4-J1 I-pi
.L:.A.lI .).ll iWl .b.b:J.\

t,)/



NOLLVI:JOSSV '}IOOHHVS
. ".,.5J r ~ (~r)

\~ \'fI \j\.~~'

NOSlVM A1I3WOOlNOW

~~ ~.,.r)l r\~(l

iVNOLLVNlItilNI HJlVtlA 7S' )lJViH
~. ~-: 5? ~~ \:1 . ~-:



:~/4JYI WL4;;14'O'jff J/ WL4..JJ..uf iJA .Jj.J-tJ1 ;;/J?-/UA~ w~fl/~~ LyjJ

~IJ~I~~u~~J~J .JAto plAto! -,

JL...a.c\ ..?Y' ~ fij lAS~\ uy.a3\~ ~t5J\ y.=J~ rJI~ j\~j ~

. .ill\ ".u 'I _~I\ e..::..w.b.:j . \ 4.h::..~ ,'\ -~II ~ e..::..w.b.:j \....l::>....l lAS, I ~I 4b. .. 11u..a j ~ ~ ..Y'-' ., u t:' ~ ..Y'-' .' • '.' IS'3 ...r-'

~L.hJ\3 ~lyJ\ cJ--e wL...J~ ~ rJI~ ~ 0\ ~3· rJI~\ jl~lS ~~I

~ ~IGIS ~Uy wU~ ~j y.=J\ rJI~ ~lli ~L..aj ~3 j.;bjl ~IY'3 c!13)13

wUhJ :;~\j II . ~I 1- -II t. -lli ~L..al \....l::>....l lAS , WI hh, JI ..:.1 IA' .,
~. IS', y.....a ~ -'""'"' ~ , ., ~ f' <...J..::I..r-' ~

.\.I)b1 ~\ 4..i~ ·I·L ~. w \. ·I~I GIS U'"6-' ,3. ~ <...J..::I y;. .~ ~ "'(i-'" 3 ~ Y

~IJ~I ~l£4~ ().Ji Ji.1.:t.J - r
wG~ LJ-'lL...J~~1'uy.a3\ :\.::J\.:t..Q~~~I ~.o"\ ~ ~

4 h.,. all e,s4~\ ~I ~~, .ill3 ,4...b....J\ ~j ~1..J.11 wUy.a:i!\ <...J..::Ilft ue :;j3.h.A

~ ' l;b,4 LJI.S ~~\ ('f'" 0'" LJ\ ~I ~j ~1.l11 wUy.a:i1J e,s4~1 ) ..~:i~\'13

wUy.o:ill ~.,l~\3~~I <...J..::IlyJl j~\' ~Ijj ~ ~ ~~I ~J ~~I

.~k..JI 4......-.c~ ~ ~jiA Jill:;~ .l.ic3~I CJA ~3":"JI wUy.a:il13 ~1.l\1

4....:.yJl wb.,;JIJ wUL..aj/1 ~~3 4..b....JI :;j..)§ f))9~' c,jl.cj/ wU~1 o~ f'1~1 ~3

.~~,~I~~

4J~1 u .. ~-:~ u.J1.SJ~ - r
~ r..J~} ~ ~

.L.S.l3 '(.5 : ... 0'1 WI~\ ~.JA J,:;..b ~<\)i; j'j'\ u 3)::J3 f.U9·j ~)I hh.; ,,11~

~I 4..i~ . I., ...~. 4.....oL.;, ;)j.h.A UL" wulw \~ ~ ~;)' - -II ~I .. 11 o~ w .. t:_\. ~ 3~ ~~ . ..rYf' ..Y:'--,"",", . ~ ~

w\5., I~! 4..i~ 4....:.yJl 4..i~13 ~I w~~ ~h:il ~Ijj ~I..Y:'-j ~ ~~I ~3 .

f'YLJI ~y{J\ r.SJ' ,,1.<\ ~lj.l11 o~ j~ 0\~ d~ ~L..a'i~3 ,~k..J\3 ~I

.~\ uy.a3\~ d...i4..d

~t.......';lI;iJ;,!~ (jOWl .. .»1\ ~~
"~WY'""J oy.." .liill u,w ('WI .b.b=...J1

lS~1 j.;o.yJl

lS..i.,..WI~\

Black & Veatch

\ '\'\'\~ : ';4J\ T-~I

;;L:AJI .:>..11 iW1 .kb:.11



~1.5.:iJ\~~! s:-L..~...i'il U:!J1.S:l ~.)~J~\~.)

4~i)\ (' )~.)A~I }i.,9.ll4

( y)~.)A~I }i.,9.ll4

'.),iA.)", 0.J' i '.J' , , (4...l.ilJ:u.:.. ) U6JI ~I' ., JLu:.i :, '"~., JA, . ~ .J

, .J" 'I'f. y , , '.J''''.J' " yJ\J~I~~\~\ :'i ~c.s1 ., - .J

'" .JVOA.J' , , "'.J' "''' Y , , J..h.u.jiJ\ U~\ ~l .~ ~:,0~.J- ~ ,

'A.)O'A.J'" ,0.Ji n y •• l.S~1 ~y:;Jl ~~\ ~y...l\-~~" ~.J

"'.)A"y , , "'.J'A,.J' " ~\ ~y:;J\ ~~\ ~y...ll-~~ :, V ~.J

'" .)i V• .J' , , ".JA'\" Y .. "till! JW :, A ~.J

f.'.J.A,.J" • "'A.Ji. '.J' , , :L..b.yJl ~ ~I Wyd\ ~I...... :J...b....a ('j'-"jJ :, '\ ~.J

~\.J.l\

AY}\'t.),., '\ '\')' '\ '\.), ., ~'WI 4..b..;-J\~~~l

1..i).b~ w\Aij % '1', ~ ¥ill' <....i;l\S::j J,....:;;:i (I"

~.l1t...9 ~).l! <....i;l\S::j % '1'. ~..9 ¥ill' <....i;l\S::i J,....:;;:i ~t........\)1 <....i;l\S::i1\ (£

($WI~I

Black & Veatch

,'\ '\ '\ r=- : ~4J1 ;.!;.:J\

.\.:All 0..u rW\ .k.b..-;1i s:t



~lu-l~l s:-W,.j'il~ :r!..; ~..;~ J~i

4l4.u.i}\ ( \ )~JA~1 ..;'iJ..I.l~

(" )~JA~I ..;'iJ..I.l~
- .....-.

""J\\Ay" '1" .JAAA.J' •• ~w\~ 4..;..yJl w~lI :, ~.J

n .JV'IA y •• 'I'i.Jf fAy •• c9)l 4..b..... ~jJ:'I' ~.J

'l'fj'lAfy •• 'I".JA'I' • .J'" lS""4oJ\ - ~l ~\ : 'I ~.J

W .J0'l'o y •• 'fJi.f.J' •• c..S.,kll ~\:f ~.J

'I .J" , , Y •• "Ji VI Y •• U":!yJl oW :h...L;.. ..).):. o.J.J-Ull.o :° ~.J

A.J'I."I.J" • '.J"I"f.J'" :h...4J\- ~.:Jil\ ~I o.J.J-Ull.o: I ~.J

" .J0 f "I.J' .. ".JHfy •• • G..~~:V ~.JU":!J . .

, j\ • , .J' • • '.J0Af.J' •• yJl ~yJl o.J.J-Ull.o : A ~-'cs!

0.JV'Vy" f .JVI f.J' •• o~l ~4-J\ ~Y-c..S.,w\ ~\:"I ~.J

c..Sybll ~.;b11 y y:. JW ~.JL;..:i1\ :ubWl~ :,. ~.J

'''I.J000.J' •• n .J"'" I.J' • • ..).;b11 o.J.J-Ull.o J JJj.ouJl c9l)\ 4..b..... -" ~.J

0"1 • .J' •• f"l".J'" ~Ji 4.b.y-~\ uy..:J\ ~~ 4..b..... ~jJ:\ 'I' ~.J

~\ u~1 ~ 0 bl A..lu.. .J,

'''I.JIWy •• n.J'I £:.J' ••

A.J' • '.J' • • •••

, "I "\.)"', • J' • • , '" f .)0. "I f ')' •• u-lJ~' ~.;.J\~~!

~}.b ¥!i wlW %'1'. ~ 'Joli1\ -...L;."\.S:i~ ('

~-' ~)'~J '-':!l1.S:i %'1'. ~ -' ¥rill~~~ . ~\ ('I'

t$~\ c..r==JlI

Black & Veatch

''1'1'\ ~: ~~I ;.!pl

.L.:.AJI .:>..u ,WI .l:J,.,.:J.1



~ L..Jb ~):.:,,~, ..' ..11 .... I all u' . -II L...:Jk.A:i II~ 4 "al <L<U • ......."., oJr,.s-- .' (.S ~. ~ ..r--; \.;> -r-

" •• , f"W:. J~~I u..;dl ~k.A~ ~jj ~ Ul ~3 ,~~"j\ ~~

:i h .... ..1\~ 1.A.Jt.;u:..13 ~jlA w~ 1.:..1 ~3 ,~jI.JA 4.:i.\t:i ~k.A 4.c~ :ijl...a~

~3 ," • • '\ f"k. J~ b-¥.~ 4..:;Jk.A b.J~ :d,gl...al f"~ ~3' ,4..b..JI ~bl~3 ~\..rJ

.~ L..Jb , .L....:j _I 1. ~<::I ,ECAA::i..i.u11 ' .:. '1. - 1.. '- ,~I~I ... L~II JLu:.i :ijl...al
r,.s-- ~ <::.J r ~3 ." U~.J~~..f •~ •

. '..- ~II \..j
~~~

~\..;-C)rl 0A -¥.y ~ ~k...JI L5.J4--JI o~ f"'~' bJk."j ~\..j~ ~3 ~3

~f-~ L5~ -¥..l:l..:j u~ ~~\ ~I JlyJl .J~'1 ~\..j~ ~3~ 1l\3 ~~I.J)\

~liA ~~I:\ )"011 JlyJl J - ~lWI .J~'14 -~ e,,1 ~3 '~bJ~'11

,4.-1.,- II u.....a.11 JI - .11 J I.ll\ I.Ajl.:...:iI" ".11 Ul::JI wI I '11 ~I ~ I~..~, Y'-' 3 ~ ~ ~ ~ j;l-. .JA , ' .. f"

~ J '- .\.", I \tl 4.b. ..11 ~ 4..b..:J W·~ .11 UW)I ~ts::JI I~I ~ I ••.J 3 U~ ~3 ..r-".. ~ .. .. ~ •• ~3

4...-..ut.::JI4.b. ..11 ~ 4..b..:J ~b W·~ .11 UW)\ u.Jts::J1 ,~\ ~ L.· . j, <:, i.. ..r-".. .. ~.. .. cs· ~ ~ ~ c.s- ~JA

c--i~1 :(SZ-14) JS..:JG •(V4-ES2 & VS-ES3) JJ/~/ i;d;UJ .~..;.J .J'13J e,,~ A,
(~ ~J ... ~\ ~\ '\ .t\ \ " JSl ..;;-:1/• ..~. t..r t~.j'J cfi'~J tJ~ ~...,?'-"I

. '-- II l....I.il JJ' .~~II/~I .l.~ ~ IGA Uk. b ·<::iJI lili:i11 ~1.S.:i ~
~ • ..Y?- ~ 3 (:jY'"'"' ' ~ C" . .. .J~ .. ..

(J-'lL....J (.S lc ~1.S.:ij\ ~ ~.ill ~ 11\~ b3"';k.3 ,.:I.1...a)r ~~I bJk.13 0 4-..11~3

~\ 4.ll:JI~ ~ts::JI ( 01,.; .....13 ,~13 O)J'j13 ,·:J'13li.J1 ~k. wLS.y.t f"\~\

• :i, .... h,I' ~\ a A,.... b.JI w\..iJbl1
._ J .. •

"' .19·i ;11 ~L..5.:i 4,) "'/1)1 ~\ wk.3~ Wjl.JI ~~I)\ ~1.S.:ij1 ~3

~ '\j ~.ilil u.Jl..S.J % ". ~ U:JI wlliill lw .... % ". JJ\.,u ~ I \ A ll:ijl...a'1L~ ~ 3 .' ~ 3 .J ...YJ ..~ ~. • '

~y ~..;bJ\ -" f"'~'11 ~ -" ~1.J)rl ~1.S.:i u.a~ t14-a ~i ~ '13 ~)J13

.~~

lS~\ ...,==.111

Black & Veatch

\ .. ....~ : tJ4JI ;!.r<:ll

.;\.:.AJI.J-U iW1 (I~"



co
(f,

ii"
't

("
)

.
""

~

~
\

II
I

-
n :r -1

:f
<

Il .
~ - -" -" -"

".
~

~
-r

c.' t:-
..

.,
Gc

.
~
~

g:
\t.

t
'[

- <J\ ~

1
(,~

l
1

[,
0

[
,

-:
1...

.
[
'
r

~
'"

'
.0

f
i
e
.

-::.
~

.
[,

1"

t'F
.
[t

·
f

~
:~

'~
.

E
Gi.

.
;::

~
'"

L.
r

t.
-

h'
L

~
~
'

0
'

b

~t
r~
·:
[

}}
~

~
'E
~~
t(
,

f,
t

.~
r

'l
!

[1
,[

~..
~

[
'l

h
-
t
t
&
~

~
t

'l
~

r.
1.
.~

l
~
"

~
I

~
~

),
l

-
f

l
f

L'.
t.

'f
~
~

b.
~i

-
~

~
1-

~:
t:

[.
l

~~
~.

t
"

~
~~

~
.~

~
~

l
f
~

~:
f:1

,r
t

:~
"

(0
'"

:~
.~

C
~

t.
f

~.
t

l
£

~
1.

~
t,:

1:.
c-

f1
(,

b.
lr

G\
1

-.t
'

~:
0

'
f:

&=
\:
~

~
~.

'(..
e

~:
~

b.
~

~
v·

\t\
1..

_
(,

.r
.[

,t
'

~~'
t

~
iE'

;-
.~
.

E
,~.

b.
~

lr:
~:

€
E~

'f.
,

~b
~t

'r
J;:

~\
~
l
~
~
[

.
.
.

~

.~
r.

S
f

.r
~.

--:
'r

.r
o~

'e
,

1
'"

~
'"

'f.
,

~
-

CL
-

.
to'

~
'"

r
'"

-[
[-

'f
'"

'L
Is,

b.
C
f

[:'
"L

V
(.,

f
"

r
'"

v
..0

~
~

.~
(,

J~
,[

~
~

-
t

c
g

-
~

\

f;~~
:f"

~
.~

'L
:~

r[-\P_.
t·

f
'"

.
/

[
L

i
·r~

f
~~

"L
t

~
.~

,.
c

~~
~

.
E

-[
J'

,t
"~

\"
'k

~
~

1.
t

1
l.

'
1

~
~

t~
c-

"
,
,
-

[
[

_
n

:
~
l
l
{

t'
[
~
.
~

~
~.

lb
.

~b'
~

t
1
l
l
~
.

fl
Gf

.
0

'
-

\
:
-

I::~
-

,.
"

,I:
'

c
-

l'
c.'

·t
,t

l:'
t

.~
b.

-
'"

.
[.

ct..
~:

f
E

.r
..

"
b.

~.
~

c.
\-:-

r
r1

:
~

o~
f

'£
(,

(,
~

Gi.
t'.

'l
,t:

~
,;

0
Gi.

.
(:
rlEo

'&
-
~

~
-

f
t

.1-
:

(.
'i

~.
1>

~E,
v·

~
l'

r·
b
~

l_
(
,

L
.

~
,
r

(.,
,(:

'
b

-
1

:'
'"

,I:
'

,
-
:'

:T
:

l>
t::

-
'.

•
•

•
•

•



" -( ~~\'I 4...u..1AJ _. -II '. -II ~ ~ C\ ~ ~ 'JI~I "
'"~ ,..' , ",~ ~~~ , ~3..J" <: yu , ~

f.Ug';3 ~~3 ~I y~ ~.h.:i1 ~3..J~\ c~yill\ I~ fl~1 ti ~ t3y:u.J1 I~ (jA

~3..J~1 <:~~\ ~3 ,y~1 <::.1"'"o'j\ tA\19i""1 ~I w\~\ ~ Jki

~i3 ~ i •• ..Jlb§l.-;l~ uy..o~.b~

~ ~ J"7'~I\1~~~I uy-011 w~ LS~I wts~1 ~ LSj!jYJ

wts . -~.I\ -.11 k _,: -II' ...( ~ . :')1 o1...J.." . Ie' :,.: La Jil ''-J' :,.\\ oha wh\.ii::..1
~ r.,sA~ ..,........ (...)..Q ~ .flo~ .' ~ ..J.3 . .Y"""., , .'

.l..---l~ ~ ,w-.UI - -::11 wts . _,:1\ \Ji" .....~~ \.~l,g u.e.~YI 4...u~ ~
~ ~3 ~ 3 LS~ ~..J ~ c.s- .. "'e-', ,'.' , ~ c.s-

oJ)~I wli~\ l)JJ~i ~ Wl,gy.d1U r.,sA~I k ji..Jl wlk.~ o..Jy-a ~ 03..J~\ J."I§-

ol..-+JI w44b-\' ~kJ\ .bW~\3~I uy..a.l\ ~h.J ~kJ\ ~I w~~

4.i;JW/ ;J.Jj}/ ~/JC ue /...»JA :(/8-6) JJ.l?-1/~J

(;JJJJI ~/$'J ~tJ~1 iP ~1.w1I ~LJ4::JI) /8-6 ,JJJJ~
. -

o-JJl\\ dA~ (r~\r r)J&4.I1
,,.. ViA •• ' ~~, wliyailll..S~I .hu.jW\

',W '\ • A•• "~~w\j~~i

" i , f i V•• ".)~\ J'.J.;. ~k.J\ :u.:..... wli~ (,Sd

