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ENVIRONMENTAL ASSESSMENT OF A NEW W-WATER 
TREAlMENT PLANT PROPOSED FOR IS- 

1.1 Background 

Egypt's National Organization for Potable Water and Sanitary Drainage 
(NOPWASD), in association with the U.S. Agency for International Development 
(USAID), is proposing to build a new sewage treatment plant for Ismailia, Egypt. The 
proposed treatment plant is one element of Phase I1 of the Canal Cities Water and 
Wastewater Project, which is partially funded by USAID. 

Over 10 years of planning effort have gone into developing a preliminary design 
for wastewater treatment facilities at Ismailia that would be both cost effective and 
environmentally sound. During this period, the recommended treatment and disposal 
concept changed from anaerobic lagoon treatment and land disposal by rapid 
infiltration beds to aerated lagoon treatment with discharge to El Mahsama Drain, 
which eventually flows into a lagoon located on the west side of Lake Timsah. 

1.2 Proposed Action 

NOPWASD and USAID have agreed that an aerated lagoon treatment method 
should be used by the proposed Ismailia wastewater treatment plant, basing their 
decision on considerations of cost, simplicity of operation, land requirements, and 
effluent quality. The treatment plant will be located about 15 km southwest of 
Ismailia. It will discharge treated effluent to El Mahsama Drain, which now carries 
waste irrigation water and partially treated sewage to West Lagoon, an embayment on 
the west side of Lake Timsah. Currently, part of the city's wastewater is treated at an 
existing wastewater treatment plant with only a partially operable trickling filter system, 
and the remainder is discharged untreated to agricultural drains flowing into West 
Lagoon. The proposed action will vastly improve the quality of wastewater now flowing 
into West Lagoon. 

NOPWASD, in association with USAID, is conducting this Environmental 
Assessment (EA) of the proposed new sewage treatment plant for Ismailia. This 

xii 



document intends to inform NOPWASD and USAID decision-makers, as well as other 
concerned parties, about existing environmental conditions, potential environmental 
impacts of the proposed project's construction and operation, possible mitigating 
measures, monitoring programs, and opportunities for environmental enhancement. 
The EA is being prepared in accordance with USAID environmental procedures. Final - -  - 
USAID authorization of construction funding depends on approval o f the  Ek 

1.3 Environmental Legislation 

The two major Egyptian environmental laws affecting wastewater discharges and 
water quality are Law 4811982 and Law 9311962. Law 48 is focused on protecting fresh 
water resources that are required for both potable and non-potablelagricultural use. 
Law 93 sets standards and specifications required for liquid wastes to be discharged 
into public sewerage networks, surface drainage systems, and to irrigate cultivated 
lands. Law 93 also requires a permit from the Ministry of Health for effluent 
discharge before a wastewater treatment plant can be built. 

Egypt is a signatory to the Red Sea and Gulf of Aden Action Plan administered 
by the UNEP Regional Seas Programme. The UNEP Red Sea Action Plan clearly 
defines the area to be included as the Red Sea, the Gulf of Aqaba, the Gulf of Suez, 
and the Suez Canal to its connection with the Mediterranean. This program is 
designed to prevent discharges of oil, toxic wastes and other forms of ocean dumping. 
Additional protocols related to controlling pollution from land-based sources (e.g., 
sewage treatment plants) have not yet been developed, although guidelines for 
submarine outfalls have been drafted for a similar UNEP Action Plan for the 
Mediterranean. 

2.0 FACILITIES AND ALTERNATIVES CONSIDERED 

The planning and design horizon for the project has been redefined from the 
year 2000 to the year 2005. Anticipated wastewater flows at Ismailia in 2005 will be 
90,000 m3/d, with 86% of the population served. 

Alternative treatment methods that have been considered in detail in recent 
analyses include: 

o aerated lagoon treatment; 

o anaerobic lagoon treatment; 

o trickling filter treatment; 

o deep shaft treatment; and 

o conventional activated sludge treatment. 
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Alternative disposal methods that have been considered in detail or conceptually 
include: 

o discharge to El Mahsama Drain; 

o discharge to Great Bitter Lake; 

o discharge to Lake Timsah; 

o discharge to El Manayeef Canal or El Mahsama Drain at a location that 
permits potential reuse of the effluent; and 

o land disposal via rapid infiltration beds. 

Treatment with land disposal via rapid infiltration beds was eliminated from further 
consideration as an alternative because the land previously thought to be available was 
no longer available. No other suitable sites of sufficient size could be identified within 
a distance that was economically feasible. 

Key factors used in evaluating the technical and economic features of the 
remaining treatment alternatives are identified in Table S-1 along with their relative 
rankings. The deep shaft treatment process was eliminated from further consideration 
as an alternative due to its high cost relative to the remaining treatment methods. 

The preferred alternative has been identified as an aerated lagoon treatment 
system at a site located 15 km southwest of Ismailia, with disposal to El Mahsama 
Drain via an outfall located near the existing wastewater treatment plant discharge, 
approximately where the Suez Sweetwater Canal passes over the drain. The system 
comprises a series of complete mix aerated lagoons, partial mix aerated lagoons, and 
polishing ponds. Sludge will be periodically removed from the lagoons, dried in 
dedicated lagoons, then deposited on land on the northern portion of the proposed 
treatment plant site. 

Selection of the aerated lagoon treatment system was based on its superior 
ranking with respect to low capital costs, high reliability, and simple operation (Chapter 
2). Particularly important in its selection was its ability to provide at  least some 
treatment even if the aeration system, the key component of the treatment plant, was 
inoperable for more than 1-2 weeks. The remaining economically feasible treatment 
systems quickly become non-functional if the key treatment process becomes inoperable 
(Chapter 5). Present worth costs of the aerated lagoon system were deemed 
comparable to other conventional treatment methods, although energy costs for 
operation were the highest of the conventional treatment alternatives considered 
(Chapter 4). 
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3.0 ENVIRONMENTAL IMPACTS 

Impacts of the preferred alternative on water quality, aquatic and terrestrial 
biota, geology and soils, groundwater, land use, public health, energy, air quality, and 
cultural resources were evaluated in Chapter 4 of this Ek Impacts of the other 
alternatives were analyzed in Chapters 5 and 6. Table S-2 summarizes the key findings 
of these analyses. 

Potentially significant adverse impacts that may result from the proposed action 
have been identified in Chapter 4. These include: 

o effects of efnuent and sludge disposal on human health; and 

o effects of wastewater discharge on phytoplankton and water quality in 
West Lagoon near the peak of the design flow. 

In addition, Chapters 4 and 5 note the following factors that may be considered in 
improving environmental soundness of the project, although significant adverse 
environmental effects are not anticipated at this time: 

o monitoring use of the lagoons by migrating birds and possible problems 
associated with birds contacting sludge drying lagoons; 

o potential temporary impacts on land use near the existing treatment plant 
and force main corridors; and 

o operational energy consumption. 

These issues are briefly summarized in this section of the Executive Summary, and 
appropriate mitigation measures are briefly summarized in Section 4 of the Executive 
Summary. 

3.1 Public Health 

3.1.1 Impact of Aerated Lagoons 

Although the treatment process will significantly reduce the presence of fecal 
colifom bacteria in the efnuent, certain parasites will not be effectively removed by the 
proposed aerated lagoon operational plan. 

Workers at the treatment plant, especially those handling sludge, are at greatest 
risk to public health problems with pathogens, viruses, and parasites. Poor sanitation 
practices may result in significant increases in health problems. Effluent quality will 
significantly improve over existing conditions. The overall impact on microbiological 
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contamination in West Lagoon, however, is not likely to improve significantly because 
background contamination in drainage water is so high. 

3.1.2 Impact of Trickling Filters 

Potential impacts are comparable, although a requirement for sludge stabilization 
increases the risk of exposure of workers by increasing the degree of sludge handling. 

3.1.3 Impact of conventional Activated Sludge 

Potential impacts are comparable, although a requirement for sludge thickening 
and stabilization increases the risk of exposure of workers the most by increasing the 
degree of sludge handling the most. 

3.2 Effects of Nutrient Loading on Phytoplankton in West Lagoon 

3.2.1 Impact of Aerated Lagoons 

Construction and operation of the proposed treatment plant will initially reduce 
the amount of nutrients flowing into West Lagoon. As flows approach their design 
peak, however, loading of phosphorus will eventually increase over current levels. 

At the present time, phytoplankton productivity in West Lagoon appears to be 
limited by factors other than nutrients, e.g., turbidity. Water quality modeling indicates 
that nutrient loadings in the year 2005 will not result in adverse effects on 
phytoplankton, but the conclusions are based on data collected during one growing and 
one dormant season. Nor does the modeling take into account the likely reduction in 
suspended solids and turbidity in West Lagoon. Furthermore, potential diversion of 
drain water to the Suez Sweetwater Canal will alter the hydraulic character of West 
Lagoon. Significant improvement in water quality of West Lagoon is expected based 
on the modeling effort, but it is not clear at what level this improvement can be 
maintained as wastewater flows gradually increase over time. 

Aerated lagoon systems are least susceptible to fluctuations in wastewater load. 
If for some reason the aeration system does not operate for more than 1-2 weeks, the 
preferred alternative will continue to provide some degree of treatment, albeit much 
reduced, to the wastewater. The preferred alternative provides the most reliable 
protection of water quality, and therefore offers the least risk of unacceptable levels of 
nutrient loading to West Lagoon. 



3.2.2 Impact of Trickling Filters 

Trickling filters pose a slightly greater risk to water quality in West Lagoon. If 
trickling filters were inoperable for a period less than 24 hrs, the treatment process 
would not suffer dramatically. If the trickling filters were inoperable for a longer 
period of time, effluent quality would be significantly reduced. Trickling filters pose a 
slightly greater risk to water quality in West Lagoon. 

3.2.3 Impact of Conventional Activated Sludge 

The activated sludge system is most susceptible to changes in wastewater load 
and operational changes. It does not take a large perturbation in operational 
conditions to significantly change the performance of the treatment system, and the 
system is most demanding of well trained staff and performance monitoring. If the 
system becomes inoperational, essentially untreated wastewater will be discharged very 
soon thereafter. This system offers the greatest risk to water quality in West Lagoon. 

3.3 Terrestrial and Aquatic Resources 

3.3.1 Impact of Aerated Lagoons 

The lagoons are likely to attract migrating waterfowl, especially storks, and other 
birds that use aquatic habitats. The sludge drying lagoons at S h a m  El Sheikh have 
trapped and led to the deaths of a significant number of storks during the fall 
migration. Floating solid wastes (e.g., plastic bags) in the lagoons at S h a m  El Sheikh 
have occasionally been ingested by birds and led to suffocation or starvation and death. 
Similar effects are not expected to take place at the proposed treatment plant in 
Ismailia when storks and waterfowl are migrating through the area, because of 
significant differences in design and operation of the proposed Ismailia treatment plant 
and in oil and grease content of the sewage. Monitoring, however, is recommended to 
verify this conclusion. 

3.3.2 Impact of Trickling Filters 

A trickling filter system will entail significantly less area of open water than the 
aerated lagoon system. Thus, the attraction of this system to migrating waterfowl will 
be less than that of an aerated lagoon system. Furthermore, moving booms over the 
trickling filters will tend to discourage resting by migratory waterfowl. It must be 
noted, however, that the sources of the threat to migratory birds, i.e., sludge drying 
lagoons, remain. The primary difference between the two alternatives is the presumed 
degree of attraction offered by differences in surface area of open water. 



3.3.3 Impact of Conventional Activated Sludge 

An activated sludge treatment system will include sigruficantly less open water 
surface area than would aerated lagoons. Thus, the discussion noted for trickling Wters 
and their reduced ability to attract migrating birds also applies to an activated sludge 
treatment plant. 

3.4 Land Use 

Construction of the proposed facilities will include force mains laid between the 
Abu Atwa pump station and the proposed treatment plant site. Although noise, dust, 
and traffic disruption are minor, temporary nuisances associated with building these 
pipelines, temporary disruption of agricultural operations may have an adverse impact 
on farmers with small plots of land. In particular, it is not certain that pipeline 
construction along El Mahsama Drain will completely avoid fields along the proposed 
corridor. 

With the new treatment plant, the existing Abu Atwa treatment plant will be 
obsolete. If the existing treatment plant is not immediately cleaned out, significant 
adverse odors will persist for several weeks. 

These potential impacts are identical for all treatment alternatives. 

3.5 Energy Consumption 

3.5.1 Impact of Aerated Lagoons 

Differences in energy consumption during operation of the plant are discussed in 
detail in Chapter 4. Of the treatment alternatives that appear economically to be the 
most feasible, the aerated lagoon system is the most energy-intensive to operate 
(Chapter 4). One important consideration is that the burden of operational costs is 
placed on the Governorate, whereas construction costs are provided at the national 
level with grant assistance from USAID. 

The amount of energy, however, is insignificant in terms of national energy 
production. A second important consideration is that electricity costs are now 
significantly subsidized, and the rate of increase to long range marginal costs of new 
generation is not known. Finally, a tariff study is underway, and the data will be used 
by the Governorate to ameliorate impact of O&M costs. Project Grant Agreements 
also address O&M funding. Thus, under present conditions, the difference in energy 
consumption is not clearly a significant adverse impact. 



3.5.2 Impact of Trickling Filters 

For Ismailia, estimated annual energy consumption for a trickling filter facility is 
22% of that required to operate aerated lagoons. This represents a sigdicant savings 
in energy consumption, although the significance of this savings in operational cost is 
unclear under current energy pricing policy. 

3.5.3 Impacts of Conventional Activated Sludge 

Energy requirements for an activated sludge operation are intermediate between 
aerated lagoon and trickling filter systems, but still significantly less than the aerated 
lagoon system. For Ismailia, a conventional activated sludge system without primary 
clarifiers would require about 61% of the energy required to operate the proposed 
aerated lagoon system. This difference would decrease if primary clarifiers were 
incorporated. The impacts of energy consumption are, therefore, comparable to those 
described above for trickling filters, but the magnitude of the difference would be less. 

4.0 PROPOSED MITIGATION MEASURES 

4.1 Water Quality in West Lagoon 

An ecological monitoring program is recommended for West Lagoon. Baseline 
data should be collected as soon as possible, and quarterly sampling should occur to 
monitor salinity, nutrient levels, phytoplankton populations, fecal coliform bacteria, and 
fecal streptococcus (enterococcus) bacteria. Stations should be located in West Lagoon, 
the outlet channel to Lake Timsah, and in a grid in Lake Timsah extending out to at 
least 100 m, 500 m, and 1 km radius around the West Lagoon outlet. Data also 
should be collected on wastewater flows and water quality conditions in Abu Gamus 
Drain and El Mahsama Drain upstream of the proposed discharge. These data should 
be collected through 2005, perhaps by the Ismailia Wastewater Departmenf the Suez 
Canal University, the High Institute of Public Health in Alexandria, or the Ministry of 
Health in Cairo. The designtbuild contractor will develop appropriate monitoring 
programs and incorporate them in operations and maintenance manuals and training 
programs for plant operators. 

The data would be used to confirm modeling analyses that predict no adverse 
impact on water quality in West Lagoon and nearby Lake Timsah. If unforeseen 
conditions result in a decline in water quality in either West Lagoon or Lake Timsah, 
the data should be used to identify possible causes and evaluate potential solutions, 
including change in treatment or disposal operations. 

A fisheries monitoring program is also recommended, focusing on pathogens and 
the public health risks associated with the commercial fisheries in West Lagoon and 
Lake Timsah. 



4.2 Effluent Quality 

An effluent monitoring program is recommended as an important component of 
monitoring water quality in West Lagoon and public health concerns. The program 
focuses on pathogens in the effluent as well as typical effluent quality parameters. 
Monitoring is also recommended at the mouth of El Mahsama Drain, the West Lagoon 
outlet, and several stations within West lagoon. 

4.3 Public Health 

It is recommended that a medical surveillance program be developed to ensure 
that all treatment plant operators are properly immunized and trained to maintain high 
levels of personal hygiene. Antihelminthic drugs are available and have proved 
effective if reinfection can be prevented. Iron supplements can alleviate the anemia of 
individuals who are suffering from hookworm infections until the exposure to the 
disease can be reduced. The design/build contractor will include worker health and 
safety programs in operations and maintenance manuals and training programs for 
plant operators. 

Laundry facilities for workers' clothing to prevent transmission of pathogens to 
workers' homes and families should be considered. Provision of protective clothing for 
workers likely to come into contact with pathogens is recommended. The use of 
rubber or plastic footwear is recommended, especially for workers handling sludge. 

4.4 Migrating Birds 

The desigdbuild contractor will incorporate a monitoring program for use of the 
facilities by migrating birds in the operations and maintenance manuals and training 
programs for treatment plant operators. 

If the proposed monitoring program indicates an unusually or unnecessarily high 
rate of deaths of birds at the facilities, the entrapment threat to migrating waterfowl 
offered by sludge drying lagoons may be effectively countered by the use of temporary 
netting and fencing to prevent birds from landing on or walking into the sludge drying 
lagoons during migratory season. 

4.5 Land Use 

If slight incursion of construction equipment on crop land is unavoidable, 
compensation to farmers for lost production will be necessary. 

Upon abandonment of the existing Abu Atwa treatment plant, immediate 
cleanout of the facility by local officials is recommended. 



4.6 Energy 

A tariff study is underway to assist the Governorate in establishing appropriate 
user fees and ameliorate increased operations and maintenance costs. 

Features that might improve energy efficiency or make use of low-cost, low- 
technology wind or solar power sources should be considered during final project 
design. Properly sized and energy efficient electrical motors and transformers should 
be used. The designbuild contractor will consider energy efficiency and conservation 
measures in final design and development of operations and maintenance procedures. 

4.7 Cultural Resources 

If any suspected cultural resources or historical artifacts are uncovered during 
.project construction, all work in the immediate area should be stopped and a qualified 
archeologist consulted for recommendations. These recommendations should be 
implemented by the designbuild contractor in consultation with Egyptian officials in the 
Department of Antiquities, Ministry of Culture. 

5.0 IMPACTS O F  OTHER EFFLUENT DISPOSAL ALTERNATIVES 

5.1 Great Bitter Lake 

Great Bitter Lake supports a large commercial fishery and a major tourism 
industry. Data suggest that the lake serves as a major evaporative basin with a very 
low rate of flushing. Thus, contaminants discharged to the lake are expected to slowly 
accumulate. Preliminary water quality modeling of the northwestern part of Great 
Bitter Lake suggested that this part of the lake may be unable to assimilate the 
increased nutrient load associated with a wastewater discharge. Thus, Great Bitter 
Lake is not recommended as a receiving water body because of the significant 
beneficial uses at risk and the preliminary evidence that adverse impacts could occur. 

5.2 Lake Timsah 

Lake Timsah also supports a commercial fishery, and a major tourism industry is 
growing along the north and west shores. The lake is considerably smaller than Great 
Bitter Lake, and flushing is probably higher because of the smaller volume and higher 
volume of freshwater inflow. Preliminary water quality modeling of the lake suggested 
that increased wastewater discharge would result in depressions of oxygen levels in the 
vicinity of the West Lagoon outlet, particularly if dilution by irrigation drainage water is 
reduced by the proposed diversion of flow from the El Mahsama Drain to the Suez 
Sweetwater Canal. Thus, Lake Timsah is not recommended as a receiving water body 



for direct discharge because of the beneficial uses at risk and the preliminary evidence 
that adverse impacts could occur. 

5.3 Effluent Reuse Alternatives 

Treated wastewater can be a valuable resource for irrigation or aquaculture 
where supplies of fresh and clean potable water are limited. However, a prime 
consideration is to ensure that the potential for disease transmission is eliminated. 

Effluent reuse can be achieved if effluent is discharged to El Manayeef Canal or 
El Mahsama Drain upstream of the point at which the Ministry of Works and Water 
Resources plans to divert a significant fraction of the flow in El Mahsama Drain to the 
Suez Sweetwater Canal. If this were to occur, however, chlorination of the effluent 
should be required at minimum. Chlorination, however, is not expected to be effective 
against the most hazardous helminthic (intestinal worm) parasites. 

Improvements in removal of helminth and parasitic cyst pathogens can be 
achieved by several methods. It is recommended that slow or intermittent sand 
filtration be seriously considered if effluent reuse is employed at a future date. 

6.0 ALTERNATIVE SLUDGE TREATMENT AND DISPOSAL METHODS 

Alternatives to disposal of the sludge on the site include use by farmers for land 
reclamation and soil amendment, and composting with municipal solid waste. 

Use of sludge as a soil amendment appears highly desirable because of a need 
for more arable land in Egypt. Primary concerns, however, are implications for human 
health as a result of pathogens and heavy metals in the sludge. Current operational 
plans do not include reuse of sludge because of public health concerns. If the 
Egyptian government decides in the future to expand or modify the treatment plant to 
include sludge reuse, additional treatment to remove pathogens and helminth eggs 
found in the sludge is recommended before local farmers are permitted to use the 
sludge as fertilizer or soil conditioner. To reduce the possibility of Ascaris egg sunival 
and reinfection, dried sludge should be spread on dedicated land for 6 months to 1 
year before allowing local farmers to remove the sludge for their own purposes. Plant 
operators should periodically test the sludge and document the occurrence and viability 
of Ascaris eggs in this material. Sludge that contains viable eggs should not be used 
under conditions in which reinfection can occur. 

The need for additional drying and storage would be negated by the use of a 
composting operation. Sludge tends to be high in nitrogen content but is generally 
considered a low-grade fertilizer due to other mineral limitations. Garbage has a high 
organic content and has good bulking qualities. Co-composting of these two materials 
produces a good, useful product. Composting with municipal solid waste may offer 
important advantages, but impacts cannot be adequately evaluated without description 



of a proposed plan. While the provision of composting is considered outside the scope 
c- of this project, it is recommended that the Isrnailia Governorate evaluate this option in 

the future in context with its waste management plans to determine if this would be 
beneficial to Ismailia. - 



ENVIRONMENTAL ASSESSMENT OF A NEW WASIEWATER 
TREATMENT PLANT PROPOSED FOR ISMATLIA 

1.1 Background 

Ismailia, a city of approximately 213,000 people (1986 census data), is located on 
the northwestern shore of Lake Timsah, which is located in Egypt along the Suez 
Canal. Ismailia is one of three major cities along the Suez Canal; the others are Port 
Said at the northern end of the canal, and Suez lying at the southern end of the canal 
(Figure 1-1). 

The modem city of Ismailia was established at the terminus of the freshwater 
canal providing Nile River water to workers digging the Suez Canal. It is now the seat 
of the Ismailia Governorate and the Suez Canal Authority. The city occupies a site 
that in antiquity was a settlement along a man-made canal that linked an ancient Nile 
River branch to the Red Sea. 

The Ismailia area is well known as a tourist destination and recreational area, 
especially for Egyptian citizens. Recreational facilities are being built on the shores of 
Lake Timsah and nearby Great Bitter Lake. The Suez Canal was dug as a channel 
through Lake Timsah, but Ismailia does not support major port or shipyard facilities, 
nor are there major industrial facilities in Ismailia. Agriculture and tourism are 
expected to dominate the economic growth of the city. 

Egypt's National Organization for Potable Water and Sanitary Drainage 
(NOPWASD), in association with the U.S. Agency for International Development 
(USAID), is proposing to build a new sewage treatment plant for Ismailia. Once 
NOPWASD, a unit of the Ministry of Development, New Communities, Housing and 
Public Utilities, has built the new plant, it will be operated by the Ismailia 
Governorate's Wastewater Department. 

1.1.1 Phase I 

The proposed treatment plant is one element of Phase I1 of the Canal Cities 
Water and Wastewater Project, which is partially funded by USAID. The project's 
current phase continues more than a decade of effort to rehabilitate the canal cities' 
war-damaged water and wastewater systems, and to provide capacity for their future 
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growth. The wastewater component of Phase I allayed the immediate critical problems 
of raw sewage flooding and ponding on city streets by cleaning, repairing, and 
expanding existing wastewater collection systems, and by constructing several new 
wastewater pumping stations. Planning for treatment facilities also occurred under 
Phase I. 

USAID'S priorities have been that the facilities be cost-effective and 
environmentally sound. The Ismailia Wastewater Facilities Master Plan (Metcalf and 
Eddy 1979a) recommended that a land treatment system would be the most 
appropriate treatment and disposal system for Ismailia. A site was recommended 
approximately 4-5 km south of the existing wastewater treatment plant (WWTP). 

The Facilities Master Plan also evaluated several alternative wastewater 
treatment and disposal options. Treatment options included: trickling filters; facultative 
lagoons; and aerated lagoons. Effluent disposal options included: discharge to El 
Mahsama Drain, as currently practiced; discharge to Lake Timsah; and discharge to the 
Suez Canal. Land treatment was selected as the preferred alternative because it would 
provide sufficient quality effluent to permit reuse for agzicultural purposes. 

Discharge to El Mahsama Drain now eventually flows to West Lagoon, a small 
water body with a restricted channel outlet to Lake Timsah. In order to assess the 
ability of El Mahsama Drain, West Lagoon, and Lake Timsah to assimilate the 
wastewater discharge, the 1979 Master Plan included an oceanographic and water 
sampling program. This study (Metcalf and Eddy 1979a) determined that El Mahsama 
Drain, Lake Timsah, or the Suez Canal could adequately assimilate the proposed 
effluent discharge if secondary treatment were provided. The former discharge option 
was predicated, however, on flows of approximately 1 million m3/day of used irrigation 
water in El Mahsama Drain. The Suez Canal Authority was noted as opposing any 
discharge to the Suez Canal. 

The Government of Egypt issued Law 48 in 1982. This law and subsequent 
modifying decrees set better-than-primary standards for effluent quality discharged into 
rivers, lakes, canals, and drains. 

1.1.2 Phase I1 Project Design 

When the Canal Cities Phase I1 Project Identification Document (PID) was 
prepared (USAID 1985), USAID estimated that the Ismailia treatment plant would 
treat 90,000 m3/day, sufficient to serve 80% of the year 2000 estimated population of 
411,000 people. This represented a decrease in flows over those originally projected in 
the Facilities Master Plan. The Phase I1 Project Paper (PP) recommended land 
disposal by rapid infiltration. Rapid infiltration beds, a proven wastewater treatment 
process in the United States, avoided the need for a discharge to a local surface water 
body. The treatment facility was intended to be approximately 7 km south of the 



existing WWTP and would employ screening and deep anaerobic lagoons. The PP 
referred to the system as "primary," even though the level of treatment would have 
been greater than simple screening and settling. The design team evidently saw no 
problem with acquisition of suitable sites for land disposal. The PP stated that 4,000 
feddans were required and, although the Governorate had set aside a much smaller 
area, the required area would be acquired prior to project authorization (USAID 
1987). It was assumed that the Government of Egypt eventually would withdraw 
treated effluent from the ground for agricultural reuse. 

The PP design team based its elimination of effluent discharge into El Mahsama 
Drain on the conclusion that the assimilative capacity of surface water bodies adjacent 
to Ismailia was limited with respect to primary treated effluent. Since preparation of 
the Facilities Master Plan (Metcalf and Eddy 1979a), the Ministry of Irrigation had 
constructed pump stations that essentially reclaimed for imgation almost 50% of the 
flow in El Mahsama Drain. This significantly reduced the amount of water available 
for dilution of wastewater flows in El Mahsama Drain, and therefore reduced the 
supply of oxygen that would be available to meet the oxygen demand of the organic 
material in the wastewater. The concentration of nutrients in the drain water would 
also significantly increase, even though total loading would probably remain constant or 
even decrease slightly as a result of diversion of the irrigation drainage water. 

1.1.3 Current Phase I1 

Phase I1 preliminary design and construction-related activities are being managed 
for NOPWASD and USAID by Construction Management Consultants (CMC), a team 
supplied through a joint venture of Black & Veatch International and James M. 
Montgomery Consulting Engineers of the United States, in association with Sabbour 
Associates of Egypt. 

Phase I1 began in late 1988 intending to implement the PP's wastewater 
treatment and disposal schemes for the three cities. Questions quickly arose over the 
feasibility of rapid infiltration at Ismailia because the proposed land treatment site 
identified in the Facilities Plan and the Project Paper was unavailable due to urban 
growth in the intervening decade. The Governorate of Ismailia offered an alternative 
site located approximately 7 km southwest of the existing WWTP site. On-site studies 
of this and alternative sites nearby determined that the sites were unsuitable for rapid 
infiltration technology due to high groundwater table and active sand dune formation. 
Furthermore, no suitable site within reasonable economic pumping distance from the 
existing WWTP could be acquired for a land treatment facility. 

With the realization that the proposed land application site was available but not 
suitable for this treatment and disposal alternative, CMC was authorized by 
USAIDJCairo to conduct studies of alternate wastewater treatment facilities for Ismailia 



(Task Order No. 9) which would meet pertinent aspects of Egyptian Law 48, make use 
of the available site. and still be cost-effective. 

The CMC's Alternative Treatment Study (1989) recommended a treatment 
system based on aerated lagoons and a discharge to El Mahsama Drain. 

1.2 Proposed Action 

NOPWASD and USAID have agreed that an aerated lagoon treatment method 
should be used by the proposed Ismailia wastewater treatment plant, basing their 
decision on considerations of cost, simplicity of operation, land requirements, and 
effluent quality. The treatment plant will be located on an estimated 840 feddans of 
undeveloped desert land located approximately 7 km south of the existing Abu Atwa 
WWrP and 15 km south of Ismailia. Wastewater would be discharged to El Mahsama 
Drain, eventually flowing into West Lagoon, a small embayment with a narrow outlet to 
Lake Timsah. The proposed action will vastly improve the quality of wastewater now 
flowing into El Mahsama Drain and West Lagoon. 

Nevertheless, proposed construction of the new facilities has raised several envir- 
onmental concerns that require further analysis. The CMC's proposed wastewater 
treatment facilities would produce an effluent with a maximum of 60 mgfl 5-day 
biochemical oxygen demand (BOD,) and 50 mgfl total suspended solids (TSS). These 
levels meet the respective criteria for a Law 48 effluent and are, therefore, superior to 
primary treatment. It would not meet the requirement of secondary treatment 
recommended in the Master Plan (Metcalf and Eddy 1979a) for discharge to  Lake 
Timsah, to which the El Mahsama Drain and West Lagoon are tributaries. 

NOPWASD, in association with USAID, is conducting this Environmental 
Assessment (EA) of the proposed new sewage treatment plant for Ismailia. This 
document intends to inform NOPWASD and USAID decision-makers, as well as other 
concerned parties, about existing environmental conditions, potential environmental 
impacts of the proposed project's construction and operation, possible mitigating 
measures and monitoring programs, and opportunities for environmental enhancement. 
The findings support the ongoing design of the facility and its future management. 
Final USAID authorization of construction funding depends upon approval of the EA. 

The EA is just one element of a multifaceted project appraisal process. Other 
equally important elements include: technical soundness analysis, economic and finan- 
cial benefit-cost analysis, and social soundness analysis. USAID policy requires 
preparation of an EA on all projects it funds that have or potentially have significant 
environmental impacts. Egypt's own laws require that certain environmental conditions 
be met by new wastewater treatment facilities, most notably, the effluent standards 
established by Law 48 of 1982 and Ministerial Order No. 811983. 



