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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-1, 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.

Final: September 1999 Suez 1 Suez Executive Summary
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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 km?,

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 SZ-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 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 findings, 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.

Final: September 1999 Suez 3 Suez Executive Summary
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The existing, 2020, and ultimate land use plans are shown in Figure SZ-3, Existing Land
Use, Figure SZ-4, Suez 2020 Land Use and Figure SZ-5, 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 Al-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 SZ-1, Suez
Existing and Projected Population.

Table SZ-1 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 Suez § Suez Executive Summary
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Recommendations
The following recommendations are suggestions to improve and, whenever feasible, to

modify the provisions of the Govemnorate development plans:

e 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.

e Population growth should be monitored regularly and utility development adjusted
accordingly.

Figure SZ-6 Suez CCMP Population Projections

—&— GOPP Hstoricd Deta for ity of Suez

e OCMP Land Use Projection

~— - — = Coveronarate Average Growth Rate for @2, 95 and 96
— - — - Govemorate 96 Growth Rate -~
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— - - — GOPP Projections ‘
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e 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.

e Urban growth in Ataga and Faysal should continue westward, away from agricultural
land.

Final: September 1999 Suez 9 Suez Executive Summary
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e 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 Gulf’s 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 Al Adabiya. This would reverse the City’s
image as an industrial center and would help promote it as destination for local recreation
and tourism.

e To further enhance the City’s image and to compensate for the lack of public areas in
Qisms Al Arbaein and Suez, the conversion of several ponds near Port Tawfik low-

density residential zones into lagoons surrounded by public playgrounds, is also
recommended.
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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
km. 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 (MOI) 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 m>/d of raw water during summer. This is well within the MOI’s
current domestic water allocation for Suez of 340,000 m*d. SCA requested MOI future raw
water allocation for Suez of 460,000 m*d in year 2005 and 600,000 m%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 m*/d. The
eventual operation of Bamag 180 will increase the total raw water intake from the Sweetwater
Canal to at least 410,000 m*/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 m*/d. The fifth stage was built in 1966 by Bamag of Germany
with a capacity of 45,000 m*/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 m>/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 m/d. A schematic of the
treatment process flow is shown on Figure SZ-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 Suez 11 Suez Executive Summary
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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 (DI), asbestos cement (AC), and patvvinyl chloride (PVC).

The distribution system serves the built-up area of Suez, including a Ministry of Housing
property located north 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 El Sokhna,
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 flowm:i.rs are not operational; therefore, an accurate
comparison of treated 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 Suez 14 Suez Executive Summary
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Table SZ-2 Suez Water Demands

Year Average Day Demands Maximum Day Demands
(m*/day) (m*/day)
Current | 159,800 207,740
2000 188,600 245,180
20052 222,500 289,250
20102 262,600 341,380
20152 312,400 406,120
20203 367,600 477,880
Ultimate 400,000 520,000
Notes:
1. 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-10, Suez Water System Recommended Improvements.

Recommendations

The following general recommendations could be implemented primarily by SCA

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

e 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.

o Replacement of Old CI and AC Pipes. SCA should continue the ongoing program of
replacing old CI and AC pipes with DI and PVC pipes to further strengthen and reduce
leaks in the system. There are approximately 3 km of 100 mm CI 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.

e 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.

o Replacement of Distribution 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.
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® GIS Mapping and Hydraulic 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:

e 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.

e 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.

e 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.

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

e 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 (MDD). 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 m’/d
After the Bamag 180 is operational and the CTE

is not adequate to meet the current MDD.
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 m/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

CIP No. Construction Cost, | Total Capital Cost,
Uss US$
CIP-1 - 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
Constuction 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

CIP No. 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-10 —~ Water Treatment Plant and Storage Reservoir 32,407,000 38,888,000
CIP-11 - 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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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 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 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.
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Suez Wastewater Master Plan

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 El-Sokhna coastal road.