~~~.:Iix • ,i V r,o .. 'l"J4l1 J)L;.. Wk.J1 :u.:..... wli - '.:1\_, ..>'-"'-l~

'I f ,=.)~\

, ,rv , .0 ••• "MDF ~\ 'Wk.JI:u.:..... wli - -i~_ ~ , ..>'-"'-l~

',A'\ =MDFx',rA , f ° ... ti>J')~\ :i.e.L ~k.J\ :u.:..... wli~

~I uy.all 4Jt......~~J u;'bll ~~I ...:,uy.Aill L5~\ .hu.jiJl (\

~l.....Jl~"':'~0"U~~ ("
)4l~\~L Jil ~\iil ~\'I \~ ~.,w\ ~\ ~ tHy.40 J:.....w (S""J;!~1 Jil (f

)4l~\~L Ji\ ~\iil ~\'\,~ ~.,wl ~\ ~ L!Jy.40 J:.....w (S""J;!~1 y,S1 (f

) J9i'i\ Wb31 ..mL-...J\ l)JJL.J ~ ~I Jk~ ~ ~yJl4..bJ1 ~ JSl

:, ., ~ . L \ \... ~~~I ~I wh\.ii::..1~ ~y~.. ".- ...

c.S~\~1

Black & Veatch

\"''''''' ~: d4J\ .r-~1

.L:.A.l1 0.ll I"WI .\:.b:J.\

tsZS



80,000

60,000

)
Q 40,000

om

20,000

Figure 18·13 Ismallia WWTP
BOD Treatment Capacity v Projected BOD Mass Loading Rate

BOD Capacity
Four Trains

BOD Capacity 48160~day

Three Trains
36,45o\day ~

.-..-.-..-"'-'-
-or

Existing BOD CapacitY. ... ~ ...----Two Trains ---- .-.-
24,300kg/\ ~~

~....
.~

~

-+-Projected Average Daily 800 Load

-WWTP BOD Capacity

-V'
~

o
2000 2005 2010

Year
2015 2020



.D~.l::J\ wI _L~.I\ ~\ (r.. ' .J~.J ,-

un ,,,<\11 '»-sY.J wL..!y.a:il1~~I uy..ol\ 4lb~ 6 ~

~.J ,~\ LS~I ~'J.I 4J:iS~J~~ ~ J ~.J ~I LS~I

~~~ 4b.... "U ~\'I ~"'a'i1\ ~ ~b'i4 ~I wy..o.U ~~~

~j ~bl\ wUy..dil\ ~~LS~~ ~~ r~\/rr '\ · · · · tA.J~ w\.!~

r~\/~ "f r. · ts!~ '1\J fl/~ "V. l).J~ ~\

rl)';'~, '''4~\ <.S~\ ~~\.J 4.ilW\ ~I ~\yJ\ lJA wjW\ Jb~\ .,.B.lli~.J

~\ r\';; "'\J~' wy..aJ\ 4.:J~~ ~J 4J~.J r}j1J\ w\.!y..di!\ w~

£5.J--;P11 u..'? "",YI Jl--=..i :(IS- 5) JJ~I L1.:WJ,~\ u~\ o~ o.;il ~.,.B~\

. __4 . ~/. •• _.-i wLiLulI,,~ ~ .. /J4 '1 4.JL.aYLJ ,~4.J -'=-'/ . _,: - _'1
~c..s-.~~ 'S"""... .. ~ c.s-2 #.'J. ~, ~,

• (lS-I3) JS..MI

>'..il~U4 ;{J..JSJ d..J;PJ!~I JL.s;a,& ~lJ~ :(IS- 5). J..J~

~jlJI t5~ ~, J- 4.djW\ ot!~ rWl

(,.~/~) ,.~(r

'VY •• A •••• ' '\' ...
Y' • , •• , £ ••••

' " •• 0

Y'o£Vo " 0 ••• '".,.
£.10.0. ,'\ .... ' ,\,.'0

£,'VV '" V, ••
'C ".Y.

0" ., "Y'VV •• \jiil\ ~~

:~

~I ... I.A~ ~ ('~tJA ~ r'

~ uy.J1 z::mJ ~'_.f"'-'~ ~'}iI6l..\.3ll..o' ~ lJ"\....i~ I.A~ f> (\'

un' ..5\'1 A...-.J:iS. J ,,:'1.~~~~\ 4..b.:-~) ~~.\.J ~~j .h;.~ I~)

uaW/ LSJ;PJI~Y/~ :(IS-13) J£JJI V::+!IJ 'r~\f~ ,",'t to. ~\ (.S..,pJ\

LS~I ~YI .ws~ J.JJcA J,LiA ~~i'f:J ~I u~/ -4Jb :Lb.:-~

LJO ;o.J\ (.S~I ~C;i\ ~~~~\~ j.J~ oUt ~\.,.,!I LJA.J ,u-a1-11

~~ 0fi:J lo..ue. " • • '\ r\.c. ~.J ,u;J..a\.c. 0fJr:.~~UA 0fi':,J lo.ili:. " • •r r\.c. ~

. ~\.c. 4.:Jb .b.,k;. w~

~~I~l

Black & Veatch

, '\ '\ '\ r:-- : ~4J1 .,!;<:l\

.LA.lI .:J..I.l ('WI ..bb:.ll

tfao



(j'lLJ ~ 0..J~I.J ~~\ o'+JI t lli) u.Jy,:. ~\ijl ~)l ~ F.J ,u...-alyJl w~6.

~ ~~.J 'f"~\rf" V... ~\~, ""A ~ ~Jl~) ~ ~\ ~~\/~)I ~\..JJ ~\.:i.i

._-q w\j . -~.Il ~ ~.. . ~ ,-Q'j % 'f ~l .lil o~ ~l 1~ :')1~ -.:uts
~ ~ ~ JJA UA ... ..-r- ..J .?.J~ .'

.l>. U -- II oWl <.....l • t lli 1 ~ ,WGuJI~ II 1 _I'.:: '~Il uWl ·-.:1-11..:r .'~ .' .~ ..J..J+l'Y.J . I...S'. ~ £.5~ I$'"' . ~

• ".11 ')1 L..UJ..JI
~Y"'~ "

~I..JA ~~'jl ~~ ~\ uy.all ~)I bb.;, JI JI~) Jl..Aci (~,iA!;"l

~.b.:il <.5 .... 'all u~Iw~~ ~I.?l ~.J ~L..JI wli4.:JI.J ~WI wi~I

f"1 ,.;, 'j ! "I 4 )"? g; 4 f"1 ,.;,1 I !!~ wL-g~I ~,bj ~.J~ W ji.J1.J ~WI w\jy.Ail\

<.5 'al}lI f"1~1 will <.JA ~ JSJ~I uy.all I"'I~I J,aly::. ~.h:i ~ c.r'a1}11

'<.5 .... ,011 uy.all o4-a r;..lli"j ~..J:p~1 w;l~I.J ~L..JI ~I o4J1 w~ (j'll...Ji~

4 J'=- JI b b.;,ll.J 4.A~1 .b..b.. (j'll....Ji ~~ c.r'a1}11 wlal~1 ~,bj ~ Ji\.J

c.r'al)il wlal~~ 4.AWI

~ JS~I II~ ~I\ _. _II u· -II oha~ _.11 ~ _,:_11 ~ 'i
.. ~~ I$'"'~ ~ .. .. ~~ ~ .. J

~~14 ,,,'jl ~JA ~ ~~.J .~~'jl ~JA~ ~\ ~I uy.all o4-a

u~1 L;Jk...a.J C J~ wla~ oJ.JY ..Ji:- 4JSJ.J o'+Jl~ wla~ oJ.JY ~~

<.5 .... ,011 uy.al\~~l....J\r1 ~I ~ ~L....;.,) wl~ 'J9il ~ J§ LJts).J ,~I

~~'jl~~ o4J1~ 4.A~~ ~I ~W\ JS wl~1 o~ ~~

~j I.S "' I aJl u y.all ~k...a~ ~) :u..;,l.lil w\jy.Ail1 ~4j oJyj ~m~ yJjil

~~~.J ,~WI w\jy...dl l.P % ". I.A..JJ§ oJyy £.5i '-H.P f"~Ir f" ' " 0 • • •

~\ uy.all ~k...a~ ~~ Jk\r\.J w\jy.Aill

:~tJl y~i~ wlJy)\ o~ t~j ~.J

~ wla~ 416. OJ.Jj.J\ ~li.J1 JS~~I uy.-aJ1~~ JA ('

yy:;J1 o4-a

~WI 4.A~\ J.b~ J=..b ~ts..JI ~I ("

c.>¥J1 ~..:Jl.\

Black & Veatch

,'\'\'\ ~: ";4-J\ ;.!.,A::l\

.\.:All Cl.ll i WI .hk...-J.\



!t t ~ " [, ,~.<" "l -t [ .~~ '(> - [~ ,

8- - C f
~ ;,~: f C: f

"l.... ~r y .C
o

i2~ s-J ~
'f .~, t i 'i,
~t ~:[t
'[ g:, .r Q -

- 'f ~ 't\.,,' 11 •

~:f:: f-..:.·t
.} f r Ir 5- 1.

be c ~ ~ §
...... "r... - L
u t' _..:. ~

I.e., l' 1;;' ~ ~f' - >
<f; - ~: C >,

~,f .r ~ {
~ tL: 1~ b e­

n - r- t' ~~o
t,. ,t' ~··L f,·
~ ~ \." L.

t 1 .C: c, "' ~v f
-.' 'f i:C l'v .
~" ,- lr
1; l f 't - 'f. r..

_ f': ,"" c. 'r ~
..-_~ Ii.. L I

{'1 -

[: .t t [ t l' 1. t b [,
[ r.- f .~ r i, ~ ~" .~ f
Cf; . t ": l' r l'.. [ [ ~'
,f:', C \." - [, c£ ;:- .~
<", t L: 'e. oS> r;: c· t ~
\." - ~ ~ ~ ~ \p- -
-0 ~ - b' > ~ ,~\

1i t r ~'~l-":'~'L. t- . \.".- r ~ .
i t.· : ~: ~ 'v l' ~ :f l
~. ,I: ~ ~ L 1 ~ ,-" L - [ c· ,8'e' r7" v
[, tL: 'c;: - . V\ ,J f s;
c: ci '#- Eo' ·t ~' ~ .. p'

·r t', -: ? ~ l ,t i, 1" 1:
f b - l [ 1.-. .~
~ E, ~ ~ ~ - - - -

~ r f l' r ~' { i 'f ~,
c;. ~. tL:.- 1,· ~ . _ ~
~ 0 • > r ~ po fu' [, -
~ ,~ ~ -1 l' ~.. 4-0'~ [;: [,
',r 'e.. ~o t c. c; • ~ tL: 'f r

of;" r7' I::.~.I:- ~'L
;-.. 1 V\
..( . - \."

~ r::. ~ -;
~ b 1- ~ S ~ ~ (. [,

~t'EI1~ rttf t
.

~.r ~' .t to . "' D C::.O
£. f: ~:' ~ r (;;
'r ~'. l' "~' f' ' '. ";-0~ ~ l ~ .[ i.rdol' ,- t ,~c£ \ [ c;. \." [ ~

, \:-",..' [e- - ~ t -~ 1 't. ;; i, '0: iii ;'
c::.o -- t~ 'r f ~ .
c. k -~. ~ i -0 - ~\." ~'l ~~~. L l' L.f:' \." " t' 'II r: E:.'. I;;

t-t-..:.ltf.~ ~:i
- [ ~ v - ~ < ~
c P - L .". \." 1
b' [, 1..E:.'. L "'

. r [;: ~ - ~ E ~, ... ~
19. ~ ~ ~ ~ - e; .t 'I:- -'[ ~ ~ 'r ~ :' -t E '0: :;0. ~

t: t ·t ~ :t' •, [ f i -: t
'~~ ~,~ t ~ l ;: 1: : f'~ 0_' fl _.1:"" 0

~ -t ~ ~' '[ f - 1. f t, Ii'
_. [ '[ ~ -" !<.~. 'L. f. 'f' 1f [, 'C: l r 'l; ~:f l'..' ~
f: r;: t r.; ''e. 'r 'e. Gj, 'l
~ ~ E ~ :~. l' c, l' l'[ 'r
;- .~, t· r t 0 ~ -< r - ~~
[

. _ 19. • - b· C ',1:-

, L ~ r> \-"L-
_ 'e. ~ b _ :~. L·f- "-



SLUDGE DRYING
LAGOONS AREA

F1GURll: lS-12

(1:::::::::="\
• t I'
I' 1\
I \ I'

\ \ 1\
, '---- --- I_______ ~ 1

I
\

ISMAll..lA
WASTEWATER TREATMENT PLANT

SITE LAYOUT

DATE: AUGUST 1999

~
('

'-, '......../ /
, ".. 'J '
Z j/ /

OPERATI<mS / / /

CENTER ", /
"

BLACK & VEATCH INTERNATIONAL

IN ASOOC!A11lJNfII1lI

MONTGOMEFlYWATSON SABBOUR ASSOCIATES

~~-

USAID
CANALCITIES WATER ANDWAS1'EWATER MASTER PLAN

"
o

SCALE 1 : 4,000

100 0 100 200

/"""SiijM.-_- Il\4l!l'El\

l JJL.J

1'-;================================================
==================~--: r-~~',-·~~-:"~':·':"-·~~~'·~~~-·~'·~~'·~~'·~~~~~-:·'::"~~' .....-:..:.-:..:~:-: (-~·::·'--:·~1

' I

I I I I

I ~ I I~ 0. z\ ,

I I

\ \\ \

I ,I Icr: WJ
. I

U",-.. FUTURE POLISHING _ .JJ ij_~ FUTURE FACULTATIVE jJ11[2!< &:=:)

(',0-" LAGOON ,.,'-, l~';~ LAGOON -",'-\ \ \::l t¥ t::t \

• ,

\ I I I
\ I I I LL. ~ <I I

: :
: :: :

: ~ l} -< -1~ I

[_ ~.'.-.-_'__.'..__ __ __..__ __..,. ~'.',~'.~',~'__..__..,'__.' .-:__.~., .~..~' .~~.. .~,_i1.~':"~~~'.~~~~~-.~'.~~~':.~'.-.~~~~~',~~~~~~~~~~~~',.,.,~=======:._ll_~ -::.~~'.~~~~ j

~=========::...=========~- ~
~

[l- POUSIIING : JJ IT' lAGOON No.1 TI
.~. lAGOON No.1 ~n L ~.L~

L~ :::!J ~;r~~

~ :USillNG j]~ lAGOON~2 Jl

LL lAGOON No.2 =r]~ ~JL:: -J -J J~
[~---======;;;; .

AlWlIll'l'UllUcoF

EGYPT
SlJUCllNALAUlllORlTY

NATIONAL ORGAmZ<\TION Fall

PmAllU;Wh11!R AND SANlTAAY DllAlNAGB

II 'MlIiIl,I~11l.S.11i3;Vlolfmlt't\'l! ..f~'\\a.t{'f'IS-12 dt\g

.y
·f'.,!,

'l'!

0.'''',
~~':.
~,~

'f;'
;-l II,

r:J. 1\•• :',~"
.ij,,", !, \

I~,"::
~.

;>:.,
:\'\
>'

"

~"".
b'
",
.,'

.:,.

;;.,:
l~' ,r

..... :

t ~
.~ .
~. "-
.~. "

~ ,'.).;

" ,
7...
c
~

t·
">.'
> ,,.
,·h1'

,
""I'

'.~.
,, .
,!,
\~ ...
~.,

.~.,
'';

~'

~~

t1-
t
\
::,'
l~,-
,~

"";\",_ r

::0"

l'.~:

I...
J~ll

?1'
{
t,
i.,



.'.~~~

:.~

')
'. ,~

,.\; '1
~t

:J
: J~

~
-.,:r
·,t

i.
~'
oJ

·t
~,

I,~tl

~

<~
~:~
'j

>'...
,I:,.f.

.0
"
"i(

\'

r,

'1"

"}
l.
."

",~

'" J
,~

~'

~?
orr

"l'l

i;
: :~'
, "J:

·<·~:~S

': 1!
'j
...~
'I~~

:~

SLUDGE
DRYING

BEDS

z
~
o
«

i I ~
en

~
..J
W

~
l-

I I Z
1 1 W

::J
..J
LL
LL
W

DECANT
PUMP

STATION

SLUDGE1--------

o~ol ~
000

~ ~
0

Jl 000 0
000

~ 10001 10 0m
a::
w
1= r----------, r----------, r----------,
:J I I I I I I
0- I I I I I I

I I I I I Ien I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I IL __________-I L __________-I L __________.I

AERATED FACULTATIVE POLISHING
LAGOON LAGOON LAGOON

SLUDGE TO LANDFILL~-------------------

GRIT
REMOVAL

r--------------,
I I
I I
I I
I I
I IL .J

GRIT TO LANDFILL ~----·------I

i
I
i
i

r----------,
I I
I I
I I
I I
I IL J

SCREENING
AND SCUM
REMOVAL

PARSHALL
FLUME

CHANNELS

SCUM TO LANDFILL~--_•• I

i

I

~
m
I­z
W
::J
..J
LL
?:;

SCREENINGS TO LANDFILL~--------I

I

C?
C?
C?
C?