As pan of preparation of the EA, scoping meetings were held in Cairo on 8 
February 1990 and in Ismailia on 13 February 1990. The purpose of the scoping 
meetings was to bring together parties with an interest in the proposed new wastewater 
treatment plant to assist NOPWASD in identifying environmental issues that should be 
addressed by the EA. The scoping meeting in Cairo was held in reference to the 
proposed construction of wastewater treatment plants in Suez and Port Said as well as 
the proposed plant in Ismailia. Participants were invited to voice their concerns, 
questions, and comments regarding technical and environmental aspects of the planned 
wastewater treatment plant. Participants were further invited to submit comments in 
writing to the CMC by 1 March 1990. The scoping report and a list of attendees at 
the scoping meetings in Cairo and Ismailia are attached as Appendix k 

1.3 USAID Environmental Procedures 

U S W s  environmental procedures are found in 22 CFR Part 216, and are 
further explained in the Agency's Handbook 3, Appendix 2D. These guidelines, which 
were adopted in 1976 and revised in 1980, formalize the agency's commitment to 
environmental considerations during the decision-making process leading to 
implementation or rejection of a project. Within the process, reasonably foreseeable 
environmental impacts are identified, and alternatives or mitigating measures are 
recommended. 

For projects falling in various classes of actions (Sect. 216.2.d), including potable 
water and sewerage projects other than those that are small scale, either an 
Environmental Assessment (EA) or Environmental Impact Statement (EIS) will be 
required (Sect. 216.2.d.lxi). Thus, an EA or EIS is required for the proposed Ismailia 
wastewater treatment plant. 

An EA is defined as "a detailed study of the reasonably foreseeable significant 
effects, both beneficial and adverse, of a proposed action on the environment of a 
foreign country or countries" (Sect. 216.1.c.4). It must be prepared when an EIS is 
deemed unnecessary according to the criteria in Sect. 216.7. 

An EIS is defined as "a detailed study of the reasonably foreseeable 
environmental impacts, both positive and negative, of a proposed A D  action and its 
reasonable alternatives on the United States, the global environment or areas outside 
the jurisdiction of any nation as described in Sect. 216.7 of the procedures" (Sect. 
216.1.c.5). It must be prepared when "agency actions significantly affect ... (1) the global 
environment or areas outside the jurisdiction of any nation (e.g., the oceans); (2) the 
environment of the United States; or (3) other aspects of the environment at the 
discretion of the Administrator" (Sect. 216.7.a). In the case of (1) and (3) above, an 
EIS, 'MI1 generally follow the CEQ Regulations, but will take into account the special 
considerations and concerns of AD." 



Executive Order 12114 (Environmental Effects Abroad of Major Federal 
Actions), with which Regulation 16 is "consistent" (Sect. 216.l.a), states that an EIS 
must be prepared ' S t h  respect to actions ... significantly affecting the environment of 
the global commons outside the jurisdiction of any nation (e.g., the oceans or 
Antarctica)." 

An EA is being prepared in response to proposed discharge of wastewater to El 
Mahsama Drain, which currently carries used irrigation water and partially treated 
wastewater to West Lagoon and ultimately to Lake Timsah. These receiving waters 
are entirely within the jurisdiction of Egypt. 

1.4 Egyptian Environmental Legislation 

The two major environmental laws affecting wastewater discharges and water 
quality considerations in Egypt are Law 4811982 and Law 9311962. Law 48, entitled 
"Protection of the River Nile and Waterways from Pollution" was promulgated in 1982 
and is focused on protecting freshwater resources that are required for both potable 
and non-potable/agricultural use. Law 48 particularly applies to the River Nile and its 
distributed waters that are used for irrigation purposes. For these waters, Law 48 
supersedes the older Law 93, promulgated in 1962, entitled "Quality Standards for 
Wastewater Disposal." After its passage in 1982, a five-year moratorium on 
enforcement of the new water pollution law (Law 48) was enacted (Baldwin et al. 
1988). These standards have not yet been met by any major urban center. 

The applicable standards set under Law 48  for discharges of treated wastewater 
effluent ("Sanitary Drainage Water") are summarized in Table 1-1. There are no clear 
or unequivocal regulations for Law 48 indicating how the sanitary wastewater 
specifications shown in Table 1-1 are to be measured and at what distance from the 
point of discharge. 

A careful reading of Law 48 suggests that the law was principally enacted to 
protect Egypt's irrigation water from possible sources of contamination. In this regard 
the law applies unambiguously to the Nile River, irrigation canals, freshwater lakes, and 
underground aquifers. Its definition of 'bateways" as stated in Article 1 of both Law 
48 and the accompanying Decree No. 8 promulgating regulations for its enforcement 
do not explicitly refer to marine water bodies or discharges to such bodies. Although 
not explicitly stated, it is potentially applicable to discharge to an irrigation drain. 
Although these cany used irrigation water for eventual disposal to the marine 
environment of the Suez Canal, water from drains is frequently and commonly 
reclaimed for reuse as irrigation and potable water. 

This point is significant since the proposed outfall discharge being considered by 
the CMC involves discharge to El Mahsama Drain. A recent report prepared for 
USAIDICairo suggests that NOPWASD has responsibility for establishing and enforcing 



Table 1-1. Law 48 Wastewater Effluent Specifications'. 

Descri~tion 

Temperature 

Hydrogen Exponent (pH) 

Absorbent activated oxygen (BOD,) 

Consumed chemical oxygen (Dichromate) 

Consumed chemical oxygen (Permanganate) 

Dissolved oxygen 

Oils and greases 

Dissolved substances 

Suspended substances p S )  

Colored substances 

Sulphides 

Nitrate 

Total of heavy metals 

Different kinds of i w i c i d e s  

Probable counting in colon group in 100 cm' 

Sanitary Drainage 
Water 

35'C 

6-9 pH units 

60 

80 

40 

Not less than 4 

10 

m 
50 

Free of colored substance 

1 

50 

1 

Nonexistent 

5000 MPN 

a: Maximum limit for the standard measures and specifications (milligram~liter, unless mentioned 
orhenrise). 

Source: Law 4811982 and Ministerial Order No. 811983 for Proteaion of River Nile and Water 
Bodies against Pollution (English translation from Arabic original). 



environmental standards in addition to its primary responsibilities for developing 
potable water supply and wastewater treatment projects (Baldwin et al. 1988). 
Therefore, compliance of USAID's project with Law 48 seems indicated as a matter of 
policy. 

Law 9311962 concerning the discharge of liquid wastes was amended in 1989 by 
Ministerial Decree Number 9, and sets standards and specifications required for liquid 
wastes to be discharged into public sewerage networks, surface drainage systems, and to 
irrigate cultivated lands. Public wastewater is named as First Category liquid 
wastewater by Law 93, and related standards are summarized in Table 1-2. Other 
conditions include: 

o In the case of wastewater treatment plants, a permit shall be obtained 
from the Ministry of Health for the chosen site for effluent discharge 
before building the plants. 

o Treatment of liquid wastes shall not be less than primary treatment. 

o Water shall be discharged with a velocity that shall not permit water 
accumulation. 

Thus, a permit is required from the Ministry of Health prior to construction of the 
proposed Ismailia WWTP discharge. 

The Egyptian Environmental Affairs Agency was created in 1983 by Prime 
Ministerial Decree (No. 63111982) and is administered by the Minister of Cabinet 
Affairs. Its purpose is to prepare a national plan for environmental studies, analyze 
proposals on environmental affairs, follow up on implementation of environmental laws, 
and advise the Cabinet with respect to environmental matters. It is an advisory and 
coordinating entity with no regulatory authority except to manage Egypt's Natural 
Protectorates. Although representatives of the Agency participated in the scoping 
meetings for this EA, current law does not provide for formal environmental impact 
assessment procedures or certification of environmental impact assessment documents. 

1.5 International Conventions on Environmental Protection 

Egypt claims a 12-mile territorial limit and a 200-mile Exclusive Economic Zone 
(EEZ). The receiving water bodies at lsmailia fall either within Egypt's territory or its 
territorial waters, thus one could make the case that only USAID and Egyptian 
environmental regulations would apply. However, Egypt is also a signatory to several 
international agreements which create a more ambiguous situation. Egypt is a signatory 
to the Red Sea and Gulf of Aden Action Plan administered by the United Nations 
Environmental Programme's (UNEP) Regional Seas Programme. 
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Table 1-2. Decree 9 (Law 9311962) Standards for Liquid Wastes. 

Description 

Temperature 
pH 
Soluble material 
Suspended materialb 
Biochemical oxygen demand 
COD (Dichromate) 
COD (Permanganate) 
Sulphates 
Cyanides 
Phosphates 
Nitrates 
Fluorides 
Phenol 
Ammonia 
Free chloride 
SO, 
Formaldehyde 
Grease, oil, resins 
Silver, Mercury, Copper, Nickel, 
Zinc, Chromium, Cadmium 

Silver and Mercury 
Ether petrol, calcium carbide, 
organic solvents 

Liquid Wastes Discharged 
From Public Areas' 

40°C 
6 - 10 units 
2000 mgl 
500 mgfl 
400 PPm 
700 PPm 
350 ppm 
10 PPm 
0.1 ppm 
5 PPm 
30 PPm 
1 PPm 

0.005 ppm 
100 PPm 
10 PPm 
1 PPm 

10 PPm 
100 PPm 

single or combined 10 ppmc 
1 PPm 

a: Maximum limit for discharge to public sewerage systems and surface drainage 
systems. 

b: Residual should c 5 cm3N10 minutes and c 10 cm3/l/30 minutes. 
c: If the discharges are less than 50 m3/day; 5 ppm if discharges exceed 50 m3/day. 



The UNEP Red Sea Action Plan clearly defines the area to be included in the 
protocols on conservation of the marine environment and coastal areas as: the Red 
Sea, the Gulf of Aqaba, the Gulf of Suez, and the Suez Canal to its connection with 
the Mediterranean Sea (UNEP 1986). This program is designed to prevent discharges 
of oil, toxic wastes and other forms of ocean dumping, rather than controlled 
discharges of treated wastewater. It does not appear that additional protocols related 
to controlling pollution from land-based sources have been developed since 1986 as 
originally planned, although guidelines for submarine outfalls in the Mediterranean are 
being drafted jointly by the World Health Organization (WHO) and UNEP 
(WHOIUNEP 1989) under a similar protocol for the Mediterranean. 

As a signatory to the Barcelona Convention for the Protection of the 
Mediterranean Sea against Pollution (1976), Egypt agrees to 

"take all appropriate measures to prevent, abate and combat pollution of the 
Mediterranean Sea Area caused by discharges from rivers, coastal establishments 
or outfalls, or emanating from any other land-based sources within their 
territories." 

The Protocol for the Protection of the Mediterranean Sea Against Pollution from 
Land-Based Sources (1981) is a related protocol to the Barcelona Convention, and 
covers a larger geographical area. The Protocol area is 

"the Mediterranean Sea Area, saltwater marshes communicating with the sea, 
and waters on the landward side of the baselines from which the breadth of the 
territorial sea is measured and extending, in the case of watercourses, up to the 
freshwater limit." 

Freshwater limit is defined as "the place in watercourses where, at  low tides and in a 
period of low freshwater flow, there is an appreciable increase in salinity due to the 
presence of sea water." Under these terms, Suez Canal and Lake Timsah could be 
included under this protocol. 

Of particular concern is pollution reaching the Protocol area discharged directly, 
(i.e., from outfalls discharging into the sea or through coastal disposal), and indirectly, 
(i.e., through rivers, canals or other watercourses, including underground watercourses, 
or through run-off). The Protocol encourages the parties to set standards and criteria 
for: a) the length, depth and position of pipelines for coastal outfalls, taking into 
account, in particular, the methods for pretreatment of effluents; b) effluents 
necessitating separate treatment; c) the quality of sea water necessary for the 
protection of human health, living resources, and ecosystems; d) the control and 
progressive replacement of products, installations, and industrial and other processes 
causing significant pollution of the marine environment; and e) concentration of the 
various substances listed in the annexes to the Protocol and methods of discharging 
effluent that include these substances. 



Assuming that effluent from the proposed WWTP is discharged to the Protocol 
area, the Protocol is applicable to the Ismailia site. Guidelines being drafted jointly by 
WHO and UNEP for submarine outfalls will not be legally binding (WHO/LMEP 
1989), but serve as useful guidance in indicating what eventually may transpire with 
respect to the Red Sea Action Plan and protocols relating to controlling land-based 
pollution sources. This EA evaluates the impacts of the proposed action and 
recommends appropriate measures necessary to protect human health, living resources, 
and ecosystems. 



20 PROPOSED FACILITIES AND ALTERNATIVES CONSIDERED 

2.1 Introduction 

This chapter describes the proposed wastewater treatment facilities and 
alternatives considered for the City of Ismailia, Arab Republic of Egypt. Facilities and 
alternatives were developed in a report prepared by CMC entitled "Final Report on 
Alternative Treatment Study for the City of Ismailia, Arab Republic of Egypt" dated 22 
October 1989. 

The population estimate that was included in the Altemative Treatment Study 
report for the city was subsequently revised to reflect current conditions of 
employment, housing, and local conditions. In this revised report, entitled "Canal Cities 
- Phase I1 Project Population and Flow Study," a new projection of population growth 
was made by CMC (1989). The growth projection anticipates a total population of 
about 408,900 in the year 2000 and 634,000 in the year 2015. The revised year-2000 
population projection is substantially lower than the population of 513,550 persons 
projected for the year 2000 in the Alternative Treatment Study report. 

2.2 Wastewater Flow Projection and Plant Capacity 

Wastewater flow projections included in the Altemative Treatment Study report 
were subsequently revised by CMC (1989). A program of flow measurements 
established city wastewater flows and per capita flows. City flows consist of a flow of 
partially treated wastewater at the existing Abu Atwa wastewater treatment plant 
(WWTP) and discharged to El Mahsama Drain, and a flow that discharges directly to 
Abu Gamus Drain without treatment. Both drains empty into West Lagoon, a small 
body of water with limited connection to Lake Timsah. A description of flows in the 
drainage system is provided in Chapter 3. An estimated 22,100 m3/day discharges 
untreated to Abu Gamus Drain, and 32,400 m3/day is available for treatment at the 
existing plant. The total wastewater flow is about 55,000 m3/day. The city has an 
estimated existing sewered population of 243,500 persons. The per capita flow is 
approximately 225 Vday. 

Future flow projections have been made (CMC 1989) assuming a base flow of 
55,000 m3/day and the revised population growth projections. Future increases are 
based on a per capita wastewater flow for new residents after the year 1990 of 150 
Vday for residential/commercial and 60 Vday for industrial, institutional, and infiltration 
flow components. Projected populations and wastewater flows are summarized as 
follows: 



Year 
1 9 9 0 ~ ~ ~ 2 0 1 0 2 0 1 5  - 

Proiection 
Total Population 247,000 349,300 408,900 476,300 552,200 634,000 
Sewered Population 243,500 293,400 347,600 409,600 485,900 570,600 
1990 Base Flow (m3/day) 55,000 55,000 55,000 55,000 55,000 55,000 
Future Flow Increase 

(m3/day) 0 10.480 21.865 34.885 50.900 68,700 
Projected Annual Average 

Flow (m3/day) 55,000 65,000 76,908 89,900 105,900 123,700 

Based on these projections, a treatment capacity of 90,000 m3/day is required in the 
year 2005. Original project design (USAID 1987) estimated this flow would be 
generated in the year 2000, and budget allocations were made based on this flow. 
Thus, the design and planning horizon for the proposed wastewater facilities is now 
extended from the year 2000, as originally planned, to the year 2005. 

2.3 Influent Wastewater Characteristics 

Wastewater sampling was performed to provide data for estimating wastewater 
characteristics. The sampling data included in the Alternatives Treatment Study report 
have also been updated by data collected by CMC in January 1990. The results of the 
updated sampling are summarized in Table 2-1. Principal wastewater characteristics 
are estimated as follows: 

Characteristics 
Estimated 

Concentration - m d  

Total Suspended Solids (TSS) 240 
5-day biochemical oxygen demand (BOD,) 270 
Nitrogen 40 

2.4 Effluent Requirements 

Wastewater effluent must meet requirements included in Egyptian Law 48 for 
TSS and BOD,. These requirements are TSS not to exceed 50 m u  and BOD, not to 
exceed 60 m@. 



Table 2-1. Canal Cities Wastewater Composition (mgniter). 

Total Dissolved Solids (IDS) 
Total Suspended Solids (TSS) 
Volatile Suspended Solids 
BOD, 
COD 
Nitrogen (total N) 
Phosphorus (total P) 
Alkalinity (CaCO,) 
Hardness 
OiUGrease 
Dissolved Inorganic Solids 

Calcium 
Magnesium 
Sodium 
Potassium 
Chloride 
Sulfate 
Sulfide 
SiO, 

Heavy Metals 
Cadmium 
copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Zinc 

Suez - 
5Joo 

400 
140 
280 
510 
40 
9 

330 
1.060 

60 

200 
120 
410 
60 

1,210 
540 

6 
3 

Pon Said 

1,400 
330 
230 
300 
520 
50 
9 

310 
370 
70 

60 
50 

210 
40 

720 
180 

5 
2 

ND = Not Detected 
a: Average U.S. water comsumption rate per capita is a b u t  4 times rate in Canal Cities. 

Average values 
in US.' 

Source: NOPWASD Canal Cities Water and Wastewater Phase I1 Project. Final Repon on Alternative Treatment Study: Suez City, Ismailia, 
and Port Said (Cairo: October 22, 1989). and subsequent testing by CMC, December 1989-January 1990. 



2.5 Plant Siting 

Ismailia is served by the existing Abu Atwa WWTP located 6 km south of the 
city (Figure 2-1). The plant has a trickling filter system with a capacity of 12,000 
m3/day and a primary treatment system with a 12,000 m3/day capacity. This WWrP 
site is located within a residential area, and includes an area with sludge drying beds. 
The existing facilities have been evaluated by CMC and are in poor condition. The 
costs to rehabilitate the plant have been determined to be higher than new plant 
construction. The site has limited area for future capacity expansion and has 
inadequate buffer area between it and the surrounding residential area. Therefore, the 
existing plant will be abandoned. 

A new treatment plant site has been identified approximately 15 krn south of 
Ismailia. The site is undeveloped desert land with an area of 840 feddans (1 feddan = 
4,200 m2). The locations of the existing plant and the proposed site are shown on 
Figure 2-1. 

2.6 Wastewater Collection Facilities 

Wastewater collection facilities comprise gravity sewers, pumping stations (P.S.), 
and force mains. Existing facilities include two pumping stations (Port Said and Abu 
Rakham Pump Stations) that pump to the Abu Atwa P.S. via separate force mains. 
The Abu Atwa P.S. pumps to the existing site. The Mustafa Kame1 P.S. and Matafy 
P.S. pump to an old, abandoned P.S. which discharges directly to Abu Gamus Drain. 
A diagram of the existing system is shown on Figure 2-2. 

New collection facilities have been identified to convey wastewater to the new 
plant sites. These facilities comprise a 9.0 krn 1,200-mm diameter force main from the 
Abu Atwa P.S. to the new plant site as shown on Figure 2-3. The proposed influent 
force main will travel along a local road from the Abu Atwa pump station south across 
the Sweetwater Canal, then travels southeast along the Suez-Ismailia rail line to El 
Mahsama Drain. The influent force main will then cut under the railroad bankment 
and travel west on the north bank of the El Mahsama Drain, to the Ismailia-Suez 
Desert Road. The force main will then travel south on the east side of the Ismailia- 
Suez Desert Road to the proposed W W P  site. The estimated cost for these facilities 
is $4,360,000. 

2.7 Wastewater Treatment Alternatives 

Five wastewater treatment alternative process trains were considered in the 
Alternative Treatment Study report for Suez. Analysis of these alternatives did not 
reflect the revised wastewater characteristics or flow. Rapid infiltration land treatment 
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and conventional treatment processes were analyzed at the proposed plant site. 
Alternative treatment projects which produce residual solids (sludge) include facilities 
for treatment, stabilization, and disposal of the sludge. A description of each process 
follows. 

2.7.1 Rapid Infiltration Land Treatment 

Rapid infiltration land treatment comprises use of the soil for treatment and 
removal of BOD, TSS, nitrogen, and phosphorus. The wastewater would be given 
primary treatment prior to land application. Particulate BOD and suspended solids 
would be removed by filtering through the soil. Soluble BOD would be absorbed by 
the soil or oxidized by soil bacteria. Nitrogen would be removed by nitrification- 
denitrification bacteria in the soil. Phosphorus would be removed by absorption and 
precipitation. The wastewater effluent either flows into nearby waterways or is 
collected in underdrains and used for irrigation. 

The land area required for the rapid infiltration process at Ismailia has been 
estimated to be 2,100 feddans. Three sites were identified on or in the immediate 
vicinity of the proposed WWTP site. These sites were considered to be unsuitable for 
rapid infiltration due to the following: 

o shallow groundwater; 
o steep relief; 
o active sand dunes; 
o insufficient land area; and 
o standing surface water. 

Consideration was also given to locating the rapid infiltration facility on the east 
side of the Suez Canal. The cost to tunnel under the Suez is high, and the Suez Canal 
Authority has objected in the past to canal crossings due to security reasons and 
concerns regarding future plans to deepen or widen the Canal. Pumping wastewater to 
a remote site is also costly. Therefore, use of vacant land east of the Suez Canal is 
not considered feasible. 

The CMC determined that rapid infiltration would be cost effective at Ismailia if 
a suitable site could be identified within 16 to 18 krn from the present plant site. An 
investigation of available land on the west side of the Suez Canal indicates that a site 
of 2,100 feddans was not available. Therefore, rapid infiltration is not considered 
feasible for Ismailia, and is not considered further in this EA. 



2.7.2 Conventional Treatment Processes 

The conventional treatment process alternatives that were analyzed provide 
secondary treatment that under proper operating conditions are capable of exceeding 
the requirements of Egyptian Law 48 for TSS and BODS. The alternatives consist of: 
the deep shaft process with or without primary tanks; activated sludge with or without 
primary tanks; aerated lagoons; and trickling filters. All alternatives analyzed in the 
Alternative Treatment Study include preliminary treatment consisting of bar screens 
and grit removal, and effluent treatment consisting of disinfection and post-aeration. 
Primary treatment is provided by circular primary clarifiers. 

2.7.2.1 Common Facilities 

A description of the common facilities for each alternative as it was analyzed in 
the Alternative Treatment Study is as follows: 

o Bar Screens. Three mechanically cleaned bar screens, each with rated 
hydraulic capacity of 90,000 m3/d, will be provided. One unit can be 
taken out of senice at peak flow conditions (180,000 m3/d). 

o Grit Removal. Grit removal is provided by two aerated grit tanks. Each 
unit has a volume of192 m3 and air supply of 5.2 sm3/min to keep 
organic matter in suspension. Related equipment for grit washing and 
disposal of screenings and grit will be provided. 

In addition to the bar screens and grit removal facilities, the Alternative 
Treatment Study report also analyzed disinfection, post-aeration, and primary clarifiers 
as common facilities for all conventional treatment alternatives. Descriptions of these 
follow. Since the preparation of this report, additional work on preliminary design 
suggests that these facilities may not be needed. The analysis in the remainder of this 
chapter, however, assumes that these facilities will be required. No new calculations of 
present worth, operations and maintenance (O&M), or capital costs have been made 
without these components. 

o Disinfection. Disinfection, if it were included in final design, would be 
accomplished by chlorination. Two chlorine contact basins, each 48 m 
long and 12 m wide with 1,152 m3 volume, will be needed. Two rapid 
mix units with 15.6 m3 volume and 5.3 horsepower each would be 
installed. Estimated chlorine quantities that would be required are 450 kg 
at average daily flow and 1,800 kg at peak flow. Related equipment for 
chlorine storage and injection would be included in the facilities. The 
CMC is currently re-evaluating the requirements for disinfection at 
Ismailia. Headworks design and plant layout will be such that disinfection 
facilities can be included if the decision to do so is made during final 



design or during future plant operations. The facilities and space 
requirements for disinfection would be the same for all alternatives, and 
should not affect process selection. 

o Post-Aeration. Post-aeration facilities would consist of two diffused 
aeration basins. Each unit would have a length of 8.0 m, a width of 6.0 
m, and a depth of 5.5 m. 

o Primary Clarifiers. Primary clarifiers are used with Deep Shaft Process, 
Activated Sludge, and Trickling Filters. Deep shaft and activated sludge 
processes are also evaluated without the primary clarifiers. 

The following design criteria were used in sizing the primary clarifier units: 

Surface overflow rate, m3/day/m2 
at avg. flow 32.6 
at peak flow 65.2 

Side water depth, m 4 
TSS removal, %' 50 
BOD removal, % 20' 
Solids concentration, % 4 

(a) Low BOD removal is anticipated due to specific conditions 
and high soluble BOD. 

A summary of the bar screen and grit removal facilities is shown in Table 2-2, 
along with the primary clarifier facilities. 

2.7.2.2 Deep Shaft Process 

The deep shaft process is a proprietary process by Deep Shaft, Inc. The deep 
shaft process is a high rate activated sludge process. A vertical shaft 90 to 250 m deep 
with a 1-hr detention time is divided into two sections, a downcomer and a riser. 
Wastewater and return sludge enter the downcomer, and mixed liquor is withdrawn at 
the riser. Oxygen is provided by compressed air introduced into the downcomer and 
riser. Mixed liquor is settled in secondary clarifiers prior to discharge. Sludge settles 
in the clarifier and is either returned to the shaft or is removed from the system and 
treated for disposal (Sect 2.7.3). 

The design criteria used to develop this process are as follows: 

Organic Loading Rate 3 kg BOD/m3/day 
F/M Ratio 1 day 
MLSS 4,000 mgll 



Table 2-2. Required Primary and Common Facilities. 

Process Unit 

Common Facilities 
m Bar Screens 

No. of units 
Capaciry, m1/day, ea. 
Bar width, mm 
Bar spacing, mm 

m Grit Removal 
Aerated grit tanks 

No. of units 
Length, m 
Width, m 
Depth, m 
Volume, m', ea. 
Air supply, sm'hnin. ea. 

Primary Clarifiers 
No. of units 
Diameter, m 
Side water depth, m 

Disinfection 
Chloride Contan Basin 

No. of units 
Length, m 
Width, m 
Depth, m 
Volume, m', ea. 

Rapid Mix 
No. of units 
Volume, m', ea. 
Brake horsepower, ea. 
Chlorine, kglday 

avg. 
peak 

Post Aeration 
Diffused Aeration 

No. of basins 
Length, m 
Width, m 
Depth, m 
Volume, m', ea. 

m Air Supply, sm'hr 
~t avg. now 
At peak flow 

m Blower, bhp, ea. 
A1 avg. flow 
~t peak now 

Parameters 

m No. of Diffusers, per basin 24 

23 



Solids Retention Time 1.2 days 
Oxygen Requirements 1 kg OJkg BOD Removed 
Sludge Production 1.4 kg sludgefltg BOD Removed 

2.7.2.3 Conventional Activated Sludge 

The conventional activated sludge (CAS) process consists of a completely mixed 
tank of activated sludge aerobic micro-organisms. Mixing and oxygen are provided by 
compressed air. Wastewater and return sludge are introduced into the front of the 
tank. Mixed liquor discharges to secondary clarifiers. Sludge settles in the clarifiers 
and is either returned to the aeration tank or removed from the system and treated for 
disposal (Sect. 2.7.3). This process has been analyzed with and without primary 
treatment. 

The design criteria used to develop this process are as follows: 

BOD Load Avg. 0.5 - 0.6 kg/m3 
Max: 0.7 - 0.8 kg/m3 

FhI Ratio 0.34 - 0.57Jday 
MLSS 1,500 - 3,000 mg/l 
Solids Retention Time 3 - 4 days 
Oxygen Required 1.2 - 1.4 kg O&g BOD 
Minimum DO 2 mgfl 

2.7.2.4 Aerated Lagoons 

Aerated lagoons consist of three ponds in series: a complete mix lagoon, partial 
mix lagoon, and a polishing pond. The wastewater receives preliminary treatment prior 
to the aerated lagoons. The complete mix lagoon keeps solids in suspension with 
mechanical mixers or diffused aeration systems. These systems provide the oxygen for 
aerobic oxidation of the wastewater. The partial mix lagoon provides oxygen for BOD 
removal but not enough for keeping solids in suspension. Settled solids are degraded 
by anaerobic bacteria. The polishing ponds provide final treatment and additional 
sludge settling. It is anticipated that two complete treatment lagoon trains will be 
provided. 



The design criteria used to develop this process are summarized as follows: 

Com~le te  Mix Lagoon 

Detention Time 1 day 
Depth 5 m 
Oxygen Requirements 1.6 kg Ofig BOD 
Mixing 15 m3/l,000 m3 

Partial Mix Lagoons 

Detention Time 5 days 
Depth 5 m 
Oxygen Requirements 1.0 kg O#g BOD 

Polishine Pond 

Detention Time 
Depth 

5 days 
3 m 

The required facilities for the aerated lagoon process are shown in Table 2-3. 

2.7.2.5 Trickling Filters 

Trickling filters consist of a circular bed of rock or permeable plastic media. 
Aerobic organisms attach and grow on the media. The wastewater is applied to the 
media, and BOD is oxidized by the organisms attached to the media as it passes 
through the filter. Excess organisms slough off the media and are settled in secondary 
clarifiers. Settled material (sludge) is removed from the system and treated for 
disposal (Sect. 2.7.3). Clarified effluent may be recycled to the trickling filter. 
Wastewater receives preliminary and primary treatment prior to the trickling filter. 

The design criteria used to develop this process are summarized as follows: 

Organic Loading 
Avg. 0.9 kg BOD/d/m3 
Max. 1.3 kg BOD/d/m3 

Hydraulic Loading 60 m3/d/m2 
Depth 6 m 
Diameter 38 m 



Table 2-3. Required Facilities for Aerated Lagoon Treatment. 

Process Unit 

Complete Mu Lagoon 
No. of units 
Length, m @ bottom, ea. 
Width, m @ bottom, a. 
Depth, m 
Freeboard, m 
Sideslope 
Hydraulic retention, days 
Total volume, m' 
Diffuser type' 
No. of diffusers 
Air supply, sm'lmin 

Partial Mi Lagoon 
No. of units 
Length, m @ bottom, ea. 
Width, m @ bottom ea. 
Depth, m 
Freeboard, m 
Sideslope 
Hydraulic retention, days 
Total volume, m' 
Diffuser type' 
No. of diffusers 
Air supply, sm'lmin. avg 

Peak 

Blowers 
Total, whp, avg. 

