






































Table 3: lilustrative design parameters for Port Said aerated

Process Unit

BAR SCREEN
Number of units
Capacity, m*%day each
Bar width, mm
Bar spacing, mm

GRIT REMOVAL
Aerated grit
Number of units
Length, m
Width, m
Depth, m
Volume, m® each
Air supply, sm*min each

AERATED LAGOONS
Complete mix lagoon
Number of units
Length, m at bottom
Width, m at bottom
Depth, m
Freeboard, m
Sideslope
Hydraulic retention, days
Total volume, m3
Diffusor type,’

No. of diffusors

Air supply, sm*min
Partial-mix lagoon
Number of units
Length, m at bottom
Width, m at bottom
Depth, m
Freeboard, m
Sideslope

Hydraulic retention, days
Total volume, m®

Diffusor type,*
Number of diffusors

Air supply, sm*/min, average

peak

lagoon wastewater treatment plant

4
100,000
15
19

155

155

52

1

31

1.0

151,765
Static Aerator
3,600

2,340

1

514
257

5.2

1

3:1

5.0
751,050

Static Aerator
4,080
2,610
3,464

AERATED LAGOONS (Cont'd)
Blowers
Total, Shp, average

peak

Polishing pond
Number of units
Length, m at bottom
Width, m at bottom
Depth, m
Freeboard, m
Sideslope
Hydraulic retention, days
Total volume, m*

CHLORINE CONTACT BASIN

Number of units

Length, m

Width, m

Depth (sidewater), m

Volume, m® each

Rapid Mix

Number of units

Volume, m® each

bhp, each

Chlorine, kg/day average
peak

POST AERATION
Diffused air
Number of units
Length, m
Width, m
Depth, m
Volume, m®

Air supply sm¥min total, average

peak

Blower, bhp, average
peak

Number of diffusors, per basin

7,063
8,793

1
694

347

3.0

1

3:1

5.0
750,866

36
17

1,836

27
8.85
750
3,000

8.5
8.5
55
397
26
55

38
87
40

Source: Black & Veatch International/James M. Montgomery in association with Sabbour Associates, 1989.

* Decision between surface aeration and submerged diffusors will be made during detailed design.
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25  Sludge management

Based on the wastewater treatment system using aerated lagoons, the proposed Port Said
Wastewater Treatment Plant will generate biological sludge. Estimated sludge volumes are shown in Table 4.
No information is available on the quality of the sludge which will be produced.

For some treatment technologies, sludge must be thickened and stabilized before it can be efficiently
disposed of or used as a soil amendment. Stabilization is a process which reduces the volatile organic content
ot the sludge; this process makes the treated sludge less odorous and reduces the risk of disease. Thickening
and stabilization processes are not necessary with aerated lagoons, as these processes occur naturally within
the lagoons. Sludge will be removed from the aerobic lagoon cells every 2 or 3 years. A sludge drying lagoon
will be used to remove water from the sludge, making it easier to handle and dispose of the sludge.

From the drying area sludge will be removed by mechanical means to a disposal area where it will
be stored for a minimum of 45 days. Following storage it will be moved to a final sludge disposal site outside
of the city of Port Said or sold to agricultural operations as a soil conditioner.

2.6 Proposed site characteristics
Figure 2 presents a general map of the project area at Port Said. The proposed location of the

Wastewater Treatment Plant (WTP) is to the west of the city, on a new strip of dredged fill land which has
been specifically reclaimed for this purpose. Therefore, there is no other land use for this site.

Table 4: lllustrative estimated sludge quantities
for the proposed new Port Said wastewater treatment plant

ltem Average Peak Average Peak
quantity quantity volume volume
(kg/day) (m®/day) (m®day) (m®/day)
Primary sludge 0 N/A 0 N/A
Biological sludge 42,600 N/A 2,130 ‘N/A
Total sludge
production 42,600 N/A 2,130 N/A

Source: Black & Veatch International/James M. Montgomery in association with Sabbour Associates, 1989.

N/A: Sludge accumulates in lagoon, and is cleaned out every 2 or 3 years. Peak quantity and volume do not
apply.

The existing Mazrah Wastewater Treatment Plan is to the northeast of the new site. This facility,
which is a trickling filter plant, sustained war damage and is presently non-operational. Untreated wastewater
presently bypasses around the existing Mazrah Plant via an open channel, and flows towards the northeastern
shoreline of Lake Manzala, immediately to the north of the reclaimed land area on which the new plant is to
be constructed.