ABU
ATWA
PUMP

STATION

D EXISTING

r-l FUTURE
~_.

---~ SOLIDS

- LIQUID FLOW

ARAB REPUBUC OF

EGYPT
SUEZ CANA!.AurHORITY

NATIONAL ORGANIZATION POR
POTADLIl WATER AND SANITARY DRAINAGE

USAID
CANAL CITIES WATER AND WASIEWATER MASTER PLAN

- /6

BLACK &VEATCH INTERNATIONAL
IN ASSQC[ATlONwmJ

MONTGOMERY WATSON SABBOUA ASSOCIA1ES

ISMAILIA
WASTEWATER TREATMENT PLANT

PROCESS FLOW DIAGRAM

',.,

.>~
0'.i

'\:.1-
".\

• 'I.~
~. ',~

I ~.

Il:j,.

.;.,
':1



~\ oJ..9.h.J\ wlA~\ <..)JlLJ ~ t..9y:;..Jl I~ tAJbcJ ~ ~1 ~yJ\ ~ .ill

.'~ ,\., A.....oL;., ~ wlA \..b.j\"~ ~ _1 ':I\.b .'-..: \I ~L ,~~ ~tsr " ~ .' Y"J..J ..9 -.? J""~ i'~ ~, . ..9

. ~1..iAl' \ lAS ,d....uI.l.1..J\ w~)wl L..J \" 4..b ...: \1 I" \. - ,/i " w;{kJl ~ ~
~ U ,,~ <..)Jl ~ "~ ~ ~~ ls-

~I ~i)\ wulull' \ ~\ wulu 4.-J\ 1 .1 .b.. ~;{ ~\ wulu \ . \ ~.11 -: Lli.J\.'.' ," ~..9 ~..J .'", ~ ,~ ..9.. "'~~ 0"""

1.l......:oJ;{ \ wL..ilu I~L ~ I..b.Jl 4.-J .L \1 - t.. ..\Il ~_U.....A..iA .ill -: '-li.J1 o~ . -q ~.ill..J ." f' . ~ ~Y;'U c..- . ~ ..J:! 0""" ls- ~ ..9

:(IS-14) JS-.jJI~j .A5.. l~'l\l Jlb,j~ ) ~ J~J c:;..~ 4...b~..JA l.f::j rJ ~1..9

. ~jJAllI (~ wk.J!~I {dWI~I~I~~ J::W'/y

~..9 " ~ "1"\ ..J:!~ ili ~~'ll~~~\ w~l ~b~~ \~

~~'ll ~.;b cbl.i:i yy:. JW ~~'ll y~ 4:u~ r5. '0 ~~ ~I
1.,1.,.;, .JI :(18-11) ~IU8'J 'LS.JI~l f'.Jf;l1..)Ul - o~W\ ~.;b..9 LS..9I~\ ~yJl

u~1 4...b...J fWI bl,.;, .. II :(IS-12) ~I~j' 4..:J~1 {JLc ~lyj 4/., .. .JjfWI

. {4cbyy~1

($.i,L:::l1~\

Black & Veatch

,'\ '\ '\~ : .;4J1 ;!;A;JI

.\.All :J.ll I"WI.1:z,b:J.1 /

I'>



U.J~ ~~ ~I uy..aJ\~~WI wl~1 4--a~ ~I ~~I~

;; ji-.j ~~ ~ "r-S v. ue ~j;l LA~~L....J\ o~ ..lla:i ui ~ji.J1 LJ-<l3 '-:Y.):i "r-S" •
o~\~I~..iJ1

C3\~ .Jlb!~ ~I u y..aJI ~\ y:. LJ-<l ~.):i r-S ,.. LJ-<l~I ~ 0§:IJ

t---9.J~~ ~.:r)l~3~ ,,, .•• lJ.4 YY:lLA~ Lc.S , ~,'O._ ~ 'Vo ~

W.J~W.J.J¥~;;~~~u~ 4..;J~~ ~t..t.iJ f! ''\'\''l f'lc ~

0.J~~ ~3~\ ~~Y\11 ~ts)1 ~I~ ~..» ~I ~~ f!3 f'~It f' '\ • • • •

o~~I ;;.JH.\1\ LJ-<l ~.k. t::'

~J~ .J~~I LJ-<l ~.k. f'1~1 ~ ;;U9..l1 U..l.J ~WI w11,1,.;. JI ~1.k.J ~lIii

.J~ ~ wLA~ ~ J~I f!3 ,~\ wy..aJ\~~W\ ~I ue wU~

~3\.ia3 wb...J\3~I wy..aJ13 yy:;J1 o4-J ~~I ~I LJ-<l \19;"; wLAy.>J.J3 ~Ift

) ! all 1~1 ..c:: - -II' ..c::. _I ~i .<j,j . i _A A'I' , . "._1\. ~)[\ ~I.J f' ~ (...}<l ~ r ~ c.J ~ (...}<l3 ~~ l.»U 3 ..

.J~ LJ-<l wlS')G;.,l ~~3 ~j AJl...a)'~ I~ ,J5,$. ~\ ue wLA~ ~ J~ .h.13

~~4-i11 ~ f! ~3 ,~~I ~.J ~li...J)'\ t=:'"\Y3 ~)I ~~~ LJ-<l ft! ~J

. -~~ ..:.1\ o~ I~\ .. ,~\::i.J1 wLA _L -'I AJts .....L ,'<!'.~~ •
~ .. ..r"'-I f' ~3 ~ ~ ~...;= u-. ..y::..

o ~\ u..;d!~ ~~.J'.d ~\~)'3 :U,.o"Il!.JI J~)u 1,)6';'''''1 ~ ~'+J\

($.w,~\

Black & Veatch

\ '1'1'1~ : ..;~, .r-.r"=l'
.U11 u..u ,WI .hJ=:J.I



o)~il\3 w')3L.9.Al.1 ~\..c w\.S,~ f'\~1 (j'lI..J ~ ~t5:.i.1\ o~~.J.::U ~ ~

t .;. I <.,i\1 J,a~ tiS3 1.5 \.) I 0((,\1 ~<ll <ii\1 ~ I..?-} ~ lUi ~t5:.i.1\ o~ ~.J.::U ~3 ~I 3

• 4...l WI u..Jt5:.i.1\ . \:: .': ~.~I ".L,..J . ., U.l.<W..,.. tjj=3

1b, 41J J:/\, tJ..).JH.lI 4.w1..)J1I ­

4 b, <:a~~I W3.J~1 w\..j~ ~3.J~1 ).b...i')1 .b.:;J ~I.J~ ~I..?-} ~

41· "j~} wL..ifi..J1 oLA 4. l,,~ Jy.a)l ~yJl w\~I..?-ill ~.J.::U uaY-1 ~k..JI

~f.:wJbJ/ 4IJ.?-S.,J~J 4.w1..)J ­

~~ ~k..J1 o4-J1 w4J.bJ rWI o4-JI L:.l4-J.b1 ~\J' 09\ ~I.J~I o~ ufiJ J ~
w4c:.1bll ~I ~I ~I.J~I o~ ~ J ~J w4Jb11 ~~3 J'..b'j ~\.j~ ~J

• ..;..\1 ••• ~~I ~I~~I . i wI ~I wl'l ',,';';ll Lu:;.,1l..- .. 3.. " ..JAJ lS..?- .J, ,J .J ..r-" • .J. ,J

Jd u-i~I U.,J..;/J~ 4.w1..)J ­

,wI },,\b\1w~ ~ ~\..:;. ~I ~ ~)LJI ~ J,aly:. o~ ~)I bb.; <:a\1 .fi~

fY u\ 0.JJ~ 'o~ '~J:!J (~\ .... jW\ ~i ~) :\.c:.)l...J wl~ ~WI ~ I~J

~)l.,JI w~ ~ _"ti...\· t\.S, \.,j ~ •.<: - - d <-l''t\. ~. .. Jr;:::-UA ~ ~ .. ~ J.J'" c..s-

~ I - :. . .<:....: ' 'I •.<:.. ~II
III~U""""'U ~~

~-¥ ~1Jc.A ~~~I f"J"41t'21Y.,J t..VPIY ­

w\..j~l ~i ~~ ~~ ~~ w~ t1.)o",~

~~~I

di.,JJilI ~/"pf ~~..J ":';;~.."wJI ~i; ~1~ iJ.4~I :f.¥dJ~4W11 f'}-4".21U -

t .:. L..t..a . _'.:. ...11~' ..... .. ,... • ... \
~ 0 .. lJ---<:a~ . ,~~~~ 'Y:L>,g ~J ~ , ~ U ~

I,' \b....u W.J~ I I~ ~J .~k...JI ~ ~3.J1l1 ~lyJ w~..-9 w~yJl

~ft..JA o~IJ ) oJ' U<:a ~~ ~~ wb~J J 4b, Jl ~J.J~I ~I b ~I.JJ

~I ...4:i1.J~J 4JI..,hiJ ~IyJ\ f'~iJ ~I.JAJ

($.i,A.:.:J1 ~-ill\

Black & Veatch YV

,q,q,'1~ : J4JI .r.?-=ll

.\.;All c>.u rWI,~1



4lA....,1)1 ~lS:i.l\ ~~! '\JAi,I\~ ~)l~\~i~.)

~.)A'J\ .)'iJ.134 ~.)A'J\ }iJJ.!4

f.JAfl.J'" f.J,'I"A.J" , ..»'-"\ JA J)l.:,.,! Jw~ jj :, ~.J

'.Jf'\".J' , , 0.J'I"0'.J" , ~\ ..J:1p c!.J~J LJly..:'\' ~.J

f .JV,\,,\ Y , , 'I" .J~ f 'y , , oy.J1 ~b~~ Jlacl :'I"~.J

,e.)~~,.)" , , Y' .)Y'Y' , .)' , , y" 't"~ - ~)I ~l ~i~~l

A:,).b~ w\.ii.i %'l', ¥rJI ~1.S.:i~

,-:!).l),,~.l1l> '-':!l1.S.:i %'l'. -' ¥rJI '-':!l1.S.:i 41..••';)\ ~1.S.:il1 ~

~I)\~\~l 'JAi,"~ ~.) : ~)\ ~l ~I

~.)A'J'.)'iJ.134 ~.JA'JI }iJ.134

"(V0.J" , '\''\'~.J' .. ~j\.fu. ..»'-"\..Y'J ~~w~jj:i~.J

'A.J'\',f.J'" '0.J,v'.J" , ~\ ..J:1P c!.J:i...b.....J u1y..J ..»'-"IJA :0 ~.J

A.JAil.J" , V.J'I"v,\, y , , ~I ..J:1~ c!.J 4..b...J wI........jjJ ..»'-"\JA : I ~.J

'.J',f.J'" , .J'I"'I"v.J' , , ..»'-"I..Y' :V ~.J

~,v.J' , , v, f.J' , , ..»'-"\..Y' :A ~.J

'\'.J"~y" , .JVI '.J' , , ..»'-"IJA : ~ ~.J

f'.J~i0.J" , "<i.Ji'l"Ay' • "( , '\' •~)\ ~1 J\.Ac.l ~l.S:i ~4!
~-

A:,.Jlb~w\.ii.i%'l', ~¥rJ\ ~1.S.:i

~.l1l>-, '-:!).l) ~1.S.:i %'l', -' ¥rJ1 '-':!l1.S.:i~ 4 W )1~\

wI ,lac I - _II ~ .~- II u\ ..) 4...J ·~.ll JW::.1 4jlS ~\ ~tsJ ~., .J~~ .J...)"'-"'-'. ~ ~ J .Y"' ~.,

f'..))1 ~..)J U ~I ..)IJA.J ~y..a::J1 U'J':lb...aJ .J:l-'-'llyJl y#.Y c-1JJ U'J':lb...JIJ 0 4-J1~

oJJyJl 4.S-r-~J ~I ,:l\JA u-a ~IJ ~ ulS La ~J ~\ o,:l\.cJ.J

r.>~\~1

Black & Veatch 'l"

''\'\'\~ : J~\ ;.!.;.:l\

.LOlI u..u iWI .kb:..1\



o~~\ ~~\;1 b .... J ,~~I ~Ll~ .;, -.:h ~k.. ~~ LJ~ u---.J3 .4uij

lJ-4 u---sJ3 ,wl~ o..Lc~ 1.A\yin tS}'~\3 ( f'~\rf' ' • • • • • • ~ ," <:La~)

4 Jb;~ ~ d 3 tJ'-'li ~ ~ ~yJ\ 4JUI~~ JLac.i f'W} tS.JJy.aj\

,1.. . ~ ~fl:L.....uJ .fl '.- ':fl w!.c .- :(IS-101 fc '-'1' . UW\ MMD wk..lll::...1'if:'~J-<Ui " .' 'J"J ~J J~ '/ ~J ~J .' . .'

~~)!I ~..l.<l ~ ,,~I ~~W~~I J~YI :(/S-3) JJ~I~J

,'\ ~I'p- J' <IC\t1 o~ ~l.S:i ~4J ~J ,(~~'i\ ~\ u-1\ e.~)\ cfi".>.!)

lw .... "l..J' ~.L. ...P.J J l.J~

<,S.i"A;.::J\ U"'-..:J1\

Black & Veatch

\ '\ '\ 'I~ : .;4J
'

.r.,;4:J\

'1..:.A.11 .)..ll rW\ .kb:..l\

j,b?



w~L...S~ 4-ii ~.J~ ~k ~~\ o~\ '-;-ly.uia ui 4b:...J1 ~Lb [y..<=! •

• 'A\ 1...<: .' .' ',\1 4...JW\ w . _II~ . i .i.lJ 'j\~ j;U "\\ ~L .. <:11C--~Y ~ i..S"'"'.. ~. U 3 ...3 C! CS i..S"'"' •~

.~ u.ayJ\ CS JY 'i ~\ o~ ~.3.A

J~~~W (.5J.4 ..l::A1J ~fJJ.1f iJA ..l::.J.4.IJ pf~j ~J ,,~ y1b:i;.;

• ~)wf t.::JfpJ~YJ -+JAil.; {J.LJJ

,~)) t.' ......~~~ wl~1 ~ 4:l ~~I JlAc.\TI~ ~.ill

:~lAS

c;!JYf ~..)A1f

~ '.' ';.:i!.1 L.....aJWI ul~ ~I J:l:::.. \.A\J9r, f'yJI ~I JlAc.i~3

. ~3.b..\1 ~3 ~ ~I ) ~6J\ '-;-l~I

{;.iliff ~..)A1f

Lb....;.JI Jl ~i 41y ~3 ," .". f'k. J~ tA \J9r, f'yJ\ ~L.a'il u~1

. \.:; .A .. "'I oWl wb.~1 ..bWi L~'I· .~n ~ tiJL tAil.Ui J.J u; ~t:iil~3 ~ i..S"'"'.. • .. 3 ~..,......,.... .J . .. ~. ~ ..

4 ~ cs:UI f'~1 u4ljb..4~~~b.JI w~~ u4l6:i-a J;!~ ~ .ill

~ :(IS-9) ~!~J ,MDD ~.u j..a~ La .JA3 csyd911 ~I ~J ~~':ll

,,?:wi! w~ljh! J;liA 4..;J~!~

O~3 f'.Hltf' ,rr ...~~~'i\~~ ~6JI ~b.JI~ ~.J~

. J..l~L-...J , MOD ub.~)u ~bJI .. _',;t\ ~I~ Uts ue:. ~I(J---'Q.. •~3:13 . .. .. I..S~ .... .. ~

wl..L....:.. ~ uti· _·.t\ wL...A.J! ~ ....t\ o~u.s 4....&l , .. t\ ~\ AJj '.- ...tl JlAc.i3 r..s-- ~ .. .3~.Y-' 3 ...' 3.J~ (,..- ~

~~~'il ~3 .CTE.3 'c:LaLu wk3~4 ~~\ ~b.J\ ~~\ ~lLJ\

Lili..J\ ~I tl~ 4...::JlLJI wk .:tc ,<: tul~ J.J •.' JlAc.\TI o~
..~. • ~ (.)-'l ~ l? C:. ..~

~ b ... Jj ~)-":1"'a""1 ~I 0A '-;-lYJ ) cs3L.:.J~ ~J ~b ... Jj ~4'i\ ~I J;!Y34J

'f'~\rf' '" " • •• ~3
o~1 w~~':l~ ..... tl _.ft\1 ..... ~~'i\~.i.<l . ~ L~\I .. ~II·i . .i.I.' .... ~ ~ t..o~ .... • .. I"S""~ ~ U ~~3