Peak 

Polishing Pond 
No. of units 
Length, m @ bottom, ea. 
Width, m @ bottom, ea. 
Depth, m 
Freeboard, m 
Sideslope 
Hydraulic retention, days 
Total volume, m' 

Parameter 

78 
5.2 
1 

3:l 
1.0 

90,480 
Static Aerator 

2,209 
1 3 0  

2 
390 
95 
5.2 
1 

3:l 
5.0 

466,300 
Static Aerator 

1,682 
1,070 
1.410 

a: Decision between surface aeration and submerged diffusers will be made during detailed design. 



2.7.3 Sludge Handling 

Sludge treatment consists of thickening, stabilization, dewatering, storage and 
disposal. Various unit processes for each sludge treatment step were considered as 
shown on Table 2-4. Alternative process trains for each wastewater treatment train 
were developed and analyzed. Costs for each alternative sludge processes for each 
treatment alternative are described in the Alternative Treatment Study prepared by 
CMC. Recommended sludge treatment trains for each wastewater treatment 
alternative are shown on Figure 2-4 and are as follows: 

Wastewater 
Treatment Sludee Handline Process 
Process Thickening Stabilization Dewatering Dis~osal 

Deep Shaft Gravity Facultative Sludge Dedicated 
with or without Thickener Lagoon Drying Land 
primary tanks Lagoon Applicat. 

Activated Gravity Facultative Sludge Dedicated 
Sludge wilh Thickener Lagoon Drying Land 
or without Lagoon Applicat. 
Primary Tanks 

Aerated Lagoons --- --- Sludge Dedicated 
Drying Land 
Lagoon Applicat. 

Trickling --- Facultative Sludge Dedicated 
Filters Lagoon Drying Land 

Lagoon Applicat. 

Thickening and stabilization are not required for the aerated lagoon treatment 
process. The lagoon sludge has a high solids content and is stabilized as part of the 
process. Sludge concentrations from the trickling filter clarifiers is high enough so that 
additional thickening is not required. 

In all cases the processes selected have the lowest capital and O&M costs, and 
are very reliable and easy to operate. 

2.7.3.1 Gravity Thickener 

A gravity thickener consists of a circular concrete tank in which solids are 
allowed to settle and thicken. Solids are collected by a mechanism in the center of 
the tank. The design criteria for this process are as follows: 



- 

Table 2-4. Preliminary Evaluation of Sludge Treatment Alternatives. 

Function Unit Process 

Thickening Dissolved Air Flotation 
Gravity Belt Filter 
Gravity Thickener 
Centrifuges 

Stabilization Anaerobic Digestion 
Aerobic Digestion 
Thermal Treatment 
Lime Stabilization 
Facultative Sludge Lagoons 

Dewatering 

Disposal 

Drying Beds 
Drying Lagoons 
Mechanical Systems 

Belt Filter Press 
Centrifuge 
Vacuum Filter 

P rwure  Plate Filter 
Drum Screen 
Carver-Greenfield 
Heat Treatment 

Landfill 
Land Application 

Solid 
Liquid 

Offshore 
Incinerator 

Comments 

High cost, mechanicallenergy intensive 
Low cost, reliable, easy to operate 
Low m t ,  reliable, easy to operate 
High cost, mechanically intensive 

Compatible arith land application 
Compatible with land application 
~ i ~ h m t ,  odors, mechanical/energy intensive 
Increased solids geneiated, lime handling 
Available land, easy to operate 

Land available, easy to operate 
Land available, easy to operate 

Reliable, easy to operate, low energy use 
Comparatively high in cost, energy, and maintenance 
High energy, mechanically intensive, constant 

attention required 
High wst, batch operation, mechanical~labor intensive 
Relatively pcmr performance 
High cost, mechanically intensivelwmplexity 
Odors, mechanicauenergy intensive 

Dependable option to land application 

Excellent soil mnditionerffertilizer 
Sludge salinity levels high, quantities too large lo dispose of 
Pollution of water body 
High cost, air emissions, ash disposal problems 
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Feed Sludge 0.5 - 2.0 percent 
Mass Loading 45 kg/m2/day 
Hydraulic Loading 300 1/m2/hr 
Thickened Solids 3 - 6 percent 

2.7.3.2 Stabilization 

Stabilization using facultative sludge lagoons is required for all alternatives 
except the aerated lagoons. Facultative lagoons maintain an aerobic layer to degrade 
soluble organic matter. Oxygen is supplied from mixers, surface transfer, or 
photosynthesis. Mixers keep a scum layer from forming. Solids that settle to the 
bottom undergo anaerobic decomposition. The design criteria used for this process are 
as follows: 

Feed Sludge 0.5 - 4% 
Area Loading 100 kg VS/m2/yr 
Volatile Solids ~educt ion  20 - 40% 
Detention Time 9 - 12 months 
Depth 4.6 m 
Cake Solids 6 - 10% 
Sludge Removal Dredge or Pump 

2.7.3.3 Dewatering 

Sludge dewatering for all processes consists of drying lagoons. Sludge is placed 
into the lagoon in cycles. The sludge drys and is naturally dewatered to a 
predetermined concentration before removal. The predominant dewatering method 
appears to be evaporation. The design criteria used for this process are as follows: 

Feed Sludge 0.5 - 4.0% 
Net Evaporation 4.3 m/yr 
Loading Rate 37 kg/m2/yr 
Max. Depth 1 m 
Cake Solids 20 - 40% 
Drying Time 2 - 5 months 
Sludge Removal Front End Loaders 

2.7.3.4 Storage and Disposal 

Storage and disposal for all treatment alternatives consists of on-site storage and 
land application on dedicated land. An area of 2 feddans is required for storage and 



handling. Sludge will be stored for 45 to 90 days. Land application will be on 100 
feddans of land at the north end of the proposed treatment plant site. Approximately 
50 metric tonslfeddan will be applied annually. 

2.7.4 Analysis of Wastewater Treatment Alternatives 

Wastewater treatment alternatives were analyzed for first costs (capital costs), 
O&M costs, and life cycle costs. Capital costs are based on current construction 
practices and costs in the United States at an Engineering News Record Construction 
Cost Index (ENRCCI) of 4,597 (July 13, 1989). O&M costs are based on labor costs 
of $2,400/yr per operator, energy costs of $O.OUkwh, and chemical costs of $575/ton. 
Present worth costs are based on a period of 10 years, a 30 year life for structures, a 
10 year life for equipment, and an interest rate of 8.875 percent. Costs for each 
alternative are summarized on Table 2-5 along with the advantages and disadvantages 
of each unit process. 

The aerated lagoons have the lowest capital and present worth costs. This 
process is reliable, easy to operate, and relatively simple. The deep shaft process 
alternatives have substantially higher capital and present worth costs as compared to 
the other alternatives. Thus, this alternative was rejected from further consideration, 
and is not addressed further in this EA This process is also more complicated and 
requires a high degree of operator attention. The activated sludge process alternatives 
have higher capital and present worth costs than the aerated lagoons. The process is 
reliable but requires a high degree of operation to ensure proper performance. The 
trickling filter has higher capital and present worth costs but lower O&M costs than the 
aerated lagoons. The trickling filter is reliable and familiar to the Egyptians but is 
more complex than the aerated lagoon process. 

Based on this analysis the aerated lagoon process was recommended for Ismailia. 
The recommendation is based on low capital costs, low present worth cost, high 
reliability, low maintenance, and simple operation. All other alternatives have higher 
capital and present worth costs and are more complex. Furthermore, the key to 
operation of the aerated lagoon system is the vigorous aeration in the complete mix 
lagoon. Without it, however, the treatment plant will continue to operate as a 
facultative anaerobic system. Thus, it offers the greatest degree of treatment reliability 
in that it will continue to provide treatment even if the key operational component is 
not functioning. However, the process has the highest O&M cost, primarily due to 
power costs for aeration. The projected capital costs for this system, including sludge 
treatment, is $54,860,000. The projected annual O&M cost is $1,160,000, at  an 
assumed electrical power cost of $0.02/kwh. 



Table 2-5. Comparison of Wastewater Treatment Systems. 

Annual Present 
Capital O&M Worth 

Treatment Costa Costs Value 
Alternative (106) (106, Lm- Advanlaces Disadvantaea 

Aerated Lagoons$ $ 54.86 S 1.16 S 56.32 Least a t  alternative Requires more land than the other 
Least complex to operate processes 
High treatment reliability 

Trickling Filters 79.26 0.70 75.06 Familiar process to Egyptians More complex to operate than aerated 
High treatment reliability lagoons 
Requires less land area than More expensive than aerated lagoons 

W 
N lagoons 

Deep Shaft with 92.86 0.91 88.55 Requires less land area than Very high wst  
Primary Clarifiers trickling filters Complex to operate 

Treatment reliability depends on  
proper operations 

Deep Shaft without 
Primary Clarifiers 

Conventional Activated Sludge 67.72 
with Primary Clarifiers 

Conventional Activated Sludge 63.43 
without Primary Clarifiers 

Requires least land area Very high a t  
Complex to operate 
Treatment reliability depends on 
proper operations 

Produces high quality effluent Treatment reliability depends on 
Lower cost than trickling proper operation 
filter 

Produces high quality effluent Treatment reliability depends on  
Lower cost than trickling proper operation 
filter 

a: Total cost for trcatmcnt alternative and sludge lacilities. 



2.8 Effluent Disposal Facilities 

Effluent discharge into either Great Bitter Lake or El Mahsama Drain was 
evaluated in detail in the Treatment Alternatives Study report. The El Mahsama Drain 
discharges to West Lagoon, an embayment with a narrow outlet to Lake Timsah. 
Facilities required include a pump station with a force main to discharge to either 
location as shown on Figure 2-1. A 200 m long marine outfall would be required for 
Great Bitter Lake. A discharge structure would be required for El Mahsama Drain. 

Estimates of costs for these two effluent disposal alternatives have been 
developed as follows: 

Ca~ i t a l  Costs O&M Costs 

El Mahsama Drain $ 9,626,000 $192,100 
Great Bitter Lake 13,069,000 198,300 

CMC also conducted a preliminary evaluation of discharge directly to Lake 
Timsah, El Gebali Drain, and Toson Drain (Figure 2-1). Discharge to Lake Timsah 
was not evaluated in detail because of policy concerns regarding intensive development 
of tourism and recreational beaches on the west shore of Lake Timsah. Direct 
discharge to Lake Timsah was considered to be incompatible with tourism facilities and 
development plans, and was dropped from further analysis. 

The El Gebali and Toson Drains carry irrigation drainage to the Gabal Harim 
Pump Station, where the water is pumped to a small pond (Lake Moaskar) which has 
an open outlet to the Suez Canal. Lake Moaskar was at one time part of a much 
larger water body that may have had the assimilative capacity for the proposed effluent 
discharge. Preliminary review by CMC of this disposal option revealed that the former 
water body had been split in two, and assimiliative capacity was not likely adequate. 
Therefore, these disposal alternatives were not evaluated further. 

The discharge to El Mahsama Drain is recommended. This alternative has 
lower capital and operating costs. 

2.9 Other Project Elements 

Project elements common to all alternatives have been identified. These items 
include: administration, warehouse and maintenance facilities, O&M manuals, training 
programs, and assistance; inventory and flow conservation programs; industrial users 
survey and monitoring; sewer in-flow survey; and sewer rehabilitation. Costs for these 
items are shown in Table 2-6 and total $10,455,000. 



Table. 2 4 .  Costs of Other Project Elemenu. 

Adminiitration Building 
(600 sq m) 

Warehouse (2,600 sq m) 

Maintenance Building (4,200 sq m) 

O&M Manuals Standard Procedures, 
Videotapes and Mockups 

O&M Assistance 

Invenlory Control Programs 

Row Conservation Program 

Industrial Users Survey 

Industrial Waste Monitoring 

Subtotal 
Contingencies @lo% 

Total 

Cost 
U.S. $ L.E. 

343,000 2310,000 



2.10 Summary of Recommended Project 

The major recommended facilities for the City of Ismailia are summarized as 
follows: 

o A 9 km, 1200 mm force main from the existing Abu Atwa pump station 
to the proposed wastewater treatment plant site. 

o Wastewater treatment units consisting of preliminary treatment followed 
by complete mix lagoons with one day detention, two partial mix lagoons 
with five day detention, and two polishing ponds with five day detention. 

o Sludge processing units consisting of drying lagoons to dry sludge removed 
from the treatment lagoons and sludge removal equipment. Stockpile 
area to store dry sludge for approximately 90 days, and a sludge disposal 
site on dedicated land at the north end of the proposed site. 

o Effluent force main to the point of discharge into El Mahsama Drain. 

o Administration, laboratory, maintenance, and warehouse buildings to serve 
the city's entire wastewater operations and maintenance requirements. 

A preliminary plant layout is shown on Figure 2-5. The total estimated costs are 
shown in Table 2-7. The total cost of the proposed project is $117,200,000. 
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Table 2-7. Summary of Project Costs (US $1,000,000). 

Proiect Element Proiect Pauer' 

Wastewater Treatment $ 53.4 $ 53.1 

Sludge Processing and Disposal 0 1.8 

Influent~Effluent Facilities 22.0 31.7 

Miscellaneous Project Elements 25.4 21.4 

EngineeringIQuality Control by 
Contractor 

Total $ 110.0 $ 117.2 

a: Breakdown of costs taken from Annex H, page 51 and 52 and escalated to total 
cost as shown in Table V-1, page 64 of Project Paper. 



CHAPTER 3 

3.0 EXISIWG ENVIRONMENT 

3.1 General Geographic Setting 

Situated 120 km northeast of Cairo, Ismailia is the middle of the three largest 
Canal Cities (Figure 1-1). Lying at 30'35' North Latitude and 32'17' East Longitude, 
it is located midway between Port Said (80 km by road to the north) and Suez (88 km 
to the south). The town lies on the north side of Lake Timsah at the end of the 
Ismailia Sweetwater Canal (Bahr el-Ismailia) (Figure 2-I), a freshwater canal built in 
1858-1863 to supply potable water from the Nile during the construction of the Suez 
Canal. The Sweetwater Canal (also known as the Abassa Canal) remains the only 
significant source of drinking and inigation waters for the region; branches of the canal 
extend north from Ismailia to Port Said and south to Suez. 

The Ismailia area is topographically low, with elevations ranging from sea level 
along the shores of Lake Timsah and the Suez Canal to about 25 m on some hills to 
the northwest of the town. The lake is surrounded by sand dunes and has a complex 
shoreline with several restricted subsidiary lagoons and embayments (many of which 
appear to have been filled in over a period of decades). 

Lake Timsah is a shallow saltwater lake with a natural depth of 6 m. The Suez 
Canal has been dredged through the lake to a present depth of 19.5 m, and all vessels 
transiting the Suez Canal (several tens of ships per day) pass through the channel in 
the lake. The Suez Canal Authority also maintains a dredged channel linking the 
Canal with a small ship repair facility near its headquarters on northwest shore of Lake 
Timsah. One of the embayments in Lake Timsah is West Lagoon (identified as Nifisha 
Lagoon on some maps and charts), located on the northwest side of the lake. Prior to 
about 1961-1962, West Lagoon appeared to be an open embayment Fringed with 
marshland. A causeway was built at that time which enclosed the lagoon except for a 
35-m wide channel leading to Lake Timsah. West Lagoon currently receives most of 
the treated and untreated sanitary waste of Ismailia and surrounding neighborhoods. 

Twenty kilometers south of Ismailia is Great Bitter Lake, a large shallow body 
of hypersaline water. It was a topographic depression prior to being flooded by the 
newly-constructed Suez Canal in 1869. Residential and resort developments are 
actively being constructed along the northwestern shore of Great Biner Lake. The 
Abu Sultan power plant is located on the northwest shore of the lake, and provides 
power to the Ismailia region. 



3.2 Climate and Meteorology 

Ismailia lies in an arid climatic zone, with warm temperatures and sparse 
rainfall. Table 3-1 provides monthly and annual climatological data for Ismailia for the 
decade between 19461956; similar values are expected to pertain at the present time. 
Cooler and hotter seasons occur at Ismailia, corresponding roughly to the conventional 
Northern Hemisphere winter and summer. Winter may generally be taken as the 
period between November and March, and summer as the period June-September. 
Climatically the area falls under the influence of both the Mediterranean and 
subtropical desert regimes, with an annual rainfall of about 25-50 mm (Osborn and 
Helmy 1980). The winter season is influenced by meteorological events in the 
Mediterranean Sea, which contribute most of the rainfall that occurs. 

Mean daily air temperatures near Ismailia range from a low of about 14°C in 
January to a high of almost 30°C in July and August (Figure 3-1). The difference 
between daily highs and lows range from 11 to 15OC, with the lower ranges occurring 
during the winter months. Evaporation rates are very high (4-10 mm per day); the 
annual evaporation of over 2.5 m is much larger (by almost two orders of magnitude) 
than annual rainfall. Relative humidity is comparatively high, averaging almost 70% 
over the year and ranging from about 40% in early spring to nearly 80% in winter. 

El Sabh (1967) reports that summer winds are light and blow mainly from the 
northwestern quadrant, while winter winds blow with more force and approach from 
the southwestern quadrant. Winter winds sometimes create sandstorms, and also 
include the violent Khamsin, a hot, dry wind from the south and southwest. 

3.3 Hydrology and Water Quality 

3.3.1 Canals and Drains 

3.3.1.1 Flow Characteristics 

Fresh water for drinking, agricultural, and industrial use is supplied from the 
Nile River to the Ismailia area by the lsmailia Sweetwater Canal. The open, unlined 
canal parts from the Nile at Cairo, runs along the eastern edge of the Nile Delta for 
approximately 70 km, and then follows the floodplain of Wadi El Tumilat to Ismailia. 
Along its course, the waters are used primarily for flood irrigation and then released 
into surface drains, which eventually discharge into Lake Timsah, the Suez Canal, or 
Great Bitter Lake. Flow volumes in the lsmailia Sweetwater Canal are variable, and 
are controlled upstream at the Nile by the Ministry of Works and Water Resources 
(formerly the Ministry of Irrigation) based on projected use along its route and at 
Ismailia. Morcos (1975) estimated the influx of agricultural runoff water to Lake 
Timsah and Suez Canal at that time to be 210,000,000 m3& (an average of 
approximately 575,000 m3/day). 



Table 3-1. Climatological Data - Ismailia 

January 

February 

March 

April 

May 

c. June 
0 

July 

August 

September 

Total Annual 

Annual Mean 

Temoerature ("C) 
Daily Daily Extremes 
Mar  Min. Max. Min. - - 
20.4 8.1 14.2 30.1 0.5 

21.7 9.1 15.4 32.8 1.3 

aL1.9 11.0 17.4 36.7 4.5 

27.6 13.6 20.6 3.3 8.2 

32.1 17.3 24.7 41.7 11.9 

34.8 20.2 27.5 44.7 16.6 

06.4 222 29.3 433 19.3 

36.5 225 29.5 42.9 19.4 

33.9 20.7 27.3 40.6 16.2 

30.7 17.8 24.2 40.2 13.2 

26.6 13.9 20.2 36.0 5.0 

215 10.0 15.8 33.8 4.4 

Rainfall fmm) 
Monthly No. of dav 
Total - - Max >0.1 >1.0 

4.4 7.6 1.7 1.4 

4.7 6.7 1.7 1.6 

3.0 10.3 1.3 1.0 

1.1 4.0 0.9 0.2 

0.8 1.2 0.3 0.1 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

0.0 0.0 0.0 

2 2  11.7 0.3 0.3 

4.7 8.7 1.2 1.2 

8.5 9.8 3.4 26  

29.4 10.8 8.4 

Daily Mean 
Evaporation 
fmm) 

4.7 

5.4 

6.8 

7.0 

9.8 

9.7 

Relative 
Humidity 
% 

Source: Meteorological Dept., Ministry of Military Production 
Meteorological Slalion No. 440 (R0"26'N, 3Z014'E), Period 1946-1956. 



FIGURE 8 1  
CLIMATIC CONDITIONS AT ISMAILIA, EGYPT 
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Near Ismailia, fresh water from the Ismailia Sweetwater Canal is diverted to the 
Port Said Sweetwater Canal and to the Suez Sweetwater Canal for transport to those 
cities (Figure 3-2). Subsidiary canals (El Manayeef and Baharia Canals) provide 
irrigation waters to farmlands southwest of the city; the El Manayeef Canal provides a 
secondary connection between the Ismailia and Suez Sweetwater Canals. 

A network of open drains carry used irrigation waters as well as domestic and 
industrial wastewater to Lake Timsah, Great Bitter Lake, or the Suez Canal. The 
longest of these is El Mahsama Drain, which drains agricultural areas to the west of 
Ismailia, and which currently receives treated and untreated sanitary wastes. Sanitary 
wastes from the existing Abu Atwa wastewater treatment plant (WWTP) enter El 
Mahsama Drain immediately east of the point where the drain flows under the Suez 
Sweetwater Canal. El Mahsama Drain empties into West Lagoon and from there into 
Lake Timsah. 

Upstream of the point where sanitary wastes now enter El Mahsama Drain, 
much of the volume of the drain (comprised mostly of agricultural runoff) is recovered 
and pumped into the Suez Sweetwater Canal. The pump station was constructed about 
1985 and is reported to pump approxjmately 500,000 m3/day into the Sweetwater Canal, 
thereby substantially reducing the flow in El Mahsama Drain that is available for 
diluting treated wastewater. Recovery of an additional 300,000 m3/day from the drain 
is planned by the Ministry of Works and Water Resources, which would result in 
significantly reduced flow entering West Lagoon from El Mahsama Drain. 

Flow volumes have been measured at a number of locations along the drains; 
the measurement locations and dates are shown on Figure 3-3. The results of the 
most recent (Dames & Moore 1990) flow determinations are given in Table 3-2. 
Metcalf & Eddy (1979a) measured flow rates and water elevations in El Mahsama 
Drain at five locations during 1978-1979 (Figure 3-3): at the Ismailia-Suez Desert Road; 
east of the Suez Sweetwater Canal (but west of the existing WWTP discharge); at 
Donkey Bridge; at a "Flume" station; and at Army Camp Bridge. These measurements 
were made before the Ministry of Works and Water Resources began drawing 500,000 
m3/day of used irrigation water from the drain. Metcalf & Eddy (1979a) found a 
relatively constant velocity in the drain until below the Flume station, where the 
velocity decreased as the drain proceeded into West Lagoon. Volume of flow was 
determined to be 11.9 m%ec (1,028,160 m3/day) at the Donkey Bridge and 13.3 m3/sec 
(1,149,120 m3/day) at the Flume station. Metcalf & Eddy (1979a) noted that the 
elevation of water in the drain fluctuated regularly, with two maxima and two minima 
per day. They attributed this variation to irrigation practices and groundwater seepage, 
but it is interesting to note that the period of variation is similar to tidal cycles in Lake 
Timsah and West Lagoon. 

CMC measured flow in the El Gebali and Toson Drains (Figure 3-3), in the 
eastern part of the area, during September 1989. This drain system appears to be 
independent of the El Mahsama system, with water flowing into Moaskar Lake and 
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Table 3-2. Stream Flow Data from Ismailia, November 1989. 

Flow (m'ldavl 

a: Mean flow at pump stations leading to WWTP, not measured in the field at Station 6. There was no 
Station 8. 



then pumped into the Suez Canal by the Ministry of Works and Water Resources. 
Flows were measured once at each station, with values of 18,163 and 111,917 m3/d at 
El Gebali and Toson Drains, respectively. 

Additional flow measurements were made at several stations in November 1989 
(Table 3-2) by Dames & Moore (1990). Two of these stations are the same as in the 
1978-1979 Metcalf & Eddy study (Station 7 or Donkey Bridge, and Station 9 or Army 
Camp Bridge). Flows at these. stations were found to be approximately 500,000 m3/day 
less than had been reported in 1978-1979 (Appendix B). These findings are consistent 
with the withdrawal of used irrigations water that began in 1985. Time-of-travel studies 
were conducted by Dames & Moore in the El Manayeef, El Dobaria, and El Mahsama 
Drains in November 1989. Average flow speeds were as listed below: 

o El Manayeef Drain between Suez-Ismailia Desert Road 100 cmlsec 
and junction with El Dobaria Drain 

o El Dobaria Drain between El Manayeef and El Mahsama Drains 23 cmlsec 

o El Mahsama Drain upstream of El Dobaria Drain 18 cmlsec 

o El Mahsama Drain between El Dobaria Drain and Suez 22 cm/sec 
Sweetwater Canal 

o El Mahsama Drain between Suez Sweetwater Canal and 40 cm/sec 
Donkey Bridge 

o El Mahsama Drain between Donkey Bridge and Pilot Road 34 cm/sec 

3.3.1.2 Water Quality 

The quality of fresh water conveyed to the Ismailia area by the Ismailia 
Sweetwater Canal was described by Metcalf & Eddy (1979a). Water quality 
parameters for the Nile River at Cairo and for the Ismailia Sweetwater Canal near 
Ismailia are given in Table 3-3, using the Metcalf & Eddy (1979a) data from 1978. 
The data seem to indicate that only temperature, turbidity, calcium, and total organic 
nitrogen content change in the Ismailia Sweetwater Canal between the Nile River and 
Ismailia. Although dissolved oxygen levels drop, this could be due to the increase in 
temperature. Unpublished 1990 data collected by CMC and unpublished data from the 
potable water treatment plant in Suez in January and December 1989 indicated that 
dissolved solids content in the Suez Sweetwater Canal rises to about 660-760 mgl  
between Ismailia and Suez. 

The drains carry wastewater of variable quality derived from agricultural 
irrigation, industrial and domestic use, and treated and untreated sanitary wastes. 



Table 3-3. Water Quality in the Ismailia area sweetwater canals. 

Parameter 

pH 
Temperature,'C 
Turbidity, FTU 
Suspended solids 
Total dissolved solids 
Total solids 
Specific conductance 

(umholcm) 
Total alkalinity 
(a CaCO,) 

Total hardness 
C a m , )  

Calcium 
Magnesium 
Chlorides (CI) 
Sulfates (SO,) 
Iron 
Manganese 
Fluorides 
Silicates (SiO,) 
Ammonia (N) 
Nitrite (N) 
Nitrate (N) 
Total organic nitrogen 
Total Kjeldahl nitrogen 
Total phosphorus 
Dissolved oxygen 
BOD, (unfiltered) 
BOD (filtered) 
COD 
Oil and grease 
Detergents 
Phenols 
Cyanide (CN) 
Total algae munt, 

cells/l 
Fecal colifom 

Concentration Ranee' 
River Nile Sweetwater Canal 
at Cairo ' at Ismailia 119781' 

100-120 
18-28 
9-15 
16-28 
15-27 

0.0074.32 
0.004-0.110 

0.1-0.2 
4-8 
nil 
nil 

0.0050.8 
0.4-1.5 

7.2-9.2 

1.5-3.0 
8-30 

2.5-13.0 

nil 
0.0125-0.1 

0.0984.320 
5.5-7.1 
2294.0 

2 6  
14-18.7 

5.0 
0.2-0.7 

0.3 
nil 

Sweetwdter Canals 
near Jsmailia (199011 

a: mgA except where noted otherwise. 
b : Data given are ranges for each parameter based on survey wnduned in 

1976 and 1977 by the River Nile-Lake Nasser Research Project. 
c: Range of values observed in lsmailia Sweelwater Canal. 
d : Measured by CMC in Suez and El Manayeef Sweetwater Canals near lsmailia, Feb-March 1990. 



Various water quality parameters have been measured both in the Abu Atwa WWTP 
and also at different times and places in the drain system. 

The Abu Atwa WWrP receives approximately 31,000 m3/day of raw sewage, one 
half of which receives primary treatment and the other half some level of secondary 
treatment. An example of the quality of the water at various stages of the treatment 
process, as reported by the Abu Atwa WWrP laboratory for one day in April 1989, is 
given in Table 3-4. 

The sampling locations of drain waters used for water quality analyses in 1978 
by Metcalf & Eddy (1979a) and in 1989 by Dames & Moore (1990) are shown in 
Figure 3-3, and results for those stations and parameters measured in common are 
given in Table 3-5. Bear in mind that the 1978-1979 anafyses were made on 
wastewater that received approximately twice the dilution than in subsequent analyses. 
The results are remarkable primarily for their wide variability in both space and time, 
even within the same study. BOD, appears to be one to two orders of magnitude 
higher in 1989 than in 1978; that is perhaps an expected result given the increased 
waste loading to the drain system and the halving of freshwater flow in El Mahsama 
Drain. Ammonia and nitrate values are in all cases lower in 1989, but total Kjeldahl 
nitrogen is in all cases higher. Fecal coliform concentrations are much elevated in 1989 
over 1978 levels. The high levels of variability, both within and between the two sets 
of analytical results, may be due to the fact that the volumes of freshwater inflow and 
waste loadings vary in unpredictable manners, that the sampling was done at different 
times of the day, and that sampling locations may not have been precisely the same. 

Metcalf & Eddy (1979a) concluded from their studies that either El Mahsama 
Drain or the Suez Canal had sufficient assimilative capacity to accept year-2000 
wastewater flows without depressing dissolved oxygen concentrations to unacceptable 
levels. However, since that time the total average flow of the drain has been reduced 
by more than 40%, and current plans by the Ministry of Works and Water Resources 
call for it to be reduced again to more than 70% below the 1978 volume. Dames & 
Moore (1990) concluded from dissolved oxygen modeling that El Mahsama Drain no 
longer has the capacity to assimilate the BOD from existing wastewater discharges from 
the Abu Atwa WWlT (Appendix B). 

In February 1990, CMC collected water samples in the El Gebali and Toson 
Drain system and submitted them to the Ministry of Health Laboratory for analyses. 
The results (Table 3-6) indicate that the quality of water in this drainage system is 
comparable to that in the Suez and El Manayeef Sweetwater Canals (Table 3-3), 
except nitrate is higher in both drains and fecal coliform counts are higher in Toson 
Drain. In comparison to El Mahsama Drain (Table 3-59, El Gebali and Toson Drains 
are cleaner than El Mahsama Drain in 1978 and significantly cleaner than present 
conditions in El Mahsama Drain. Only BOD, and TKN concentrations were lower in 
El Mahsama Drain in 1978 than in present day El Gebali and Toson Drains, indicating 
that the assimilative capacity was present when higher flows were present. 



Table 3-4. Treatment and Effluent Quality at Abu Atwa WWTP. 

Parameter 

Temperature ("C) 

pH 
Electroconductivity (umhoil) 
Total solids (mgl) 
Suspended solids (mgl) 
Dissolved solids ( m a )  
Volatile solids (mgl) 

C- Chlorides (mgl) 
U) BOD, ( m a )  

COD ( m u )  
Ammonia Nitrogen (mgl) 
Hydrogen sulfide (mgl) 

1: raw wastewater 
3: after primary (new tanks) 
5: effluent (after secondary) 

Site 
1 - 2 - 3 - 4 - 5 - 6 - 

2: after primary 
4: after trickling filter 
6: at El Mahsama Drain (from secondary) 

Source: Ismailia Wastewater Laboratory Records for 2 April 1989. 



Table 3-5. Water Qualiw in El Mahsama Drain near Ismailia. 