Final: September 1999 Suez 21

Suez Executive Summary
Black & Veatch International

Canal Cities Master Plan Project

36



s
ol
»

o

R

e Y

s

2

x

2 U

s

Gady B3 3 A RUILTIv R 3 g oy Eba
gy = TR ¥

o Fady

<

«
=

BRI A AR L B

i3y
YA

R it

e

b

St e
N e 4

el
{od

“

>-
<
SLUDGE TO LANDFILL et o
SLUDGE hi
DRYING >
BEDS @
GRIT TO LANDFILL g DECANT F
=
SCUM TO LANDFILL  ~a———-emmee e — A ) ”3J
i H [Yee
SCREENINGS TO LANDFILL g e ! | e
| | oswee
I i
] OO0 O O
| | ! (00O - - L
00 o O I
G I - — - 7 —I
< i N L N
G L E ooo|L{o o |
G = SE— | % — x o 000 > |
S s = g 8 000 O O
ATAKA s PARSHALL = = x
PUMP i FLUME w u E
STATION = CHANNELS =] 2 =
5 o o &
= 1] w (0]
SCREENING GRIT AERATED  FACULTATIVE POLISHING
AND SCUM REMOVAL LAGOON LAGOON LAGOON
REMOVAL
[ ExisTiNG
{1 FUTURE
—— SOLIDS
———= LIQUID FLOW
"EGYPT USAID BLACK & VEATOH INTERNATIONAL WASTEWATER TREATMENT PLANT
IN ASSOCIATION WITH
mrﬂ%%ﬁ%m CANAL CITIES WATER AND WASTEWATER MASTER PLAN MONTGOMERY WATSON ~ SABBOUR ASSOGIATES PROCESS FLOW DIAGRAM
DATE: AUGUST 1999 FIGURE: SZ-1

et
57

H cempsucAplotng wasiewaterS-1§ dwg

37




——

A E et

PR 4’

o

-aiv-,:iax sty

':-'-x-

T
}14 :.,

"sh‘f e

T ST

e 25 T e e
M. N

i,
L

rar
O SEIRE S

L
R A

ST G e

Aoned g

TO SLUDGE

DRYING LAGOONS

AERATOR

\\ TEST BASIN

/

o &

\ .~
=

N
SCALE 1: 8,000

rTTT T T T

#r

FUTURE
FACULATIVE
LAGOON

FACULATIVE
LAGOON
No. 1

FACULATIVE
LAGOON
No. 2

OPERATION
CENTER

e e

b
&
s,
*

4
i3
i
e’
A
ir
5
Ea

250 0
250 500

| METER
ARAB REPUBLIC OF
EGYPT TMENT PLANT
e BOYPT USAID BLACK & VEATCH INTERNAT|
NATK NAL ORGANIZATIO o SUE
ronsal TRV S CANAL ITTES WATER AND WASTEWATER MASTER LAY o WASTEWATER
TRE
MONTGOMERY WATSON SABBOUR ASSOCIATES S Im LAY%UT PL

DATE: AUGUST 1999 FIGURE: 5Z-12

F



The plant has two treatment trains each designed for 65,000 m*/d, or 130,000 m*/d total,
average daily flow. The plant was designed to treat wastewater with influent characteristics
of 400 mg/l total suspended solids (TSS) and 280 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. 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 mg/l TSS, 60 mg/l 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 m*/d. During the same period the average TSS and BODjs loads were
194 mg/1 and 169 mg/l 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 m>/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-5 Suez Projected Wastewater Flow and BOD Load

Year Projected Flow Projected BOD Load
(m’/day) (kg/day)

2000 ' 96,000 19,570
2005 195,000 40,170
2010 228,700 47,110
2015! 262,400 54,050
20202 296,100 60,997
Ultimate * 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 mm 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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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) 95,000 1.00
Maximum Monthly Flow® 101,600 1.09
WWTP Minimum Day® 61,500 0.66
WWTP Minimum Nighttime Flow (MNF)® 38,800 0.63 x Min, day = 0.42
WWTP Maximum Day MDF® 116,200 1.24
WWTP Peak Hour PHF 133,600 1.15 x MDF = 1.43
1) The annual average daily wastewater flow to WWTP.
2) Based on treatment plant records.
3) Minimum day on record multiplied by diumal 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
e Construction of relief lines to alleviate hydraulic deficiencies in existing wastewater
system.

e Upgrading deficient lift stations.