" •• "\ : " •• 0 f'Le~ w4~'i1 ~ ~ts o.Jfii.J1 ~b.J1 ~ u~'~

tS~Iu==JlI

Black & Veatch

\'\'1'\ ~: ';~\.r-'pi

.\.:.ill u..u rWI .kb:J.\



J-,<",f ('--4 ,. • • fi iJ~1 .J;:W iJ.4 t5..P~ ()..J-I.NWI ".u J/~I.; ;'-'YJ

~~~ W ~!.L4.J1 "4:w11 cJJ~y~ S.J:1A.4J1 (f-4' • • • fi) ;J..J'-IIWI.;

..r-bJ t. " ",rJl J, ; J)G.J ~J -"4:w11 t:lJJS~~Jw;~ ~L;JI p~/

. f-4' • • •~;J..J-I.Nl.4;J f-41 • •

CTE ~!A.4 tW - r

o.,)...9.l.....ulA~ Lamella plates ~)I ~1y:;JI Cl)rJ ~} 4.1=....JI rJL6~ •

tP-r--JI...9 ~y.dJ~ t, I 'ul ...9)1 o~ ~I jJ uts.a} r-~ ~I)I 0-a...9 ~I ~1...9~

•U y-oll...9 r-.,.b.YJ4

u-SC~ iJ& Tube Settlers ~id::1"p~ 16;.,tJ1I~/pl CI.,J1i J)G.J.t~YJ

. ~St diJ.J.J1 iJ.4 Y.!;I~St diJ:IJ1 "t.;..;1~~ diJ:iJl "t.;..;1

t..S~...9 t..S)c t..S~ 0-a u.A J}~I ~~I u-a~ 04 4.1=....J1 ~L6.,)\!i •

~j:J ;/...9 ,~y...J1 ub:iA ~\,.~ lc...a ~\ ~_~I ~ ~yJI J.a.J ~...9 ~

~} ~~I u-a...9 .,.\ t..S~1 ~I 0-a Jy.o)1 ~I~~ o~\..:A~...9

• ~~ 0-a ~t:ill u-a~~I t..S~1

tIl; 1 wI.;~ Jw;i~ JJuS1I :L-tIJ .J1I iJ.4 .J;:,)4 p/~J 41s.",~411 ".u ~J
:i.LJ . ~J. t-:~ ~I WI.. (J;I~I ~

~)I A b"'4 ulilJ=.. ~~ ~ o.,)~yJI ul)~1 u~ A..b...JI ~L6 C~ •

u-a~~ ~WI ~~ ;; .J-Y-'ll..a y~ t..S...9~ t 19:i) ~ 4.c~~ ~..JA\tl

U :L..Jl::J\ o~ . ')W '0 "l1A AJ)I~ wlil .,.. ~\ ')1' '.':' ':11r- ~ ...9 ~. ~- y:..~ t..S ~ ~~

I~} lJ---SJ...9 ,~ ~...9.b. 1...,b;/...9 ~~ o)..lko J5. ~ .b.1...9 .?~ A..b...JI ~L6

.. I 'I '.':' 'I' '" _.11/'1" A ..c:.'1 -: ~ -: t II.."• ~u~ t...>9-J f'~ f' 0" ••• 0-a ~ ~~ t ,..", a

., "i;J~1 pI ~/t __ ~-: JJ 1rt ~/I.J1I /·u.JJ L, pI t3.14Js.",f4& ,,-.U ~"
f~" ~~~' .J.....,...- .......,--~ • v

•~~~ JI.Ji-1! t/J1...J/ iJlS IJj l.4 .J;:.wJ {fS:'(;J~ ~I.;~J {u14:W

t>.i.,.A.:J\~I

Black & Veatch "i
\ '\'\'\~ : J4JI .r..r<=J\

.L:..4l1 .:J.ll ("WI .hb:J.\

Ii }



•

~LiJ~ d ,:Q"r r~L4YJCTE~ JSu-i~W,,~/~ .li~C" '~L4y

.~/

~ , J\ \ .' ~ \... J\ J+' ,.., .,'" .i ..' \... II ~\ I \ "'1
~? II' ~. "\'~"" I' ;~ II" ~~~ }i .:\.......jl..:l ~ .... " ~UQ.JLul

4..b..J\ Wy..a~ ~jJ ~~ ~k..J\ o4-JI~.j-i .JJAI.lli~ f'~lrf' '\ ••••

yuiJ wy.aJ1~ ~jJ ~~ ~jill (,jO~~ W.b..:1J f'~Ir f' £o. •• ue

r!L..b~J ' launders ~\J)\ ~ (,jO\y:..~ e-ib ')..J-?oJ k) c!yJ\ o)~j

(,jO~~~I)l y~I ~ ~1yJl .h;, ~ ~1.c ')..J-?oJ J\...,b.\ ~} 4..b..J1

'i L>---S-1:J '. '.1 llljill (,jO~ ~ e-ib wh.; J ~ 4..il~ w~yJ\ J~jil\

. wW . -~1 ~1 4.hl.ul ohJl wW .~ o,)G . ~bA . -~.~
~ ~ ~ _ ~ ~~ U~

¥J:lJi:f1:iJIIJ::-41.S1Y~ plA'.Y LIJJ1I~ Ji.;.J/~41s.,"~& ".u c.r~..J

J~ t.' 9W POTHOLING 4::Ju~1C" ~Jill ~/pi~~I $JJ-'"I'Wl

~~ Jir,J.4 .Jk;..J ~Jill uap C~.Jk; ,,~/~~lk (.)-"4fJ..J J:l-1"JAh

• ~..JJ~ J:tW plA'J iJS.4:I~ ,~"t;u ~?:wS.Jk;

lJ-.- J-S J J~ ~'l.~ ~ ~~ ~\J ..)#:. o'+J\ ~.j-i ~JAI~ ~ •

A! l'Ijl~ \~ ~ WjiJ\ A~Ma'il\ w'l..k..Jl Jl.bJ ~ w~yJ\J L9:1Jji1\ ~~

t~) 01~i u---SJJ ~ji1\ (,jOy:.. ~ ~'i\ o)~~ 6W\ w'i.A.J1

~ ~ ~J ~1.JuJ\ oy.J\ ~.j-i ~JAI~ ~ LSY>Y?-~~~ 'l. w\)~\ w'i~

41h.,.i "'\J (,jO\y:..\r1~ U..a ~'il w\)~1 AJ\jj ~.JA\r1 o.bJ.J\ wy'i)l

. .fil Jbi w\~~ wy~ w\)~

•~ Ji"w..J 4.l!,"~411 Ji.b.1J ~~)tl ~ Ji.J4ll plA'.Y ff"'Y..l

. .. ~1 oL...J.J\~ . - ~.~ L..,~ <L..-jl 1\ 4..b...Jl,jlb ~1 ~ •
(.)---'l~ ., .' U..J-->-l (,S', \ ~ J

4! l'ljl~ \~ ~1.c ~k..J1 o4-J1~~ LSY-a.j-iWl ~\ u~ f'~\r f' £o. • •

C~~\ ~J:U '~Y' ~'l.~ol_.:.J.J\ wy..a ~'i~ w 1h .... J1

\~.JJ ;.~ (.u)6,J ~.;iJ\ J ~ '\ •• ~) u y.aJI ~\Y' .b. J~J~~\

• ~\ o~ Jii.\ ~ts jp J

t>.i"A.;:J\~\

Black & Veatch

\'\'\'\ ~: ';4J\ .r..,.<::J1

.t:.A.l1 .J.ll rW1 .hb:.11



I, .J.J--'"'llo~J~ o4a.J ~ \~ t}j~ wl~yJI J,ui:.~ f"\..hi~ •

~I L-...J1jS ,k. ~L 0 .LWI k\l 0.<1 .:, Ie:" ~)I ~ .':1\,0 f" 0 U.."..... <Y-'.J ~Y ~ ~ ,',' 0' y-u

c--Jj M 01 1,1 ?.lI~.J ~I ~\..ill LJ.4 ~)I ~jil\ o.J.J-UlW W.J.J~\

~i ~~ I..S~.J ,W§)I~ ~ w.J:UAJ LJ.4 \I~ ~t.,uj\ ~ ~\~I.J o4-J1

oJ <: Ijl lo .l.l.n:i1 w~ ,.11~~ . ~ ~I .. 11 oWl I ~w~ ,.11
~,.. ~ 00 0 r..s- YS-'.J 0' ~JA ~

I..S~ ~ ~~~I u-al~\tl 0; k) ~~ ~La'i4.J ,~\~ ~j

~\lloS '~Y JS yr:. J,..JJI o4a yy..ul4 ~ ~~\ l.....r)\.:i;;,.\l1 k) LaS '..b..\3

. ~I ~. --:11 I J)G.I·)I w ..~L oJ·WI.. ..~ ~ JA U.4 0 ~ 0 U..".....

~((31 J~~l::w ~/plt5~~ ~~Jo4lI~ 4:¥& J:I~ ~..JiJ

. J....JL.J u .. _~ ~
.. ~I.

~I 0~ lo~ o4-JI u y.4i ~h.JI o4~~; t}.J w'+J.b~~I I,.J4:JI •

~k.JI o4-JI t}.J w'+J.b j,k. LJ.4 I~ ~.J ,J§i ) f"" ~h.JI oy.J1 01y.. ~

4.JWI ~lyJI w~\.i.a J 4.h:...J4 ~WI ~ jlM .:l9.J ,lp\~1 ~ c$ill

'I W'""-.JI 0 WI I~~ . ~I ~)I I ..11.b;. W'""-.JI oWl 0 .... • I" .1,5"'.. .. ~ I..S .... ~~ .J. ..~...)='o-l U.J='" tJA

'f"j)UI LJ.4~ ~)I ~

~I ... 411 ci.)~J~~~~ ilJi. if.!:J.J:iAAJI.J:f'-'JIJ-4lf.b.i. J)U.J:J ~..JiJ

• J;lS1 ,Jbi t5 j .?-T.J:f'-'JIJA~ 4JL.AJ1

I~ ~lJ.j~ plJ;J .J:f'-'JI..;.J .)1lJ);~I~ .J:.a;J~J')~ J:,a.J pl.EoJ ~J

.~

, C l.Ay ~1L4 ~11ii - "

y~'J. I,j.J.L..::..A f"L....:JI o4-JI~ ~I.~ ~ J ~} ~I ~lb .JL:ui •

0~.:l9.J ~~ft I,~ I,.J~I 1,.J.J-UlWI J\~I LJ.4 ~\..j 0.PJ .:l9 ,W.J.J¥

~ ua 9';' ~ ~\.....ij ~ y~\tl LJ.4 ;;~I o~ ~ 1..S.J.v.~WI .,wI ~ ~I

. uyd1l1

~..JiJ{"jq ~/.J::WL!JI~/~y~ JlAcl~ ¥/.J:-4 ~~I pl../?".y ~..JiJ

p/~J '. t ?..' L4S 4Js.~J ':-If"" .J:.b.1J (('-"1. •~~WI ~~~ u-1')J'-"W

ul~WI ~~~ l:i~ ~..;S ¥lSAJ .Jj.wJ~JJ.wJ1dull Jillt5J~ 4-IJ.J

lS..w1.....=illl

Black & Veatch

\'\'\'\ ~: <J4JI .I-~I

•L:.AJI u..u ('WI .h.b:;J.\

l13



t:O
(f

.

~
'k

C'
l

•
;0

;-
i

~
\

II
I

-
0- ::

r

--<
:f ~ ~ ~ -" -" -"

...1 ~
:.

c.. l:-
..

-.
~
.

~
t

g:
'"-

~
~

- -l ~

L
\,

C
c,

f
1t

l
c.

~
t

c,
<.

.C
-

'"
(;.

.
h

[
.
'
r

~
c·

~
~

'
.

~
~.

'f-
J

't
to

.
'L

t~
_

~l
.

[
J

1::
fs

-
[c

~
-

-;-
r

-
~

"-
~

,
~

~.
1»

\
,
t
'
~
'

~
~,

~
~

~.
r.:

h
'IA

t
.
.

c;..
~

"::
J'
~

§,
[~'.

~
-

l
-.

~
I.e

.
~

r_
,

'f:.
1
'
~
'

e,
\
\
~
,
r
~

-
c-

,\
-
~

~
c

-
'v

~
~

1s.
~

~"
'f
:.

~
V-

-"
l

~\'
~,

Gi.
..

t;~
1-.

clJ
,

~.
:r.:

~
c..

l.
'po

r.:
(;:

.t
'.

[
..

~
'

L
.
~

"[
P

.
~

L
I>

-

t
§,

b
Cf;

..[
~

E
!:

·t
[\

'f:.
.~

<fl
.[

,t
'
~
~

~
f

~
,
~
[

'r
~

-
-t

~'
~

i
~,

t;~
~.

~.
1-

:
1

[\
~

'v
'"

L
(/

0
..

•
f)

k'
-.

'f:.
p.

~,:
~.

~
.
~

~

1~\
t.
~

r
~,

·.t'
r

:;
r'f

\,
Gi.

.
-

~,:
~

,~
~
~

~'
t:

.
'v

'fA
'"

If;
-;

::
\

~,
~

-
"
~

:~
t

'"
I>

~
~.

,t
~

~
Gi.

..
..t

'
[

~
(
~

-:.
f

'1:
.

~'
If."

,
-
[
.

..
»

1
~.

IJ
"
~

'R
~

_
:

~
~
,

.
I -

·
~
t

~
l
'
l
l
·
:

L
£

t
c
h
:
~
l

1
~'

t
~

~
.-c

;..
~

C,
\.:.

~
L

~
.
~

...
-

h
~
.
L

t'
·t

1.
~

~
~.

~~
~.

t
~

f
~

~
~

1
L

:~
't

1
(;'

c,
[

~
~.

t
f

1
"

~
~.

1
~

,[,
{"

,[
~~

:'
1-
~

~
t~

~.
e,

J
~~

"
1>:

t
.~

~
.
I
;

\
t

h
~,

'"
c;

11,
;
~

r
t·

.~
[

~~
\-

{
~

,~:
l'

t~
t~
tC
f'
~l
~~
!:

flo
~

\..
.f"

•
-

-
IJ

'
'"

<.;
:

,
b

t.;
c
;

.
~
~
.

t'
~

C'1
c.

.
~

~
£

'"
(;..

t'
~E.

'~
,

,t'
~

r
ft

~,
'b

~
,
t

.
\:..

g
I.'

-"
I:::

~
~'

E
C'1

c;
;

,,
,t

:':
.

'"
k

t,
E

\-
-

P
~
.

,t
'

''I
:

C,
,
'&

"
-

00
'"

:v
,I

::
"»

r:-
[I

"-
'

C'1
~

L
-

·v
~

~
I>

'I»
.

-
-

b
•

,
"-

-
~

,
-
0

0
"
,

~
\

~
t
~

~
[

t
,~:

c'
t:
1

.C
-

f.'
i

t:
('

{I
[,

-
~.

.f
V\

I!-
c·

~.
-.

'"
'v

e,
t..

~
~

c:::
-

:t
~

:[
~"

'f
'h

-:
~

r,
~,

c;:;
--.;

;:
,t

~
-
~

C
l

.
h

~'
,b

r;t
~

~
I>

~
l

h
~'

1»
,

,
[

~:
~~

I»
,'

~
~

1=
:b

',\
'"

~
-

~
"
'
~
:
_
-

y'
,[

,t;
..r

l.
,

IJ

~
~

\l
c

t'
Ib

.
.t

"g
~

(
'C

o
l.

,
.t·

·
-.

'1::
"

l.
,

t
~

d:
1-

~
16

-
~

l.
,

'1:
.,

V\
I
i

't
~

1:
,I:

F'
~

~,
f

t
1>'

If;
r

t
~.

l.
,

~
~.

tt
(

~
...

s·
[­

-
[
.1

:
f

'1:
.,

~.
~

"
't

.
l'

\-
,I:

~.
~~
.

~'
~

~
I.e

"
1:

.
t:

~:
~

"1
.,

~
~

.c
1.

1".
t.

[
~.

~
~

t·
)"'"'"

t:·
v-

r
~

~:
L

.

~~
~

~
I



~! ~I f".Jo; ~4-~\ ~~I ~ - ~bLU:l..\ rWI, .J-lA f".Jo; • _ ,

w,n. ''I'£'\' .. '~h.\1 f'WI

WVoA. ,ni •• Y '1' •••

'I'.H' • ,00V •• Y '1' •• 0

'l'n.A. 'A'i .. Y '1'., •

'l'oVV'f. nn .. Y '1'. , 0

n'l'.' • HVV •• ,. '1'. '1'.

'1"0'1'",,0. 'l'V' o •• ,.0jill\ ~4-i

- :w\.h:,.)L.

r'~' w)L.L.,...,j ...,..:.\)11 w\...1~1 J.!b..:i 0"U~ ._)1......,..q ~ j.,.. (4l.fti ''1'1 V rte) =4..Jl;JI =4..J:!.llJ.\1 wt.;..\.,fi=..~l -,

.4-Jl

."..,.;1\ w~~~ 0-" tA..J:!~ r:i -'I'

~ .4-JI r'~l w)L.~-, ...,..:.1)1\ d ..\~1 J.!h:i 0"\.,...,1~ tA,~ r:i -,

~~l oW~ ~\~ L..uL..ui lA 'Jai,~~I ~WI w~jjll ~~~

: f'W\ bb... <Jl ~)~\tl Jl..ac\tl o~ .)~J '~.Jl.;. ~J~ ~~~I UJ..)

~/.J ~i.:J~ ~ ~/-

Jl..ac\tl o~ ~ .! wLJ ·,-·'1 ,'.c. u....::5J1 J~! _.\\ oW:tuk. .1 -I - .i~LJ J .~....,.- ~."........ _ u.o..a.JJ LJ •...

U\.S..,l1 '5 l<l~ ~\ y~1 ue u....::5J1 o~ f'1~~ ~jJ ,C?jjjll~ JS~

·tJy.W1 l~ tJA ~fi..S ~J.:l11 ~ 4J5JjA\t1

~JlI Ji.wJ iJ.4 4s:.~1 ~Jl!I ~/~I (~J).JJ~I ­

.l.......;1~1 ~\.JA J".b,."j o'JaY"1 <.S)..~.l\ ~li~\ ~yJ\ oW~ j...a\jj ui~

~.fJ ,PVC~ ~~I .:l;!.J)S <J-aJ u..rJ1 .:l;!~\ l.JA 4.c~ ~I~ ~~I y,)1

",,0 J~ y,)1 .:l;!~1 <J-a ~I.JA ~La....u"jI~.l4 ~ .l?-JH 4l..:,.)~1 ~J ~I

~\yJ\~ S'.L-.=..) f'~' ~r. · ~} ~ "\. l.JA CJ\.J.U~ .Jt.h§~J ~.):j ~

r-S0 J~ <.S ft! y, j ~I.JA J".b,.} f'~ lAS .~~~I .:l;!.J)S tJA 4.c~ .»-'JI~

.u..rJ\ .:l;!~1 <J-a 4.c~~I~ ~t •• ..;b9.J

l>"--W' ..,=illl

Black & Veatch

\ '1'\'\ ~: ";~I .1-;.:1\

.l:.AlI ,)..u i WI .h,b:.1\

11 S-



w4~2l1 ~.lli.J ~h o4JI w~~l ~.b.:D4~'.)'09··1 t1h.J JlAc.\ ~Iy..j ~

wLaI ).;,~, ",I t .. ow.J1 I~I w)l.ahA -:. .. L-:. wht..ik..2lI..1lh.:.i ".J§ ,~W .': ·'1
~"r ~", .. ~.J, ~

rh;'~, ",I will <.J-a 4...JS JSJ o4J1 rl~1 w~hA ~h.:.i ~.J ,41.'9'illIJI.J ~wl ~I)il

. W ~ ow.J1 wLa\~\ ,',e. d..ilL..J1 w)b...J\ . ~ o..:l \ .11 wulu11 LJ I... . I )11u ~ ~ u-.. c.s-.Jy ~. cJ.Il ~~.J

I.... t5..........J\ ..:l1..L..Li . I ~I wLaI~2l~ W .·:.1\ ...0\1 ..1lh.:.i " ,btiA ~j
~ U .J~.J ,~~ ~ ~.J

:(IS-2) JJ..L..::JI u-:!·!:/J '(.5 ,::.1.J)11 wLaI.b..:i....l2l ~I.J ~~I 4.AWI ..6.b:Jl cJ.IlU

~I d1~Y/4fi~ fJJ ~J d1~YI~ fJJ~~J ?:Jl:.. ,,?:wil w~/ih!

'c.5y-aiJ1~

~ J lo)c.s~1 r~1 ~ w~~2l\ ~ /.J ~\ ~I w~1 w~ ~

'i ..5\'\1.-: 12l1.h.u" ~ wbt..ik..':/l W 0 ,r:. '''i - -::11~ II ~"I.-: 1':/1U J~ .J-lA r~ c.s- ... ....JA' c::-:- c.s~ .. '-5"". ~

I~I ".ill ,.h.u ~ .~ wblib..':/I W ~ :. k, 0 ~I ~~ wblib..':/I Wr ~ J .J-lA r~ c.s- ,~ .. c::-:- .J.J '. .. ..

. ot.:.Jl ~l r\:i.iill~ rWI hi,.;. JI I~ ~ o.J.J:ill w)l.ak..JI o~

r---J.J ~~'j~ o~1 tjjj3~~J.J¥ rjyo.i .:lbcj t.J~1 I~ ~ ~ .ill

~..JA)t1 o)..:l'jl~~ r lc y~~uy ~J- EPANET y~~uy rl.b..:i....ll

4J~J r j L..o..i.11 j)g ...:;~ <U.J.J§~ rWI hi,.;. JI I~ ~ ~ - 4;).'11 ~W

~w\ u.Jpl ~ tjjji11~~ ~~~J.J~I rj~\ rl~1 ~J ,~I~1

,wl~1~ tA\)9Yi~I JlAc.)tl ('Jj9'iJ ~.b..J.J ~l l..;-l~ ..:l:1.b.:D.J ,4'.'9\1l~J\J

~jji11 ~1Y'.h~ ~1S. ~J.J~I rj~1 ~J 'l..;-l~1 c:y"·o""J

~ c?:wi!~~W~~! J~5!! :(IS-IO) ~!~J ,pi.J ~ r .. .Jlb§~

.(~~'i\~I ~} t-*)I cfi'~) ~~Y!~.1d

tS~I~1

Black & Veatch \'"

\ '\'\'\ ~: J4J\ .I-;=JI

;;\.:..ill J.ll rWI J:,h,,;J.\ \10



% " ~\~ LSi ~ i' J~ ~\ya ~ y~\ LF l g,':,,"~~\~} ~

~ JL.c.)r\ o~ ~\~} ~\jj\3 ,~ ooA ~~ ~4l ~ ~\ C:?jji1\~ .»u'I Yl 0A

w\..L"-A \~\ ~ I,. ..11 o~ ;.j,<"., wlSu..:;J1 '0 bl' ... ,,',~ ~)l:j'i." I...jJ ..lif' .... ~~..J-UU ~ • J < I.JA u::::- 3 (j'l~ •.,.)

W-a~ (.)0 :,.9\1 JL..aci ~~ ~3 ,~6.-JI/~lyJl uS!.Ai ~.l.:oJ3 y~\ LF u..::&l\

JS . j U.JC~~\ 'O~ ~ 'I wl.llt-JI . 'O.h..I:J..c U .l11~~ ~I dJlS. .11I.S"" .' ~ < ~ I...S"< lJA 3 ~ ~ 3 ~ ~ ..Y y

. ~I~I I~\~ ~.lA

~ ~~.)#.il oy.Jl 0A I~ ~ ~fi.. J y~1 LF ~l ~tu (~, .....a)

w!.Al )';'~, ".~\ LF t=?"U~~ ~l oy.Jl~ 01~l 0A3 ~I~\ u-a y~1 LF

. 'J:i wl~I.-1i L_~ - ~l wbl.wl \~ .,.w ~ ~ ~"I :i...lcll...all ~ b:ill U ·.LIll.T-A (J::I ...r~.~ 3 .,,- ~ f'-Y ~ ~ J ..J. J ~ ~

~~\ ~~ ~lyJI J,..i:. wYkcJ <.s!thJl w~ f'1~IJ - :i .... Y","?'1 wl~I.)J1

~.), II~IJ ~~l ~~I ~ - wbl~ Y--f:.y 0J~ - o~l f''';' II,IJ

0\ )JI w~ ~.:l .J;li9:j J.ac~ rJJ '~4! ~ ~ ~l LS-.?\tl 4.AWI w~I~~lJ

U ~ J.ac '.<: .., l.:u ~~ :kJ~1 ol.LJl wW W o' 1 .':...A ~ ..:..\1J ~\ J . ~ ~ tJ-'l~ ~ r-J .~~

oy..J1 w\ )~.J:li9:j J tA5. ,:is\{III.Jl oy.Jl ~J~l ~~I o4-JI~~ ~J

~l:'I~I"" ~J . .<. . .1 l.. :-~.ll '0 ,.~ 4.lli.Jl 1:~- . ~Wl whJ1Jl.:l~ t...J \.... WWI
~ ~ (.)~ (j'~ ...r-J ~J . tJ-'l ~ •

\ 6 .~ ~ c5') Q' O~l\\ LS~~WI ~I 0A <JI LS~~!.A )c~ w4-J1J1~ J.u,:i

• 4.J.o.l.M 0",11 1."'_','l.Q ..c:i wW J,tillJ~
.., ... ~.....,----~ rI' .\....

Jj----! d\~ 0i ,4.tlA.ow~ ~~~ ~I oy.J1 w~ ~.J:l.llill ~I ~jj

y~i f'\~1 wl~ 0AJ ,% ,",0 0J~ :iS1{'"IJI oy.J1 ~J ~I oy.J1~~

0\ )J\~ 0C~ wU4-:1 ~bJ\ f'~ ~ 04-J1 w\..::..\4h1 ~~ ~l)il w!.A\~\

0\ .1J\~ u-a <Ji~ WA~\ lj}S ,w\..::..4h~l ~ ~.ii ~ ~~~ ~I

<)til . \ ~\ I~l will' ~ Ic:-I oWl I~I w)!.Ak..a A.Sj ~ ~ .. :..1\r ~ J f' I.JA ~.. f' I... .J--l'-'l .~ ~

. ~I oy.Jl~~4l

t.>.i"A.0\ v=ill\
Black & Veatch \ 't

, '1'1'1~ : ';4J\ .r-;.:JI

:;L:.AlI ,)..l1 rW\ .hb:J.I

111



::A!

,,'if:;
i,"'i'

, ',t

?:~
"

:,"~
(,. ;~~

,>
,I-.

",:i

-:)(
. ~~: ,t;

,,::i,~
'\.\

./ij
~l:

",

+1:ft

1:;,

~ ~~"f~

/
':~ ~

',:-

.... ,j"

'>1

'I

'I
I ~'

.....'

.:~
.~~
~~~