Station 4' Station 6 Station 7 Station 9 
Suez Roadb Sweelwater Canal Donkev Bridge Army  cam^ Bridge 

1978 - - 1989 - 1978 1989 - 1978 - 1989 - 1978 1989 

BOD, (WY') 2.2k 1.6 2024 2.1k1.9 219k52 3.2k2.1 62227 2.8k1.7 34k19 

NH3 (w") 3.3f 4.1 0.21 kO.08 3.0k4.6 2.305 1.48 3.6k3.6 0.78k0.31 2.9k2.5 1.0221.40 

NO3 (m@) 0.60?0.07 0.22k0.25 0.59k0.08 0.43k0.72 0.66.cO.09 0.39k0.40 0.55k0.25 0.30k0.41 

TKN ( m a )  5.52k2.79 8.632 7.97 4.9125.14 35.70k13.38 5.13k4.26 8.7322.67 4.95k3.05 6.28k5.27 

FC (MPN1100 ml) 515k372 11,300k6,063 1.543+1,417 21,2422 6,490 10,797k 12,234 19,530?7,634 8,(#Y129,559 15,08Ok6,742 

a: Dames & Moore (1990) station number. 
b : Metcalf & Eddy (1979) station designation. 



Table 3-6. Water Qualiry in the EL Gebalfloson Drain System. 

El Gebali Toson Pump Station Moaskar 
Drain Outlet' 

BOD, (mgl) 9 4 7 2.6 
Ammonia Nitrogen (mgl) 0.12 0.10 0.11 0.05 
Nitrate Nitrogen (mgl) 0.10 0.10 0.10 0.05 
Total Kjeldahl Nitrogen ( m u )  9.2 6.5 11.0 5.4 
Total Phosphorus (mgl) 1.2 0.4 0.6 0.3 
Fecal Coliform (MPN) 90 210 140 2100 

a: In Moaskar Lake near pump station discharge. 
b: No longer connected to Moaskar Lake and El Gebalirroson Drains. 

Mabrook 
Lake' 



3.3.2 Lake Timsah and West Lagoon 

3.3.2.1 Flow Characteristics and Circulation Patterns 

Lake Timsah is assumed to receive most of its water supply (of saline water) 
from the Suez Canal. For most of the year (generally November through June), Suez 
Canal waters have a net flow northward, moving hypersaline Great Bitter Lake waters 
into Lake Timsah. During summer months (July to October) the canal waters have net 
southward flow, and Lake Timsah receives lower salinity Mediterranean waters. Fresh 
water is introduced from the Nile primarily from El Mahsama Drain via West Lagoon. 
The quantity of fresh water averaged appro~imately 1 million m3/day until 1985, when 
the Ministry of Works and Water Resources began pumping about 50% of that volume 
of water from El Mahsama Drain back into the Sweetwater Canal. The present flow 
of the El Mahsama Drain is about 540,000 m3/day, including wastewater flows of 31,000 
m3/day from Abu Atwa WWTP (Dames & Moore 1990). 

The morphology of West Lagoon (as well as other shallow lateral lagoons) 
appears to have been altered over a period of several decades. Maps and charts 
dating from early in this century show the eastern part of the lagoon as entirely open 
to Lake Timsah, with water depths of up to 3.4 m in the inner (western) part of the 
lagoon and 4.9 m in the eastern part. Although precise bathyrnetric surveys have not 
been run within the past few years, it appears that the areal extent of the lagoon has 
diminished and that depths are shallower. The southeastern arm was mapped having 
depths as great as 4.9 m as recently as 1966 (British Admiralty Chart 233); the latest 
charts (prepared in 1985) show the arm as either dry land or marshland (U.S. Chart 
56082). 

The flow of fresh water into Lake Timsah is believed to be an important 
environmental factor in determining the present ecology of the lake. Metcalf & Eddy 
(1979a) note that "the constant discharge of fresh water from El Mahsama Drain via 
West Lagoon is extremely important to the circulation of the system and is the 
dominant factor in localized areas." In a Master's thesis concerning the fisheries 
biology of Lake Timsah, Mohammed (1982) concluded that the relatively high fecundity 
of Lake Timsah mullet "may be attributable to the fact that Lake Timsah receives fresh 
water through Ismailia Canal and this results in a higher productivity in some localities 
of the lake." It is also of interest to note that Metcalf & Eddy (1979a) reported that 
at the time of their investigation the entire content of West Lagoon was fresh water; 
recent measurements show that it is now a two-layer system, with brackish waters 
overlying saline lake waters. The reduction of El Mahsama Drain flow by 50% 
appears to have resulted in the encroachment of salt water into West Lagoon. 

Lake Timsah and related waterways are tidal. Although good data are not 
available, it is believed that water levels rise and fall semidiurnally (i.e., similar high 
waters occur roughly every 12 hours). The Suez Canal Authority maintains a tide 



gauge in the Port of Ismailia (approximately 1 km from the entrance to West Lagoon); 
summary data for 1986 showed a diurnal range of 0.59 m and a mean range of 0.30 m. 
These tidal ranges should be representative of other years as well. Metcalf & Eddy 
(1979a) estimated that the average water exchange between Lake Timsah and the Suez 
Canal was between 15 and 20 million m3/day (depending on the season). 

West Lagoon, and that part of Lake Timsah near the mouth of West Lagoon, 
are stratified, with a brackish water layer lying over hypersaline lake waters. The 
brackish waters come from the agricultural and wastewater drains that empty into West 
Lagoon. El Sabh (1967) measured vertical salinity profiles in Lake Timsah during 1966 
and 1976. In April 1966, he measured a surface salinity of 35.99 ppt, and values of 
43.13 and 43.55 at depths of 3 and 5.5 m, respectively, a differential of over 7.5 ppt. 
The following April the differential was less than 3.3 ppt, indicating a high degree of 
interannual variability. Por (1978) cites several prior studies which indicate that salinity 
stratification is a seasonal phenomenon with a peak in the late summer. Based on 
unpublished data collected by the Suez Canal/Liverpool Universities Joint Marine 
Biology Project in 1988 and 1989, Figure 3-4 shows a representative east-west salinity 
cross-section extending from the inner part of the lagoon eastward into Lake Timsah, 
and also three north-south cross-sections. The halocline (salinity gradient) 
approximately 1 m below the surface seen within West Lagoon disappears rapidly in 
Lake Timsah as the brackish lagoon waters mix with the lake waters. 

The rise and fall of the tide creates oscillatory currents which move between the 
West Lagoon and Lake Timsah, and which affect the discharge of brackish water from 
the lagoon. Figure 3-5 shows repetitive salinity sections across the mouth of the lagoon 
over a semidiurnal tidal cycle. Also shown are the directions of current flow, with the 
dotted pattern showing areas of salt water movement from Lake Timsah to West 
Lagoon, and the absence of pattern denoting flow from the lagoon into the lake. 
When tides are rising (as seen on the 1115 and 1245 sections) the brackish surface 
layer is thin and there is little outflow from the lagoon, but on falling tide (the lower 
three panels) the surface layer thickens and a pulse of brackish water flows from the 
lagoon into the lake. 

Current speeds measured at the mouth of the lagoon show values as high as 80 
cmlsec, and average values in the 20-40 cmlsec range. High speeds can occur either in 
inflow or outflow, and current speed is highly variable with time at any depth or lateral 
position in the mouth. 

3.3.2.2 Discharges and Water Quality 

In addition to the estimated 31,000 m3/day of treated wastewater discharged by 
the Abu Atwa WWTP to El Mahsama Drain and thence into West Lagoon, another 
24,000 m3/day of untreated wastewater enters the western part of the lagoon via the 
Abu Gamus Drain. The Batini area of Ismailia, located immediately north of West 
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Lagoon and having a population of 4,000 to 5,000 people, has in the recent past 
discharged raw sewage into West Lagoon. A small treatment facility began operation 
in February 1990, providing secondary treatment (contact stabilization activated sludge 
process) at a capacity of 600 m3/day. 

A second small package plant is nearing completion along the west shore of 
Lake Timsah, and will provide extended aeration activated sludge treatment to a 
capacity of 100 m3/d for recreational developments along the beach (Kisseiba pers. 
comm.). 

A covered drain made of reinforced concrete pipe is reported to run through 
the main part of the city and to terminate in the canal that separates Chevalier Island 
from the main part of Ismailia. Although not designed as a sewage collection system, 
it appears that many local residents (estimates vary between 1000 and 5000) have made 
unauthorized sewer connections to the drain, and that it discharges untreated 
wastewaters into the almost stagnant canal. The canal was dammed at its eastern end 
in early 1989 and the raw wastewater was discharged at the western end (adjacent to 
the terminus of the Sweetwater Canal). A rough estimate of the quantity of untreated 
sewage contained in the drain flow is about 600 m3/d. 

The Suez Canal Authority housing area discharges wastewater directly into the 
farthest northeast embayment in Lake Timsah. This discharge is passed through a 
septic tank system prior to release into the lake. The military camp is also believed to 
discharge untreated sewage to Lake Timsah (Farghaly pers. comm.). 

Several studies have provided data on the water quality of Lake Timsah and 
West Lagoon. These include: a) a study by Metcalf & Eddy (1979a) for the Ismailia 
Wastewater Facilities Master Plan; b) unpublished measurements made in 1982 of 
chemical oxygen demand (COD) and total coliform bacteria by the Ismailia 
Governorate Wastewater Department; c) a 1983 study on heavy metals conducted 
jointly by the Ismailia Governorate Wastewater Department and Suez Canal University; 
d) two field surveys of flow characteristics and water quality in summer and winter of 
1989 conducted by Dames & Moore (1990); and e) repeated measurement of water 
quality in Lake Timsah and West Lagoon conducted from May 1988 through July 1989 
by the Suez Canal/Liverpool Universities Joint Marine Biology Project. The findings of 
these studies are summarized in the following paragraphs. 

Metcalf & Eddy (1979a) measured water quality parameters at six stations in 
Lake Timsah and one station in West Lagoon in March 1978; locations are shown on 
Figure 3-6. (Two additional stations were surveyed in the Suez Canal immediately 
north and south of the lake; those data are discussed below in Section 3.3.3.2) 
Measurements of temperature, conductivity, dissolved oxygen, and pH were taken with 
field instruments. Water samples were collected for subsequent analyses for BOD,, 
NH,, NO, NO,, total Kjeldahl nitrogen, total phosphorus, and total and fecal coliform 
bacteria. Temperature values were generally between 18 and 2PC, and no distinct 





stratification was observed. Away from identified sources of wastewater input, dissolved 
oxygen levels were near or above saturation levels. The lowest DO levels (a mean of 
4.3 m u )  and the highest BOD values were found at Station C3, near the raw 
wastewater discharge which existed at that time near Chevalier Island. 

The normal surface salinity pattern in Lake Timsah is illustrated in Figure 3-7, 
which clearly shows the brackish water plumes extending into the lake from the West 
Lagoon and from the end of the Ismailia Sweetwater Canal. 

Average water quality data from Lake Timsah and West Lagoon in July 1989 
are presented in Table 3-7 (Dames & Moore 1990); station locations are shown in 
Figure 3-6. Chlorophyll a concentrations are low at all stations, but are consistent with 
measured concentrations of total phosphorus and dissolved inorganic nitrogen. Based 
on water clarity (Secchi disk measurements) and dissolved oxygen values, Dames & 
Moore (1990) suggested that Lake Timsah is currently being adversely affected by 
wastewater discharges. 

Monthly surveys of surface temperature, salinity, pH, and dissolved oxygen were 
made in Lake Timsah between May 1988 to July 1989 as part of the continuing Suez 
Canal/Liverpool Universities Joint Marine Biology Project. Figure 3-8 presents that 
data as time history plots and illustrates the seasonal temperature cycle, which reaches 
maximum values in August and minimum values in January-February. The salinity data 
is less predictable, but there is a suggestion of maximum values in winter and minimum 
values in late summer. Station 4, located at the mouth of West Lagoon (Figure 3-8) 
consistently shows the lowest salinities and the highest variability. Dissolved oxygen 
(DO) values appear to peak in winter; the depression in DO values at all stations in 
July 1989 remains unexplained. Stable pH values pertained until spring of 1989, when 
they began to decrease (coincident with the depressed DO values). Field surveys have 
indicated that the southwest corner of Lake Timsah is heavily polluted by wastewater 
(Farghaly pers. comm.). 

3.3.3 Suez Canal 

3.3.3.1 Hydrography of the Suez Canal 

The water in the northern two-thirds of the Suez Canal (north of Great Bitter 
Lake) is relatively stagnant compared with the southern one-third. It has been 
reported (El Gamry pen. comm.) that average current speeds in the Canal between 
Ismailia and Port Said are about 15 cmhec, between Ismailia and Great Bitter Lake 
about 10 cm/sec, and between Little Bitter Lake and Suez about 70-80 cdsec.  Por 
(1978) discusses the uncertainties and wide variability in descriptions of current given 
by different authors over time, and speculates that the general flow regime in the 
Canal may have been altered by widening and deepening of the Canal since its original 
opening. The low speeds both north and south of Ismailia imply very low exchange 
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Table 3-7. Average Concentrations of Constituents for Lake Tirnsah and West Lagoon. 

Lake Tirnsah 

West Lagoon Channel 

Station No: - 1 - 2 - 3 - 4 - 5 Great Bitter 
Lake 

Ammonia, rngA 1.0 0.83 0.07 0.04 0.09 0.21 

Nitrate, rngJ 0.2 0.53 0.06 0.03 0.03 0.04 

Organic N, rngJ 8.4 5.5 1.3 0.31 0.38 0.0 

Phosphate 0.5 0.36 0.04 0.01 ND BDL 
as P, mgA 

Total Phosphorus 0.5 1.0 0.01 0.013 0.02 0.01 
as P, rngJ 

Chlorophyll, ugh 3.9 3.1 2.1 2.2 1.5 2.6 

Secchi Disk, rn. 1.3 ND 1.1 1.8 2.2 3.1 

Note: ND - No data 
BDL - Below detection limit 





rates for water masses, and suggest that pollutants discharged in the area will have long 
retention times. Por (1978) asserts that there is no precise information about the 
behavior of Suez Canal waters between Great Bitter Lake and Lake Timsah, but that it 
is generally assumed that northward currents prevail during 9-10 months of the year. 

The Suez Canal is characterized by its exceptionally high salinity and by a large 
annual range of salinity. Miller and Munns (1974) present seasonal profiles of 
temperature and salinity along the length of the Suez Canal (Figure 3-9). Water 
temperatures are markedly higher in October, following the summer months, than in 
February. Salinities are also notably higher in Great Bitter Lake and in the stretch of 
the Canal between Great Bitter Lake and Lake Timsah, but are much lower in Lake 
Timsah itself. These lower salinities are undoubtedly attributable to the freshwater 
discharges into Lake Timsah via West Lagoon. 

3.3.3.2 Discharges and Water Quality 

Discharges to the Suez Canal have not been well documented. A hospital in 
the northeast part of Ismailia is reported to discharge wastewater of unknown quality 
directly into the Suez Canal immediately northeast of Lake Timsah. South of Lake 
Timsah, the Gebel Marim pump station apparently pumps waters from Moaskar and 
Mabrook Lakes into the Suez Canal. Inflow into these lakes comes from the El Gebali 
and Toson Drains, and are presumed to be a combination of irrigation drainage water 
and some domestic wastewater. Limited water quality data are available for this 
drainage system (Table 3-6). 

In March 1978, Metcalf & Eddy (1979a) measured and reported water 
temperature, salinity, dissolved oxygen, and several chemical parameters at  two stations 
in the Suez Canal located near the northeast (Station C5) and southeast (Station 0) 
parts of Lake Timsah. Those data (Table 3-8) show water temperatures warmer than 
air temperatures, salinities that are relatively invariant with location or depth, and 
ample dissolved oxygen levels (5.9-7.0 mgil). In addition, BOD, values at that time 
ranged from 5.6 to 11.4 mgil, with the lower values at that southern station; nitrogen 
and phosphorus concentrations were also low. Total and fecal coliform concentrations 
were higher at the northern station. 

El Samra et al. (1983) reported petroleum hydrocarbon concentrations in waters 
and sediments of the Suez Canal. Their results indicated generally decreasing amounts 
of water-borne petroleum hydrocarbons from south to north (from roughly 5 to 1 ~ g i l ) ,  
except near Toussoun (Toson) where the concentration approached 14 
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Table 3-8. Average Water Quality Measurements in the Suez Canal North and South of Lake Timsah. 

Total 
Kjeldahl Tolal Fecal Tolal 

Temperature Salinity Dissolved 0, BOD, NH,.NO,.NO, Nitrogen Phosphorus Coliform Coliform 
Depth ("CI (ooll l ! W L  (mp/l) (men) (mull (me/l) JMPN1IM)mlI (MPNI1M)ml) 

C 5 " ' C 7  C5 C7 c5 C7 C5 C7 C5 C7 c5 C7 C5 C7 C5 C7 C5 C7 A L  ---- - - - - - - - - - - - - - -  
Surface 18.0 18.2 40 44 7.0 6.0 11.4 9.15 Nil Nil 1.68 2.24 0.36 0.29 15 9 15 9 

-3 18.2 18.2 44 44 6.4 6.2 9.75 5.6 Nil Nil Nil Nil 0.11 0.11 - 

Source: Metcalf & Eddy (1979). 
(1): Locations of stations C5 and C7 are shown on Figure 3-6. 



3.3.4 Great Bitter Lake 

Great Bitter Lake is a large hypersaline lake. Inflows via the Suez Canal greatly 
exceed outflows because of the very high evaporation rates (about 3 mm/day), resulting 
in concentration of salts. It is believed that salinity in Great Bitter Lake was probably 
over 70 ppt at the time of construction of the canal (Edwards 1987), and that salinity 
has been decreasing since that time. (An exception to that general trend occurred 
when the canal was completely blocked for about 9 months in 1973-1974, when Meshal 
[I9751 measured brines in the bottom 2 m of Great Bitter Lake that were greater than 
300 ppt.) Salinity was reported to be 46.8 ppt in 1964, and values reported from a 
1989 study range between 41 and 46 ppt (Suez CanaVLiverpml Universities Joint 
Marine Biology Program, unpubl. data). k c a u s e  of the fact that the water movement 
in the canal is from south to north during most of the year, most of the salt from 
Great Bitter Lake is dispersed northward into Lake Timsah and beyond. 

The results of the July 1989 sampling by Dames & Moore (Appendix B) 
indicate good water quality in Great Bitter Lake. Water clarity was higher than in 
Lake Timsah, dissolved oxygen values were higher, and nutrient and BOD, levels were 
lower. 

Surface water characteristics for Great Bitter Lake are shown in Figure 3-10 for 
the year 1989. Water temperatures show a marked seasonal variation, with low values 
of around 15°C occurring in January and high values of about 30-35°C in July and 
August. (Location of Station 7 was not provided with this unpublished data; the three 
stations with temperatures that are consistently 5°C higher than the others are 
presumed to all be in the western side of the lake. Station 5, which shows the warmest 
temperatures, is near the outfall of the thermal power plant cooling water discharge.) 
Salinity is generally 2-4 ppt higher than in Lake Timsah, and also shows a seasonal 
variability; higher salinities occur in late summer and lower salinities in late winter. 
Dissolved oxygen values are highest in winter and lowest in summer, but are relatively 
high at all times of the year. pH values generally fall between 7.0 and 8.0. Secchi 
depths varied widely by station and do not appear to have any obvious seasonal 
variability; the gradual increase in water clarity seen over the latter half of the year 
may be related to the cessation of dredging activity in the lake. 

Because of the excess inflow caused by the high evaporation rates, retention 
times in Great Bitter Lake are reported to be almost infinite (Dames & Moore 1990). 
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3.4 Aquatic Resources 

3.4.1 Phytoplankton and Algae 

Data dealing with phytoplankton populations in Lake Timsah and Great Bitter 
Lake are scarce. Metcalf and Eddy (1979a) sampled Lake Timsah in February and 
March of 1978 and analyzed for phytoplankton. Their results characterized the 
phytoplankton population as low in count but high in diversity. Diatoms were the most 
common species in the samples. Green algae (Ulothrix) was determined to be the 
dominant algae throughout the lake. 

Phytoplankton from the Red Sea are now found in samples taken in the 
Mediterranean Sea and vice versa. Por (1978) states that this phenomenon, which has 
taken place via the Suez Canal or its ancient forerunners, is known as Lessepsian 
migration. Most migration that has occurred recently has been from south to north. 
About 12 phytoplankton species were recorded as new Red Sea immigrants to the 
Mediterranean versus six Mediterranean species that have crossed the Canal to Suez 
Bay (Dowidar 1976). Most investigators (Dowidar 1976; Farghaly et al. 1988) agree 
that Lessepsian migration of phytoplankton is somewhat rare because Lake Tirnsah and 
Great Bitter Lake act as migration barriers due to a combination of high salinity and 
levels of pollution. 

3.4.2 Zooplankton 

Zooplankton in Lake Timsah were surveyed in 1989 through an EEC-funded 
Suez Canal/Liverpool Universities Joint Marine Biology Project (SCU/LU). The survey 
determined that zooplankton abundance was highest during the summer. During the 
period from April 1988 through March 1989, the months of June and September 
exhibited the highest monthly average zooplankton abundance. Herbivorous copepods 
comprised 80% of the population. 

3.4.3 Benthic Fauna 

Metcalf and Eddy (1979a) report that approximately 29 taxa of benthic (bottom- 
dwelling) macroinvertebrates were found in samples taken in Lake Timsah. Of these, 
two were annelid worms, two were crustaceans, and 25 were molluscs. Metcalf and 
Eddy (1979a) determined the diversity and abundance of benthos to be generally low 
throughout the lake. Bulinus sp. and Biomphalaria sp., snail vectors of schistosomiasis, 
were also identified in the aquatic system of Lake Timsah. 

A survey of benthic fauna in West Lagoon of Lake Timsah was made in 1989 by 
personnel from SCUILU. Sampling took place in May, August, and November 1989. 



Results of the survey show that diversity (approximately eight taxa) and numbers of 
individuals to be very low. University personnel also report that Lake Timsah contains 
several commercially important molluscs, particularly Venerupis pulusfra and 
Cerastodem glaucurr. Metcalf and Eddy (1979a) also report the shrimp, Sciaena 
aquilla, to be a commercially valuable invertebrate found in Lake Timsah. 

In Lake Timsah proper, a problem with fouling organisms exists from the 
perspective of the shipping industry. Molluscs, polychaete worms, and tunicates appear 
to be the major fouling organisms. The most reasonable explanation of this 
phenomenon is that Lake Timsah is relatively stagnant when compared to the 
remainder of the Canal, thereby allowing accumulation of nutrients which promotes 
fouling organism growth (Ghobashy et al. 1977). From an ecological standpoint, 
however, these organisms contribute to ecological function and diversity of the aquatic 
ecosystem. 

3.4.4 Fish 

Lake Timsah and Great Bitter Lake both support relatively large commercial 
fisheries. Gear types include: gill nets, ring nets, trammel nets, and longlines 
(handlines). Data obtained (via beach seines) by SCU/LU show that there are 24 and 
26 commercially important fish species in Lake Timsah and Great Bitter Lake, 
respectively. In this case, commercially important should be defined to include species 
used in the aquarium trade as well as those used for food. Those species that make 
up the majority of the beach seine catch at both lakes are listed in Table 3-9. 

Commercial landings for Lake Timsah are presented in Figures 3-11 and 3-12. 
These figures are the result of a collection of data from the Fisheries and Resource 
Organization in Ismailia (part of the Ministry of Agriculture), the Coast Guard 
(responsible for monitoring and licensing all fishing boats on Lake Timsah and 
recording catch), and from one of the graduate students in the SCULU project who is 
studying fisheries. Mullet (Mugil sp. and Liza sp.) comprised a minimum of 86% of the 
total net landings from 1980 through 1989. During the same time period, a minimum 
of 54% of the longline catch was comprised of bream (Argyrosomus regius). The data 
show significant declines in mullet and bream landings (Figures 3-11 and 3-12). 
Although these point to a significant decline in the fishery, catch-per-unit-effort and 
cohort data, which are not available, would be required to document over-exploitation 
of the stocks. Although commercial landing data for Great Bitter Lake are sparse, a 
comparison provided by the SCULU project suggests that the fishery is as valuable as 
the Lake Timsah fishery. 

Since the opening of the Suez Canal in 1869, about 30 Lessepsian migrant fish 
species have invaded the Mediterranean Sea from the Red Sea (Ben-Tuvia 1966). 
Conversely, only five Mediterranean species have been recorded in the Red Sea, with 
six additional species reported in the immediate vicinity of the southern end of the 



Table 3-9. List of major commercial species in Lake Timsah and Great Bitter Lake and 
gear type. 

S~ecies  Gear T w e  

Dicentrarchus labrax 
Argvivsomus reg2.w 
Sparus aurahs 

Mugil cephalw 
Liza carinata 
Liza mmada 
Liza aurata 
Siganw rivulam 
lilapia sp. 

Longline 
Longline 
Longline 

Net* 
Net* 
Net* 
Net* 
Net* 
Net* 

May be either gill net, trammel net, or ring net. 

Source: Suez Canal University and Liverpool University, A Joint Project (1989). 
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Suez Canal (Ormond and Edwards 1987). Migration in either direction probably has 
been limited by high salinity conditions found in Lake Timsah and Great Bitter Lake. 
Ormond and Edwards (1987) state that the greater ability/success of the Red Sea 
species to migrate northward is due to three factors: a) the predominantly northward 
flow of water in the Suez Canal; b) the preadaptation of species in the Gulf of Suez to 
the Canal and eastern Mediterranean conditions (ability to withstand high salinities); 
and c) the relative impoverishment of the indigenous fauna of the eastern 
Mediterranean Sea (only about 300 fish species as compared to about 1000 in the Red 
Sea). 

3.5 Terrestrial Habitats and Wildlife Resources 

Ismailia is situated at the far northeastern corner of the Egyptian Eastern 
Desert, in what is known sometimes as the Isthmic Desert. A sand dune desert 
resembling that of the northern Sinai was the dominant habitat in the area prior to the 
digging of the Suez Canal (completed 1869), and the modern establishment of 
cultivation supported by the Ismailia Sweetwater Canal. The remnants of this sand 
dune desert ecosystem are still to be-found to the southwest of the city. The site of 
the planned wastewater treatment plant (WWTF') is located on a remnant of this sand 
dune system. 

Sand dune ecosystems are not rare on the national level. The significance of 
the sand dunes at the Ismailia site is that they are a part of one of the few remaining 
unspoiled dune systems in the northern Eastern Desert. The other known dune system 
is that of El Khanka just east of Cairo on the road to Ismailia, which has been largely 
destroyed by urban expansion. Large areas of dune habitat are found elsewhere in 
Egypt, although dune systems in North Sinai and in several of the Western Desert 
oases are the subject of large-scale reclamation schemes. 

Numerous low undulating sand dunes stretch across the planned site, with the 
highest being about 5 m; most are actually phytogenic sand mounds (mounds of sand 
formed around plants). The larger dome-shaped dunes found on the site are formed 
around Tamark nilotica bushes and date palms (Phoenir dacylifera). At the low-lying 
areas of the interdunes (sand stretches separating dunes) several brackish ponds are 
found. A band of the succulent shrub Zygophyllwn geslini is found on higher elevations 
around the ponds, while Comulaca monacantha is the dominant plant on the gently 
rolling dunes at a slightly higher elevation, with scattered individuals of the grass 
Stipgrosh scoparia. A few specimens of the parasitic Cistanche phe&pacea are also 
found at the site. T. nilofica is scattered through most of the area, particularly on 
interdunes, and it forms together with P. dacylifera a dense growth at the northern end 
of the site. Some ephemeral vegetation was noted at the site in March 1990, but not 
identified. 



Because of the arid conditions prevailing in the region, the natural terrestrial 
faunal diversity is rather low. With the exception of birds, the Ismailia area has no 
particular significance for wildlife. The increasing human presence and the associated 
habitat destruction and disturbance has caused much of the local native terrestrial 
fauna to disappear or move wherever other suitable habitats may exist. The following 
is a brief review of the characteristic recent terrestrial fauna known to exist in the 
vicinity of Ismailia, with the exception of bats. 

3.5.1 Reptiles and Amphibians 

With 12 species of lizards, four species of snakes, and three species of toads and 
frogs, the herpetofauna (reptiles and amphibians) are well represented. Marx (1968) 
reports 93 species of reptiles and amphibians from Egypt. The 19 species known from 
Ismailia (Appendix C) comprise a significant proportion of the native terrestrial fauna. 
They are chiefly sand-dwelling species, although several species are typical of the Nile 
Valley and Delta and are found mostly in agricultural areas. There are likely to be a 
few rare or uncommon species which occur but have not been recorded in the area 
yet. 

During a field visit to the site of the planned treatment plant on 8 April 1990, 
three reptiles and an amphibian were recorded. On the sand dunes covered with C. 
momcantha, several Egyptian leopard lizards (Acanthodacrylus pardalb) and many 
Audouin's skinks (Sphenops sepsoides) were observed, while only one dead specimen of 
a relatively uncommon gecko (Stenodaclylus petrii) was found. In one of the ponds a 
large number of Mascarene frogs (Rana mmcareniensb) were calling and breeding. 

3.5.2 Mammals 

Thirteen species of terrestrial mammals are likely to be found in the vicinity of 
Ismailia. Larger mammals previously known from the area, such as the Dorcas gazelle 
(Gazella dorcas) and striped hyena (Hyaena hyaena) have completely disappeared from 
the area. 

The mammal fauna known today from the Ismailia area consists primarily of 
rodents. Other than bats, only two carnivores are known to exist in the area: the red 
fox (Vul 's  vulpes) and the Egyptian mongoose (Heipestes ichneumon), although other 
carnivores typical of the Nile Valley and Delta, such as the wild cat (FeliF ~ylvesrrir), 
jungle cat (F. chaus), and weasel (Mustela nivalb), probably inhabit the area but have 
not yet been recorded. 



3.5.3 Birds 

The avifauna is the most prominent and important faunal group represented at 
Ismailia. Three distinct groups can be identified: residents, migrants, and wintering 
birds. There are about 40 regular breeding species known from Ismailia and its 
environs, while there are more than 250 migratory and wintering species; many of these 
are uncommon or irregular visitors. Appendix C lists the common buds found at 
Ismailia and shows their status. 

3.5.3.1 Bird Migration 

Ismailia has no particular significance for either migrating or wintering birds; 
however, it falls along the broad front which most migrant palearctic birds follow 
enroute to and from Eurasia and Africa. Further south at Suez several hundred 
thousand soaring birds of prey and storks pass every spring and fall during migration; 
occasionally many of these birds will reach Ismailia. This largely takes place during 
late spring when strong southerly winds prevail. Waterbirds and seabirds migrating 
along the Red Sea and the Gulf of Suez usually follow the Suez Canal on their way 
from and to the Mediterranean Sea, and occasionally use Lake Tirnsah, the Bitter 
Lakes, and other available wetlands for feeding and resting. Smaller migrating buds 
and passerines are also attracted to the many man-made habitats in the vicinity of 
Ismailia. The presence of relatively extensive areas of cultivated vegetation and 
biologically rich man-made habitats acts as a magnet for many migrants temporarily 
seeking rest, food, or shelter. 