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

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

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

e Wastewater System Management Plan to include an annual program for inspecting,
maintaining, and rehabilitating the existing wastewater system.
Phase 2

e 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 systemn management plan should include the
following components:

e An annual program of cleaning and inspection of wastewater lines by closed circuit
television cameras and other inspections as needed.

o System inspections to identify areas in need of rehabilitation.

o Updating the hydraulic model at least every S 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 TDS of the effluent for the 12-month period ending in October 1998 was
approximately 2,645 mg/l.. Because of this high concentration of TDS, 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,
CIP No. Uuss$ ) 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-8 Summary of Probable Capital Cost - Phase 2

Construction Cost, Total Capital Cost,
CIP No. US$() US$ (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-1, 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 firm
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 define 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 km along the Suez Canal and 15 km along Lake Timsah. The total
area within the study area boundary is approximately 78 km?.

The study area boundary is based on ratified boundary coordinates established in the map
titled Urban Limits of Ismailia City: The Approbation of Ismailia 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 findings, 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, IS4,
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 1S-6, CCMP Population Projection.

Figure IS-6 Ismailia CCMP Population Projection

800,000
500,000
% 400,000
bs 300,000
200,000
100,000
1960 1966 1978 1986 1996 1997 2000 2005 2010 201§ 2020
~—@—-CAPMAS Historical Data 116,30 144,16 145,03 212,75 255,13
------ CAPMAS 36-96 Growth Rate 279,52 318,32 361,20 363,66 441,26
CCMP Projection 336,4€ 374,00 417,02 486,42 523,82
Governorate Growth Rata 82, 05 303,85 336,48 373,06 417,18
and 06 s 6
=== lsmalilia Urban Boundarias Study 275,23 303,18 322,20 340,74 340,08
== ——-GOPP Projection for Urban Qlsms 366,00 420,00 476,00 576,00

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

Table IS-1 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
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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.

e  Agricultural land within the City limits should remain cultivated and inaccessible
to urban development.

e  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.

e  Development along the Suez Canal should be restricted to only low density
residential development and recreational grounds open to the public.

e  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.
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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 km. 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 (MOI) controls the release of the
water in accordance with irrigation needs. At present, the Ismailia Water Treatment Plant
draws a maximum of 159,000 m*/d of raw water during the summer. This is well within the
MOT’s current domestic water allocation for Ismailia of 330,000 m*/d. SCA has requested
MOI future raw water allocation for Ismailia of 385,000 m*/d in year 2005 and 520,000 m*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 El 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 m*/d. The completion of Bamag 2 will increase the
total treatment capacity to 312,000 m>/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 km 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 (DI), 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 km.
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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 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 flow meters are not operational; therefore, an accurate

comparison of treated water preduction 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 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 1S-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-10, Ismailia Water
System Recommended Improvements.

Table IS-2 Ismailia Water Demands

Year Average Day Demands Maximum Day Demands
(m*/day) (m®*/day)
Current ' 124,200 161,460
2000 ? 136,600 177,580
2005 2 155,700 202,410
20102 181,600 236,080
20152 212,100 257,730
20203 247,700 322,010
Ultimate * 271,500 352,950
Notes:
1. 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 DI 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 m*/d to 33,000 m*/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.

e 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.

e 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

e 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 I raw water intake with the CTE and Bamag 2 raw water intakes, for
operational flexibility.

e Plant staff indicates that they cannot operate the plant at the listed capacity of 60,000
m’/d because treated water quality deteriorates when the plant flow exceeds 45,000
m>/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
and filter inlet at different plant flows so a hydraulic analysis can be conducted.

e 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., finger 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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o Plant staff notes that at flows above 45,000 m*/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

e 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 plates be replaced with tube settlers, and that the
downflow orientation be reversed to upflow. .

e Plant staff reports that the first storage tank consists of an upper and a lower level, and
filter 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.

o 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 m*/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.

e 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 (MDD). 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 m>/d is not adequate to meet the current
MDD. Several improvements are recommended to increase the hydraulic capacity, filtration
efficiency, and flow measurements at the various treatment units of the El Mashroat, Bamag
1, and CTE treatment trains. When completed, these improvefnents 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 m>/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 m*/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 MDD.