Untreated wastewater is discharged into the body of water between the northern shore of Lake
Manzala and the reclaimed land. This area acts as an enclosed body of water with limited circulation. The lake
discharges flow to the Mediterranean Sea via the El Gamil Outlet and a newly constructed outlet approximately
eight kilometres west of the EI Gamil Outlet. Mediterranean tidal effects produce the driving forces for any
circulation of water leaving the lake system. The majority of water from the lagoon discharges through the El
Gamil Qutlet, into the Mediterranean Sea.
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Fig. 1: Layout of the proposed facilities
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Major new housing developments are under construction on the land east of the Wastewater
Treatment Plant site. Industrial and commercial activities are located along the Suez and Interior Canals. It
is planned that additional land will eventually be reclaimed to the west of the proposed Wastewater Treatment
Plant site for new housing.

Tourism has not yet developed into a major industry in the Port Said area. However, several major
tourist village developments are being planned. The major attractions here include the Mediterranean beaches
and the duty-free shops. The beaches to the north remain relatively free of sewage pollution. Shellfish
collecting along the coast is a common activity.

A major road construction project, the "Ring Road", is presently under construction using dredged fill
from Lake Manzala. This road will allow traffic to bypass around the Port Said city limits, eliminating the need
for through-traffic to pass through two customs stations and the city center of Port Said. The road will define
a semi-circular arc from a point just east of the El Gamil Outlet to a point on the Port Said-Quantara road just
south of the Port Said city limits. The construction of this road will completely enclose the "lagoon" into which
sewage is presently discharged. An outfall pipe through the Ring Road’s embankment is planned to allow the
treated wastewater to discharge into the lake. The location of the outfall for the treated effluent has not yet
been selected.

The Ashtum EI Gamil Natural Protectorate has recently been established following concerns that
natural resources in this area are being over-exploited. Natural Protectorates in Egypt are established by
decree under authority of Law 102/1983 4/, in order to protect "areas of land or coastal or inland waters
characterized by flora, fauna and natural resources of cultural, scientific, tourist or aesthetic value". The
Ashtum EI Gamil Natural Protectorate was established to protect international migratory waterfowl, fishing
resources and archaeological ruins on Tanis Island. It includes approximately 730 feddans. The boundary of
the Protectorate extends from the eastern side of the El Gamil Outlet to approximately 7 km west and 3 km
south, including Tanis Island. Discharge from the proposed Wastewater Treatment Plant will have some
influence on the Protectorate particularly in the area of the El Gamil Outlet, depending upon where the outfall
is located and directed.

2.7 Alternatives for effluent disposal

Four alternatives were considered for the disposal of the treated wastewater in the Port Said Water
and Wastewater Master Plan for Port Said 5/. These alternatives were as follows:

¢ Land disposal by irrigation;

¢ Discharge to the Mediterranean Sea;
®*  Discharge to the Suez Canal; or

* Discharge to Lake Manzala.

Land disposal was rejected due to the lack of suitable land in the Port Said area. The only suitable
land is on the east bank of the Suez Canal in the Sinai, and the costs and engineering difficulties associated
with this alternative were considered prohibitive. Also, due to the treated effluent’s significant dissolved solids
concentration (greater than 1000 mg/l), the treated wastewater was considered a marginal resource for this
purpose.

Discharge to the Mediterranean Sea was rejected by the Ministry of Development due to the potential
for pollution occurring on local bathing beaches and the subsequent adverse impact on tourism. Egypt is a
signatory of several international agreements which are aimed at reducing pollution in the Mediterranean Sea,
including: ‘

¢ The Convention for the Protection of the Mediterranean Sea Against Pollution;

¢  The Protocol for the Prevention of Pollution of the Mediterranean Sea by Dumping from Ships
and Aircraft; and



*  The Protocol Concerning Cooperation in Combatting Pollution of the Mediterranean Sea by Oil
and other Harmiful Substances in Cases of Emergency.

Treated effluent discharge to Lake Manzala was preferred over the discharge to the Suez Canal after
the Port Said Water and Wastewater Facilities Master Plan Receiving Waters Study 5/ demonstrated that the
natural assimilative capacity of Lake Manzala was significantly higher than that of the Suez Canal.

The assimilative capacity is measured as the amount of biochemical oxygen demand (BOD) that the
lake ecosystem can support without reducing oxygen levels to concentrations which would stress and affect
the survival of fish and other fauna in the environment. The Port Said Receiving Waters Study estimated the
assimilative capacity of the Port Said area of Lake Manzala to be 6 mg/l. Field investigations found, however,
that the environment was actually supporting oxygen demands in the order of 10 mg/l.

This study also recommended that effluent from Port Said's Port Fouad District, which is across the
Suez Canal from Port Said’s West Bank, use the Suez Canal as the receiving waters for its treated
wastewater. Port Fouad's wastewater treatment is not included in the proposed project discussed in this case
study. ‘

2.8 Characteristics of the receiving waters for treated effluent

The discharge of untreated sewage from Port Said into the northeastern corner of Lake Manzala has
resulted in localized nutrient-rich conditions. This area appears to be acting as an inefficient lagoon treatment
system, since it operates without control over the system’s salinity, tidal effects and total flow.