3.5.3.2 Resident Birds 

The majority of the 40 resident bird species is characteristic of the Nile Valley 
and Delta, with a few species associated with the semi-arid environment. Cultivated 
areas in the vicinity of Ismailia support those species with affinity to the Nile Valley. 
Only two species can be regarded as desert birds, the Hoopoe lark (Alaemon alaudipes) 
and brown-necked raven (Corvus ruficolliv). These are found in the desert and sand 
dunes southwest of Ismailia. Because of the many aquatic habitats available, the area 
is particularly important for breeding waterbirds and birds associated with wetlands (13 
species). Appendix C includes resident species known from Ismailia and its environs. 

During a field visit to the site of the planned WWrP site, 10 bird species were 
found breeding. These included: little grebe (Tachybapm nrficollir), moorhen 
(Gallinula chloropus), spur-winged plover (Hoploprenu spinosus), collard dove 
(Srerpropelia decaocro), blue-cheeked bee-eater (Merops superciliosus), crested lark 
(Galerido crisrara), yellow wagtail (Motacilla flava), clamorous reed warbler 
(Acrocephalus stentoreus), graceful warbler (Prinia gracilir), great grey shrike (Lonius 
ercubiror), and probably black-winged stilt (Haimantopus haimanropus). Six of the 



breeding species are waterbirds or species associated with wetlands. These are of 
special interest because of their potential future use of the p l a ~ e d  wastewater 
treatment facilities. 

3.5.4 Marine and Aquatic Wildlife Resources 

Four main aquatic and marine habitats can be identified in the vicinity of 
Ismailia: reed swamps, salt marshes, sandy shores, and open water (marine and fresh 
water). Each is used differently by various birds. Many of these habitats are more 
intensively used during the winter, when wintering populations of waterbirds visit the 
area. During a national waterbird count in the winter of 1989190, a total of 568,560 
birds were wunted throughout Egypt, of these 4,719 were wunted at the Bitter Lakes 
and Lake Timsah (International Waterfowl Research Bureau,/Foundation for 
Ornithological Research in Egypt [IWRBIFORE], in preparation). Table 3-10 provides 
a summary of three winter waterbird counts at the Bitter Lakes and Lake Timsah. 

The Bitter Lakes and Lake Timsah together with the Suez Canal are all 
considered marine waters. The Bitter Lakes are the largest marine water body in the 
area, with a length of about 37 km and a maximum width of 12 krn, whereas Lake 
Timsah, situated to the south and east of Ismailia, has a length of 7 km and a 
maximum width of about 3 km (Meininger and Mullie' 1981). These marine habitats 
are biologically rather poor because of their high salinity and predominantly sandy 
bottoms. Large and diverse quantities of food are generally not available to support 
extensive waterfowl foraging. 

Open marine water represented by the Bitter Lakes, Lake Timsah and the Suez 
Canal is not used intensively by waterbirds or seabirds. Despite the large movement of 
seabirds such as gulls (Laridae), terns (Sternidae), and some waterfowl (Anatidae) 
through the Suez Canal, only a few of the birds passing through the area will actually 
use the available habitat. Undoubtedly some do feed and rest in the area. Some 
seabirds, as well as waterfowl and grebes (Podicipedidae) also winter in marine waters 
in varying numbers. In the winter of 1989DO the area was the single most important 
wintering waters for the slender-billed gull (Lam genei), with 3,065 birds recorded at  
Ismailia out of a national total of 11,252 birds (IWRBIFORE, in preparation). 

Many fresh and brackish water aquatic habitats are found in the vicinity of 
Ismailia; these include the Ismailia Sweetwater Canal, several drains, the West Lagoon, 
and numerous small ponds and lakes scattered among sand dunes and cultivations. 
Most prominent of these latter are Abu Gamus Pond and El Gwania Pond. Almost all 
the aquatic habitats in the area are of brackish nature, ranging from extensive reed 
swamps dominated by Phragmites and v p h a  to salt marshes dominated by Juncus. 
Open fresh water is rather rare and restricted to canals and a few ponds scattered 
throughout the area. Fresh and brackish water bodies are particularly attractive to 
migrant and wintering waterfowl. Several famous hunting reserves are located in 



- - - 

Table 3-10. Summary of three waterbird counts at the Bitter Lakes and Lake Timsah. 

Species 

Tachybaptm nrfcollis 
Podiceps crkrarus 
Podiceps nigricollis 
Phalacrocorax carbo 
Bubulcus ibis 
Tadoma radoma 
Anas acufa 
A m  c&peara 
Rallus aquaticus 
Gallinula chloropus 
Porphyrio poiphyrio 
Fulica arra 
Charadtius pecuarius 
Charadrius hiaricula 
Charadrius alexandrinus 
Charadtius leschenaulrii 
Pluvialis squararola 
Hoploprenu spinosus 
Vanellus vanellus 
Calidris alba 
Calidrir minura 
Calidrk alpina 
Gallinago gallinago 
Gallinago media 
m g a  foronus 
m g a  nebularia 
Dings stagnatilis 
Tringa ochropus 
n'nga glareola 
Arenaria enrerpres 
Actitis hypoleucos 
Lorn minutm 
Lorn ridibundus 
Lorn genei 
Lorn cachinnnanus/anenicus 
Srema sandvicensis 

Seasons 
Winter' Winter' Winte? 
1978f79 1979180 1989190 
- 2 - 
5 2 10 
- 454 13 
1 1 - 
17 206 56 - 1 
34 - 

- 1 
- 2 - 
1 1 42 
- - 2 
2 57 32 
- 8 
3 - - 
12 5 73 
30 - 3 
6 - 14 
4 11 18 
2 - 8 
- 2 
10 4 10 
1 - 25 
3 - 5 
1 - - 
4 9 22 
1 3 - 
- - 1 
2 2 1 - 22 
1 - 
5 6 3 
- - 24 
650 1434 1001 
- 199 3065 
5 39 183 
4 - 60 

a: Meininger and Mullie, 1981. 
b: Data from the IWRB/FORE; 1989190 winter waterbird counts (in preparation). 



neighboring Sharkia Governorate near Ismailia and in very similar habitat. Hunting of 
waterfowl from the fresh water bodies near Ismailia is also known. Undoubtedly 
considerable numbers of waterfowl winter in the area. 

Salt marshes dominated by Juncus ridgidus are widespread and characteristic of 
the area. At the site of the planned treatment plant, a salt marsh community is found 
in the low-lying areas of the interdunes, and open brackish water bodies are found 
where the groundwater reaches the surface. At least five such ponds were located on 
the site and its immediate vicinity, varying in size from small pools to the largest being 
approximately 800 m long and 200 m in width; lying in the center of the site (Figure 3- 
13). Phrogmites australis and Vpha sp. form moderate-sized swamps at  some of the 
ponds, which are edged by extensive growths of Jwcus ridgidus. 

Salt marshes, depending on their plant cover and the availability of water, have 
varying utility for waterbirds. Wintering species like G. gallinago, T. glareola, and T. 
ochropus use the wetter parts of the marshes together with two breeding waterbirds: 
Kentish plover (C. alaandrinus) and Kittlitz's sand plover (C. pecuarius), while spur- 
winged plovers (H. spinosus) usually breed on the dryer edges of the salt marshes or in 
nearby sandy areas. 

Reed swamps support many resident waterbirds, such as the little grebe (T. 
ruficollis), little bittern (Ixobrychus minuhu), purple gallinule (Porphyrio pophyrio), 
moorhen (G. chloropus), and painted snipe (Rostra& benghalensis). During migration 
the swamps offer good resting and hiding places for herons (Ardeidae), rails (Rallidae), 
and waders such as snipe (Gallinago gallinago), green sandpiper ( M g a  ochropus), 
wood sandpiper (finga glareola), and spotted redshank (finga eythropus). Some birds 
of prey and a wide array of passerines also use the reed swamps. 

The sandy shores of the Bitter Lakes and Lake Timsah, particularly on the Sinai 
side, where disturbance is minimal, are used by Kentish plovers (C. almndnnus) and 
little terns (S. albifrom) for breeding, and host moderate numbers of both migrant and 
wintering waders. 

3.5.5 Endangered Species 

Several globally threatened and declining species of birds pass through the 
Ismailia area enroute to their wintering and breeding grounds, and their endangered or 
threatened status is internationally recognized. Also, several locally declining species 
are still found in the vicinity of Ismailia; these are usually the victims of illegal hunting 
and critical habitat destruction. Many other locally endangered species have already 
vanished from the area. 

The Convention on the Conservation of Migratory Species of Wild Animals 
(CMS), or the Bonn Convention (of which Egypt is a signatory), lists all migratory 
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species which are endangered or face special problems. The convention lists the 
species of special concern under two categories. The first are the "Appendix I" species, 
these are species in gross danger of extinction. The second are "Appendix II" species, 
classified as "migratory species which have an unfavorable conservation status and 
which require international agreements for their conservation and management." 

Ismailia is located on the migration routes of several Appendix I and Appendix 
I1 species. Two Appendix I species are recorded occasionally from the vicinity of 
Ismailia. The white pelican (Pelecanus onocrotalus) migrates through the area in 
relatively large numbers both in spring and fall; the Dalmatian pelican (Pelecanw 
crirpw) is a rare migrant and winter visitor to Egypt, which might stray to the Ismailia 
area during winter. There are only 1500 pairs of this species estimated to still live in 
the wild (UNEP 1987). Pelicans are most likely to be found in Lake Timsah and the 
Great Bitter Lake or in the drains and canals in rural areas. They are unlikely to be 
found at the Abu Atwa WWTP because it has little open water area and is located in 
a densely populated neighborhood. 

The ICBPAUCN Bird Red Data Book lists several threatened and vulnerable 
species that are known from the vicinity of Ismailia (Mountfort 1988). Dalmatian 
pelican (P. crirpw) and peregrine falcon (Falco peregrinw) are both listed as 
vulnerable, while marbled teal (Marmoranetta angurrirostrir), corncrake (Crer crer), 
sociable plover (Chetrusia gregaria), and imperial eagle (Aquila heliaca) are all 
considered as candidates for inclusion in the next edition of the Red Data Book. None 
of these species are expected to make extensive use of the Abu Atwa WWIP site, as 
the site is in a densely populated neighborhood and less disturbed open water areas 
are found in irrigated agricultural land. 

3.6 Geology and Soils 

3.6.1 Regional Geology 

The site is located southwest of Lake Timsah and west of the Suez Canal. Lake 
Timsah and that portion of the Suez Canal located south of the lake lie on the floor of 
the western arm of the Red Sea Rift, bounded by the raised plateaus of the Eastern 
Desert to the southwest and Sinai to the east. The geology of the area is composed of 
gently folded marine deposits from the Miocene and Pliocene epochs. On the floor of 
the rift and on the low-lying northern end of the Eastern Desert plateau, these deposits 
are overlain by: a) older Quaternary sediments comprising alluvial deposits of the 
ancient Nile Delta system; and b) more recent Quaternary alluvial and lacustrine 
deposits from Wadi El Tumilat and Lake Timsah. Aeolian (wind-blown) deposits are 
located to the southwest of Lake Timsah. 

El Sabh (1967) describes the bottom of the Suez Canal between Lake Timsah 
and Great Bitter Lake as comprised of hard clay with some rocky areas. 



To the northwest of Lake Timsah, the area is bounded by the eastern margin of 
the Nile Delta. At one point in geologic time, a distributary of the Nile flowed along 
the Wadi El Tumilat Basin, located to the west of Lake Timsah. As a result, good 
quality agricultural soils are found in the corridor extending east from the h g e  of the 
Nile Delta to Ismailia. The Tumilat Canal of antiquity passed through this wadi. 

3.6.2 Treatment Plant Site Conditions 

Geotechnical investigations have been conducted on the proposed WWTP site in 
1989 and 1990 by Dames & Moore. Most of the following discussion is based on 
recent work done at the site. 

The surface of the southern part of the site is composed of stable, featureless 
sand that rises gently to a low ridge approximately 2.5 km north of the Cairo-Sarabeum 
(or Serapeum) Road. North of the ridge, loose dune sand overlies the stable sand. 
The depth of the dune sand increases into a series of dunes up to 10 m height to the 
northwest. The dunes lie along a southeast-northwest axis (Figure 3-13) with slopes as 
much as 45". Denser sands, underlying the dune sands, are locally exposed in troughs 
between the dunes. This topography forms shallow depressions which are occupied by 
standing water. 

There are three large and two small areas of standing water in the depressions, 
all at roughly 5 m above mean sea level (Figure 3-13). The size of the ponds appears 
to vary with season. The main pond is in the center of the site and is roughly 800 m 
by 200 m in area. Approximately 200-400 m east of the main pond is a pool roughly 
200 m by 200 m in area. The third large pool is an elongated body of standing water 
roughly 800 m by 50 m which cuts the northern section of the site in half. It is being 
invaded by the central sand ridge. A small stream runs from the northern body of 
water to the central water body. These pools appear to be exposed groundwater. 
Elsewhere, the surface of the site is well-drained. 

The soil conditions and stratigraphy of the site have been investigated by a deep 
borehole drilled to a depth of 49.1 m below ground level @gl) in the south end of the 
site, 52 shallow boreholes up to 20 m bgl, and 15 test pits. 

Soils encountered during the site investigation correspond to the alluvial deposits 
of the ancient Nile Delta overlain by more recent aeolian deposits. 

The surface soils across the site consist of loose to medium dense, yellow- 
brown, fine to medium, poorly graded sand. The more ancient soils underlying the 
surficial sand at the site consist of medium to very dense grayishbrownish white sands 
and fine to medium dense white sands, with occasional high plasticity clay, silty clay, 



and sandy clay strata up to 4.6 m thick. These clay strata occur at several locations, 
but are not laterally extensive. 

3.6.3 Off-Site Conditions 

The geology along the pipeline corridor (Figure 2-3) linking the Abu Atwa pump 
station to the proposed WWTP (and the proposed WWTP to the outfall site) is 
generally consistent with that encountered on-site, with loose to medium dense pale 
yellow-brown fine to medium sands of aeolian origin overlying medium dense to very 
dense greyishbrownish white sands with occasional clay strata of possible fluvial origin. 
The aeolian sands, however, are generally absent from 1 km south of El Mahsama 
Drain to the Abu Atwa pump station. 

3.7 Groundwater 

3.7.1 Proposed Treatment Plant Site 

During evaluation of the deep shaft treatment option, groundwater in the deep 
borehole on the site was encountered at a depth of 19.0 m bgl (Dames & Moore 
1989), or approximately 5 m above sea level. Subsequent geotechnical evaluation being 
carried on as part of preliminary design reveals groundwater in shallow boreholes 
throughout the area at an elevation of approximately 5 m above sea level, on the 
northern and southern ends of the site, dropping to 4.8 m above sea level in the 
middle third of the site on the west and 4.6 m above sea level in the middle third of 
the site on the east. The open pools on the site appear to be exposed groundwater. 
Thus, in the southern part of the site, groundwater level appears to fall slightly from 
southwest to northeast. In the northern part of the site, groundwater appears to fall 
from northwest to southeast towards the pools of standing water. Regionally, 
groundwater falls toward Abu Atwa and Lake Timsah. Generally groundwater is 
brackish or saline except near the Sweetwater Canal. Large pools of standing water in 
the depression towards the east end of the site are clear and saline, and of sufficient 
quality to support fish, vegetation, and bird life. 

Samples of groundwater were taken for laboratory analyses in the southern end 
of the site at three of the boreholes (Figure 3-14). Bottled mineral water widely 
available in Egypt was used as a field blank for QAIQC purposes. The results of the 
analyses by the High Insitute of Public Health in Alexandria are summarized in Table 
3-11. The data in Table 3-11 indicate brackish groundwater (5-8 ppt) and high BOD, 
and nitrogen. Although total bacterial pldte count appears high, the data from the 
field blank (commercially available bottled mineral water) suggest that only coliform 





Table 3-11. Chemical and Bacterial Analysis of Groundwater Samples. 

Parameter 

PH 
Conductivity (umho) 
Salinity (&g) 
BOD, ( m u )  
Total solids ( m u )  
Dissolved solids ( m g )  
Fixed solids ( m g )  
Volatile solids ( m u )  
Nitrate ( m g )  
Nitrite ( m u )  
Ammonia NH, (m@) 
Phosphate PO, ( m g )  
Chlorides ( m g )  
Sulphates ( m g )  

Bacterial Analvsis: 

Stations' 
M3 

Total plate count 270,000 30,000 
Coliforms (MPN) 23 23 
E. coli (Confinnative test) - - Zero Zero 

a: For station location, see Figure 3-14. 

900,000 
46,000 

Zero 

Bottled 
Mineral 
Water 

240,000 
Zero 
Zero 



counts from Station K6 are of potential interest for groundwater contamination. The 
source of the contamination is not clear, although nearby subsistence farms, the military 
camp, or the poultry operations (Figure 3-13) are candidates. 

Other potential sources of groundwater contamination include an uncontrolled 
landfill approximately 0.5 km northeast of the site. Solid waste is burned or dumped 
into pools of standing water. Poor access and limited time prevented groundwater 
sampling from the northern end of the property at the time of sampling. 

3.7.2 Off-Site Facilities 

Groundwater along the influent and effluent pipeline routes was encountered 
between 0.8 m and 3 m bgl. Levels reported in previous investigations (Metcalf & 
Eddy 1979a) indicate that water levels fall from 4-5 m above mean sea level in the 
area of the proposed WWTP to 1 m above mean.sea level at Abu Atwa WWTP. The 
groundwater is reported as being fresh in the vicinity of the Sweetwater Canal, 
although polluted by agriculture and wastewater, and becoming increasingly saline with 
distance from the Sweetwater Canal.. The initial 2.5 km along the Suez-Ismailia Desert 
Road is low-lying, with groundwater near the surface and with some pools of standing 
water not far from the route. 

Potential sources of groundwater pollution include the landfd, agricultural 
activity, and disposal of wastewater at Abu Atwa and along El Mahsama Drain. The 
groundwater in the area is already reported as being contaminated. 

3.8 Land Use 

3.8.1 General 

Ismailia was established in the 1860s as a company town after the site was 
chosen for the headquarters of the newly dug Suez Canal. It lies midway between the 
Mediterranean Sea and Suez Bay at the junction of the east-west oriented Wadi el 
Tumilat and the Isthmus of Suez depression. An ancient canal navigable during the 
flood season passed east from the Nile through Wadi el Tumilat paralleling the course 
of today's Ismailia Sweetwater Canal. The Ismailia area was occupied in antiquity due 
to its strategic location on the east flank of the Nile Valley and the trade link afforded 
by the ancient Tumilat Canal. 

Ismailia's present economy remains based largely on Suez Canal administration, 
although the town also serves as a regional agricultural service center and a tourist 
destination popular with Egyptians and visitors from other Arab states. The area's 
several military bases add impetus to the trade and service sectors. Manufacturing and 
other industrial employment is below the national average for a city of Ismailia's size, 



due to the area's lack of natural resources and less attractive location compared to 
Cairo, Alexandria, and the new towns such as Tenth of Ramadan. Ismailia's industrial 
employment is mainly in food processing and light manufacturing. 

The Governorate of Ismailia consists of the districts of Ismailia, Tell Kebir, and 
Qantara. Its 1986 population was 544,427, of which 278,528 was rural. Three sub- 
districts occupying roughly 5,000 feddans along the northern shore of Lake Timsah 
comprise the Ismailia urban core. The less densely populated urban sub-district of 
Nifisha lies south and west of the city, occupying 4,046 feddans. Nifisha is considered 
an integral part of Ismailia with respect to wastewater planning. The Ismailia district 
(the city itself and the neighboring Nifisha sub-district) accounted for 92% of the 
Governorate's urban population. The CMC (1989) estimated that the combined 
population of Ismailia and Nifisha grew at 3.35%/yr since 1986, to a present estimated 
urban population of 297,000. 

3.8.2 Land Use Plans 

Despite Ismailia's slow rate of attracting industrial investment, the Ministry of 
Development's General Organization for Physical Planning (GOPP) draft master plan 
for the city calls for future growth in light manufacturing. Although the draft master 
plan has not yet been adopted by the Ismailia Governorate, Ismailia already has 
established the nucleus of an industrial park west of the city, and designated an 
adjacent site for a future manufacturing free zone. The industrial zone, the site 
designated as a future free manufacturing zone, and an area scheduled for housing 
development lie west of Nifisha in areas now designated rural. 

To  date, Ismailia has developed fairly compactly, being bounded to the east by 
the Suez Canal and to the south by Lake Timsah. El Galaa army camp constrains 
expansion westward. The GOPP's new, preliminary master plan proposes that future 
expansion fill in low-density areas of the four urban subdistricts and selected areas of 
uncultivable land found northwest and south of the city (Figure 3-15). The planners 
estimate that the present urban areas can ultimately house a population of 546,000, or 
84% more than at  present. Should the army vacate El Galaa and other smaller bases 
near the city center, additional well suited land would be available for urban expansion. 

Projected growth in tourism and light industry are signficant features that must 
be considered in wastewater management for Ismailia. Lake Timsah is an integral part 
of the Ismailia economy. In addition to housing dock and ship repair facilities for the 
Suez Canal Authority and functioning as a part of the Suez Canal, Lake Timsah 
supports a large artisanal and commercial scale fishing fleet and beach-front hotels and 
vacation developments. The city's attraction to tourists stems in large measure from 
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Lake Timsah and nearby Great Bitter Lake. Since the 1973 War, tourist hotels and 
vacation cottages have arisen on the northern and western shores of Lake Timsah, and 
additional facilities are planned. Tourism developments and recreation areas are 
important land uses in the draft master plan, notably along the western and northern 
shores of Lake Timsah. These plans would be adversely affected should the quality of 
Lake Timsah's water decline to the point that swimming were deemed unsafe. 

The city's planning department has commissioned conceptual plans for park, 
hotel, and recreational development of the western shore of Lake Timsah south of the 
West Lagoon outlet. Of special note, the conceptual plans propose a sculling dock and 
boathouse complex on West Lagoon near the El Mahsama Drain outlet. The city also 
recently sought advice on cleanup of environmental problems in West Lagoon as a 
necessary first step in implementing the conceptual plan for recreational use of West 
Lagoon. 

The fishery supported by Lake Timsah uses boat landing and market facilities 
located on the northeastern shore of West Lagoon. To the degree that water quality 
adversely affects or contaminates fish, the lakeshore fishery facilities would be affected. 

Residential and industrial development is proposed to occur to the northwest 
some distance from the collection system and proposed treatment plant (Figure 3-15). 
Ismailia's wastewater department now plans to integrate this area into the present 
system by constructing a trunk line and pump station to handle an expected year-2000 
flow of 25,000 m3/day. In addition, the city very likely will expand northward along the 
Suez Canal, even though the draft new master plan recommends against it. This area 
as well lies some distance from the proposed treatment plant. 

3.8.3 Existing Wastewater Treatment Plant Site 

The existing treatment plant is southwest of the city center on the southern edge 
of Abu Atwa, a poorer and densely-populated residential quarter of the city. Housing 
already closely borders the plant; in fact, some 30 feddans of the site was given over to 
housing in recent years. 

The existing plant discharges partially treated wastewater into El Mahsama 
Drain, about 4 krn from its outlet to West Lagoon. Along the banks of El Mahsama 
Drain between the discharge point and West Lagoon, approximately 100-200 small 
farms (cultivating an estimated total of 200-400 feddans) use the drainwater for 
irrigation. Small motorized pumps along the drain lift the water 1-2 m to surface 
irrigation canals and fields. Yields are likely depressed by the drainwater's salinity of 
approximately 1-2 ppt (Dames & Moore 1990). 

Field reconnaissance revealed that the farm households irrigating from El 
Mahsama Drain are adversely affected by the existing wastewater discharges to it. 



People intemewed knew that barely treated wastewater was being discharged upstream 
of them, and considered the water unsafe. Many believed the discharge began only 3- 
4 years ago, while in fact the current plant has discharged there for many years. The 
flow of wastewater appeared to have dramatically increased when the collection pump 
stations provided during Phase I began operating, which was about the same time when 
dilution was significantly reduced by diversion of almost 50% of the drainage water into 
the Suez Sweetwater Canal. Farmers and their children find it difficult to avoid contact 
with the irrigation water since fields border their houses. The irrigation water probably 
contaminates potable water wells in the area. Farmers close to the outfall complain of 
insects breeding on the wastewater in that stretch of the drain. 

3.8.4 Proposed Wastewater Treatment Plant Site 

The proposed WWTP site lies south of the city center along the Ismailia-Suez 
Desert Road north of its intersection with the Sarabeum Road. Scattered agriculture 
occurs along both sides of the Ismailia-Suez Desert Road with the water coming from 
the El Manayeef Canal, a connection between the Ismailia and Suez Sweetwater Canals 
that bypasses the Ismailia urban area. Several poultry production complexes are 
distributed along the Ismailia-Suez Desert Road, including one on each side of the 
southern entrance to the proposed site (Figure 3-13). The area a few kilometers west 
along the Sarabeum Road and south of it is controlled by the army, though much of 
the land appears to be unused. According to reports of nearby residents and judging 
from the quantities of spent ammunition, the army has used the proposed site as a 
firing range. The Ismailia Agricultural Development Cooperative and the Desert 
Development Cooperative hold tracts of land further west along the Sarabeum Road, 
some of which is already being cultivated. The preliminary draft Ismailia Master Plan 
proposes that an area north of the site along the road between El Manayeef Canal and 
El Mahsama Drain be developed for housing in the long term. 

The site itself is an 860-feddan rectangle of highly variable terrain including both 
sand dunes and wetlands. Very little of the land has been cultivated recently, although 
the site did contain three active small farms. These farmers have recently been 
evicted by the Governorate. A number of small farms are found along the Ismailia- 
Suez Road to the east of the proposed site (Figure 3-15). The site will have two 
entrances, one to the east to the Ismailia-Suez Road, and one to the south. The east 
entrance will be used as a corridor for the influent and effluent force mains (Figure 2- 
3). 

3.8.5 Off-Site Land Uses 

The proposed off-site pipelines at Ismailia consist of an approximately 8-km long 
force main running from the existing Abu Atwa pump station to the proposed WWTP 
west of the Suez-Ismailia Road (Figure 2-3). An approximately 6-km long effluent 



force main will double back to the El Mahsama Drain along the same route as the 
influent line. It is understood that the effluent line will discharge into El Mahsama 
Drain approximately where the Suez-Ismailia railway and Suez Sweetwater Canal cross 
El Mahsama Drain (Figure 2-3). In general, the route follows existing roadways. 

From Abu Atwa pump station to the Sweetwater Canal, the pipeline route 
passes through roughly 1.5 krn of dense housing before moving through 0.3 km of 
agricultural land (fruit groves). The route then crosses the Sweetwater Canal adjacent 
to an existing bridge, and passes through 100 m of agn'cultural land before moving 
south adjacent to the Suez-Ismailia railway. The route cuts under the railway 
embankment and heads west along El Mahsama Drain. The route follows El Mahsama 
Drain to-the Suez-Ismailia Road for a distance of 1.4 km, running alongside a dirt 
track approximately 4-5 m wide and passing through low-lying agricultural land (fruit 
groves, pasture, and grain crops). The route then turns south again and follows the 
east side of the Suez-Ismailia Road. Agriculture becomes increasingly sparse to the 
south, with subsistence farming appearing to be carried out south of the El Manayeef 
Canal. 

A municipal solid waste dump site exists west of the proposed route 
approximately 500 m north of the proposed WWrP location, occupying about 10 
feddans. Some of the waste is burned, but most is discarded in the open. 

3.9 Energy 

Electricity generation in Egypt is primarily by fossil fuels (oil and natural gas) 
and hydropower (Aswan Dam), with hydropower comprising 24% in 1988. The Abu 
Sultan oil-fired power plant is located on the northwest shore of Great Bitter Lake to 
the south of the proposed wastewater treatment plant. 

Like many developing countries, Egypt heavily subsidizes energy. Explicit and 
implicit energy subsidies during fiscal year 1989-90 will amount to about 10% of GDP, 
i.e., LE 4.7 billion for petroleum products and LE 6.3 billion for electricity. This 
represents the largest subsidy of any category (Adler 1990). Energy subsidies have 
been a focal point for the World BanMMF and USAID in their policy reform 
dialogues with Egypt. 

Energy subsidies encourage energy waste; energy-intensive technologies are 
favored, and projects are implemented that would be infeasible had energy inputs been 
fully priced. High subsidies helped spur commercial energy use growth of 11 
percentbear during 1974-85. This helped make Egypt an "energy intensive" developing 
country, consuming about 64 percentbear more energy than the average for countries 
at a comparable level of economic development. 



Since 1985, Egypt has been increasing commercial and residential electricity 
prices, but they remain well below long-range marginal cost (LRMC) of new power 
generation. Over the past 2-3 years, US residential consumers have paid about 7.5 
c e n t s h h  and commercial users about 6-6.5 c e n t s h h ,  while Egyptian users have paid 
less than 2 c e n t s h h  (Adler 1990). USAID studies have found that Egypt's average 
tariff for electricity in recent years (approximately 3.6 piastershh,  or 1.5 c e n t s h h )  
has been about 20% of the long range marginal cost (LRMC) of generation from new 
plants. 

To  account for real resource scarcities, USAID requires project feasibility 
analysis using "economic" or shadow prices of labor, capital, energy, and other inputs. 
Regarding energy, the shadow price for petroleum is basically its world market price, 
and for electricity, the LRMC of generation from new plants. 

USAID studies find that the LRMC of electricity in Egypt over the past 2-3 
years has been about 19.8 piastreshh. Using USAIDs 1989-90 estimated shadow 
foreign exchange rate of 3.00 L E I ' S  dollar (about 15% higher than the most widely 
used rate), the LRMC in dollars equals 6.6 c e n t s h h .  This is similar to actual costs 
and prices in the US. The World Bank calculates an LRMC of approximately 10.4 
p ias te rshh  in 1989 prices. In either case, this is significantly more than the present 
cost for energy in Egypt. 

3.10 Air Quality 

Air quality data have not been collected in Ismailia. It is likely, however, that 
emissions from the numerous ships passing through the area cause localized 
deterioration of air quality. Winds are predominantly light from the northwest 
quadrant during the summer and more forceful from the southwest during the winter 
(El Sabh 1967). Winds from the northwest will generally blow emissions into the Sinai, 
away from the more heavily populated areas of Ismailia. Stronger winds from the 
southeast are likely to disperse emissions before they reach the central Ismailia core. 
Ismailia is not characterized by extensive industrial activity. Thus, adverse air quality is 
not expected to occur over a large area. 

The proposed WWTP site is in a generally isolated area. Poultry operations are 
located to the south, as is a small military camp. A few small farms are located on the 
east along the Suez-Ismailia Desert Road. Odors are possible from the poultry 
operations, but they are unlikely to have a significant adverse impact on other land 
uses in the area. Burning at a solid waste dump on the north edge of the proposed 
WWTP site is likely to have a significant adverse impact on air quality in the 
immediate downwind area. Smoke, soot and ashes, partially combusted solid wastes, 
and unburned solid wastes are likely to be blown about by winds, particularly in the 
winter. 