':~~~
,~

'~ ~
-J~:
~" ,

'::~~:
'1·'

l~~;

'I

\ :
, ,,

\ \ \
" ,

, " 1 ','
'j, ,

I,'
, I, ,

, I

/ "

, i,
/,

"

,"

-)
(_. ,-

,I / '
I

// .' /i i'l I
\! ,t
IL iJ,

"II 'I j' II'" I _JI / I I // / r ',' I
'I 'J ": I'" I ! I / j I I, ,j"
~ I \ ! ' ;' / / . I' , " I I

I " '':', t 11 t~ L J! :! '! '".!,,/ " ;' I ,: ( !i
,', ~,_ ~I~ .' J " I , I

~"'_ ..•=:=~~:~:"='~=~~~~'~i;'~:,~~"'f'::-~"·~~c,=.~c~_~::~c~=-·
I

Area For Plant Expansion

,
I
!
I

I
I

I

I

N
LEGEND

10

~ 0 ~ 100
P"""'" - MB11!R

SCALE I : 2,000

0300
0400
0500
0600
0700
0800
0900

01000
01200

1'1: I.,

iJ r "1,\\

Ii

1

1
\ !

II, 'I I"~

I,1 \1 I,
\ I"! I
I ,I I :

)I!" '

\ \
1\
) I

l ... _

;::1
.j I

I: '

II
II
I

BLACK &VEATCH INTERNATIONAL
IN ASSOCIATION WD1I

ISMAILIA
WATER TREATMENT PLANT

SITE LAYOUT

ARAB REPUBUC OF

EGYPT
SUEZCANALAunIORITY

NATIONAL ORGANlZATION FOR
POTABLE WATER AND SANITARY DRAlNAOB

USAID
CANALC1TIES WATER AND WASTEWATER MASTERPlAN

1?9'

MONTGOMERY WATSON SABBOUR ASSOCIATES

OATH: AUGUST 1999 FIGURE: IS-S

J. ~t
... I,l

'-'.1-',;

"i
~~



~
'.;, ~~
- £

;

:- :?

,',

" .

,',,:

:\',

. ~"

",t,

"

"', ~;

',j- :!
'~,

.:'

,,!

,~,:

,'r

, '

"<

;, :~

, ..'

J:'l '

:\0

,1'
,;i

.:.

, .:~
,,;'

" IJ

',(;,$
.,J

:. I,
J~ , :r;1
\ ~~~'
",',
,~,:~}

Backwash
AIr

Backwash
Wasta

~MeW -, ']
.. [ _ Flashmlx

JFIow(M~tar , ReadK>n
, )Chamber&

, To LakeE =l Timsah

~~-:] d~~=]

To Lake
Timsah

Backwash
AIr

lJ1="sh

To Lake
Timsah

To Distribution System

r.

T....tad IT"'atad
Watar WaW
StDra90 5IDmga

TAlBtadIT....1ad
WaW WaW
S1Dra9O Stomgo

Lamona
SatlI...

flocculation

T....tad Waw 5tomga

To Distribution System

To Lake
Timsah

I'--~T",atad Walar 510"'90

1J Vantu~Molar!To Distribution System

~""~'~1
I

Backwash
AJr

(?It?

111

INASSOClAnOHWTnI

eTE

BLACK & VEATCH INTERNATIONAL

'"

'1
.~
.~t

,l:~;

:/~,
~ ....,\

~; ?;
,~

I ~ hI"

FIGURE: 1s-7OATH: AUGUST 1999

ISMAILIA
WATER TREATMENT PLANT
PROCESS FLOW DIAGRAM

- - Under COOstructian

Bamag2

SABBOUR ASSOCIATESMONTGOMERY WATSON

Bamag 1

USAID
CANAL Cfl1llS WATER AND WASTEWATER MASfER PLAN

EI Mashroat

ARAB REPUBIJC OF

EGYPT
SUEZ CANALAUnfORITY

NATIONAL OR.GANIZATION FOR
POTABLE WATBRAND SANITARY DRAINAGE

II kcmplJsm:l.Iho'.plotlll'g\\'l'1Ih.r 1"-7 d\o.~



· - < ooA t\ . 4.ilic~;lL L.J .:·.t\ olJ..c . _~.t UG.JI ~I . -(".:-:
l)-----Q r- ~~ u-----a .' ~ <" ~ ~ CjJY"' .' . (j~

~~ '''Vi fk ~ ~ji r-J ~I ~\yJ\ y1:.i.) ,pi.)~"\. ~ ~\yJ\

'''Vi fL....c. ~ I g !.6ji r-J ~I ~lyJl Ui 0?- ~,~..#1\ y.)1 ~xJ\ LJ.4

~lyJl fl~l ~ Iy..j-a ~yJl'OW~ wi~.) 'cY..jl"'I~}~1 ~~l LJ.4~~

4.1;< ",ll ~I Cjjji1\~f~.) ,PVC ~~\ ~.Jp..) uyJl ~I 0A~~I

~.) '(.J:1y.a .J-!i.) '0.# .J-!i.) A.~')9j <..r) ~tJl ~li.J\ ~~ ~ ~~~'J I ~.1A ~

~ ~G...:lJ ~ ~I - pi.) ~ "' .. ) ...b!~ - ~)\ Cjjji11 ~I.JA J..,b-~4j

.. ~, ,"\ ~I..P"- ~').J~I e::.':l~l

LS".i.:d1~\

Black & Veatch

, '\ '\ '\~ : .;4-'11 r-.r<-:l'
.wI\ LJ.ll ('WI ~I

I~O



~ 0A \~ ~I o.,b]1 o4-JI ~y 0A o~1 o4-JI ~ ~la.ut'jl ~~~

~~~} 4u~ rS 'fo J~ ~y:;JI J~I ot.;..:il ~ .lla:i.J oy\WI ~~ JW JiJI

~o~1 o~1 ~y 0A ~~I o4-JI I"'~ ~la.ut'jl ~~~.J ,~la.ut'jl

~.J 'lS~'J1 ual...;--i:-'JI.J lS)\ ualy:.\ ~ ~l.r.A LJ.J~.J yy:;JI ualy:.\ ~ 44Jb

wL.::...t..ib..I.lJ..b.:j ~ '.('\ ,Wl.r.A ··:'\1 ohJl~ WI bb; JI Y :- 1_ ~lhi· I. :-.
,~ ~ ru u-ow.J, ~ ~ ,f' L.J~ u-=- c..j ~

~ :U. o9"4lSy..'J1 ua1y:.\i\J lS)1 ual.;e.") ~~I o4-JI u\ o\.cly t;A yy:;JI o~

. yy:;JI o~ w~\.jhl

ul~ .l...I LJA ~ ..H~~ ~I o4-JI w~~ ~fll ~ o4-JI~ W!j1i

wL;..\.jh~ ll.J Uly..a\ .l...I 0A yJ ~I o4-JI u~ ~ lS)1 o)j.J ~.J JiJI ~~}

~}~~ 46.. ~14 "1'11 ~ yy:;JI o~ ~b~~.J ,4.c))1

~I ~I 0A J9\ ~.J ,l 9)' 0\1 oft J'...u.. ~i .h.S f'WI o4-JI LJA I'"~It I'" '0 ~ ···
f'~lrf' ff •••• ~~'jl~~ ~ ~j1.JI f'1~)IJ 416.. lS)1 o)j.J \e'O'O;~1

f'L.....;.. o~ ~~I ~ U OIO;, Ul (5)1 o)j.J 0A ~la.ut'jl oW~~ .ill.J

1"'~lr f' 0" • • • • L.-.A.J~.J'" • 0 f'\.c ~ f'~lt f' f /\0. • • ~.J~ ~la.ut'jl ~..l.J

A ,0' 0; JI u~1 ").J-h. ~ o4-JI 0A ~)hJI u~1 o~ ~ Jj.J\.U ," • 'V f'lc ~

0(5)1 o)j.J tA.)jj ~I

~.J~b .b.J b;~) LJA W-la.ut'jl ~~ ~ o4-JI ~b~ uP

~~ o~1 o4-JI ~..)J.J '41b ~Vlj"'! (5.J4JI - "<:~~.JCTE.J '<:I.A~ - w\.c.J~\

r;.'u:J'j ~I ~I ~.J ,o.,b]1 o4-JI 4.cy~ 4\'09"4 hL J'.l3.. 0A :l;Jk..JI .b.,b

f'l-..AJ} .L.Jc ,W4'j1~I ~~.J 1"'~lrI'" ",,,. •• o'---J.JI L-::Jl.r.A~

,,~I WLu,~ J.=..0-0 :(/8-7) ~I~ '1"'~lt I'" "" ••• ~} '''r;.lA~ 4.c~

y...Lcy ,,~I WLu, 4.k...Ju h,l,';' rtl f"""~1 :(/8-8) ~I LJ.:!:.!:'J ,~b>,I.{.y..1.4 ~

4.ilicbYI.. ~ ,

t>.l.,A.::l1 c.r=illl

Black & Veatch

\ q,q,q, ~: ..;4:-1' .r-.p\

.l:A.\\ 0.u. rW\ .l:,b;ll

I g/



L.ll.J1 0--J~ ~\..l.J1 wl~ I ':'1 h:i:j .\ . -;'~I ..11' 4J .'. .1\ ;;. \1\ I~ l.-b..J." ." ~,u Lr~ ()C ~ ~ ~. '.'

.~I w4-~1 ~ w\~~ ~~}1{"y:!~ ~L.}:ll

~ ~\.3 ~~)'I ~~ ~ ~1.J\11 {"I~':J LS..?,\I\ x-I~~ LJ~ ~ ~ ."

~1)11{"1~':Jy~)tl I~ ~ wl~ ~l LS.:l~.J ,{"WI hh.; JI I~ ~ 4JG...:lj

h ,h.;·;j· ·..1.'..11 W '.1.. ~~)tl 4...u.J1 wbl...ihl ~ wI ", 6.b. 'I.' ()---C U*'~ {"., ("~.J ~ " . ,~ t..s- ~ .3 'S'.

:wl ....:..~II ~ okl . -;'~I .. 11
~ ~ Lr...r-'

,~ ..:. 'I oW':J1 . j . j :"1 Jl.w1l1 oW~ '! ~ 'I· ·_'1 .. ~II ~ 'i~ •
~~.....)"'-' , t..s-.J t..s-~ , i ,s-~~ ~ ~ u "~

~.3Iyu.al1 ~1.J)t1

CL ."\I{"x-.J ~..lA.11 LJ.3.:l.fi. ~b WI)I ~I.J)I ~1.J\11 ~ J;\bJI~ •

'I ~I ~ ,,.. 4..Jj1 '._'\ ~L
~ .J ~.,...r"-' ~ •

~L...ta ~~j ~ ~yJI ;;~ olj~ fU ~I ~I w~~ J~
~WJ ~jiiA~y ~l1.a.J ~t5u..JI :ijt:iSl1 A. 09'; ;4~

~ J;L....bJI.J A'Jo'j"JA!1 ~I L;b\.i.JI ~ ~k ~jiiA ~l1.a ~~~ ~~

~~)'I O.Jy.a ~~C~IO~ A'ha~,JI.3 ~~I y~WI)\ 4.S...p.!1

. - ~ ~ .~ ·'1 o.:lL)\ I~ A..ii :: ·'1 t':!l ;;U)\..J 4-U..ul\ ~1...i.\1 . 4 j:.... ',,'4 ::W~c.s- y-<'-' .' ~ .~ .J .3 .'~..' UA. .'

o ..- .1\ .~_I\, LL::JI J.L I,.. ~b . -;'~I ~
~~~ ~ y=;'-~ .' .' Lr j4 ....