The recommended Capital Improvement Projects (CIP) are shown on Figure IS-10,
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 IS-3 Summary of Probable Capital Improvement Costs — Phase 1

CIP No. Construction Cost, Capital Cost,
USs$ US$

CIP-1 — 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 IS-4 Summary of Probable Capital Improvement Costs — Phase 2

CIP No. Construction Cost,| Total Cost,
USs$ USs$

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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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 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 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.
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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 m’/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 Govemorate, 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 m>/d, for a total design flow
of 90,000 m*/d. The plant was designed to treat wastewater with influent characteristics of
240 mg/1 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 SO0 mg/l TSS, 60 mg/l 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 m*/d. During the same period the average TSS and BODs loads were
216 mg/l and 183 mg/l 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 m*/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: (1) 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 m’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 IS-5 Ismailia Projected Wastewater Flow and BOD Load

Year Projected Flow Projected BOD Load
(m*/day) (kg/day)
2000 ° 80,000 17,200
2005 ! 140,000 30,100
2010! 165,000 35,475
2015 190,000 40,850
20202 217,100 46,677
Ultimate 2 237,700 51,106
Notes:
1) Estimated from growth rate curve.
2) Based on an analysis of future land use and wastewater production factors.

If 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 evalnate 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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Figure IS-13 Ismailia WWTP
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Table IS-6, Historical Flows and Peaking Factors, presents a summary of the historical

peaking factors.
Table IS-6 Ismailia Historical Flows and Peaking Factors
Rate (m’/d) Peaking Factor

Annual Average Daily Flow (ADF) @ 76,800 1.00
Maximum Monthly Flow®® 90,800 1.17
WWTP Minimum Day® 46,700 0.61
WWTP Minimum Night-time Flow (MNF)® 31,500 0.67 x Min. day = 0.41
WWTP Maximum Day MDF® 105,000 1.37
WWTP Peak Hour PHF® 145,000 1.38 x MDF = 1.89

1) The annual average daily wastewater flow to WWTP.

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 1 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,

CIP No. USs( 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 — Al Abbassy Lower Trunk 20,820,000 24,984,000
CIP 4 - Upper Trunk 14,604,000 17,525,000
CIP 5 — Suvez 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 Commercial 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
1) Construction cost includes 20 percent construction contingency.
2) Capital Cost includes construction cost and 20 percent engineering and administration costs
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Table IS-8 Summary of Probable Capital Cost - Phase 2

Construction Cost, Total Capital Cost,

CIP No. Uss$Q) US$(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 $69,096,000 $82,914,000

1) Construction cost includes 20 percent construction contingency.

2) Capital Cost includes construction cost and 20 percent engineering and administration costs
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Recommendations for further studies or preliminary design include the following:

o 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.

e 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.

e OQOperation 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
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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 Al Gameel, traverses Lake Manzalah
approximately 2 km from inland, and intersects the Port Said-Damietta coastal road that leads
to the Nile Delta. Figure PS-1, 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 Govemnorate.
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 Govemorate 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 findings, 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-1, Port Said Existing and Projected Population.

Table PS-1 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.
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.

e 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.

e 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.

Therefore, a key
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e 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.

e 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
El-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 km. 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 (MOI) 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 m*/d.

In 1998, the Qantara Pump Station was constructed about 40 km 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 m® raw water reservoir
south of the El Raswa Water Treatment Plant in Port Said.

The MOT’s current domestic water allocation for Port Said is 260,000. SCA requested
MOI 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 El 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 km of pipes
ranging from 75 mm to 1000 mm. Pipe materials used include cast iron (CI), ductile iron
(DI, 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 El Raswa Water
Treatment Plant through five pipe crossings under the Junction Canal. The Port Fouad system
is also supplied by the El 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 km 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. A« 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 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 of treated 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 conducted 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
(m*/day) (m*/day)
Current ' 180,000 234,000
20002 194,400 252,700
2005 ? 219,700 285,600
20107 257,000 334,100
20152 300,700 390,900
2020° 357,000 464,100
Ultimate * 399,100 518,800
Notes: o
1) 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.

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.
e 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 CI 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.

e 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.

e 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 m*/d is not
adequate to meet the current MDD of 253,000 m*/d. Repair of the one filter currently out of
service will add 4,375 m’/d and will increase the total capacity to 225,000 m>/d. The
rehabilitation of Train 2 will add another 40,000 m*/d, increasing the total capacity to 265,000
m’/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 m>/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 m>/d plant
would be needed to meet the year 2020 demands.