The existing WWrP is located in a densely populated neighborhood. Nuisance - odors are common in the area as a result of WWlT operations, which include primary 
sedimentation, sludge drying beds, and partially operating trickling filters. 

3.11 Cultural Resources 

I 

Occupation of the Ismailia area in antiquity suggests that cultural resources 
could be buried a t  the proposed WWTP site. At the present time, no cultural 

I resources are known from the proposed WWTP site. 



4.0 ENVIRONMENTAL EFFECE OF THE P- P R O m  

As described earlier in Chapter 2, the preferred project is the construction of a 
new wastewater treatment plant (WWTP) using aerated lagoons at a site about 15 krn 
southwest of the city of Ismailia, and discharge of treated (but not disinfected) effluent 
to El Mahsama Drain in the vicinity of the Ismailia-Suez rail line and the Suez 
Sweetwater Canal, i.e., at approximately the same location as the existing discharges 
from the Abu Atwa WWTP. 

4.1 Surface Water Quality 

Surface water quality in the existing agricultural drains, in Lake Timsah and the 
West Lagoon, and in the Suez Canal is expected to improve with the proposed 
wastewater treatment plant and sewage collection system. Untreated or poorly treated 
domestic wastes which now enter these waterways would be collected and treated prior 
to discharge. The effluent would meet requirements of Egyptian Law 48 for total 
suspended solids (TSS) and 5-day biochemical oxygen demand (BOD,). The primary 
concerns with respect to water quality include: effects of nutrients and BOD, on 
plankton communities in West Lagoon and dissolved oxygen (DO) in El Mahsama 
Drain; effects of heavy metals and toxic pollutants on aquatic biota; and discharge of 
pathogens. The latter issue is described in detail in Section 4.6. 

4.1.1 Nutrients and Dissolved Oxygen 

In their original environmental assessment, Metcalf & Eddy (1979a) concluded 
that dissolved oxygen (DO) levels in El Mahsama Drain would not be significantly 
degraded with the discharge of 73,720 m3/day of effluent in the year 1990, regardless of 
the treatment alternative used. Metcalf & Eddy (1979a) expected that the Abu Atwa 
WWTP would be phased out by the new WWTP in 1990. Their conclusion, however, 
was based on ambient freshwater flows in the drain of greater than 1,000,000 m3/day. 
Re-analysis was recommended if plans by the Ministry of Irrigation (now the Ministry 
of Water Resources and Public Works) to remove water from the drain were 
implemented (as they were in fact in 1985). Studies conducted of El Mahsama Drain 
water quality in 1989 (Appendix B) showed that DO levels in El Mahsama Drain were 
adversely impacted with discharge of only 31,000 m3/day from Abu Atwa WWI'F' and 
ambient flows in El Mahsama Drain of 479,000 m3/day at the outfall. 

Prediction of the water quality in El Mahsama Drain for the proposed year 2005 
discharge of 90,000 m3/day was made by Dames & Moore (1990) using two alternative 



scenarios: one assuming that an additional 300,000 m3/day of water was removed from 
the drain upstream of the discharge point, and the other assuming no diversion. The 
existing and proposed flow and Law 48 pollutant loads to El Mahsama Drain are 
provided in Table 4-1. Note that the estimate of existing flow volumes conservatively 
assumes that the untreated wastewater now flowing into the Abu Gamus Drain is 
added to El Mahsama Drain. For the year 2005 projected loadings, those wastes are 
assumed to be routed through the WWTP. The projected results indicate that: 

o With no upstream diversion, Law 48 effluent discharged to El Mahsama 
Drain will result in similar total nitrogen (TN) loading and higher total 
phosphorus (TP) loading than is currently experienced; BOD, loads will 
decrease to about 70% of existing levels. (Existing TP loads are derived 
from laboratory analysis of wastewater samples collected in November 
1989, while the projected loads are based on TP concentrations estimated 
by CMC. These two values may not be consistent, which may account for 
the higher projected TP in the Law 48 effluent). 

o With implementation of the proposed upstream diversion of El Mahsama 
Drain water, projected BOD is significantly less than at  present, while TP 
is higher and TN lower than at  present. This occurs because a large 
fraction of the BOD and a smaller fraction of the nutrient load are 
contributed by ambient water in El Mahsama Drain. 

Dames & Moore (1990) also analyzed the expected D O  concentrations in El 
Mahsama Drain with the Streeter-Phelps DO sag analysis methodology, using flow, DO, 
BOD, and TKN values measured during November 1989. Table 4-2 presents the 
results of the sag analysis at downstream locations (Stations 7 and 9 of Dames & 
Moore 1990) for various combinations of: a) with and without planned diversion of an 
additional 300,000 m3/day from El Mahsama Drain; b) discharge into El Mahsama 
Drain either where it crosses the Suez-Ismailia Desert Road (Station 4) or at the 
existing discharge site (Station 6); and c) temperature conditions representative of 
winter (20°C) or summer (30°C) months. The model results indicate that: 

o Anoxic conditions may now be occurring in El Mahsama Drain under 
summer conditions upstream of the existing WWTP discharge site; 
depressed oxygen levels at upstream locations may be due to waste inputs 
from the Abu Sower Drain (which carries wastewater from the industrial 
area west of Ismailia). 

o For the no-diversion case and a discharge of Law 48 effluent at either 
station, significantly improved water quality is predicted for El Mahsama 
Drain downstream of the discharge. 

o If 300,000 m3/day of fresh water is diverted from the drain, water quality 
improvements (measured by DO concentrations) will still generally pertain 



Table 4-1. Existing and Projected Wastewater Flow and Pollutant Loads to the El 
Mahsama Drain and West Lagoon. 

Wastewater Flows 
Existing Wastewater Law 48 in 2005 
EIa u m!l u 

Flow (m3/d) 55,000' 90,000 
BOD, 220 12,100 60 5,400 
TP 4.5 250 7 630 
TN 36 2,000 26.5 2,100 

1 
Year 2005 

Existing No Diversion Upstream Diversionb 

Flow (m3/d) 579,000 614,000" 283,000" 
BODS @Ed4 24,100 17,400 8,900 

(kg/d) 460 840 730 
TN (kdd) 4,600 5,000 3,700 

a: Split at present between discharges to El Mahsama and Abu Gamus Drains. 
b: 300,000 m3/d, or 63% of present flow (est. 479,000 m3/d) just below Stations 4 and 5. 
c: Present flow plus additional 35,000 m3/d in WWTP. 
d: 179,000 m3/d base flow in El Mahsama Drain and 14,000 m3/d base flow in Abu Gamus Drain 

at 18 mgil BOD; 0.51 mgil TP; 6.9 mgil TN; plus 90,000 m3/d /d flow. 



Table 4-2. Predicted DO Concentration in El Mahsama Drain. 

Existine Condition 

Exist. Conditions, 20°C 
Exist. Conditions, 30°C 

NO DIVERSION 

Law 48, 20°C 
Law 48, 20°C 
Law 48, 30°C 
Law 48, 30°C 

WITH DIVERSION 

Law 48, 20°C 
Law 48, 20°C 
Law 48, 30°C 
Law 48, 30°C 

WWTP 
Discharge 
Location' 

Station 4 Station 7 Station 9 
El Mahsama El Mahsarna El Mahsama 

Drain Drain Drain * A m e l l  

a: For location of Stations, see Figure 3-3 for Dames & Moore stations occupied in 
November 1989. 

b: D O  sag analysis model permits calculation of negative values as an indicator of 
unmet oxygen demand. 



if discharged near Station 6 (existing discharge site), but will be less than 
for the nwdiversion case. 

o Law 48 effluent discharged at Station 6 (existing discharge site) is not 
expected to have any significant adverse impact on DO levels. If 
diversion were to occur, Law 48 effluent discharged to Station 4 (along 
Suez Road) will have an even greater significant adverse impact in 
summer than what occurs now. 

These analyses, which are described in more detail in Appendix B, indicate that 
the proposed discharge to El Mahsama Drain will significantly improve the quality of 
water now flowing to West Lagoon. This is also predicted to have a beneficial effect 
on Lake Timsah near the West Lagoon outlet. 

The predicted increased phosphorus loading to West Lagoon by the year 2005 
may be of some concern for eutrophication of West Lagoon, especially since the 
proposed treatment will reduce loading of particulates to West Lagoon. The initial 
effect of discharge, however, will be a reduction' of phosphorus loading over existing 
levels. Phosphorus loading in excess.of existing levels is not expected until flows reach 
design capacity in 2005. Thus, the time and opportunity is available to examine the 
ecological response of West Lagoon to reductions in TSS and BOD, loading and their 
effects on plankton productivity. 

Assimilative capacity of El Mahsama Drain for BOD now appears to be 
exceeded. The proposed project will improve water quality in El Mahsama Drain to 
the year 2005, but additional diversion of flows from the drain will reduce its 
assimilative capacity to marginal levels, especially under summer conditions. As it takes 
time for BOD, to exert its effects on DO in the receiving water, water quality in the 
lower reaches of El Mahsama Drain is sensitive to location of the discharge. Discharge 
near the Suez Sweetwater Canal appears to be superior to a discharge further 
upstream, especially if the proposed diversion occurs. 

4.1.2 Toxic Pollutants 

Information on known toxic pollutants in Ismailia's wastewater is limited to data 
on cadmium, copper, lead, mercury, nickel, and zinc. A small industrial area located to 
the northwest of lsmailia currently discharges wastewater to Abu Sower Drain, but the 
industries presently located there are oriented primarily towards food processing and 
light manufacturing. These industries are more likely to generate high BOD loading 
than toxic pollutants such as heavy metals or organic poisons. This industrial area is 
expected to be connected to the new sewage collection and treatment systems. 
Available information indicates that other industries, e.g., the small shipyard operated 
by the Suez Canal Authority in the northwest comer of Lake Timsah, are not 
discharging to the m, rather, they are discharging directly to Lake Tisah .  Thus, 



the probability of significant loading of toxicants to the WWTP from existing industrial 
facilities is not high. The proposed project includes an industrial users survey and an 
evaluation of industrial wastewater management requirements. 

Information on the performance of the proposed aerated lagoon treatment 
method with respect to removal of heavy metals during the treatment process is 
lacking. In contrast, information is widely available in the US literature regarding 
performance of trickling filter and conventional activated sludge treatment systems 
(Table 4-3). If properly operated, an aerated lagoon system is expected to remove 
metals at a rate at  least comparable to a trickling filter system, and best professional 
judgment suggests perhaps as good as a conventional activated sludge system (Bishop 
pers. cornrn.). The presence of algae, which are known to sequester metals in cellular 
tissues, will significantly alter the performance of an aerated lagoon system with respect 
to solids and heavy metals removal. The presence of algae will determine whether the 
aerated lagoon system will be more comparable to a trickling filter treatment system or 
a conventional activated sludge treatment system. Thus, proper operation and 
maintenance of the treatment lagoons is critical to the quality of effluent that will be 
discharged. The proposed project design includes multiple, submerged outlets from the 
polishing lagoon. This design should reduce the adverse impacts to effluent quality that 
would occur if algae were released in large quantities with the effluent. 

Metals removal rates are available from a partially comparable oxidation pond 
treatment system in Napa, California (Table 4-3). The Napa treatment plant differs 
from the proposed Ismailia system in flow rate (33,700 m3/d at Napa; 90,000 m3/d at 
Ismailia in 2005), number of ponds (4 at Napa; 3 at Ismailia), and in that 
approximately 22700 m3/d of the flow at Napa receives treatment in primary clarifiers 
before treatment in oxidation ponds. The data from Napa, nevertheless, may be used 
to indicate performance as compared to a trickling filter system. 

Heavy metals concentrations for raw sewage (influent) at Ismailia are reported 
in Table 4-4. For analytical purposes, we conservatively estimate that the percent 
removal of heavy metals will be comparable to  a trickling filter system, with the 
exception of mercury. Data from the Napa WWTP indicate the aerobic lagoon process 
may be significantly better (Table 4-3) for removal of mercury. We also assume that 
the concentration will remain the same at the increased flows, although it is not clear 
what type of industrial expansion may occur in the Ismailia area. The planned 
industrial wastewater management study will address this issue further. The analysis 
summarized in Table 4-4 indicates that discharge to El Mahsama Drain provides 
effluent concentrations at the edge of the zone of initial dilution that meet Decree 9 
(Law 93) standards (Table 1-2) with respect to heavy metals, i.e., 5 ppm total metals 
(= 5,000 ug/l). This criterion is met whether diversion of water from El Mahsama 
Drain occurs or not. In comparison to marine water quality criteria for chronic (4- 
day) exposure established by the US Environmental Protection Agency (EPA 1986) for 
US waters, concentrations of copper, lead, mercury, and nickel do not meet the EPA 
criteria. 



Table 4-3. Heavy metal removal rates. 

Cadmiun 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

a: EPA 1982; TF: Trickling filter; CAS; conventional activated sludge; l0+AL: primary 
clarifiers with oxidation ponds. 

b: San Francisco Bay Regional Water Quality Control Board, unpubl. data for primary 
clarifiers and oxidation ponds at Napa, California. 



Table 4-4. Expected Metals Discharge to the West Lagoon. 

EP A 
Raw Est. Undiluted No Upstream Marine 

Influent % Effluent Diversionb Diversionc 4-Dayd 
0 Removal' ( ud / l  ( u d )  (ue/l) ( u d )  

Cadmium 40 84% 6 1.2 3 9.3 
Copper 500 75 % 125 25 62.5 2.9 
Lead 500 77% 115 23 57.5 5.6 
Mercury 20 86% 3 0.6 1.5 0.03 
Nickel 100 10% 90 18 45 8.3 

w 
w 

Zinc 400 73 % 108 21.6 54 86 
Total metals' 1,560 447 89.4 223.5 

a: From Table 4-3; TF unless AL demonstrably better. 
b: 5.3:l dilution. 
c: 2:l dilution. 
d: EPA Water Quality Criteria for chronic exposure (US waters only). 
e: Of those analyzed. 



The impact of heavy metal discharge on the marine environment of the West 
Lagoon and Lake Timsah is expected to be less than significant. First, the dilution 
rates assumed in Table 4-4 are for discharge to El Mahsama Drain. These 
concentrations are expected to be diluted further within West Lagoon, although it is 
not certain how much dilution occurs. Under the worst scenario of upstream diversion, 
mercury would require the highest dilution (50:l) to meet the EPA criterion. The 
volume of West Lagoon is estimated to be 1,536,000 m3 (Appendix B), compared to El 
Mahsama Drain discharge of approximately 495,000 m3/day, or 195,000 m3/day if 
diversion were to occur. Second, best professional judgment suggests that the removal 
efficiencies estimated for the proposed treatment process may be conservative. Third, 
the application of US standards for protection of aquatic biota in primarily temperate 
ocean waters may not be applicable to Lake Timsah biota. Finally, the degree of 
confidence in the reported concentration of heavy metals in the raw sewage cannot be 
fully ascertained in the absence of information on quality assurance/quality control 
procedures required for "clean lab" analyses of heavy metals. Heavy metal analyses are 
difficult to perform with a high degree of precision. Typically, sample contamination 
results in reported values that are higher than those actually occurring in the sample. 

The presence of sulfides in the sludge will insolubilize most of the metals that 
settle with solids, and the removal rate from the effluent will be directly proportional to 
the rate of solids removal from the sewage. 

If future industrial growth is connected to the municipal wastewater system and 
includes discharges of toxic materials, the potential for significant adverse effects may 
increase. The magnitude and significance of the impact will depend on the quantities 
to toxic materials and their fate in the aerated lagoon treatment process. In some 
cases, pre-treatment of industrial discharges may be required. The project will include 
an analysis of industrial wastewater and pre-treatment requirements. This study will 
evaluate in further detail the issue of heavy metals in the wastewater discharge. 

4.1.3 Summary 

In summary, water quality in Lake Timsah and West Lagoon is expected to 
significantly improve under the preferred alternative. Water quality will also improve 
in Abu Gamus and El Mahsama Drains, although the extent of improvement in the 
latter will depend to a large extent on whether additional water is diverted by the 
Ministry of Works and Water Resources from El Mahsama Drain to the Suez 
Sweetwater Canal. Improvements in water quality in West Lagoon are expected to 
continue to the year 2005, although some uncertainty remains regarding the effects of 
increased loading of phosphorus over time. The degree of improvement in water 
quality will depend on the level of treatment offered by the aerated lagoon system, 
which in turn will be influenced by the potential presence of algal blooms in the 
polishing ponds. Finally, some heavy metals may occur in the discharge to West 



Lagoon at levels higher than US criteria, but an industrial wastewater management 
study is expected to address this issue in detail. 

4.2 Marine and Aquatic Resources 

The Bitter Lakes and Lake Timsah, together with the Suez Canal, are all 
considered marine waters. These habitats are biologically rather poor, perhaps because 
of their extremely high salinity (Section 3.4). The freshwater canals, drains, and the 
numerous ponds, lakes, and marshes that are scattered among the dunes and cultivated 
fields are all brackish aquatic habitats. 

Construction and operation of the wastewater treatment plant should not 
produce significant adverse impacts on the aquatic resources of West Lagoon, Lake 
Timsah, or Great Bitter Lake. Reducing the input of nutrients, heavy metals, 
pathogens and other toxic pollutants that now enter the marine environment with raw 
sewage will result in healthier aquatic communities in all three bodies of water. The 
overall effect will, therefore, be beneficial. 

A decrease in nutrient loading will occur upon implementation of plant 
operation. This reduction will become less of a water quality benefit with time because 
of incremental increases in discharge volumes through the year 2005. Presently, West 
Lagoon serves as a nutrient trap (Appendix B). Although data do not exist to 
document the fate of nutrients in West Lagoon, the rooted and emergent vegetation 
that nearly chokes the entrance of El Mahsama Drain to West Lagoon and the 
lagoon's riparian vegetation are the most probable candidates for nutrient uptake. 
Primary productivity of phytoplankton appears to be limited in West Lagoon, Lake 
T i a h ,  and Great Bitter Lake by light, turbidity, and perhaps salinity (Dames & 
Moore 1990). Consequently, if nutrient loading increased, these other limiting factors 
would effectively prevent increases in primary production by phytoplankton. There is, 
however, the potential for decreases in turbidity with implementation of the new 
wastewater treatment facility. If this potential is realized, primary production may 
become limited by nutrients rather than light. If this were the case, nutrient loading to 
West Lagoon could stimulate phytoplankton productivity, unless the light intensity was 
high enough to inhibit algae (Tait and deSanto 1972). At the present time, the risk of 
this occurring appears small, and sufficient time is available between plant operation 
and peak capacity in 2005 to monitor ecological conditions in West Lagoon and the 
effects of nutrient loading. 

Under the preferred alternative, zooplankton populations are expected to remain 
relatively stable in all three bodies of water, unless significant changes occur in the 
phytoplankton populations. These changes are not expected. If they were to occur, 
they would most likely be found only in West Lagoon and in Lake Timsah around the 
West Lagoon outlet. 



Benthic faunal populations in West Lagoon and within the plume area in Lake 
Timsah will realize a significant reduction of organic enrichment due to the preferred 
alternative. The level of pathogenic bacteria retained by bivalves, as a result of raw 
sewage effluent, should decline. However, under the preferred alternative, there still is 
the potential for heavy metal retention from the wastewater. 

Since it is likely that fish are transient between West Lagoon and Lake Timsah, 
the preferred alternative should significantly reduce levels of fish that are harboring 
human pathogens. Negative impacts of pathogens on egg, larval, and juvenile stages of 
fish populations should be lessened with the commencement of treatment plant 
operations. This should result in an improvement in the quality of the fishery, 
especially from the standpoint of human health. Significant reduction in BOD loading 
to West Lagoon will significantly reduce the risk of low DO and subsequent stress or 
death of fish. 

Under the preferred alternative, the potential for fish to bioaccumulate heavy 
metals and pesticides will be reduced in both West Lagoon and Lake Timsah because 
the discharge of untreated sewage will be replaced by discharge of treated wastewater, 
and significant reductions of toxic pollutant loading are expected (Table 4-3). 

As discharges increase with time, more freshwater will be introduced to Lake 
Timsah. Unless the planned diversion of some of this water takes place, the salinity 
barrier that Lake Timsah helps provide to Lessepsian migration could be weakened. In 
terms of maintaining the present balance within the lake's ecosystem, a weakening of 
this barrier would be viewed as an adverse impact. The importance of a slight 
reduction in effectiveness of this barrier is not expected to be significant, however, 
because the Bitter Lakes are a major factor in maintaining a high salinity barrier 
between the north and south, and these lakes are not expected to be impacted by the 
increased wastewater discharged to West Lagoon. Diversion of El Mahsarna Drain 
flows to the Suez Sweetwater Canal will significantly reduce flushing of West Lagoon 
and raise its salinity. Riparian vegetation may shift to more salt-tolerant species, and 
the fish community will also shift to more saline species. 

4.3 Terrestrial Habitat and Wildlife Resources 

The new wastewater treatment plant, which will occupy an area of 700 feddans, 
will have long lasting ecological effects on the landscape of the area and will most 
significantly impact breeding waterbirds and to some extent migrant palearctic birds. 
Some of the changes will be unfavorable to wildlife, while others might be beneficial. 
The net impact on wildlife resources can be assessed by looking at the main changes 
which will take place. These include: a) the destruction of an existing natural habitat; 
b) the creation of a new man-made habitat; and c) the change in the quality of 
domestic effluent discharged to West Lagoon and Lake Timsah. 



4.3.1 Destruction of Existing Habitat 

None of the natural resources found on the site of the planned treatment plant 
are unique or threatened. However, the site supports a healthy diversity of habitats, 
which represents one of the few remaining natural landscapes in the region. The sand 
dune ecosystem, which is still intact and in good condition, is one of the few remaining 
of its kind in the northern Eastern Desert. More importantly, the aquatic habitats on 
the site support locally important populations of waterbirds, particularly the little grebe 
(Tachybaphcs nrfcolllis) and possibly the black-winged stilt (Himantopus himantopus). 
At the present time, the facilities that will be constructed will be located on the 
southern end of the site. The existing ponds on the site will not be disturbed. Thus, 
aquatic habitats on the site are not expected to be significantly disturbed once 
construction-related noise and activity cease. 

Construction and operation of the WWTP will result in increased human activity 
on the site. This will increase disturbance levels for waterbirds that now use the ponds 
on the site. 

Although significant loss of aquatic habitat is not expected at present, the 
facilities are designed to treat flows projected to 2005. After that, expansion may be 
necessary and is most likely to occur on the proposed site. Thus, wetlands on the site 
may be encroached upon in the future. 

The construction of support facilities, such as the influent force main (8 krn 
long) and effluent force main (6 km in length) will cause the destruction of habitats 
outside the designated plant site. Most of the work will be along the Ismailia-Suez 
Desert Road, where several wetlands are found, particularly along the east side of the 
road. 

4.3.2 Creation of New Habitat 

While it is relatively easy to know and assess the natural resources which will be 
lost at the planned site of the treatment plant, it is quite difficult to accurately predict 
the new landscape which will emerge after the new plant is operational. The existing 
wastewater treatment plant does not provide any guidance in this respect, since it is 
situated in the middle of an urban area and uses a completely different treatment 
technology (trickling filters). 

Judging from the preliminary design details (depth and surface area of treatment 
and sludge drying lagoons), the new habitat at the proposed WWTP will probably 
resemble that established at the Tenth of Ramadan WWTP. That facility, 10 years 
after its construction, now holds mature Q p h  and Phragmites marshes. The final 
outcome at the proposed Ismailia WWTP will largely depend on the final design 



details, as well as the future maintenance and management practices (e.g., whether 
vegetation will be allowed to establish, how long sludge will be left in drying lagoons). 
These factors will idluence the type of impact the plant will have on wildlife resources. 

4.3.2.1 Possible Adverse Impacts 

Problems related to wildlife resources might arise for a variety of reasons, most 
prominently the physical, chemical, and biological properties of the influent, effluent, 
and sludge. However, if problems do occur, it is not expected that the new treatment 
plant will pose any major threat to a large proportion of any wildlife resource. This is 
because other natural wetland habitats are readily available in the vicinity of Ismailia. 
The new plant will not offer a unique habitat which would be highly attractive to 
wildlife, particularly migratory birds, as is often the case with W s  constructed in 
desert habitats. 

One potential problem related to the physical properties of sludge is described 
in the October 1989 issue of Cairo Today (Adams 1989), which describes how white 
storks (Ciconia ciconia) were trapped in wet sludge at the drying lagoons of S h a m  El 
Sheikh WWI'P in the South Sinai. The sludge, which was described as having the 
consistency of "hot tar", trapped and killed an estimated f i e  to ten storks per day 
during fall migration. Furthermore, many of the storks which fed and rested in the 
vicinity of the treatment plant were dying, not from disease or poisoning as was 
thought, but from ingesting solid waste items (such as plastic bags) which clogged their 
digestive system. Apparently the storks found these items floating on the surface of 
wastewater and sludge ponds and mistook them for food items (Adams pers. comm.). 
A West German scientist has conducted additional investigation at the S h a m  El Sheikh 
WWTP. This investigation has confirmed that the sludge lagoons act as a trap for 
migrating storks (Kinzelbach pers. comm.), and has recommended that the German 
government finance a new WWTP which will have no open water surfaces. 

The possibility of similar problems with sludge drying lagoons at the proposed 
new Ismailia WWTP is conceivable. Ismailia falls along one of the more important 
migration routes for storks, and considerable numbers have been seen on many 
occasions resting and foraging at neighboring fields. Although storks are not an 
endangered species, they are of popular interest in Europe, and declines in numbers 
have been noted with public concern. Large numbers of storks have been seen on 
many occasions resting and foraging at the existing Suez WWTP, but none were noted 
having trouble with the sludge, perhaps because the drying lagoons were shallow, about 
0.4 m deep. It may be that shallower sludge drying lagoons pose less of an effective 
trap for storks and other wading birds that land or walk into the drying sludge. 
Although the proposed sludge drying lagoons at Ismailia will be 1 m deep, based on 
proposed operation of the facility, the depth of the sludge in the drying lagoons is not 

- - 

likely to be-more than in shallow sludge drying beds. Thus, the risks to storks are not 
likely to be great, contingent upon operation of the sludge lagoons as proposed, and 



given that other aquatic habitats occur in the area and concentrated use of the lagoons 
by storks is not expected. 

Additional analysis of the situation at Sharm El Sheikh also indicates that one of 
the most important differences between Sharm El Sheikh and the Ismailia WWTP is 
the significant increase in oils and grease in the Sharm El Sheikh lagoons as a result of 
recent expanded growth in sewage flows from tourism facilities (Kawata, pen. comm). 
Scum has formed in the primary basins that contains food scraps as well as plastic 
items; the scum developed because of heavy loading of oil and grease combined with 
lax operation and maintenance. It is likely that storks dying in the vicinity of the plant 
(i.e., deaths not attributable to entrapment in sludge) ingested plastic items found 
among the food scraps in the primary lagoon scum. 

Since there are important differences between the treatment system in S h a m  El 
Sheik and the proposed design and operation of the Ismailia WWTP, significant 
adverse impacts are not expected. An appropriate monitoring program can be 
instituted (Chapter 7) to ensure these problems do not arise, or recommend mitigative 
measures in the unlikely event these problems do arise. Although screening facilities 
are planned that will remove floating solid waste items such as plastic bags, solid waste 
problems are ubiquitous in Egypt, and it would not be surprising to have harmful 
objects from the nearby open waste disposal site blown into or thoughtlessly dumped 
into the lagoons. Proper maintenance, therefore, is imperative in preventing these 
problems. The design/build contractor will develop an operations and maintenance 
manual and train WWI'F' staff in procedures that can eliminate these problems. 

Waterfowl use of the ponds on the proposed WWTP site already occurs, and is 
likely to expand into the proposed lagoons. Other problems that might arise from the 
mere presence of large numbers of birds in the area include hunting. The use of 
pesticides to control insects at the treatment plant could be hazardous to buds and 
other wildlife. Finally, raptors that use power poles are subject to electrocution with 
certain types of insulator design (Gilmer and Wiehe 1977, Avery 1978). 

It should also be noted that many of the birds (particularly soaring birds) which 
interrupt their migration to use suitable habitats for resting or feeding during their 
passage are usually exhausted and vulnerable. It is only a natural process that some of 
these birds would die on their migration route. On the other hand, the treatment plant 
might act as a trap for some which would have been better off continuing their voyage. 

Most of these potentially significant adverse impacts can be reduced to less than 
significant levels by proper operation of the treatment plant and appropriate mitigation 
measures (Chapter 7). Failure to implement and enforce these measures, however, 
may result in significant adverse impacts on migrating bird species. 



4.3.2.2 Beneficial Impacts 

The new facility will provide alternative wetland habitat that could benefit both 
resident and migrant waterbirds, which already use the existing ponds on the proposed 
WWTP site. Resident waterbirds, such as spur-winged plover (Hoplopler~~ spiwsus), 
Kentish plover (Chardrim almndrinus), and probably Kittlitz's sand plover (C. 
pecuarius) will benefit the most from the new habitat. I£ a reed swamp is established, 
then other breeding species such as the little grebe (T. mficollis), purple gallinule 
(Pophyrio pophyrio), and moorhen (Gallinula chloropus) will flourish, as has happened 
at the Tenth of Ramadan WWTP. 

Sewage treatment ponds are often treated by birds as an open freshwater 
resource, although only insectiverous species, such as white-winged tern (Chlidonias 
eucoplems), black tern (C niger), whiskered tern (C. hybridus), little gull (Lams 
minuncs), and sometimes black-headed gull (L. ridibundus) will use the open water in 
these ponds to any great extent. Other smaller flying insect eaters, like swallows and 
martins (Hirundinidae), often feed over the ponds in large numbers, particularly during 
the migration seasons. 

4.3.3 Fate and Quality of Effluent and Sludge 

The location where effluent from the treatment plant will be discharged into the 
Lake Tirnsah ecosystem is of little significance for wildlife, and the anticipated 
improvement in the water quality of the effluent over the current situation probably 
over-rides any possible minor side effects on wildlife resources. 

There is a small risk to waterfowl with respect to potential disease and toxic 
hazards in both the wastewater and the sludge. In central Europe every year, tens of 
thousands of ducks, gulls, and waders fall victim to botulism, which is a disease caused 
by bacteria that flourish in the oxygen-starved waters of heavily polluted lakes, rivers 
and canals (Diamond et al. 1987). A small potential for oxygen-poor water in the 
complete mix and partial mix lagoons exists if the aeration system fails for more than 
1-2 weeks. This time frame, however, should be ample to effect repairs on the 
aeration system. Thus, this potential impact is not expected to occur if proper 
operation and maintenance are camed out. 

4.4 Groundwater and Geology 

Construction of the proposed WWTP and sewage collection system will have a 
significant beneficial impact on groundwater quality in the Ismailia area. Residences 
which are not presently connected to the system and which contribute untreated wastes 
from privies and septic tanks into open drains will be provided with sewage senice. 