•

•

•

. L-:~I .., 4.S ~;. LiW ~.c II 0' )tl . -;'QI . ·'1 ;;' i ,c" .. ~. 'i~ •
.J~ . ~ ..)iu1A • ~ ~ ~ .3Lr...r-' ~ ~LJ .'~

w4y:i.:..1~ wl.J.! .!;,:j ~i LF A"l;~';4~ t~)'I.J ~1.J)t1 w1.AI~1

~lyJI

<.SiP' u=ill'
Black & Veatch \ 'I"

\ '\ '\ '\~ : <J'+:ll ;!.,L:JI

.l.:..ill 0.ll rWI~l-



o\.S....J\ .l$. ("WI

f.'l.JAiA ~I..:JI ~W\

ff'i.Ji'iA y •• II

fViy.V '( •• 0

t)Vy'(' '( .) .
i'i'.J'ft'l '( • ) 0

o,(f.Jf'f • '( .'( .
ovo.J'o) oji.il\ ~4J

~~ ~ J~)l1 w'l~ u i US~I J~)I U 09... iJ\ J.hA!1 ~u-e.~

~-J ," • ". rLc. ~ c..s y.a.S11 ~I ~Lb LJA % v. J..)~ 0~..t:J1 ~I ~I

0..L..J.bJ1 ~I ~I -:L\..i.a. ~ J~'ll w'l~ ·1~~L~II 4..b. .. 11 . -q - ..:~.I\
~ - ~ .- '-""'" r..s-. u.- ~ ~ ..r-' r..s- ua~

4...-b.yJI ol....A 0) <, J!-J ,~I 4-J!Lb LJA % , • • ~ -J 4.l A~ ~1 ~j ~

~ wl~ LJA Oh.; J! W W-J ".". rk. ~ -Jl ~ ,~I.J~I ~ ~~~~\

(g Jl;.;J1 w'l~ ~ 0..)4)1 ~ wji.a yj:. ~I.JC ~~WjiJl u~1 .:lbcl

. ··(~I J~'l .:l,jl..Jl J.hA!1 . ~ 1
l)- • ~ .J

~.J ~I wk.-Jy.t.J1 oWlI u.l.J rWI bb... JI ~ ~1}11 r'~1 ..b.h.:..~,lj

IS, II b b ... JI ~I .:l. -qo..) \.11 wk.. ..:~.II ~~ ~La....u'll ~l::.....a
'-5 ~g .J r..s-- .J y ~ -J. ~ ~ .- •

..)l.ll.<.'ll -:L\..i.a 0"0';": ~La....u'll 4..lJ.l.J:lu1 .. _11 ~\ ..) .:l::.." 4J .~- .11 ,~La....u)u'-""'" u _- _'~. _- ~ ~ -J ~ ~-' •

w~ .':1\~ , -1· ._1\ b,b... ,H ~Wl :A·••. ll1·~·Jc1 ':1\ "~La....u'l1 q 'I .. _11.' ~ .J ~~ " ~ ~ I.S"' ~.' ,r..s-~~

~W\ :A·••• II 1 '-:Jci -:1\ '.l.l.J\ b,b...'jl\ ~I ..). _q 0..) 1 .1\ .b\.Ul\ ' ...- -:1 wb. ,'1;L" Ut.:i.\\
~ ~ I.S"' ~ - ~ .J r..s- .J y ~ ..-r--"

.W)La ~~ ..C l.a::u::.. Ll.~ ~b...JLJ ~I ..b.h.:.. '\ .. _11 b,b... ,H
U~ ~ ~ -J . ~ -J ~~ ~~c=o........

~~'ll .~I ,1 """... , v:'l IS'g Ii ':-~I "'-ltiJ ,.,1 ~b...J1 I ... ~ .,
... ... ~ ~ .J \ r...s- ... ~. \"""J ~ ......

''-5 1 01}11 r'~\ ~ ue wij')t,..;.,l d.:l::.. 1~}9 , bb.;. JI l~ ..)IJcj ~ ~)""l!lJI

l$.i.,..dl~\

Black & Veatch

\'\'\'\ ~: J4J1 .r-'p1

'l:..4l1 .)..Il rWI .kb;ll



. ~;I\ :laWI 4...WU.ll ".<, -'I '\. - 'I bl i ~I jl~ ~.ll.JI 't:i:J\ ,..,
~ ~ ,.J . i.5r..r-".J~ y::.. i.5 ~. ~ ~

u.L...JI ~\ i'i", !l'~ ~~)lI ~ ~~I 4.:ibJI ~ ~ UI.S...J\ jjc. ui ~j ~ ~ ~ i ~b

~j ~ dl~ ~ ~)\ I~ ~~ ~.J~ ""Ot tVV ~ j§ ('O~ ~i.J 4 ";'.19 i) ~\:il\

~ ~.J ,~ "" °°,r t '-SJj ';'~)lI.J ;;'_~:,,,JI ~ i.5 jSyJI j'-tRJ\ ~I~ ' ~ ~ ~ A

L.!:. .~ q ,'0 .L_ i~ . ~ ·I.S...JI jjc. . i . .' ~I.S...JI :ij\:jSJ\ J+h:j b,jl·.:. tI J+h:j
~ c.s--..JL'I'-~ ., r..s- U U ~ ~ ., .J ~ ..

~ abi4 ~ ~"" i ~b ~ ul.S...JI jjc. Ui .Jlp.c.I ~ ~ ~~.J ,~ ° tV, f.' B ~"" i

i.5 j.-S.yJI j4---;J\ wI~~ lJ"lL.J.s. ~)I I~ ~\~I ~.J ~ r · "A f. A UlS ~I .Jjj\

,~W-':-'I ·I.S...JI j\jc.'J ~~":l\ ~. ~ u ,.J .

'0) ~JI b Jb':"~\\\ w~l.Jj ~ 'OJ))1 wl~~\ ~liA wl~~\ b~ 4J.JliA w.a:i

w· . -'I <-J' ".11 bL-J~ ·-':'1 ~';.'-'I ~k...J\ t'~ ~ wI -- ~I tAjbcl ~ ~II~.J .~ ~ ~ Y'-' ~.J UJA ~ .J ~ ~ , ru I..S"'"

J~~ lJ"l~i ~ ~I wl~~1 u.ilS.J ~1y;J\ bJb';'~\\\ :laWI ~I) ~I

~W\~ ',<. _II ,\. - II \Aj.:l.:l.. ",II ~"" i k .. ~ "A i k' ·\.S...JI - _'.II. i.5 r ..r-" .J~ I..S"'" ~ ~ ~ lJA ~ -""'"'"'

b Jb.;",U 4.........aWI ~ "Je'l 4:ij .J) ~I WjiJI uts....JI jljc.i~ y.J'JI ~ ~~)lI.J

"~~;;I 4.........i.J.l.J ~I . __ II ~I j A ~I j II •. ~- _II )1 .-':-:11. j 'I, __ II.. ~ , ~ .. ~ .J .J U."......... ~ ...B~ r..s- <S~

,~)I bb.; JI ~ ~\~\ ~ ~\ ~I ~.J ' ~ """"~~ bjljc.l ~ i.5~1

;UiJ! u.JA1~y! bb.:. .J! u..9 4..:,.,~!4.J..;J..J! ulS.uJ! ..J!Je! :(IS-6) .~~J

w~~ JS w!fi~ 4.J..;J..Jf.., {tlW! ulS.uJ! ..J!Je! :(IS-I) JJJ.:J! U:l:JJJ

600,000 ,----------------------,

c
o
.~

'3
0.
o
0.

500,000

400,000

300,000

200,000

/
/

/
/

/
1

/,-
,-

,-
,-

,­,­
,-

,-'-
,-

279,527 313,323 351,206 393,669 441,266

336,468 374,007 417,020 466,429 '523,320

303,855 336,482 373,966 417.166

275.238 303,181 322,200 340,747 349,083

366,000 420,000 476,000 576,000

100,000

]---+--CAPMAS Historical OalaL CAPMAS 86-96 Grow1h Rate
, CCMP Projection

1

- Governorate Growth Rate 92. 95 and 96

- .. - Ismallia Urban Boundanes Study

- - - GOPP Projection for Urban Qisms

L>~\<.J"'-"'ll\

Black & Veatch

I 1960 1966 1976 1986 1996 1997

\116,302 144,163 145,930 212,759 255,134

I
I

, '

2000 2005 2010 2015 2020

, 'I 'I 'I~ : ';4:J\ .r-;-<;1\

'L:.Al1 0..l1 iWI .hb:J,1

I~t



, :'~~
• t,1

-~{

.' f·

.~

' ..;

.:.,..
"~~.
"

"'.

..~\
"<:

'i·..~

",1'

, "