The recommended Capital Improvement Projects (CIP) are shown on Figure PS-10, 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,
CIP No. US$ US$

CIP-1 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,
CIP No. US$ USs$

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-10 Water Treatment Plant 28,372,000 34,046,000
CIP-11 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 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.
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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, modern 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 m*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 m*/d. A layout of the plant is presented in Figure PS-11, 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 m*/d, average daily flow. The plant was designed to treat wastewater with influent
characteristics of 330 mg/l total suspended solids (TSS) and 300 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. 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 mg/l TSS, 60 mg/l 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 m*/d. During the same period the average TSS and BODjs loads were
183 mg/l and 177 mg/l 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 m*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 BOD;
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 m*/d with a BODs
influent concentration of 300 mg/l. 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 WW'TP Capacity vs. Projected BOD Load .

Table PS-5 Port Said Projected Wastewater Flow and BOD Load

Year Projected Flow Projected BOD Load
(m’/day) (kg/day)

2000 105,000 25,300
2005! 240,000 57,800
2010! 259,000 62,400
2015! 278,000 67,000
20202 204,000 70,800
Ultimate 2 335,000 80,700

Notes:

1) 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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Figure PS-15 Port Said WWTP
BOD Treatment Capacity v Projected BOD Mass Loading Rate
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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) 105,200 1.00
Maximum Monthly Flow? 110,400 1.05
WWTP Minimum Day® 69,400 0.66
WWTP Minimum Night-time Flow (MNF)® 59,000 0.85 x Min. day = 0.56
WWTP Maximum Day MDF? 204,000 1.95
WWTP Peak Hour PHF® 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.
e 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.
e Wastewater System Management Plan to include an annual program for inspecting,
maintaining, and rehabilitating the existing wastewater system.
Phase 2
e Construction of new lift stations to serve growth areas without water or wastewater
services.

e 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 1 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-of-way, or
rock excavation.
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Table PS-7 Summary of Probable Capital Cost - Phase 1

Construction Cost Total Capital Cost

CIP No. US $ (1) US$ 2)
CIP 1 — Existing System Critical Improvements 7,044,000 8,453,000
CIP 2 — A28 Lift Station and Force Main 6,480,000 7,776,000
CIP 3 - El-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 1 WWTP Expansion 33,228,000 39,874,000
Wastewater System Management Plan NA 7,300,000
Phase 1 Totals $71,106,000 $92,628,000
1) 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

Construction Cost Total Capital Cost
CIP No. US$ (1) US$(2)

CIP 9 - Existing System Phase 2 Improvements 2,580,000 3,096,000
CIP 10 — Lake Manzala Interceptor/Force 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:

o Wastewater System Invenfory. 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.

o 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.

e 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:

o 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.
o Identifying current industry standards and their characteristics for performance.
« Identifying ultimate targets for the utility and setting benchmarks for achieving the
targeted improvements.
o 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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i.e., 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.

« Illegal 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 I 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

e 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 financial models and implement needed
tariff adjustments. '

Organizational Structure

The purpose of reviewing the present organizational 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.1

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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A comparison of the existing and proposed organizational structure for a Canal Cities’
waterworks is shown in Figure I&F.2.

Figure 1&F.2 Alternative Organizational Structure for Canal Cities Water Utility

EXISTING STRUCTURE PROPOSED SRUCTURE

(oo ]

[ 1

[ I el |
r Personnel ] ! Water Sector l Accounting Financial and Water
| Administrattive QOperations
IWatar Treatment‘ l Water Office |_'—_“_|

Personne! Accounting Traatment Water

Qperations
“Biling and - Conbacts
Colections. -

Distribution
Workshops

Mater Asading

Qistribution
Workshops

Accounting
Unit

Metar Reading

L New
[ Existing

Recommendations - Reorganization

¢ Decentralize financial activities of the utilities.

e Provide financial expertise within each utility.

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
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8 Reporiing Systams E::]

9 Computer Systems E:j
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" Select Statfing —

12 Identify staff m

13 Train staff in new systems E-:::::]

14 Select Equipment m

15 Specify equipment [::::

18 Procure equipment - including computer systems I—— ]

17 Install equipment - Including computer systems E} @

1. Train staff in use of equipment : m .

19 [implement Pilot Financlat Departments m
20 Implement Systems “
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22 Expenditure Systems | e T 1
23 Budgating Systems f T ] :
24 Reporting Systoms E:""::’
25 Computer Systems i m
5 ¥ P Prog _
27 Revanua Collactions [ : - I
28 Revenue Control I — * ]
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Performance Measures

Changes proposed in any performance improvement program are theoretical until they
are implemented. Once implementation begins, the effectiveness of the changes can be
monitored by performance indicators. Improvement in performance indicators reinforces the
performance improvement programs. Either no change or a negative change in a performance
indicator signals the need for modifying the improvement program. Samples of potential
performance indicators for the programs identified in the Performance Improvement
Programs section, are summarized in Table I&F.1.