Areas which have shown groundwater contamination in well water will be expected to 
slowly improve. 

The risk of groundwater contamination by wastewater from the proposed WWTP 
is low. Project design includes lining of the wastewater lagoons with an impermeable 
membrane, thereby reducing the percolation of wastes into the groundwater. Settled 
solids should rapidly reduce infiltration through any small flaws or gaps in the barrier. 
Although groundwater contamination by the proposed WWTP is not expected, 
preliminary data indicate the groundwater is brackish and possibly already 
contaminated. No beneficial uses are known; thus, significant adverse impacts are not 
expected. 

Construction of the proposed WWTP and the facilities connecting it to the 
wastewater collection system will result in disturbance of surface and near-surface soils. 
The sand dune formation on the proposed site is representative of a landscape feature 
that once was common in the region. Although this formation is one of the few 
remnants of such a landscape in the northern part of the Eastern Desert, such 
formations are common elsewhere in Egypt. Current plans generally avoid construction 
in the sand dune area. Grading and trenching activities during construction will subject 
freshly exposed fine sands and silts to the erosive forces of winds that are common in 
the area. The impact, however, is not expected to be significant, because the soil and 
geological features in the area are neither unusual nor valuable as a scientific or 
economic resource. 

4.5 Land Use 

The overall impact of the proposed action on existing land uses and future 
development is beneficial. The proposed action will end the present discharge of large 
quantities of untreated wastewater to surface water draining to West Lagwn. 

4.5.1 Proposed Treatment Plant Site 

The proposed treatment plant site, located 15 km southwest of the Ismailia 
urban core, will occupy an estimated 840 feddans of undeveloped desert land. The site 
is sufficiently removed from the expected centers of future population and industrial 
growth that no land use conflicts are anticipated for the foreseeable future. The site 
is large enough that adequate buffers can be provided to reduce impacts to future 
nearby activities. 

Construction operations will generate noise and dust. This may result in a 
temporary disturbance of poultry operations to the south. Although the noise  ill 
generally consist of sustained engine operations and movement of vehicles, occasionally 
abrupt, loud noises will occur that may startle chickens. As a result, slight decreases in 



egg production may be expected during construction of the facility. This adverse 
impact is expected to be short-term, limited to the period of construction. The 
magnitude of this impact will depend on the level of existing background noise within 
the poultry facility, and may be alleviated by providing sustained levels of background 
noise such as provided by radio or recorded music. 

Noise and dust generated during construction will also temporarily serve as a 
nuisance to nearby small farms and the military camp. These impacts are expected to 
be less than significant. Dust, in particular, is a common nuisance in the desert 
environment. 

4.5.2 Existing Treatment Plant Site 

One of the potential beneficial impacts of the preferred alternative with respect 
to land use is to eliminate the need for the existing WWTP. The abandonment of the 
existing Abu Atwa WWTP will result in a significant increase in nuisance odors for 
several weeks unless an  immediate effort is made to clean out the facilities. 
Eventually, abandonment of the facilities will eliminate a major on-going source of 
nuisance odors in the densely populated Abu Atwa neighborhood. If the facilities are 
demolished and the properly is cleaned up, abandonment also will allow further use of 
the site for housing developments and other uses compatible with existing adjacent land 
uses. These beneficial impacts will be realized, however, only if the local authorities 
cleanout and demolish the facilities. Neither cleanout nor demolition and restoration of 
the properly are part of the proposed project. 

4.5.3 Force Main Corridors 

The proposed alternative will include connection of the existing wastewater 
collection facilities with the new wastewater treatment plant. These connections will 
include a force main travelling from a pump station near the existing WWTP to the 
proposed site (Figure 2-3). A second force main will parallel the first, carrying treated 
wastewater from the new WWTP to a discharge structure at El Mahsama Drain. The 
proposed corridor travels primarily along existing roads and the banks of El Mahsama 
Drain. 

Adverse impacts on land use are not expected from construction of these force 
mains. Noise and dust problems will be a temporary nuisance for residents and 
farmers living along the proposed corridor. Increased traffic from construction vehicles 
will occur along the roadways and the bank of El Mahsama Drain, and these may 
temporarily interfere with traffic and pumping of water from El Mahsama Drain. This 
is likely to be more of a nuisance than a significant adverse impact, but is not unlike 
many other construction and repair operations along the area's roads. Although 
temporary loss of cropland is not expected, the width of the construction corridor along 



El Mahsama Drain is not known with respect to the width of the existing dirt road 
along its bank. It may be that some incursion of construction equipment into cropland 
will occur. 

Special construction techniques will be required to place the force mains along 
and underneath the railroad and Suez Sweetwater Canal right-of-ways. No significant 
adverse impact on these facilities is expected if proper construction techniques are 
followed. 

4.5.4 Sludge Disposal 

Sludge is composed of fine inorganic matter (sand and silt that are included in 
wastewater flows), organic matter that is difficult to digest or biologically degrade (e.g., 
small seeds), and a large quantity of bacterial cell biomass. The bacterial cell biomass 
is composed primarily of the bacteria that grow in the wastewater treatment plant and 
consume the organic content of the wastewater stream. In addition, sludge will include 
some of the pathogens (bacteria, viruses, and parasite eggs) that are able to settle out 
during the treatment process, and heavy metals that are adsorbed to (attached to the 
surface of) particulate matter that settled out. The proposed action includes drying the 
sludge in lagoons, then spreading the sludge on land on the northern edge of the 
treatment plant site. 

Some of the land use issues that commonly are considered with sludge disposal 
in wetter, more temperate climates are of little concern in Egypt. These include: 
leaching of heavy metals and organic compounds into groundwater, movement via 
surface runoff into streams and lakes, and conflict with other land uses. 

In Egypt, rainfall is minimal and rare, thus, organic compounds and heavy metals 
are not likely to be leached from sludge deposits into the groundwater, nor is sludge 
likely to wash away into streams or lakes. At Ismailia, the groundwater at the 
proposed sludge disposal site on the north end of the treatment plant site is of little 
use for potable or agricultural purposes. Burning of solid wastes at a dump site 
located a few hundred meters to the north likely poses a far greater risk to quality of 
the groundwater. Although the risk of groundwater contamination by sludge deposited 
on the treatment plant site is small, the impact if it were to occur is not expected to be 
significant because of the lack of a significant beneficial use of the water. 
Furthermore, the sludge is not expected to have a high content of heavy metals or 
toxic organic compounds because industrial activities that generate these pollutants are 
not now found in the lsmailia area. The project will include an industrial wastewater 
management study that will strengthen the ability of the Ismailia wastewater 
department to address industrial wastewater flows and reduce the risk of generating 
contaminated sludge. 



Public health issues are a major concern with sludge handling and disposal, 
particularly in Egypt or other countries where the population displays a high rate of 
infection with intestinal parasites. These issues are discussed in detail in Chapter 5. 

4.5.5 Effluent Disposal 

Water quality in El Mahsama and Abu Gamus Drains will significantly improve 
under the proposed action. Farmers living along these drains and using the water for 
irrigation purposes will experience reduced risk of exposure to wastewater-associated 
disease. Nuisance odors will also be reduced. 

There is a potential conflict between the preferred effluent disposal alternative 
and the Ismailia Governorate's conceptual plan to rehabilitate the West Lagoon and 
develop boating/tourism facilities in the southeast corner of West Lagoon. 
Replacement of existing flows of untreated or partially treated wastewater with a 
significantly better quality of treated effluent will be a major improvement towards 
fulfiilment of that plan. These land use plans cannot be implemented without 
eliminating the current practice of untreated wastewater discharge to West Lagoon. 

It is not clear, however, that fecal coliform counts and levels of associated 
pathogens will be reduced to acceptable levels by the time the wastewater flow reaches 
West Lagoon. Disinfection may be a partial solution to this potential conflict, and will 
reduce the loading of pathogens to West Lagoon. On the other hand, even if 
disinfection of the wastewater were to occur, background levels of fecal colifom 
bacteria in El Mahsama Drain appear to be sufficiently high to continue to pose a risk 
to recreational use of West Lagoon (Dames & Moore 1W). 

Thus, the impact of the preferred action on the Governorate's conceptual 
development plans for the West Lagoon is mixed. It is a major positive step in 
improving werall water quality of West Lagoon, but it cannot eliminate background 
microbiological contamination in El Mahsama Drain. The decision to not chlorinate 
the effluent slightly reduces its beneficial impact from the perspective of public health, 
but the decision to chlorinate would not significantly improve the public health situation 
in West Lagoon. 

4.6 Public Health 

The World Health Organization (WHO) estimated in 1980 that 80% of all 
disease in the developing world is related to unsafe drinking water supplies and poor 
sanitary conditions (cited in Walton 1981). Experience in other parts of the world has 
proven that the most effective method for reducing environmentally transmitted dis- 
eases is by the provision of centrally managed engineering works such as public 
drinking water supplies and sewage collection and treatment facilities. The protection 



of public health by the removal of pathogens from wastewater is a primary goal of the 
Canal Cities Project. This section discusses the health issues relating to the proposed 
wastewater treatment and disposal project. 

The provision of sewage collection and treatment systems will significantly 
improve hygiene conditions within the community. Thus, the overall impact of the 
project is a significant benefit to public health. Care must be taken, however, to 
ensure that all potential health problems are avoided to the fullest extent practical. 
The other significant health goals for this project include the following: 

o produce a treated effluent and sludge that will not transmit disease 
through contact with either receiving waters or consumption of food; 

o protect treatment plant workers and nearby residents from pathogen 
exposure; 

o create environmental conditions that are not conducive for the breeding 
of snails, flies, mosquitos, and other species which may spread disease; 
and 

o minimize nuisance problems such as odors and noise which are often 
associated with these types of projects. 

The following sections address the particular health issues of this project. The 
potential for reuse of treated effluent was discussed at the scoping meetings held in 
Cairo and Ismailia in early 1990 (Appendix A). Although effluent reuse is not within 
the scope of this project, consideration has been given in Chapter 5 to the health issues 
of this potential effluent disposal alternative. 

4.6.1 Microbiological Water Quality Measurement and Criteria 

In order to assess the health benefits and risks of exposure to contaminated 
wastewater, it is necessary to measure the microbiological quality of the wastewater 
effluent and receiving waters in order to establish criteria that protect potential "downs- 
tream" users. Due to the large numbers of possible organisms present and the 
difficulties and cost of analytical procedures, the established method of assessing 
microbiological quality is by testing for indicator organisms, most commonly fecal 
coliform bacteria. 

The presence of indicator organisms reflects the presence of fecal contamination 
and potential disease-causing organisms. Epidemiological studies have shown, however, 
that there is often a poor correlation between these indicators and the actual incidence 
of diseases (Rose 1986, Fattal et a]. 1986; El Sharkawi 1986; Salas 1986, Cabelli 1989; 



and Payment 1989). This has resulted in considerable debate over the selection of the 
most appropriate indicator organisms and testing procedures. 

Table 4-5 presents a summary of water quality microbiological criteria for 
various countries (WHO 1989). It can be seen that there are considerable differences 
in both the actual numbers and the types of microorganisms that have been selected 
for this purpose. It is important to recognize, however, that all of these indicator 
organisms are bacteria and cannot be reliably used in monitoring the survival of viral, 
protozoal, or helminth (parasitic worm) organisms. The significance of this is that 
current methods do not satisfactorily reflect the presence of all pathogens or disease 
incidence rates. Care should be exercised when interpreting data from such studies. 

4.6.2 Community Health Impact 

Literature reviews clearly show that wastewater and the associated sludge 
generated in the wastewater treatment processes contain the full spectrum of human 
pathogens, including helminths, protozoans, bacteria, and viruses. Furthermore, there is 
ample evidence that exposure to these organisms, whether via contaminated drinking 
water, food, or occupational or recreational activities, can contribute to the transmis- 
sion of related diseases (Rose 1986; Shwal et  al. 1986b; Cabelli 1989). 

Table 4-6 presents information on the various pathogenic viral, bacterial, and 
protozoal microorganisms that are associated with sewage, the associated diseases or 
symptoms, and hosts. It is significant that individuals infected with these pathogens 
may not display any of the associated symptoms (Shuval et al. 1986a). Table 4-7 
presents a summary of similar information for helminthic pathogens that may be 
encountered in Egypt and includes information on disease transmission routes and 
geographic distribution. These organisms are worms which live and reproduce in the 
intestines or blood stream of humans, and in some cases, other hosts. 

In Egypt, roundworm (Ascaris), hookworm (Ancylostoma), and Entamoeba are 
prevalent, particularly in areas with unsanitary water supplies. mchnris and tapeworm 
(Taenia) are also problems in some areas. Schistosomiasis is a serious problem but is 
mainly associated with bathing and drinking water supplies (Walton 1981). 

Recent data related specifically to the health and incidence of these diseases for 
the Ismailia population are not available. Although many studies have been performed 
of these parasites in developing countries, the actual disease incidence rates are difficult 
to establish due to: a) the large number of infections which do not result in visible 
symptoms; b) inability to correctly identify some pathogenic organisms; and c) under- 
reporting of infections. Exposure to these pathogens does not necessarily result in 
infection. Factors that contribute to disease transmission include: 



Table 4-5. Microbiological Quality of Water GuidelineslStandards (per 100 ml) 

Primary Contan Protmion of 
Shellfish H a w l i n g  Reneation Jndieenous Oreanisms 

Tom1 Fecal Tolal Fecal Total F a a l  
Colif. - - Colif. - Colif. Colil. - Colif. - Colif. 

EPA 
United Slates 

EEC 5aT ILW Fecal 
Europe loaxP MO(P Slreptomad 

1aT 
Salmonella 
Mitred 
E n r e d m  
0 P N M t r e d  

Venezuela 70' 14' 9 3 % < l M O  93%<200  
93% < W) 90% < 43 10046 < 5MO 100% < 400 

Peru 
M d m  

Yugoslavia 
Israel 
USSR 

Poland 

Pueno Rico 7CP 
en% < 230 

a: Logarithmic avenge for a period of 30 day  of at leas1 5 samples 
b: Minimum sampling frequency - fonnighlly 
c: Guide 
d: Mandatory 
e: Monlhly avenge 
E A1 leas1 5 sampler per month 
g: Minimum 10 sampler per month 
h: At leas1 5 sampler laken sequentially fmm the waters in a given instance 
i: Period of 30 d a y  
j: Within a mne bounded by the shoreline and a dirlance of 1MO feet from the shoreline or the 30 f m t  depth contour, dichever ir funher 

from the shoreline 
k: No1 a sample laken during the vtrifiation period of 48  hours should exceed 10,000/100 ml 
I: Period of 60 day  
m: 'Satislaclor)' waters, samples obtained in each of the preceding 5 week 

Source: Salas 1986 (ated in WHO 1989) 



Table 4-6. Viral, Bacterial and Protozoan Pathogens in Wastewater. 

virus - 
VIRUSES Adenairuses 

Enteroviruses 
Polioviruses 

Disease Reservoir 

Numerous conditions Man 

Poliomyelitis, paralysis, 
and other conditions Man 

Echoviruses Numerous conditions Man 

Cowackieviruses Numerous conditions Man 

Hepatitis A virus Infectious hepatitis Man 

Rewiruses Numerous conditions Man & animals 

Rotaviruses, Nomalk agent. 
and other viruses 

BACTERIA 
Diarrhea Probably man 

Campylobacrer fetus ssp. jejuni Diarrhea Animals & man 

Pathogenic Escherichia col? Diarrhea Manb 

Salmonella 
S. qphi 
S. parnqpl~i 
Other salmonellae 

Shigella spp. 

Hbrio 
Y. cholerae 
Other vibrios 

Typhoid fever Man 
Paratyphoid fever Man 
Food poisoning and 
other salmonelloses Animals & man 

Bacillary dysentery Man 

Cholera 
Diarrhea 

Man 
Man 

Yersinia enterocolitica Diarrhea and septicemia Animals & man' 

PROTOZOA 
Balenridium coli 

Enramba hutolytica 

Diarrhea, dysentery, and Man & animals 
colonic ulceration ("P pigs 

and rats) 
Colonic ulceration, amoebic 
dysentery, and liver abscess Man 

Giardia Iamblia Diarrhea and malabsorption Man & animals 

a: Includes enterotoxige~c, enteroinvasive, and enteropathogenic E. coli 
b: Although many animals are infected by pathogenic E. coli, each serotype is more or less specific to a panicular 

animal host. 
c: Of the thirty or more serotypes identified so far, a number seem to be associated with panicular animal species. 

There is at present insufficient epidemiological and serological miden= to determine whether district serotypes 
are specific to primates and man. 

Souree: Shuval et al., 1986a. 



Table 4-7. Helminthic pathogens excreted in feces 

Helminth Common Name Disease Transmission Distribution 

Ancylastoma Hookworm 
duodenale 

Hookworm Man - soil - man Mainly in warm wet 
climate 

Ascarir lumbricoides Roundworm Ascariasis Man - soil - man Worldwide 

Diphyllobothrium Fish tapeworm Diphyllobo- Man or animal - Widely distributed, 
larum thriasis copepod - fish- mainly in temperate 

man regions 

Enterobius vermicula~is Pinworm Enterobiasis Man - man Worldwide 

Fasciola hepatica Sheep liver fluke Fascioliasis Sheep - aquatic Worldwide in sheep 
snail - aquatic and cattle 
vegetation - man raising areas 

Hetemplyes hetemplayes n/a Heterophyiasis Dog or cat - Middle East, 
brackish water southern Europe, 
snail - brackish Asia 
water fish - man 

Hymenolepis M M  Dwarf tapeworm Hymenolepiasis Man or rodent - Worldwide 
man 

Schistosoma haematobium Schistosome Schistosomiasis; Man - aquatic snail - Africa, Middle East, 
bilharziasis man India 

S. m a m i  Schistosome Schistosomiasis Man - aquatic snail - Africa, Middle East, 
bilharziasis man Central and South 

America 

Taenia saghta  Beef tapeworm Taeniasis Man - cow - man Worldwide 

Pork tapeworm Taeniasis Man - pig (or man) - Worldwide 
man 

lXchurir trichim Whipworm Trichuriasis Man - soil - man Worldwide 

nla: Not applicable 

Source: Shuval et a]. 1986a. 



o the number and concentration of pathogens; 

o the human infective dose; 

o the virulence of the disease; 

o the route of exposure; and 

o the individual's immunity. 

These factors are influenced by the health, age, and location of the exposed 
population. Figure 4-1 illustrates the typical minimal infective dose for various 
pathogens. Of note, diseases related to parasitic and viral infections require much 
lower infective doses (Shuval et al. 1986b). Immunity is a particularly important factor. 
Many of the enterovirus-related diseases are endemic in developing countries, and most 
infants acquire lifelong immunity at such an early age that additional exposure does not 
result in any measurable increase in disease. Concurrent exposure from contaminated 
food, water, and poor personal and domestic hygiene may be so prevalent that further 
exposure due to wastewater contact may not cause additional disease (Shuval et a]. 
1986b). 

The health risks due to poor sanitaly conditions in developing countries have 
been identified and ranked (WHO 1989). These relative risks are presented in Table 
4-8. The helminths (intestinal nematodes) are considered the highest risk due to their 
low infective doses, their ability to pass through many conventional wastewater 
treatment processes, and their persistence in the environment. 

Clearly, the provision of improved sewage collection and treatment facilities will 
have a beneficial influence on community health. Careful planning of new facilities 
must ensure that the cycles of infection and reinfection are broken. 

4.6.3 Pathogen Removal in Wastewater Treatment 

It is important that wastewater be treated and discharged in a manner that will 
not be detrimental to the receiving environment and its beneficial uses. The degree of 
pathogen removal that occurs during wastewater treatment varies according to: a )  the 
specific treatment process; b) time and duration of treatment; and c) the mechanism 
for destruction or removal of the various pathogens. 

Helminth eggs and cysts are relatively heavy as compared to water. Removal is 
predominantly by settling, but long detention times under quiescent conditions are 
required for complete removal. Stabilization ponds with detention times in excess of 20 
days have been recommended for complete helminth removal (Shuval et  al. 1986a). 



ORGANISM 

1. Ascaris lumbriocoldes 

2. Ancylosioma duodenale 

3. Plchuris trlchlura 

4. Entemvi~SeS 

5. Norwalk Agent 

6. Hepatitis A virus 

7. Eniamoebe coll 

8. Oiardia lamblla 

9. Shigella dysenteriae 

lo. Shlgella tlexnerl 

11. Vlbrio choleree 

12. Salmonella typhl 

13. Salmonelle newport 

14. Escherlchle coll (pathogenic) 

15. Selmonelle derby 

16. Clostrldlum perlrlngens 

17. Selmonelle pullorum 
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FIGURE 41  
MINIMAL INFECTIVE DOSE OF ENTERIC PATHOGENS- 

CLINICAL RESPONSE OF ADULT HUMANS TO VARYING CHALLENGE DOSES 

SOURCE: Shuval et. al., 1986b. Dames & Moon 
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Table 4-8. Relative health risks from use of untreated excreta and wastewater in 
agriculture and aquaculture 

T w e  of ~athoeenlinfection 

Intestinal nematodes 
Ascaiis spp 
Nchuiis spp 
Hookworms 

Bacteria 
Bacterial diarrheas 
(e.g., cholera, typhoid) 

Viruses 
Viral diarrheas 
Hepatitis 

Trematodes and cestodes 
Schistosomiasis 
Clonorchiasis 
Taeniasis 

Excess frequency of 
infection or disease 

High 

Lower 

Lowest 

From high to nil, depending upon the 
method to excreta use and local 
circumstances 

Source: WHO 1989 



Bacterial pathogen reduction in the wastewater treatment process is attributed to 
natural die-off, predation by protozoa, and exposure to solar radiation. High removal 
rates, generally measured by fecal coliforms, can usually be achieved in wastewater 
treatment systems with long detention times, such as the waste stabilization ponds 
noted above. Effluent disinfection is normally required to maintain low bacterial counts 
in the effluent of activated sludge and aerated lagoon systems. 

Viruses have been shown to adsorb onto suspended material. The majority of 
these organisms are effectively removed by floc-forming biological treatment processes, 
such as activated sludge processes and aerated lagoons. 

Table 4-9 summarizes the fate of important pathogens through wastewater 
treatment and upon discharge in the receiving environment. It should be noted that 
the proposed aerated lagoon system has a planned detention time of 11 days. 
Pathogen removal will probably lie between that indicated in the table for oxidation 
ditch and waste stabilization systems. Design equations have been empirically 
developed for fecal coliform reduction but cannot accurately predict pathogen removal 
in new systems (Marias 1974; Sarikaya et al. 1987; Bowles et al. 1979). Direct 
comparisons between other systems are of value as first approximations only due to 
variations in geographic location, functional design, and operating conditions. 

Using Table 4-9 as a guide, pathogen removals for the proposed aerated lagoon 
system are estimated to be between 95 and 100%. Even so, fecal coliform 
concentrations on the order of 10,000 to 100,000 per 100 ml could be present in the 
treated effluent (Middlebrooks et a]. 1979). It is also reasonable to assume that 
complete removal of helminths and parasitic cysts may not occur. The final polishing 
pond provides only 5 days detention under true quiescent conditions. 

The acceptability, from a public health point of view, of the level of treatment 
being proposed depends on the method of effluent disposal and potential for 
subsequent pathogen contact with receiving water users. These issues are discussed in 
more detail in Chapter 5, where additional treatment processes which would upgrade 
the quality of the effluent are presented. Such processes may be necessary if reuse of 
the effluent for agricultural purposes is considered in the future by the Egyptian 
government. 

4.6.4 Pathogens in El Mahsama Drain 

Under the preferred project, effluent from the proposed WWlT is to be 
discharged to the El Mahsama Drain. The water quality study conducted in November 
1989 included measurement of drain flows and fecal coliform concentrations in the 
Ismailia area (Dames & Moore 1990). The fecal coliform results are given in Table 4- 
10; Figure 3-3 shows the sampling locations. None of the average fecal coliform 
measurements at any of the sampling stations were less than 10,000 MPN/100 ml, 



Table 4-9. Summary of Pathogen Removal by Various Sewage Treatment Processes. 

o r i d a t i n  dilcb 
"ilb 
d imenu t ion  
and sludge 
dryinz 

WulC subili- 
u t i m  pond8 3 
e l l s .  Minimum 
lou l  n 1 n t i m  
time = 25 d m  

b a d  appliotioa 
or a l w  und  
Iilmtioa u 
lCRi.ly 
mlm.mt 

morin.tion " *,liar, 
malmrmt 

May '"Wiw Typiul in f lw  
Typiul  o u m w  
Pcrunl  m a a a l  
Piaal a ludg 

May auWiw lor M.l lor Killed npidiy 
w e n 1  m b  s n c n l  m b  a1 607: 

M . y , w i e u p b  
5 months om mil 

Typiul imflw 
Typical o v f l w  
Pcrccnl mw.1  
Final a ludg 

I@-i@n 
o-in 
99.99-I0046 

May 1uNiVe lor May lnlvirr for Killed in 20 
m e n 1  m b  a lor m b  h n  at 607: 

ol mil, 
p*-"pb 
3 momths ..d 
o l h  l p c i a  for 
.p m I y u r  

Typiol imflw 
~ypi-1 O U ~ M  

Peran t  m m m l  
F h s l  sludge 

Eliminated May auWiw lor Umlikeiy lo Killed in 1 b u r  
w c n l  m b  s v n i r r  lor mom a1 55% a r  in 10 

l h m  40 d.yr d.p .I I(FC 

May ~ W i w  lor 
up lo 3 momths 

Typiul  inflow 
Typiul outllw 
Pcna.1 -.I 
Piml dudge 

May aulvirr lm  May euWiw lor b p i d l y  tilled 
m l  -b a lor -b a& 607: 

T,,,ipiol inn.,# 
Typiol o u m w  
P c m n l  mmaa l  
Final sludge 

May lulvirr lor Umlikeiy b Killed npidiy 
m n l  m b  ulvirr lor .bow 55% 

m a r  &a 
I1 d.,. 

Typiul b f l w  
Typiul  oul t lw 
P~na.1 m m l  
Piaal aludge 

very leu 
very lc 
056 
sale 

very leu 
on 
100467 

vny lor 
on 
10046 

May 6uWiw lor S u n k  lor no1 Killed in 10 
m n l  rcb mom l h n  minula at 50.C 

m b u m  

Typiul inn.,# 
Typiul  o u m w  
Peran t  m m m l  
F h s l  a ludg 

May auWiw lor May aulvirr lor Killed in 5 
3 rah 3 -b m i n u b  at 50.C 

May '.Wiw lor 
1 m k  il kept 
damp and in I day 

.I 4053 



Cont'd 
Table 4-9 

Wutc mbi l i -  
ution pads 3 
ell. Mimimnm 
mml rclcmtioo 
lime = 25 dam 

Cblorimrtioa 
terti.r)r 
mrtmcmt 

Will wmiw 

Will l u w k  

P&bW 
climim.led 

Will e u w k  

IO-lo'n 
on 
Irn 

IO-lo'n 
on 
I008 

I - l m n  
M 
law 

1- lmn  
M 
1008 

M.y llnirr for 
-nl mb 

Klllsd in 5 M.y."miwm 
minuta at XfT mi l  for 20 
and in 1 b u r  week, undo 

.at 6% i d u l  conditions 

0.lO1ll 
M 
law 

May a u w k  far 
many momlbr 

May smwk for 
mamy malba 

Killad in 2 M q  n u w k  on 
b u m  at 5 5 9 1  ail for w e n 1  
in 20 born r t  yam 
505: and 200 haum 
at 45% 

Ova or minddi. 
will die 

Killed in  1 hkyrruiucnpm 
bow at 505: 1 a m &  i f  llpt 

damp 

mil in f lw  
%iol oumw 
Percent w m m l  
Final sludge 

Ova rill b lch  
m d  ainddii 
must find snail 

+I imflw 
+I oumw 
Pernnt mml 
Pinal sludge 

Will srmiw for 
-nl a b  

Will .I& for 
.md week, 

Killed in  10 May ulwk a 
minula at 505: m i l  for - 
and i m  acr 4 y u r  wi* mBi- 
b u n  at 15% "en1 moisnrc 



Table 4-10. Fecal Coliform Data - Ismailia, November 1989 

Station 

DATE 

Nov 18 Nov 20 Nov 21 Nov 27 Nov 28 

11,500 10,560 8,640 36,000 9,120 
2,600 14,160 52,800 19,320 

13,800 10,080 16,800 11,400 20,640 
14,300 10,080 18,360 2,000 11,760 
16,900 12,420 42,400 9,960 
24,200 12,000 28,800 18,120 24,000 
30,000 12,120 19,680 16,320 
16,200 10,240 6,240 21,120 21,600 
9,800 7,680 17,160 11,380 13,440 

17,200 15,720 14,880 15,933 
11,500 14,160 18,480 16,800 17,400 
12,300 20,520 2,480 14,630 

Source: Dames & Moore 1990 



including those in West Lagoon and Lake Timsah. High coliform counts were also 
observed in El Mahsama Drain upstream of the Abu Atwa WWTP outfall. Also, the 
effluent from the existing plant comprises less than 10% of the total El Mahsama 
Drain flow, and has an average of 21,000 MPNI100 ml. These data indicate poor 
water quality conditions in the drain system, and probably result from raw sewage 
discharged directly into the drains from unsewered neighborhoods, agricultural workers, 
and animals in the surrounding areas. While the dense vegetation in the mouth of El 
Mahsama Drain prevents fishermen from entering the drain from West Lagoon, small 
fishing boats have been observed fishing in the drains in the vicinity of the existing 
effluent discharge point. Drains are also used for bathing and laundry activities. 
Individuals engaged in these actions under current conditions are at significant risk for 
adverse health effects. 

While microbiological water quality in El Mahsama Drain may improve 
downstream of the effluent discharge point after dedication of the new WWTP, poor 
water quality upstream will remain unless the upstream areas are tied into the sewage 
collection system. 

4.6.5 Health Impact on Recreational Water Users 

There has been considerable debate in recent years concerning the practice of 
setting fecal coliform guidelines for protection of bathers and other recreational water 
users. A number of alternate indicator organisms, such as fecal streptococci, 
enterococci, E. coli, and Staphylococcus aureus have been proposed and evaluated 
(Fattal et al. 1986; El Sharkawi 1986; Salas 1986). Some of the resulting differences 
can be seen in Table 4-5. 

Two studies have focused on several Egyptian beaches, all of which were located 
in the Alexandria area. El Sharkawi (1986) showed that bathers near Alexandria had a 
significantly higher incidence of typhoid at beaches near outfalls than those at beaches 
without outfalls. Fecal colifom measurements at the beaches where the highest 
number of typhoid cases occurred were generally over 15,000 MPN1100 ml. 

CabeUi (1989) reported that the most prevalent swimming-associated, pollution- 
related symptom in studies conducted in Egypt was gastrointestinal, and that rates were 
higher for children. Data collected in this study showed that enterococcus was the best 
single indicator of water quality relative to the risk of infectious disease. The data 
also demonstrated the difference in the incidence of disease with different study 
populations due to immunity. In this case, residents of Alexandria had a significantly 
lower incidence rate than visitors from Cairo. 