.:I­
:ii

<i
".~

,

\.
.,-.1

~
, i~i

~~~
"

"

"

'~

.·1
" ~

." ~~;"., if.
, ,t

~:
'~'

~ ~'.
· .

'I

·~r

,$
. ~"~

'.~
l : ,~.

, ::~
I,;;'
,ltl~

··i
.'
'(
, ~\

" ;
." ~1-

.."'"
.~'" ,/'
.~ t":...

\/'E",rr"IItTEIIl""UiAlto..sso<..__

ARAB REPUBLIC OF

EGYPT

POl.'......Il'R_ .........'~

o
N

LEGEND

USAID
~(n.sw~n!...H}w"ST<W"ll.lIlMSlUl"HI

"~_"_U"""-«"""_'IOI

snlll""'O....,!l'.$(D""Gtoornc~!lJOO
U.""I'I'WII ....M.I'tJ1>Dll"r'

Ismailia Ultimate Land Use

EJ Agnculluralland
!ill Beach Setback
(:;) Cemetery
~ CommercIal - Office & Gov'f
Hi Commercial· Tourism
~ Educational Facilitieso Industrial - Low Water Use
Efj Industrial - Moderate Waler Use
f2] Irrigated Parks & Open Spaces
~ MIlitary Camps
o Resldenllal· Low Donslty
~ ResIdential· Medium Densllyo ResIdential· Very Low Density

WTP- Water Treatment Plant

ISMAILIA ULTIMATE LAND USE

.~.

NOTE Land use categories shown
represent average densltles denved
from GOPP land use maps

~ .. Study Area Boundary

WWTp. Wastewater Treatment Planl

om~mii - - -~mrrru:( -

Sinai

liS

- ~ :"...::"'i

-~7
.. 1

, I

, ".' I /
j,

Agriculture land

-;". c:.-.:. ':-'~i~::! L ~~§~n~
,- -, ,.I~.matl"Sr~_ I, "

--~ -. - I ,.,
,.- "'1 I{ ,

r'r " A~~l:Un~r~ !~n~ !
' -~;' '~-'I ,

&. AI Samm.""", , " .'_', ---. ~-, .,J' ;'. t0wr'
I ,- -, " /ij':" ~.,. , ''V' -",., ''-''.X-', '-......','I , " I ~.'S " ,'I :',,:,. _"" ......
. ... ..~_ ..

,>.,
'/,r,\,



f I ,

-ill -'I
/ ,'. j I

: \
i l

Agriculture land

I Ijr ~ ,
, ' I' !\Ii ~ ~'~'-.

I 1.( I f I

'I ' 'w,'l ~ L..,~ ··JU [I ~ . f~l.."F~=::':: ,L, L. -'~';:;t:;'·::"',~ .. ;'1'''-)->.- J~""'-;;J 'I' "·"·-'·Sw~.twat~r:can~ :'0: ~ '''' ,>;, 1:.\='<~-',,,,,,~allla r \ '; , ,. "_.. .r-
....i,I, . '-"~1':-"",~", -f ,) i~~ .;l., ,

c:' '~'''-':', "f_, .
' J -- A ':"iculture land') i

I "JIIIIj )g~1 \~. 1~ j I' v. 1'-..;,' ,:, ',' < 1--.,
- A'Bomm.k.., ~, l

"\, ••,- -," >•• <:... ..... .. •"'j '-- ,. ,

,I " -. ;t c". .r: \ __, _\
' '" , "''- ~ , ..:', \ ,-,. : 'II, , 0,;:' .....

~', 1':\" " ,.

"'III;, Aboo",'" ~
'V

.--:::::--:,- -

/g,

,'I
~;'i

r' j

,I I
11
~, \
i, "\

,.:'- \
l',},

"

\
I

\

\

Sinai

I

LEGEND

... Sludy Area Boundary

WWTp. Wastewater Treatment Plant

WTP· Waler Treatment Plant

----~~-- - --- ------
Ismallia 2020 Land Use

t3 Agricultural Land
ffa Beach Setback
~ Camelel)'
I?L] Commercial· Ofhea & CUy'!
ffi Commerclal- Tourism
l:SI Educallonal FacllltleSo Industnal· Low Water Use
~ Industrial - Modemte Water Useo irrigated Parks & Opon Spaces
~ MihtaIY Campso ResIdential· Low DenSity
~ Resldenllal • Medium DensIty
o Resldenllal· Very Low DenSity

NOTE Land use categorles shown
represent average densities derived
from GOPP land use maps

o
N

rm_........ "''''''''' ...".-.,ID/
ItT_~~~~S.~~-

ARAB REPUBliC OF
EGYPT

""" ........~1tR_SMo'''''' ............

USAID
Ul+'l.Cl!lESW"'~~"lI;JW.o.slEWAlERw.sl'EPPLNl

ISMAILIA 2020 LAND USE

rntriJ.OOUfflnQ - ----rnIDftl!;~ -

",''I'

'.'.,:

'"
I ~,

~.

;>f

,iii
'J'~,,' .
',"Y,:
~'.?~,
':"~~

\r.,1

'.:~,1
':~;
';,f

'," rff.'
,\o{~
, ;¢o.
l!l:i;

''Ij..
dl!'
,: fl:
,I ,~,.,'

·a

,:~1
, -:_:s:
", Iii

1;.:' rg
,',f

',~
:\'~;

'~ ,)~~.
. 'It\
: <,!
',1
-"r':'
)~

, , ~!},

.'r1
,\\,'\

i ;~,
,,~;

'l­
.... i\\
V

, ' '::I~

.'.. <{
",~

, ~:.~~,
,,,
I':'
','

'~';

.... ,l.

~..~
, .;::
"1\\

,.~
.,

.~~
,,.'.. ,,
I' ,~

,.,.~\

"
~ .~:~
"f",;



___ .I'LO-TU'lNlE"'"""1CflAl.

ISMAILIA EXISTING LAND USE

WTPM Water Treatmenl Planl

".~.
.' \~S

·,j:Wf
\,;.~

, ~:~\~

t?<
,.~

"'l~
,1>1

:,,~
~ ...~ .i~......:~

(:~i
. '.).'

:,~
~~

- 'tI''. {\'
,,~\"~

"I ,~

,'T~'
',),' 11~

, .. {~
'?'{ :i~
/ ..~
~". -ti'..~
:~~
..' 1
,~

.' I'. 'it
" '('",

(,;~

;.)~'
" ,~

I'l/\~
" .';1
.":.:;.

5.:~
a~

, :if
.' ,~,."",

·,"a
.\ \t~

.'is
':.~

"~
,"l'\ti:

,~~~
",\.

J ••~'
."

• I~~

, 10<:'''

(...,
, "~1t'
;~;

, ·tl....

~ .. ~~~, ~o(I\.

\ :f.~
'."t
,.~8
}1~"\'.")l~

/1~
,.1fI

,,'

",

FlGURElS-3

LEGEND

o
N

<;.A/iO.lc"l(SW...rrA,!!;;.e.!~ ...1ERw.s1EAI'l#O

.\AAB REPUBLIC Of

EGYPT

""'..... _'H.-'ICIlWIl••"OO'ft'<l!

om_IDlAI'"~'''''~I'''u"•....o.{CIUl"".
""...<ntmH>_DCltcnn"tl' ..........Atul

OIeC""IWllMM'--'"

Ismailia Existing land Use

fj Agriculture Land
~ Beach Setback
~i Cemetery
~ Commercial - Office & Goy'l
IdI Commercial- Tourism
Bl::l Educaltonal Facilities
l2] fulure Developmenl
o Industnal - L£M/ Water Usa
~ Induslnal- Moderale Water Use
1ZI Irrlgaled Pa'*s & Open Spacos
fig Mlltary Camps
o Residenhal - Low DensIty
~ Residential - MedIum DenSllyo Residential - Very Lew Density

NOTE Land use categones shown
represent average densities denved
from GOPP land use maps

IOAfE ~AOOUST 1m

'_ _ Siudy Area Boundary

WWTPM Wastewater Trealment Plant

Sinai

/fl7

" i 'r-
J I '/ .-
I rj h,

f "-) l
U .) t:/\..

Agnculture land

<', ,.•-t .....-:','

'r-~', ~

\i 1\ .'
L. 1'1,:

I , • ~



"

I~. . ,

FIGURE: (s'2

o
SCALBI 50,000

"..."' .....0.......""'__0;,;"]00MJm!R

N

Study Area Boundary Sources:
GOPP Iismallla Governorate;
Maps of (smailia Build-out Areas
September 1993.

ISMAILIA
STUDY AREA BOUNDARY

DATE. AUGUST 1999

Sinai

\

SABBOUR ASSOCIATES

IN ASSOClATION wrrn

AI Konlh
"'''''YComp

BLACK & VEATCH INTERNATIONAL

""""'
1....,'....

"\ .

" I....,,"-./

MONTGOMERY WATSON

./t:E?

USAID
CANAL CITIES WAlERAND WASTEWAlER MASlER PLAN

:I-~I~

INTERNATIONALm.LIPSOmB -llAYFORD 1909
U T.N. PROJBCT1ON. ZONB 36

S'J'EREOPLOTl1NO BASED ON Groome 'I'ItlANCJUI.A.l1ON
OF EGYPTIAN SURVEY AUllIORITY

,­
F... zono

A1..-kbaI
CIty

/"
oS "

)'lta /
1]0,. rA " ,/
v~ . "Yk. /'

,,#'00,'....~A,,""f "
/ " ...."Yr /

" "-..(,,'
,/ ......
~ ...•./

"i'
(,

"

">
/

"i'
<..,'....

",,'
...." ....,'.......

It ........\\--.fi...L,~-'

ARAB REPUBLIC OF

EGYPT
SUEZ CANAL AtrrHORITY

NATIONAL ORGANIZATION FOR
POTABLE WATER AND SANITARY DRAINAGE

II ..'Ulllt "mAlLI (l1,'n'I\ll'I.\ftler I.. .i",~

".
",.<,

~ ':
f,"

f.~;{ .::r,;{
~~j~ ~·I

~"1~: ~:' :.,::'.
<1t't '

f;·
'tl '
~ ' ...
",r)' .
:" .' ~

~/ .

, .
~:~:.
f;.··,. :

·h; .. ~
, ,
"~
l-I'
~~ \

~I ).

k ;
~-

~;:~ '~:j,
',{,
..r.. ,\
~,; r

~'"
~1< ..
·if ;:
'0'f/ .:,1.,.,

1~'::':
:"':,

'~b:";"
~\(.~'

~-'\
~~ ~~~, '
~~'"t.'"
d·.~\

"'7' "
,r~" .
~~ ~ ,

:r~:.
,,l,.:"
.J~ , ,
5
r'>

,,,
'~t: \
"



~~ lS ..... 011 W~ w:Llx..JI o~ ("I~I ~i ~ ~3 ,~I)'il ("I~I wU4:l3

.~ Wji.Jl ~l wy.03\ w~

~ \ . 0 .... ill3 ~WI ~ tS fi..rJI j~\ 0A ~Iy:.~I .b.j\yJl Clhi ~ \~ ~

~bJ\ w 3.):J\ ~.b..Jl3 ' , '1 ~ £ ("I.e. ~ ~I )'il wLaI~\ w3P .b.j\yJ\ o~ ~3

r--.:iU~ ~L.iA U o .~ ~ ~6. ~L..aJ w~~ ~1..»J ~ ~I)'il wLaI~"i

~\)'il wLah';'"i "'\ wU4:l w~.h.J ~.Jji LaS w~lx..J\ o~ ~\.:ij ~.Jji3 \A.J~\

~.~''1'1A --:<:i ~ ~~"il ~W\~ '.<:._1\ '1 __ II~1 ~Ic..s- ~~ ~ < 3 . tS../""..r-'.J~ ~.

·.Ii t ..~ . 1 ~I\ wLaI~I.lJ.l::...J ~ ,UbJI w .1.:.II.Q . 1 ~I \~I
~ ~.~.J .' ~3 ~ 3~ os-~.J ("

,~\~\ 6)h.;.,11 ~WI ~\ 0A~ J~\ ~ ~I ~I~l yUJ\ ~li.a .b.jly..

,4')9~' ,"J\3~h ~.J4JI ~~13 ~\.l...ajl ~\ wl.e.3~ ~\S.y ~I~ ~bcJ ~ LaS

~.JA3 c!.JA3 ~3~~WI wU~\ ~ ~3 ,~k....JI ~ u~il\ D).:lJ =U3~

w3~1 ~ ~I}ll wLaI~1 hb.;. (I ~ .J4ic"i1 ~ whi ~ t3~ JS ~ ~\

~ ~li.a ~m uts~ , ".". ("W ~I )'i\ ("\~\ bh; (I ~ .J ~bJ\

~J r. r. f'Lc ~J yJL:.. ~/_/.il f'/~/.b..b..:i.. :(IS-5, IS-4, IS-3) J~511 iJ:hJ5J

. ~0Jl1~ ,~/~I yilll $.ft {J~

<$.l,.d\ u=ill'
Black & Vealch

,'\'\'\~ : .;4-J' f.~1
.\.:.All JJ.1 I"WI .k.b:J.1



t1
.1

fE
·

c.
-
~
·
c
.
~
l

-
(

O
'

1,
-(

l..
.
~

ft
l~

,[
{.

~
°

C.
'f

E
t:

[
'

J;
'
~

°
0

'
~

q
C'

'f
(;

:
-

L
·

"'"

'g
~

-r
't

:
y.

¥
c,

t·
f

·r
k;

'f
¥.

'g
f

t
~.

,;
·L

c,
\.."

'E
s

~\
:d-

,r
1,
~

.t'·
~

C'
t::.

l
\..",

L
"'"

\l

!
J'

c.
't

:f
~

rr
t

L
C'

,
r

t
~,

[.
-

[
=

t:/
~'
~

_
1.

J;
'

·fi
~

-E.
-(

\-
~'

r'
1

.f.
~

'f
1

It
~
1

~
t

'f
[.

~
t.

.c,
'h

'1'
.,

,"
"

c.
t

,-(
'f

;;
~,

Gi.
..

t-
-

t·..~
't

,
:t.

~
~

~
.,

(;'
1·

f
[

l
_

n

~,
\.

."
-

~ ~f.t
~ - L ~

,0
'

,(
'

0
'

1
~

r
.

~
~

r
v

'
~

~

{
.f

,t'
~'

~
lA

~
,t

lA
~

-
'~

-

<
0

c'
r

>
l..

.
fl

t'
"'"

~
tt

:;
f'0

'
~'

~
~

,
~

~\
Gi.

..

l
.f

f
'f

~
~

'£c
,t'

~,
~~

~'
l

~
[

,[
-;

,t
't
'~

[
:~

l
[

t'
t'

~
t'
~

[
l

~~

17
~

:;.
r

,
~,
Iu
"

t
':

''
""

'to
',~
.

t
(1

,
'()

[
(
~
'
,

-
-

l..
.

r
t
~
·
t
,
~

"
-
I
I

L
~
t

-
v'

~
,

~
._

'~
l

~:
~
,

~
_

v

~~
't
t~

~
f

t
c

t
O

',
f

~'
r~

~f
'~

.~
1~

,f
t

[:
'

p
~

f
0:

~
t::

~,
v

-
f

~
·.t

'
"'"
~
'

'-
-

t
l
'
~
'

~
;;

-
f

r

tt
'f;

".
po

0
'

~
t.'

,t
~
:
~

I
:r

t
"'"

€
E'

t'
_

ff
;L

v
-

L'
~
~
~
~

•
n
~

~
-
,

I

t'
~

~
'h

't'
~

c-
,~,

-.
-
~
.

~
l:..

\:
:f

l
~

~
t
'
[
f
~
~

F
,c

-
Gi.

.,
'~

l
f.

, ti[
~ £ E ~ c.. t

- -" -" -"

~~
C'

~
,

.~
·v

.~
[
,
~

~
-

If
"'t

o
-

"'"

C[
'
~
r.-

k-
,

•

~[
~~

( "'"
t

~.
,~

,,'
~.

:f
1

~
r

:f
{-

tf
'"

1
~.:

~
Gi.

..

""
~r>

l
1·

1.
L

_

C,
c'
~

L
.-

~
g

c'
~

f
-

r-
(.

1
~

~~
o

°
t'

t'
,[

-
-

-
c'

r
~

~f
.C

-
'f

~
"

'"
"'

t,
{l

~
(>

~,
(;

~
,[

f

I!:O
(;,

r;
"

't
n

.
";

':"
.:.

~
\

II
I

-
(i :T o

.
~

~,
:r

c.. ~
..

....
~
.

~
t

~
g::

'it
.

~
~

\



HIGHWAYS -----

o
Ii

SCALE 1:900.000
500 0 500 1000
e i WBTEI.

WATER CANAL ••••••••••••

I'IGlllI!: &1

AlIABllEPVBIJCOP
EGYPT USAID BLACK & VEATCH INTERNATIONAL ISMAILIA

SUBZCANALAImIORlI'Y CANALanBS IlIAl1llOaA1JOKwnH LOCATION MAP
NAnoNAI.ClRGAMZAnONl'O~ WA'IRANDWAS'l'BWA'IR MONTGOMERY WATSON SABBOUR ASSOCIATES1- ,

1'OTABLBWA'IRAND SANlTAllYDllAINAGB WAS'lllII.PLAN

leff



:liJ.1A . -q _. -II u . _11 :GJ~ .' wI" .""... _~.l 4.J \~ JlAc.l ilii:i ."
" ~~ ~ " 3~ ~~ ..J"'Y:'- "" ~

~.JA~\ :Uts)\ l.>:H 4,j3w..J\ j~l J)L;, 0A ,~W\ ~\ wl~1 J)L;, Wl.<u...';ll

w~ 3 c..s ." I a\1 u ~13 L;-Jy:;JI o4-J~~\ ~\ 3 llib...J13 USAID~3.JJ\~

.t5y;..1 ~~~~

.l-JI ~~ ~~ USAID ~3.JJI ~ ~y~l :Uts)\ w.Jl:i.=..1 ,~'\ '\A r-le. ~

~.J .a\13 L;-Jy:;JI o~ w~ 4..-ale. wlbb;'<l j\~J ~~ BLACK & VEATCH (j:('J9

~)\i\1 oUS1\ U.1A.\~\

~~~)t/ ~/ J-i/..)A../.I# ~Y.P ~Lt.J/ wI!,!,; <I q_ ".u iJA t..i.Jl-l/J

. r. r. ('/.s;

4.S~~ ~\~'1~ BLACK & VEATCH ~,lj\ ~~ 4.S~ 6AU.ill

(.J.J--:I-'-oO) t5.J~YI C"S"'-'l~1 ~I-J MONTGOMERY WATSON U~\.J. t5~.JA

o..;::uJ1 0')..:.. "~ u y.-a-J ll~" oLi9.l1 U..l.J ~)I bb;, JI t-J~ 'J9i\, SABBOUR

~6.l'11 ~ ~\Ia'a";''jJl HEATH 4 4.S~ 6A1.!-J" '\'\'\~~ ~ '\'\A ~~ LJA

LJ--e (g ,~!<\~ 6G.. ~.J.fi wl.J-Jj-J ~I~~ JlAc.\ ~I"»H ll'+JI w~ ¥I~I

. t-J~I oft 0'..1;.. wtiy..a::JI 1YI4§3~I .b~-J L;-Jy..ijll

{$"..i.,dl <.J"'--ill\

Black & Veatch

, ...... ~: J~\ .r-.,A.:l\

.LA]I u..u i W1 .J:,b:,l\ J'fV



• •·"1' · ...."~ 'J9" , ~-..r-'

~~I oW J.,b~ WI)\ G~I ~)\ u.wl <.S.l=t.} ~ ~~)1\ ~~

ul~1 ~o~.Ju.a\ - C~I o~.ili:. ~yJI o~ ~yJ\ ~I ~ ~J

~'ll ~I~ y.fti 4j~\ { ll!o".i<l ~J ,o~1 J.,b~ WI)I ~I oyJl

.... ,~~~I ~b.A ~k. . fA ~~;/I 4..iJ~, -'I _.'-:.. ~ _": -'I
~J ..... (.S"" .... • .. J ~Y""'"' C:..~J .,.......