Table I&F.1 Potential Performance Measurements for Proposed Performance

Improvement Programs
Performance Performance Indicator Target or
Program Benchmark
Revenue Collections
v" Billable Use e Number of bills with estimated use / Numberof | ¢  Less than 10 percent
bills
e  Billable use / Production e 7510 80 percent
¢ Use based on meter reads / Total use billed e  Greater than 90 percent
»  Number of working meters / Total meters e 100 percent
installed
e  Maters calibrated / Total meters & 100 percent
¥ Connections Audit ¢  Number of customer contracts / Number of e 100 percent
billable accounts
¢ Number of new accounts included in billing o 100 percent
system in lass than 2 months / Total number of
new accounts
¥ Classification Verification { ¢  Numbsr of multi-use accounts verified / total e 100 percent
number of multi-use accounts
v lilegal Connections + Billable use / Production e 751080 percent
v Arears e  Revenue collected / Revenue billed e  90to 95 percent
+  Total arrears / Quarterly billable revenue e less than one quarters
billable revenue
Revenue Control +  Actual revenus sumplus / Budgsted revenue e 100 percent
surplus
s Actual revenue sumlus retained by Utility s 100 percent
Customer Education e  Number of domestic accounts notified / e 25 percent per year in
Total number of domestic accounts an on-going program
o  Number of school children educated/ Number | ¢ 100 percent
of schoo! children targeted for education
Setting User Charges e  Collected revenue / Actual expenses e  Atleast 100 percent

Recommendations and Action Plan

e Develop and implement comprehensive action plans for
performance improvement programs.

e Develop and adopt performance indicators for each
performance 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
v Time constraints and the limitations on managerial control have a negative
impact on potential investors.
v Current legislation should be modified to encourage qualified contract
operators to pursue private sector opportunities.
2. Employment Issues
v Private sector companies are able to hire and train qualified personnel locally,
as evidenced by the success of the Timsaw operation.
v 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.
v A concessionaire must have the authority to terminate non-performing
employees.
3. Financial Issues
v 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
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.
v 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.

Feasibility of PSP

As evidenced by the SCA/Timsah agreement, it is feasible to involve the private sector
in the operations of Canal Cities’ utilities. However, the SCA/Timsah 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

e 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.

Update 1996 Institutional Study

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 v 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.
v O&M is not fully funded from operating revenues.

Tariff Structure ¥v" No action has been taken by decision-makers to implement
proposed tariff adjustments.

Automated Billing System v Present billing system remains basically a manual
operation.

v Utility staff introducing computerization on a limited

basis.

Collection vs. Billing v" Inability to collect government accounts continues to
negatively impact overall collection rates.

Adequacy of Meters v Due to the utility staff’s concerted efforts, it is estimated

that only about 10% of accounts remain unmetered.
Adequacy of Computer Hardware | v 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 SCA the following financial observations
and general recommendations can be made for the water and wastewater utilities.

Recommendations
Financial Analysis

e Procure computerized customer information and billing §
system.

¢ Implement performance improvement program for arrears §
collection, and implement associated organizational and
procedural changes

e Obtain current data and update or create financial models §
for utilities in each community to allow tracking and
budgeting of costs. ,

e Make appropriate adjustments to water tariffs based on
current and complete financial data. :

e Implement performance improvement program for arrears
collection, and implement associated organizational and f§
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
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Figure PS-9 Treatment Plant Capacity Vs Projected Water Demand
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Figure IS-13 Ismallia WWTP
BOD Treatment Capacity v Projected BOD Mass Loading Rate
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Figure 1S-9 Treatment Capacity Vs Projected Water Demand
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Figure SZ-9 Treatment Capacity Vs Projected Water Demand

A Suez

Additional 105,000 maé plant
Total capacily = 480,
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Existing Capacity =
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=== Treatment Capacity
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