The abundance of algae and other flora within the enclosed "lagoon” and in the vicinity of the El
Gamil Outlet, and the absence of similar growth on the lake’s other side, indicates that the nutrient-rich
conditions are predominantly a result of the current sewage discharge.

Additional discharges of untreated sewage from the Kabouti area south of Port Said into the Interior
Canal have resulted in similar nutrient-rich conditions in the Junction Canal, which connects the Suez Canal
to the northeastern portion of Lake Manzala. Dissolved oxygen levels in the areas of raw sewage discharge
are thought to be depressed, particularly during the summer months when lake circulation is restricted by
weather conditions.

3. Description of the environment
3.1 Lake Manzala - an overview

Lake Manzala, considered the largest of Egypt’s Delta lakes, has gradually decreased in area over
the past century due to land drainage and reclamation. The area in 1981 was estimated to be 805 square
kilometres; however, due to the presence of large islets in the lake, the actual area of open water is estimated
to be 700 square kilometres. The lake is shallow, with an average depth of 125 cm and a maximum natural
depth of 220 cm 6/. The depth may exceed 3 metres along the dredged navigational channels connecting EI-
Matariah to Port Said. The lake is traversed by numerous sandy and clay islets which divide the lake into
basins which limit overall water circulation.

It has been estimated that the lake receives 6,660 million cubic metres of fresh and brackish water
per annum from eight main sources. Most of the lake's water supply originates with the River Nile which
reaches the lake from the system of irrigation drains carrying irrigation return water and treated and untreated
wastewater from other cities. The Bahr Hadus Drain accounts for almost 50 percent of the lake inflow. The
Bahr El-Bagar Drain and Sirwa Drain account for another 25 and 13 percent of the inflow, respectively. Rainfall
accounts for less than 3 percent of the water budget. Due to the effects of the Aswan Dam virtually no direct
flow now occurs from the Damietta Branch of the Nile into the lake 6/.

Water losses from Lake Manzala are due to evaporation (approximately 44 percent) and discharge
to either the Mediterranean, Suez Canal or Damietta Nile Branch. The major discharge points from the lake
are the El Gamil Outlet about 5 km west of Port Said, and a new outlet about 8 km west of EI Gamil which



together discharge approximately 80 percent of the total lake outflow to the Mediterranean Sea. The other
main outlet, the El Kabouti or Junction Canal, is about 3 km south of Port Said and is reported to carry
approximately 17 percent of the lake outflow into the Suez Canal. Tidal effects are significant in the Port Said
area, but do not greatly influence the overall water balance of Lake Manzala 6/.

3.2 Climatological and meteorological conditions

It is considered to be two seasons in this region: summer (May through October) and winter
(November through April). Daily temperatures at Port Said normally range between 14° and 28°C. Ap-
proximately 83 percent of the annual rainfall (about 72 mm) occurs during the winter season. The average
monthly temperature, rainfall, relative humidity and wind directions are summarized in Table 5. Wind directions
are predominantly northerly although westerly winds are more common between December and March.

Table 5: Port Said meteorological data 8/

Average daily Rainfall Relative Wind Directiory
temperature mm humidity frequency
°C %

January 14.77 12.4 72 WSw/19.5
February 15.3 11.3 67 WSW/14.0
March 17.3 8.5 67 W/14.7
April 19.7 27 69 N/19.9
May 22.6 2.6 70 N/31.2
June 254 trace 71 N/33.5
July 27.3 0 72 NNW/30.7
August 27.8 trace 72 NNW/31.5
September 26.7 .02 69 N/35.7
October 249 7.3 68 N/25.7
November 21.4 9.1 71 NNE/17.9
December 16.4 17.6 72 WSW/18.9
Total , 71.7

Sourcef Norconsult A.S. in association with Sherif M. El-Hakim -and Associates, Solid Waste
Management Study - Suez Canal Region Feasibility and Design Study, August, 1981. Vol. 2, pg. 2-4 8/.

3.3 Geological and hydrological conditions

The terrain is flat with surface elevations only 1 to 2 metres above sea level. Much of the city is built
on coastal sand dunes or reclaimed land between the Suez Canal, Lake Manzala and the Mediterranean Sea.