.~~>,/~.JAl ciJ-<l (IS-I) ~I~ ,~~I <.S.)b)11 ~?U Ifty

.)1.A~1 0A .J#..)~ <.S..?-'ll ~~\t\ lAAJ ~~)11 ~~ ~Iy WJ..ayW ~

o:!l~)1 4 <l;'a:!l~ ~ ti yyJI ~4=UI ~ u5JJ '(' ,\Vr' - ''\''\V) yyJI ~~

r~jJ :!lbcj ti ''\V'\ rk. ~J ,y} o:!lyJI ~ ~\tl ~~ C:Y?I~I:J ~.wl ~

~~)11 ~~ ~I u~IJ y~1 o~ u~ rk. bb;<l

A....-.iJ~ .-~ ol-.J.JI . ..~ oh.J1 4...::Jbu~ - tl oW~~.. r..s- .. c-:UJ-J . J... ~Y""'"' ..

~~~.JAl~ ;/lAci ''\A. rk. ~ ~I uyJ ~J "€')~!~'''l.' rjijJ .~~)1\

o.:lbc} ti <.S~I oy.J1 w~ rW1 bb;JI ~ o.:l))1 u~jilllliJ ,oy.JI t?jjJJ:l;jb

. ,'\ V'\ rk. ~

4 b .... <l~\.Jh .. ,-·_\Iu··-'I~b ··u~::i..hM.~I~.. ., ~J ~ ~ . J~

4 • I aGo 4 b .... JI t..::..JIj~ USJJ ,~ J".l..:;. 0A JJt:9A ~I~ ~I W~\ :l;jb

.~\..::.....J.\

lS.i.,d\ ~\

Btack & Veatch

\ '\ '\ '\~ : <J4J1 ;.!;.-;JI

.\.:.AlI,).ll ~W\1'1>



~ ...lil .:J~ dS' :.u ~-.;- . r

BLACK & VEATCH INTERNATIONAL

0r-b1) <.Sf"~ dS"~

MONTGOMERY WATSON

( tu...L') <.S ~ 'YI rl\ ~l)...r.-') r..>" .

SABBOUR ASSOCIATION



4L......i)\ U:!-llSlll c)4l ~\~
~. ~J~i~

(Y) ~J-4~1 J'J..gJ.l4 (\ )~J-4~\ Ji .,gJ.l4
~ ~.)~ .)

V" w ... 1 • , f ••• (~Wl d.b.yJl) ~6..l1~ u~l:'. ~.J

, •• A••• Ai. It " It ~I c-bliill \ ~ ~:\, ~.J.J:!-'-".JA . ~

,oAf ... ,'"" .... JjUJ\ c-bliill \ ~ #: '" ~.J:!-'-".JA . ~ .J

f f 0 •••• '('V.A ••• ~y\~I chill :\'" ~.J

\01'('A ... ,'(' .'('" ... U~I~I 'ljYJ~1 I.1:u #:'f ~~ ~. {' ~ ..J

f'\' • f ... f • '\ " •••• ~yJl UWJI 4.ihW.l~\ thi ~: '0 ~~. ~ . i' ~ .J

',"enA ••• , , 1 f •••• y..J1 ~ . ~~ :J..=li...aJl ~l :n ~.JU":! . .r.. ..
o,,'\V •••• f f\ n ... b1..JA 4..:,Jt......,~ 4..iit:i1\ 4b.yJl jill: 'V ~~ . ~ t:'"" .J

~lw~\

H ""d"" ••• '" '" '" ... ~1i1\ ~..roJ1 ~~!

:i..i.J,b wWi I. y. ~.i#Ul1 U#SJ ('
~"' ~).:l! W;l\5:i I. y. ",.i#Ul' W;l\5:i~~)1 W;JIS:il\ ('I'

<.J"'!.,...JI ~bJ:. <.J"\J..\ ~):-1 :i.!\J.

"~ j r'J 01.,..0" .;L:.A!I 0.ll ,WI .b.b.,,:.11

l§.i".dl v=-JlI

L5¥-Ul1 ~1

Black & Veatch International



~1)\~l.S.:i.Il~~!

(T) ~j4~1 .)'JJjj~

;1'; iill ~Ls.:i

(1)~j4~1 .)'JJjj~

r, r ...

',A ....

i' .,...

,r. vr ...

,0, .....

Ul:J1 :i&...:.iil 4..:". .- 'I w~\ :, ,,:g., . . ..?'"' - ,.)

- . - \j ~ - w·r -~J-l..)..J! j4 C:!A?-l..~..)

~.?J\ ~1..i11 ~ ~I LJIj~l :r ~..)

~.illl u y..:J1 :k.Y ~\lj 0").Y-"la : i ~..)

~)4;J1 y..;6 ~:o~..)

c9)\ wtk:..... .j ~l..J\ o\~~ o~\ ...):l-ul\..,.J1 :, ~..)

-
..:l.;bl\ ...):l-ully>.j

4..l.c ll......::..l\ :uhlJl -~ :V -- C:!A?-l. ~..)

..11 oW~~ \ ~:A.j<..>":lY"" _ ...):l-uly>. ,..)

uy..:JI ~~~ (7"'F ~})I ~.;-J\ :~ ~..)

~\

• ~l uy..:J1~ o)..:l)~

l\ t l\ rr · · · ~J~I ~.;..JI ~ ~~l

v'o .•••

v~ r •.•.

rVi •••

'UAA .••

'Avr ••••

rovv, •••

rr, v....

,,,,"v ... .
~.;th <.::.>I.lli I. '1'. ~I~~ (\

~.ili.-,~).)\~1. '1'. ~-,~I~~~1)I~' ('I'

<.S¥nlI~1

Black & Veatch International i •

\'\'\'\ ~: ~4Jl1 y-pl

.Lilll u-lAl <,WI~I



-II 4.:u~ _. -II w . -II ~~~. ~ WI wlJ - -':11 \. :..,
~~ ...~ ~ . lJA . .J ~ ~yo.~

~i3 'I"I ),;,~, 11,'11 "O.::,lc,/ ~u.a~~ wlJy.a:ill ~l..a} ~~ y9j"J "O.J3y..O~}

L.J ::<. I~I L.....J.JI~\ u...a11 .::,1 - -II Ik\ ~ ~k..JI oWl \.. .., l::....~ I.S" .• 3 . . ~ I.S" . < • .' ~ yo. lJA~

J~ ~k...J1 wy.o!l oy.a ~ ~I~I ~I .::,lyJI ~jlA ~ ul ~3.:JSl3 '1".J~fi11

t L9:.i '1 I .I:.', ,.~.I/ "i toll ~ '.'~ ~ '\ '\ A -':<1 ~ ..... I :. " lfjl"O tl~.J ~3 '?/~ I.S" yo. c-:- y~ c.s-~ ~~ -r-

~~ U3.l.} t.S)\ ~lyJ ~ ~k..J\ o~1 I"I~I ~ '1 ~\111 ~I '::'lyJ\ py
J,.ol "Hl I ~\ Ji.a )l.a\tl . "0 ...<~ t_ .~.~ ~"\ t. -\..:....Jl ~lJ Ul..al., 3 ~ c: lJA ~. U-=u.J I..S"'"' l.J::-'-O •• t.S..J'-'l ~ •

,u~1 Jlr-:..13 ~yl\ JI..J--="-l ~~ ~haj wl)~1 ~Iy?-j ~3 ,~ uk

w~y..dJ1 o~ I"I~I ~l 0\5. I~j ~\"'~Ji wlJy..o::JI 0A c:)l.a\t\ 4Jljj~~3:U

.t.S)1 ~\.JC' ~

. - .I - ~,,~ "l '~I 4.b. . -II 4..b.;,~ W _0: -II Ul.4...J)1 w..Jts:i.l1 11.A::..I ~ \..
U~ '~J ~ .. ~.. .. ~ .,:~

.J'i3'::' U~ ~ to, '\ ~WI 4.b.yJl ~ts:i.l ~WI ~I ~ ~ ~ ~yJ .J'i3'::'

:(SZ-8) JJ.J;JI~J 'u1JY/4..h~ :flcr.. <J1.:i.::JL1.•.JY I W}lS:J.1I:(SZ-7) JJ.J;JI~J:!

U.' ,,'''' 'if W(.S'"'-Oy-<JI JiAcYI :(SZ-14) JS.JJI~J .{r,,!.''...Jl1~I u!J=.J~ ftJ-4

~e.~~~J:J) tJ~ JS1 <.s:Ypl ciy-<JI- (..PJJ~I :t1:i.9~~Iu~1~

({;~Y/~

L..l.....JI -- II jJ, .O:II/~I t.t.iA ~ \I.JA Ulc"O -<:WI ~I w..J\5.:i . t . "0:. ~ ~ 3 ~~ . r...>: C'" . ~ .Jy-> ~ .. u-o-uu

(,)'JL.....J (.,$ \c ~\.SJl1 dll:.i ~~ ~ I~ ~ "03'"J.c.3 ,4.l....a\t ~~I "O'::'\.c.}3 0~I ~3

~I ~W\ ~ ~\.SJl1 L 0\'';:;'''3 '~\3 0).::,'/13 w'i3lio.l.\ ~lc w\.S~ I"I~I

• A,.... b. II w...:..::JI a A ,.... 6. "'I ,.::'As.~.bll
.- J .... •

" .)9'1;\1 ~LS,:j d..1 ,,,.)<,)\ ~I w\.c.3y::..J WjWl ~lc.JJ)\ ~~\~

G,j '1j AI I 'I~ ~I.SJ I. ". ,.:u \..bJ1 wlUill l..u .... I. ". J.::,l,u ~ \. A II AJl..a'ilJ~.JJ 3 ~ .' 3.J ..,YJ ~ C'"'="'" I.S". • •

~y ~.Jh11 ) 1"1~'i1 J.:..) ~1.J\t1 ~\5.:i~~ tJ4-a ~ ~ '1 3 4~Ubb

l5¥ulI~1

Black & Veatch International



,~~I ~~ ~ 411..:.. ~);"1',,'l1\ ~1 wy.aJ\ ~~~ ~I~~~

L-c.~ &......j~~" •• f rlc. J~ ~I wy.aJl ~~~~.iJ~ ui~.J

-~~ \.ii.;.\ ~ ~ ullic. hi~ ,lw ~., Ul:JI ulc. _.- .11 ' ~tSJ:G.\Cj 4...:J~c...s-- ..J . J .Y-".. . . ,.J ,~..P .' ~ (.S""" •

~~:a b ... 'l ~J ~ JLaci jj~J r::£;. ~J ,~I ~IJi ~.J ~lyJ ~l

f ,1.19'; J.ac ~ Ui ~J 41 ~.1;tb] c.sfiyJl j~\ ~.) Ijj Yj ~\ wy.aJ\

I~J ~~\ 0-" 4)·::J\ ~k..J1 ULg-Y-'"'Ju :a'29~1",Jl o4-J1 ~ ~j 'pi ~h:il ~~j

'-l - IL . ' =lJ J L .II ut.i...al - .II jj\s LJI..:.. ~ ,~~ ~I ~ :hJk..Jl uLg . -':11 ,~{,~ ..»CJ ,~ ..JA' C'" ~ ~ (.S""", ~ LJ

. d)ll~ ~ ~I ~\j.J:l ~ ~I JLaci ~1..J.)j ~ rJ~ JLac\

O.)~)lJ W~ c.s~ ~~ w~ 4.:~1 ~I .)1~1 ..J~Y ~\j.J:l ~J ~

4_:L9:t:J\ ~l .)I~\ , 9)9:-'~1 ~ ~I ~l:JI4:9:ub3\ r\~\ ~ )~Yl ~J 4.iA

ual.;--.e)u:a 99) JI ~~I:a 21. 0\1 .)\~I rl~\ ~J " 9J9)' (~.J:l) ual.,?i ~

1.1 ",;11 LJ-OJ 'o':"! :U~I ub~Jil .).J..b..~.J ~)~o~~ J .k: ~\..J)\

. 4.:J~1 .)\~\J u.)k..J1 0-" ~ C~\

{, )H ,W;t1L.S3J\ ~W~ ~\J ~W\ ul..:..)\.....o'tll F \)9;,416.. c.sYH

~\ 1 '.1.. W ,': .11 uL _": .. 11 '")1 ," ·.C. -, Ijl ~~ :')1 UI->-----?" r~ ..J-L"'"' ~~~ ~~ \ ,J ' ~ . .JA

. ~~I.J J)L:..';/1 ulc.J~J u~l..J.l11 0-" ~j.J\

:U1.:i11 \.l,J\ 1-- _. _1\ w . -II~ 0 I.:lY I.. . .11 4.h;J\~ 'i~,. y.a ~~ ~ , ..J,~~..JA' LJ ,.~

..;--J1.J.l11 ul..»aLS r";' ,,!~ ~I wy.aJ1 ..b."b~J I 9J1;rl l c.s~ ~\j.J:l -

'.L~ , \71 . -- ;'\1 ~ .L 4.ili..J\ =lJj '.;' .l-:I\r~ . c.sy:.. ~ (Jy:;"J ~ ~~

..lJ~ l)b,'I ~ ~.\\ -:. LtlJl ..lJh:il~I .. ..-.. .... ~ -
~ , J UJ f c: is''"' ~ ~ , u--

~ 4..-ii tJ---.4 .:lStJJ ul~ ~ JS o.JA J§\TI~ ~.J..J~I c:jyilll W;]~ ­

uts...JI .)::£;.J ~I..J\TI uLa\~\ ~ 4.:).-=:-JI ul~1

<..S~1~1

Black & Veatch International



:¥Ll.JJ :Lh...)Al1

w 1olJ...aw~ LJ6. 0..)' .• :.. II - -.,,\ .: Llli ~ o.l.lh ~ wl...b.....a~ _
~.J.. .... .J..Y' ~ ~ C}= r .' . L.-.J ....

~

w~ ) o~ w~ 416. oJ.JY ~I ~I 0blli r~~\ w~1b# ~ -

.. < ~ II . . .. \ .... JI .. , _,: II II' . _II ., .; ~ ~ .~ ~ ~. ~....
A , ,,'j o..L-.....A:. ~ A,! .'9""& (".~L:<...t..I.Y-'.J W·.-.41.l ~~ ~~~.J.Jo+lY

~.J 01.S...J\ ..),k. ~ wl~1 ~I..Y'~.J ,~\)i\ wl..Al~1 .J~ \~~ t.b\.+i)

w~.bh:.. . -~ ,._. '-1.ul\..llj ""I wI ...:"':11 ~I I ,~~ . I ~\. wl..Al~1r..s- ~. c..s-"'" ~ J?o•.J . ~.J

~I~ ~W\ w.J '0",11 W'i.AAJ ...»'""\yJl r~i ~I..Y' ~J ,~\ w~1

. ~I ~ ~I .. ~I\ bwi u t_ I .l.~ 1.. . .11 ( 9'9,;",1\.. .., ~ lYl ~ '+":! J '"6-:' f$.A~ ~..~

<.S¥Ll1 ...,..,..;..lJl

Black & Veatch International

, '\ '\ ~ y.-:;....... : ~4-il1 .>.ui:ill

.\.illl ,j.>.J rWI~I

;11



&J.)l3\ J,A~ f'~\/r f' J.1L4.I\

,.. '\0 ••• (')~~\ W~y.-o::J115~\..b..jiAll

,.'\ , • , •• I (Y)~~w~~~\

• ,I I " 0 •• (Y).J4-ll1 J)G. d..;J1......J1~w~~ ~Ji

~~~Jix ',If fAA •• (1")J!lll 0').,;,.. d..;JI......JI~w~~ ~Ji

. ,n =.J4-ll1

',H ,,,'\' .. (1")MDF ~I . :GJI......J\~w~ - -\f'.. ~ . y.-::u~

',ff =MDF x , , , 0 'fn •• (1)b.J.J~1 4.ct......, d..;J1......J\~w~~

~I u~1 :i..;jL....~ .)! -u:;'l.lll :i.,;..~I w\.!~ c.S~\ .h...jWl ~ ('

~L.....l1~w~ (J'lL..1~~ ("
)yl~\ ~L.. J!\ ..\.til ~Y\ 1~ ~y.JI ~1 ~ 4J~ lS"'J:!~I J!I (i

)yl~I ~L.. j!S1 ..\.iiI ~YI \~ ~y.J1 ~\ ~ 4J~ lS"'J:!~\ j!S\ (£

:~..J)tl ~~

~\ uy..a.ll ~Wl ~I ~ W3.J~i y~l ~~ I ayi·;;; ~\..JA \)9"'; ­

~)\ w~ 0~\..9S .~~ ­

~ ~jj '13 4Jh o4-J1~ 4..a.b.:i ~l L;b\.k\\ ~.bJ ~\ uy..::J1 .b~ ~ ­

~uy.aw~

,. .~ .. '1 L1h oWl~ I. -.b.:i ".11 -::L\.l.J\~.1..:.J o.l.l.l:.. ~ w~~ -'T-:' ..JJ 3.. .' . '+'" ~ 0"'" .' . L.-.J ....

~uy.aw~

~~'11 w~y.a:iJ\ y~'1 ~y.J1 ~~ ~1 uy..::J1 ~k..a~ ~jj­

J~)3 d,j~3~ l5~ ~\..jy ~1 u~\ ~ o)..:l) 4..b..:;. ~ C:.J.)J 01 ­

_. -II u . _11 UWI ~I .l.l~
~~ ...... 3

<.S¥LJI~1

Black & Veatch International

,~~~ ~: ~4Jl1 y-pl

.Llil\~ rW\ .hb.;..ll



wLw\ ~I..JA <..)'l:1yJl ~.l4.;l ~I wy.all ('WI bb.;.JI .:ll~) J~i (",""'O~l

U6JI wL.9 .. -":II.lJ~ _. -II w .. -II w~ t.t. -: ~l \ .. ,4.i,W\ wuWI U6JI.' ~.. ~ ~ .' ~ ...?-, ~~. ." ~ ~

-L,j.b.:j . \ ~I \~I:i ,..... "A 1~1.J wL.9 . -·~II.lJ.b.:j .' ,~W .~.. 11.' t-"~.) (' ~f' . ~ .. ~~. ~~

w~ (j'IL.....J ~ ~I.)~\ f'1~1 will c.J-<>:u9 J5J~\ u~1 ('\~\ 0o\.JC

-L,j.b.:j ~ ~ , _. -'I u . -llol.1A . \.:jj;J ~ ~I w;J.:lJuJI 4.i,WI~\ oWl
~ ~ ~ ~ ~ .' <: ' ~...B J.. ..

~W\ 4 }bJI b b;J\J~~I b b.;. (j'IL..J ~~~I.)~I wlo\~1

~I.)~\ wlol~;J

0--<>~..»S <..)'l:1yJ\ ~~ ~I wy.a31~~~J')¥ <:~y:J .:ll~} ~

f' ,1}9\, .:l;!~~ ~I y~ .:l;!~ ~J.)~I <:~~\ 11\ ('\~I ~ ~ t3...>~.JI 11\

..b~ ~~.)~I <:~~\ ~J ,y~1 <::,1"01\ tA\}9rl ~I w~1~ J~i

. ySi J ~ '" .)\.b§4~ wy.a~

o~~uJ~ &",,?I\I~~~I uy.a31 w~ c.sy.aS11 ~I ~

(9 \~l';'! L-aS. D~I)\ wlc,yJl4..0Jli.a~~~~ )..bJ;JI~~ .l?-~ lfiJ~ y~1

oti JSJ .~I ~I ~\..RJ c.J-<> w\!~\ ~ JijJ ~I ~)I wl...>ill\J w\!~1
•

4.9~il4~ ,~I c.J-<> ..>Fo-~I ~.J?-ll ~ 'c.s~1 wl.:l,-:!)\ ..;/Jiw I 9}9';"j~~ 00IyJI

t UJ) (:4 ~)I ~ Ji:i ~ ~ ,~I uy.a31 w4-aS D.:l,-:!~ ~)I ~.:l;!y ul 141

0-<>~~J.---? ~)I 04-<> JS.&J lo .)~~ '.J:l-uII...,.JI ~ h. ' 011 t\.Ai)J 04JIy~

wU • _..,,\ 1.L.i.o ° 9';'. ~~ L~L.9 ..11 ~~ . ~ wL.9 .. _~I" ..11 k .":.11
~ .) U r.s- " ~,~~ ~ r.s- ~ <.s""ff ~

«..::.Uy.a::,ll <.s""~\ k jl.Jl wW=.l....oA ;;.)y..a ~ DJ.)~I 0o\.JC .:l;!.b.:j ~J ,~.l1\J c.s y.aS11

..bL...o,j~I~ ~I wy..:JI ~U 46JI ~I~~ D.:l))1 wu~\ lYlW~

, ~W/ DJ...JjJ/ ~/y:. ue /.J?y :(SZ-6) JJ~/FJ:U ,04JI w~~;J 4 6JI

L5¥;iJ1~I

Black & Veatch International

\~~~ ~: ~~1 .>.ui:ll1

.\.iIl1~ rWI .hb...ll

z.t>}



~
E

Figure 18·9 Treatment Capacity Va ProJected Water Demand
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