Subsurface soil testing indicates that most of Lake Manzala is underlain by a 2 metre layer of grey,
very soft and highly plastic clay which covers a 4 to 12 metre layer of medium to fine grain, compact sand.
This sand layer turns after a transition zone to another dense layer of clay. The clay layer stops within 3 km
of the Mediterranean coastline. Most of the Port Said area is therefore constructed on a 7 metre deep
foundation of sandy material. »

Groundwater isv at or near the surface (0.5-1.5 m) and contains high concentrations of sulfates and
chiorides. It is considered unsuitable for human consumption or agricultural purposes. For this reason all load-
bearing structures require dewatering and installation of secure foundations. '

3.4 Water quality

The eastern third of Lake Manzala is fresh to brackish depending on the season, due to the location



of the lake outlets to the Mediterranean at El Gamil and the new outlet to the west, and El Kabouti (the
Junction Canal) to the Suez Canal, the flow directing effect of the Matariya-Port Said channel and the
predominant northwesterly winds. A transitional zone in salinity occurs along the northern lake shore, adjacent
to the Mediterranean Sea, where TDS concentrations increase to saline concentrations (over 26,000 mg/l).
Distribution of salinity in surface waters of Lake Manzala over a three month period in late 1981 are shown
in Figures 3, 4 and 5. 7/

The nutrient levels (nitrogen and phosphorus) in Lake Manzala are quite high, particularly in the
southern region of the lake where the Bahr El Bagar and Bahr Hadous Drains discharge to the lake. While
the nutrient inputs around Port Said are also high, they appear to be more localized and small in relation to
the overall nutrient balance in the lake system.

3.5 Aquatic communities

Lake Manzala is a highly dynamic aquatic system that has undergone considerable physical, chemical
and biological changes during the past century. The lake has been gradually transformed from a largely marine
or estuarine environment to a eutrophic freshwater system. This process has gradually altered the lake’s
aquatic communities to their present state. The Lake Manzala Study 9/ financed by the UNDP made a fairly
complete set of ecological observations of the aquatic communities in the lake. These ecological observations
are excerpted here.

The lake's phytoplankton community is dominated by diatoms, of which 11 species are represented,
with the genera Synedra, Nitzschia, Melosira, and Coscinodiscus predominating. Twelve genera of green algae
are found with the genera Tetraspora, Scenedesmus and Pediastrum predominant. Two genera of blue-green
algae are recorded (Spirulina and Anabaena.

The lake’s zooplankton community consists of at least 24 major zooplankion groups with the
cladoceran species representing the largest number of total zooplankton. Three genera of cladocerans -
Diaphanosoma, Bosmina and Moina dubia predominate. Copepods, ostracods, isopods and amphipods make
up the rest of the community. In the northern sector near the Mediterranean outlet the marine copepod Acartia
latisetosa was most abundant and the Cirripedia larvae (barnacles) and veliger larvae (bivalve molluscs) were
also found along with the mysid Macropsis and the amphipod Gammarus.

The lake’s benthic fauna consists largely of bivalves and gastropod molluscs. In addition two species
of annelids and six species of arthropods were found. Six species of benthic fauna are distributed extensively
throughout the lake (the pelecypods Pisidium, Cerastoderma glaucoum and Abra ovata, the gastropods
Melanoides tuberculata and Alvania and the barnacle Balanus), with several notably Cerastoderma, Abra and
Alrania being more abundant in areas of higher salinity.

The major species of aquatic macrophytes in Lake Manzala’s northern region are Phragmites australis
and Typha domingensis as the emergent aquatic plants and Potamogeton pectinatus as the submergent
aquatic plants.

Emergent aquatic plants are also present in greater numbers of species. Species found include:
Juncus rigidis, Typha domingensis, Phragmites australis, Carex divisa, Scirpus littoralis, Cyperus laevigatus
and Eichornia crassipes. Plants typical of salty areas include Halocnemum strobilacemum, Arthronemum
glaucum, Salicornia herbacea, Salicornia fruticosa, Nitraria retusa, Frankenia pulverulenta, Cressa cretica and
Tamarix nilotica.

A large number of species found are not particular to the Lake Manzala habitats. This is the case of
the numerous species found along the ditches and canals: Polygonum salicifolium, Polygonum senegalense,
Chenopodium ambrosides, Ranunculus sceleratus, Potentilla supina, Centaurium puichellum, Lippia nodiflora
and Centaurea calcitropa; and the species growing as weeds in numerous waste and roadside areas:
Portulaca oleracea, Stelloria pallida, Amaranthis viridis, Fumaria densiflora, Brassica nigra and Plantago major.

Certain plant groupings are readily identifiable in the field. In the saline areas as seasonally inundated
mud flats, salt tolerating species such as Holocnemum and Salicornia predominate. Thetypical appearance
of such vegetation is a low mat of scattered plants. '
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Fig. 3: Distribution of salinity (%) in surface water
of Lake Manzal ah during October 1981

Source: Dowidar, N.R., R. Drenner and G. Vinyard "Lakes Management Project:
Lake Manzalah Study", USAID Cooperative Marine Technology Program for
the Middle East, New Jersey Marine Sciences Consortium, Ft. Hancock, N.J. December 1982
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