It is difficult to determine the difference that the new Ismailia WWI'P will 
make, as no information is available on rates of disease due to water contact in 
Ismailia. Anecdotal reports of skin, ear, and eye complaints due to water contact 



activities were discussed during the field visits (Appendix B), and many of the local 
population avoid swimming in areas near West Lagoon. There is a large summer 
tourist population, however, which does not have the benefit of this local knowledge. 
These people make extensive use of Lake Timsah, especially along the western shore 
south of the West Lagoon outlet. It is possible that the rate of illnesses occurring in 
this group may be significant but goes unreported. 

The most immediate improvement in water quality will be achieved when 
developments adjacent to the West Lagoon and Lake Timsah are connected to the 
main sewerage system and stop the direct discharge of untreated sewage into these 
water bodies. As discussed above, however, there will still be a substantial amount of 
fecal pollution from El Mahsama Drain, even if the wastewater were to be treated to a 
high level with disinfection, because of upstream contamination. 

While improvement in water quality is expected because of significant 
improvements in treatment level and elimination of raw sewage flows in Abu Gamus 
Drain, the poor correlation between fecal coliform levels and disease incidence rates 
make it difficult to quantify the improvement that will be achieved by the new 
treatment facilities. 

4.6.6 Health Impacts of Fishing and Shellfishing 

Although most commercial and subsistence Eshing in the region occurs in Great 
Bitter Lake, where water quality is believed to be significantly better, there is 
subsistence fishing activity in West Lagoon at present. While the cessation of direct 
raw sewage discharges into the lagoon should improve local water quality conditions, 
high levels of fecal contamination are anticipated to remain in the lagoon due to the 
poor quality of waters in the El Mahsama Drain. It is not known whether there have 
been reports of illness due to consumption of contaminated fish from West Lagoon. 

Shellfishing was observed in Lake Timsah on the beach area to the west of the 
Etap Hotel during the water quality sampling efforts in 1989. This area is near the 
mouth of a drain through which it is reported that raw sewage is discharged into Lake 
Timsah. This represent a clear health threat; consumption of contaminated shellfish is 
the most likely form of disease transmission due to the concentration of pathogens 
within the shellfish. 

4.6.7 Health Impacts to Wastewater Treatment Plant Operators 

Workers at wastewater treatment plants are more exposed to pathogens than 
other groups, by either direct wastewater or sludge contact, or from fhe aerosols that 
result from the aeration process. Many studies have been conducted on these 



occupational groups to determine the susceptibility and incidence rates of sewage 
transmitted diseases (Rose 1986, Shuval et al. 1986b; Pahren and Jakubowski 1987). 

In contrast to disease outbreaks associated with raw wastewater irrigation, there 
is no conclusive evidence that disease may be transmitted through spray irrigation of 
wastewater or aerosols generated during biological wastewater treatment (Rose 1986). 
Clark (1984) reviewed the incidence of disease associated with occupational exposure 
and found increased incidence of gastrointestinal and parasitic infections, especially with 
inexperienced treatment plant workers. 

Hepatitis outbreaks have often been reported among sanitation workers, but 
these are mostly attributed to person-to-person transmission and inadequate designation 
of potable water sources. Clark (1984) found through serological testing that although 
no increased risk of contracting hepatitis was observed, wastewater workers had an 
excess of antibodies to some of the enteroviruses. 

4.6.8 Health Impacts to Nearby Residents 

As noted above, viruses and other pathogens can be transmitted considerable 
distances via aerosols from the site and still remain viable. However, there have been 
no reports that this exposure results in an increased incidence in disease. As with 
wastewater treatment plant operators, it appears that the relatively high levels of 
immunity against most viruses endemic in the community either block or reduce 
transmission to the point where it is not measurable (Pahren and Jakubowski 1987). 

The proposed wastewater treatment plant site is isolated from the main popula- 
tion centers of Ismailia, and adequate buffer zones have been provided to protect any 
of the nearby rural inhabitants of the area. No increase in health risk to local farmers 
is anticipated. Furthermore, aerosols are expected to evaporate rapidly in the arid 
climate. 

4.6.9 Health Impacts Related to Sludge Handling and Disposal 

Studies in India have shown that sewage farm workers experienced significantly 
higher levels of Ascork and hookworm infections than other agricultural workers. In 
addition, a high incidence of anemia (a debilitating symptom of severe cases of 
hookworm infestation) was observed (Rose 1986; Shuval et al. 1986b). However, 
contact with stabilized sludge has not produced any observable increase in disease. 

Most of the solids generated in the proposed treatment process will settle, 
accumulate, and be stabilized in the second (semi-mixed) lagoon. The degree of 
stabilization achieved will depend on the mixing level, oxygen conditions and the time 



between sludge removal operations. Based on preliminary calculations, it appears that 
sludge should be removed kom the second cell every 3 or 4 months. 

Sludge removed from the lagoon system will be transferred to a sludge drying 
lagoon system where it is expected to be stored for at least 60 days and achieve a 20 
to 40% solids concentration. Dried sludge would then be removed and stockpiled for 
an additional 45 to 90 days, where some additional drying and pathogen die-off will 
occur. After storage, sludge will be disposed of on land on the north end of the 
WWTP site (Figure 2-5). 

Table 4-11 shows typical survival times of selected pathogens in soils. Survival 
times in sludges are similar to those indicated for soils. Studies have shown that 
Ascaris, in particular, can survive for extended periods in the environment (WHO 1989; 
Shuval et al. 1986a). Based on the anticipated treatment sequence outlined above, it 
should be assumed that some pathogens, particularly helminth eggs and cysts, may 
remain viable. As a result, there is the potential for reinfection within the community 
if farmers were to remove and reuse the sludge at this stage. The use of sludge drying 
beds has been found to be quite effective at inactivating eggs, although a very low 
moisture content (less than 5%) is required (Reimers et al. 1986). This is significantly 
less than the 20 to 40% solids content anticipated for the proposed plant. 

Tables 4-12 and 4-13 show the presence and persistence of parasites in the 
sludge generated at the Alexandria wastewater treatment plant. Ascaris eggs, ZEchuris, 
and Entamwba all survived the drying process at 30% cake solids. Lime addition was 
also evaluated in this study, but was not effective on Ascark (El-din Hassan 1988). 

In summary, it cannot be assumed that the proposed sludge management system 
will be effective in removing all pathogens. In particular, it is likely that Ascaris eggs 
will survive the process and use by local farmers will provide a potential for reinfection. 
Additional sludge stabilization is recommended (Chapter 7) if sludge is to be used for 
agricultural purposes. Thus, reuse of the sludge is not recommended at this time, and 
is not included in project design because of the public health concerns. As the project 
is presently designed, sludge will be disposed of on land on the northern portion of the 
site. 

4.6.10 Potential Disease Vectors and Nuisances 

The following problems may be associated with the operation of the proposed 
wastewater treatment system: 

o fly breeding in the sludge drying lagoons; 
o snail and mosquito breeding in the polishing pond; and 
o algae growth in the polishing pond. 



Table 4-11. Survival times of selected excreted pathogens in soil on crop surfaces at 20-30°C. 

Survival time 

Pathogen In soil On crops 

Viruses 
Enteroviruses" 

Bacteria 
Fecal coliforrns 

- Salmonella spp 
N 
.A Vibrio cholerae 

Protozoa 
Entamoeba hirtoiytica 

cysts 

Helminths 
Ascaris lumbricoides eggs 
Hookworm larvae 
Taenia saginata eggs 
%churis m'chiura eggs 

c100 but usually <20 days c 6 0  but usually c15  days 

but usually <20 days 
but usually <20 days 
but usually c10  days 

c20  but usually c10  days 

Many months 
c 9 0  but usually <30 days 

Many months 
Many months 

<30 but usually c 15 days 
c30  but usually c15  days 
c 5  but usually c 2  days 

c 10 but usually c 2  days 

c 6 0  but usually c 3 0  days 
c30  but usually c 10 days 
c 6 0  but usually c 3 0  days 
c 6 0  but usually c30  days 

Source: Reimers et al. 1986 
a: Includes polio-, echo-, and coxsackieviruses. 



Table 4-12. Parasite Concentrations in Different Sludges 
at Alexandria, Egypt 

Parasite Raw Sludee Dried Sludee* 

AscariF Eggs +++ + 
Taenia Eggs + N.D 

Entamoeba coli +++ + + 

* Dried sludge at "Liftable stage" i.e. 30% total solids. 
Note: N.D. indicates not detected; number of plus signs indicates relative abundance. 
Source: El-din Hassan 1988. 



Table 4-13. Parasite Concentrations in Dry and Composted Sludge, 
Alexandria, Egypt. 

Dried Compost Compost Compost 
sludge 

Wet liftable 
Parasites sludee 15 Davs 30 davs 45 davs 60 davs 

Ascaris eggs + + N.D. N.D. N.D. 

Taenia eggs + N.D. N.D. N.D. N.D. 

Entamoeba coli + + + N.D. N.D. 
cysts 

Stronglyloides + + ++++ +++ ++ + 
Larvae (living) 

Note: N.D. indicates not detected; number of plus signs indicates relative abundance. 
Source: El-din Hassan 1988 



Flies are very common in Egypt due to the climate, and materials such as sludge 
provide ideal breeding media (El-din Hassan 1988). Details of how the sludge drying 
lagoons will be operated have not yet been decided, except that some form of initial 
decanting will remove supernatant to minimize the insect breeding potential. The 
sludge will dry by both drainage and evaporation. 

Chemical treatment is an option for controlling insect breeding if it becomes a 
problem, which under these circumstances seems likely. While chemicals are effective, 
there are several disadvantages. First, chemicals are expensive and may not always be 
available. Second, persistent chemical addition to sludges enhances the natural 
resistance of insects to insecticides. Third, additional chemical storage facilities, 
chemical application equipment, and operator training are also required. Finally, some 
insecticides may be hazardous to birds, particularly if not used properly. This issue 
may be of concern if migrating birds use the site as resting or feeding areas. 

Snail breeding may occur in the polishing ponds, and the risk of transmitting 
schistosomiasis may be significant with effluent discharge into El Mahsama Drain. 
Activities in the polishing pond must be restricted and appropriate measures may need 
to be regularly used to control snail populations (Chapter 7). 

Mosquito breeding (Culsr sp., which is not a malaria vector) in the polishing 
ponds may present a problem. This can be controlled by spraying or possibly by 
fluctuating the water level in the polishing basin (Diamant 1980). The latter option 
may be difficult to implement into the proposed system, and the former may have 
adverse effects on aquatic birds. 

Some algal growth in the polishing pond will probably occur. This would have 
the effect of increasing the effluent solids and reducing the bacterial pathogen die-off 
rate. 

4.6.11 Health Impacts of Chemicals and Toxic Materials 

There is little evidence available to indicate that heavy metals and other toxic 
compounds are present at toxic levels in the wastewater. Therefore, problems 
associated with these compounds are not expected. However, periodic checks should 
be performed on the plant influent and sludges. Source control of discharges to the 
sewer from new industries should be implemented to ensure that toxic discharges do 
not become a problem in future. 

4.6.12 Summary of Public Health Issues 

From a public health point of view, the proposed wastewater treatment facilities 
for Ismailia cannot be guaranteed to prevent Ascaris and other helminths from 



continuing to be discharged to El Mahsama Drain. In addition, there is the possibility 
of disease transmission by these organisms through agricultural reuse of the sludge by 
local farmers if this practice were permitted. Elimination of raw waste discharges to 
West Lagoon via Abu Gamus Drain will improve public health conditions in West 
Lagoon and Lake Timsah, but problems may still remain because of apparently high 
levels of contamination by sources other than the WWTP. Nuisance conditions may 
also arise with respect to flies, mosquitos, and algae in the polishing ponds. Solutions 
for these possible problems are discussed in Chapter 7. Use of the sludge by farmers 
as a soil amendment is not part of project design, therefore, this potential adverse 
impact is not expected. 

4.7 Energy 

The use of energy is integral to the operation of modem wastewater treatment 
facilities. Each of the treatment options described in Section 2.7.4 will increase energy 
consumption (primarily as electricity) above current levels. While the cost of electricity 
accounts for a significant portion of the operation and maintenance (O&M) cost of 
each option, there is wide variability in proportion among these options. 

There are two principal issues with regard to energy consumption: first, the 
amount of energy required to operate the treatment plant (an irretrievable commitment 
of resources); and second, the cost associated with the use of energy. 

4.7.1 Energy Consumption 

There is a large difference in the estimated energy consumption between each of 
the treatment options considered. Annual average electric power consumption (and its 
equivalent in barrels of oil) is as follows: 

Annual Electricity 
Alternative Consumption (106 kwh) Eauivalent bbl oillvr 

The consumption of oil (as an equivalent to electricity) is calculated by assuming a 
production efficiency of 1,700 kwh per barrel of oil in Egypt (Ichord, pers. comm.) and 
100% oil-fued generation. 

As observed above, the trickling filter treatment system is expected to have the 
lowest energy demand of those alternatives considered and aerated lagoons the highest. 



The oil consumed to produce the electricity would be an irretrievable commitment of 
resources of at least 3,500 barrels of oil per year (under the trickling filter treatment 
system) and a maximum of 20,600 barrels of oil per year (under the aerated lagoon 
option). This would translate into a demand of 4 to 8 MW of electric generating 
capacity for the aerated lagoon system; less for all other options. This is well within 
the existing generating capacity in the area. 

4.7.2 Cost-Effectiveness 

The second major concern with regard to energy consumption is the cost of that 
energy and the impact of the cost on the paying entity. While the construction costs of 
the proposed WWTP are to be met by the national government with grant assistance 
from USAID, the costs of operation and maintenance are to be met by the 
Governorate. Compounding the impact of this potential obligation to meet O&M costs 
are the plans of the Egyptian government to remove existing subsidies on energy and 
to allow them to rise to a level equal to the long range marginal cost (LRMC) of 
generating new power (although the rate of increase is not yet clear). At present, the 
cost of electricity is $0.02flovh. At this level, the wastewater department of the 
Governorate budgets LE 46,000 ($18,000) per year primarily to operate the collection 
system pumps. At the present cost of electricity, the annual power costs for the 
aerated lagoons will be $476,000. Recent analysis indicates that the long range 
marginal cost of electricity for generation from new powerplants in Egypt is $0.066flovh 
(Adler 1990). At this power cost, the annual power costs would be $1,148,000. The 
availability of adequate funds to cover O&M costs is specifically addressed in the Grant 
Agreement for the Canal Cities project. A users rate study is underway to provide the 
necessary data to the Governorate. 

A present worth comparative cost analysis was performed to determine the 
impact of vaxying the cost of electricity on the overall present worth of the aerated 
lagoon treatment process and technically feasible alternatives (conventional activated 
sludge and trickling filter treatment systems). This analysis, which is described in 
further detail in this section, found that: 

o the trickling filter alternative is not economical; 

o the aerated lagoon system is marginally cost effective compared to the 
alternatives based on construction costs and present worth; and 

o although the aerated lagoon system is more energy intensive than the 
alternatives, it appears to offer significant advantages as the selected plan 
when project features such as operational complexity, sludge management, 
and local personnel capabilities for O&M are integrated into the selection 
process. 



Energy costs were varied in the analysis for this EA from S0.021kwh to 
$O.lO/hvh, and the impacts on the total present worth were determined. The total 
present worth includes the present worth costs for wastewater treatment, sludge 
treatment, operations and maintenance, and salvage. The life cycle analyses factors 
used by the CMC have been used for this analysis. These factors are as follows: 

Life Cycle Period: 10 years 
Useful Life of Facilities 

Structures: 30 years 
Equipment: 10 years 

Interest Rate: 8.875 percent 

Costs for Ismailia were obtained from CMC Alternatives Treatment Study 
report. The estimated total annual energy costs and estimated total annual operation 
and maintenance (O&M) costs over the range of energy costs are evaluated as follows: 

Total Estimated Annual Energy Costs at Indicated Energy Rate 
fin thousand dollars) 

CAS w/o P 289 578 867 1,145 
AL 476 952 1,148 5328 
TF 103 206 309 412 

(CAS w/o P indicates conventional sludge treatment without primary clarifiers: AL 
indicates aerated lagoons; and TF indicates trickling filters.) 

Total Estimated Annual O&M Costs at Indicated Energy Rate 
fin thousand dollars) 

Alternative S0.02hh $O.O4hh SO.06hh 

CAS w/o P 955 1,244 1,533 2,111 
AL 1,160 1,636 2,112 3,064 
TF 697 800 903 1,109 

The total estimated present worth costs for each alternative over the range of 
energy costs is plotted in Figure 4-2 and are summarized as follows: 



80.0 

75.0 

V1 
a 
a 
2 70.0 
2 
0 
n 
a = 

X 

I 

65.0 
3 

z 
W 
V1 
Lo 
a 
0 
J 
a 60.0 

F 

55.0 

50.0 0 0 0.02 0.04 0.06 0.08 0.10 

ELECTRIC ENERGY COST- $/KWH 

FIGURE 4 2  
PRESENT WORTH COMPARISON WITH 

VARYING COST OF ELECTRICAL POWER 

Dames 8 Moore 

134 

- 

/ I 

$/ *P19'  

/ 

f 
oo'+ / 

"$ ' 



Alternative 

Total Estimated Present Worth Costs at Indicated Energy Rate 
(in million dollars) 

In comparing present worth costs, differences of less than 10-12% are usually 
considered insignificant because accuracy of estimates do not allow distinction within 
this range. At an energy cost of $0.02flnvh, the aerated lagoon system present worth 
cost is 11% less than the activated sludge alternative without primary clarifiers and 
33% less than the trickling filter alternative. At $0 .06hh ,  the aerated lagoon present 
worth cost is 6% less than the conventional activated sludge without primary clarifiers, 
and 22% less than trickling filters. The analysis indicates that, at an energy cost as 
high as $0.06hh,  there is no econoinic difference between the aerated lagoons and 
activated sludge alternatives, but the trickling filter alternative is significantly higher in 
present worth cost. 

Estimated life cycle costs for the three alternative processes at S 0 . 0 W h  are 
summarized in the Alternative Treatment Study report as follows: 

Estimated Costs (in million dollars) 
Construction Present Worth 

Alternative Cost % Above Low Cost % Above Low 

Total estimated comparative present worth costs at $0.06/kwh, the estimated 
LMRC, for the three alternative treatment processes are summarized as follows: 

Estimated Present Worth % Above Lowest 
Alternative (in million dollars) Present Worth 



The foregoing comparison with respect to present worth indicates: 

o the trickling filter alternative offers no significant economic advantage at 
energy costs almost twice the estimated LRMC (Figure 4-2); and 

o there is no economic difference at the LRMC between AL and CAS w/o 
P, and the difference in present worth decreases as electrical energy costs 
rise above the estimated LRMC. 

4.8 Noise, Odors, and Air Quality 

4.8.1 Construction Impacts 

Construction impacts at the new WWTP site southwest of Ismailia will consist of 
noise, generation of dust, and increased air pollutants emitted from construction 
equipment. Because air flow is primarily towards the south at Ismailia, these 
temporary impacts will be directed primarily to the undeveloped areas south of the 
plant site. Odors emitted from the new plant and sludge disposal areas will impact 
neighboring areas, but these are very lightly populated. No significant adverse impacts 
are expected. 

Construction of force mains and other off-site facilities also will produce 
temporary localized impacts due to noise, dust, and air emissions. These impacts will 
be nuisances for residents, farmers, and traffic along the roadways and El Mahsama 
Drain rights-of-way. 

Cleanout and demolition of the existing WWTP facilities is not part of the 
proposed project. Abandonment of the existing facilities will result in a significant odor 
problem for several weeks unless cleanup occurs immediately. If the Ismailia 
Governorate chooses to cleanup and demolish the facilities, demolition of existing 
structures and site rehabilitation at the Abu Atwa WWTP will generate noise, dust, and 
air emissions. These impacts will be temporary and confined to the vicinity of the 
existing plant. 

4.8.2 Operational Impacts 

Operation of the proposed wastewater treatment facilities will produce odors and 
may generate aerosols (particularly from the full-mix aerated lagoons) that could pose 
public health hazards. Aerosols, however, are expected to evaporate quickly in the arid 
climate. Furthermore, proper operation and maintenance of the facilities will 
significantly reduce the amount of odor generated. 



Although nuisance odors are likely to be generated from the sludge drying 
lagoons, prevailing winds are expected to disperse the odors southward, towards 
relatively undeveloped areas. Odors may also result from the sludge drying lagoons. 
The amount of odor generated will depend on the degree of stabilization achieved in 
the partially mixed lagoon and the water content of the sludge in the sludge drying 
lagoon. No significant adverse impacts are expected. 

4.9 Cultural Resources 

No identitied archaeological sites or other cultural resources are known to occur 
at the proposed WWrP site or along the preliminary force main rights-of-way. 

4.10 Irreversible and Irretrievable Commitments of Resources 

Resources that will be irreversibly and irretrievably consumed or lost as a result 
of construction and operation of the proposed project include: 

o energy in the form of fossil fuels; 
o cement and other materials used in construction; and 
o wildlife habitat. 

Of these, the loss of wildlife habitat is insignificant because the site is not good quality 
habitat and wildlife use is of little importance. 

Consumption of fossil fuel and cement is insignificant in terms of national and 
regional supplies and consumption; these losses are undetectable incremental increases 
in local and regional use of these resources. Although the cumulative consumption of 
these (energy in particular) is of environmental concern on a national and global level, 
the benefits to public health and quality of life as a result of commitment of these 
resources is well worth the extremely small cumulative impact. 



5.0 ENVIROIWENTAL EFFECJrS OF ALTERNATIVE PROJECTS 

A wide range of economic and technical considerations have been incorporated 
in eventual selection of the preferred treatment and disposal alternatives. Some of the 
more important ones are described in Chapter 2. Environmental considerations have 
also played an important role, dating back to extensive environmental analyses 
conducted as part of the facilities master plan (Metcalf & Eddy 1979a) and including 
the Phase I1 Project Paper prepared by USAID (1987). Environmental consequences 
of some of the treatment alternatives, effluent disposal alternatives, and sludge disposal 
alternatives that have been considered are briefly described in this section of the EA. 

5.1 Treatment Alternatives 

5.1.1 Trickling Filter 

Trickling filters consist of a stationary medium which provides surface area and 
space for air and water movement. A film of bacteria grows on the stationary medium, 
and wastewater is allowed to trickle over the surface. The bacteria convert organic 
wastes into cell tissue. 

The greatest environmental differences between the preferred treatment 
alternative (aerated lagoon treatment) and a trickling filter treatment system involve: 

o migratory bird use of the treatment plant site; 

o energy consumption; 

o operational reliability; and 

o water quality. 

These are described briefly here. The differences, however, are not great, and the 
significantly higher present worth cost of the trickling filter system is not justified for 
environmental reasons. 

5.1.1.1 Impact on Waterfowl and Migrating Birds 

A trickling filter system will entail significantly less area of open water than the 
aerated lagoon system. Thus, the attraction of this system to both resident and 
migrating waterfowl will be less than that of an aerated lagoon system. Furthermore, 



the moving booms which spray wastewater over the trickling filters tend to discourage 
resting by waterfowl. The overall effect is likely to be a reduction in use of the 
facilities by birds. It must be noted, however, that the primary source of potential 
threat to resident and migratory birds, i.e., sludge drying lagoons, remain. The primary 
difference between the two alternatives is the presumed degree of attraction offered by 
differences in surface area of open water. 

Since the proposed operation of the treatment plant results in shallow sludge 
deposits in the drying lagoons, the risk of entrapment is thought to be low. Thus, the 
difference in degree of attraction is not expected to be significant. In fact, the aerated 
lagoons may produce an overall greater net benefit by providing open water habitat for 
some water birds. 

5.1.1.2 Energy Consumption 

Differences in energy consumption during operation of the plant are discussed in 
detail in Section 4.7. Although trickling filters have the lowest estimated annual energy 
and operation and maintenance (O&M) costs, the capital costs of a trickling filter 
system are much higher than other alternatives. As a result, the comparative present 
net worth analysis indicates that the trickling filter alternative is not economical at any 
of the energy costs rates used in the analysis (US$ 0.02-0.06/kwh). An important 
consideration, however, is that the burden of operational costs is placed on the 
Governorate, whereas construction costs are provided at the national level with grant 
assistance fiom USAID. Thus, although a trickling filter system is not economical from 
the standpoint of present worth, it offers the least annual O&M costs to the 
Governorate by a significant amount. 

A second important energy consideration is that electricity costs are now 
significantly subsidized. The government plans to raise the tariff to the long range 
marginal cost (LRMC) of new power generation, but the rate of increase to LRMC 
levels has not been decided. Furthermore, costs of electricity are primarily a budget 
allocation issue between the local governorate and national Ministry of Energy. The 
Canal Cities project includes a tariff study that is undenvay. The results will be used 
by the Governorate to establish appropriate user fees and ameliorate the O&M costs. 
Thus, under present conditions, the difference in energy consumption does not justify 
selection of this higher cost (present worth and capital costs) alternative. 

5.1.1.3 Operational Reliability 

An important factor to consider in comparing the environmental consequences 
of trickling filter and aerated lagoon technologies is their relative operational 
reliabilities. Aerated lagoon systems are least susceptible to fluctuations in wastewater 
load. If for some reason the aeration system temporarily does not operate, the 



preferred alternative will continue to provide treatment to the wastewater for 1-2 
weeks. The degree of treatment will depend on the length of time that the aeration 
system is not operational. In the event of a power outage for short duration (less than 
24 hrs), neither the trickling filter or aerated lagoon process would suffer dramatically. 
If the power were out for more than a day, the aerated lagoon would produce a better 
quality effluent than the trickling filter. In the trickling filter system, the bacterial 
biomass would die within a relatively short period after the initial 24 hrs, and it would 
take time to re-establish the biomass. In the aerated lagoon process, the aerated and 
facultative lagoons would begin to act as aerobiclanaerobic lagoons after 1-2 weeks, 
thus continuing to provide an acceptable albeit much reduced level of treatment (better 
than primary). 

The rate of BOD reduction in the aerated lagoon process is largely due to the 
mixing intensity. With high mixing intensity, BOD levels can be reduced faster in a 
smaller area. Thus, use of a complete mix lagoon significantly reduces construction 
costs and the amount of land required, but increases operation and maintenance costs. 
From an operational standpoint, the rate of reduction of BOD would decline if the 
complete mix lagoon were inoperable. After 1-2 weeks, the quality of effluent would 
significantly decline and odor problems would increase dramatically, but treatment 
would be at least as good as primary treatment. 

5.1.1.4 Water Quality Impacts 

Two relatively minor differences exist between trickling filter and aerated lagoon 
technologies with respect to water quality impacts. Heavy metal removal rates in the 
aerated lagoon system are expected to be at least as good as trickling filter systems, 
and probably as good as conventional activated sludge techniques. Thus, aerated 
lagoons offer slightly less risk of adverse impact from heavy metal loading to the 
receiving waters. Second, the lower operational reliability of trickling filter systems 
results in a significant decrease in the degree of confidence that adverse water quality 
effects will not occur in receiving waters. If a trickling filter system becomes 
inoperable for longer than approximately 24 hrs, essentially untreated sewage will be 
discharged to the receiving waters. This would result in a significant adverse impact on 
water quality in West Lagoon and in Lake Timsah near the West Lagoon outlet. 

5.1.2 Conventional Activated Sludge 

The conventional activated sludge (CAS) system is comprised of a system of 
aeration basins and clarifiers. The key to successful performance is the suspension of 
bacteria in the aeration basins and the conversion of organic wastes into cell tissue by 
bacteria. 



The greatest environmental differences between the preferred alternative 
(aerated lagoon treatment) and a CAS treatment system involve: 

o migratory bird use of the treatment plant site; 

o operational reliability; 

o sludge management; 

o energy consumption; and 

o water quality. 

5.1.2.1 Impact on Waterfowl and Migrating Birds 

A CAS treatment system, like a trickling filter system, will include significantly 
less open water surface area than would aerated lagoons. Thus, some of the discussion 
noted above (Section 5.1.1) for trickling filters and their reduced ability to attract 
migrating birds also applies to a CAS treatment plant. The plant may be less of an 
attraction to resident and migrating birds than an aerated lagoon system, but the 
factors that potentially threaten the health of waterfowl remain essentially the same. 

5.1.2.2 Operational Reliability 

The CAS system is the most susceptible to changes in wastewater load and 
operational changes. The performance of the plant is sensitive to the type of bacteria 
growing in the aeration basins and to ambient environmental conditions (air and water 
temperature and wastewater chemistry). It does not take a large perturbation in 
operational conditions to significantly change the performance of the treatment system, 
and the system is most demanding of well trained staff and performance monitoring. If 
the system becomes inoperational, essentially untreated wastewater will be discharged 
very soon thereafter. 

5.1.2.3 Sludge Management 

Sludge management is most complex with the CAS system. In aerated lagoons, 
stabilization of the sludge occurs passively in the facultative lagoon. Sludge 
management with the aerated lagoon treatment method requires inkequent removal of 
the sludge from the lagoon bottom, drying in sludge lagoons, and land disposal 
elsewhere on the site. Sludge generated by the CAS system must be actively thickened 
and stabilized, requiring additional treatment and increasing the risk of air quality and 
odor problems and exposure of workers to parasites and pathogens. 



5.1.2.4 Energy Consumption 

Energy requirements for CAS operation are intermediate between aerated 
lagoon and trickling filter systems, but still significantly less than the aerated lagoon 
system. For Ismailia, a CAS system without primary clarifiers would require about 50- 
75% of the energy to operate compared to the proposed aerated lagoon system. This 
difference would decrease if primary clarifiers were incorporated. The impacts on 
energy consumption are, therefore, somewhat less than those described above for 
trickling filters. With a tariff study underway to ameliorate the O&M costs, the 
difference in energy consumption probably does not justify selection of this less reliable 
treatment system. 

5.1.2.5 Water Quality Impacts 

Two relatively minor differences exist between CAS and aerated lagoon 
technologies with respect to water quality impacts. Heavy metal removal rates in the 
aerated lagoon system are expected to be almost as good as CAS systems, depending 
on the amount of algal growth in the polishing ponds. Thus, CAS treatment offers 
slightly less risk of adverse impact from heavy metal loading to West Lagoon as long as 
the plant is operating as designed. This advantage, however, is minimized by the 
proposed use of multiple, sub-surface outlets in the polishing lagoons, which minimizes 
the discharge of algae from the aerated lagoon system. 

Second, the decreased operational reliability noted above for the CAS system 
results in a significant decrease in the degree of confidence that adverse water quality 
effects will not occur in the receiving waters. If a CAS system becomes inoperable, 
essentially untreated sewage will be discharged. This would result in a significant 
adverse impact on water quality in West Lagoon and in Lake Timsah near the West 
Lagoon outlet. 

5.1.3 Other Treatment Alternatives 

Other alternative treatment processes have significant technical problems 
associated with them or are presently innovative, unproven technologies at full scale 
use. These technologies include treatment via rapid infiltration system or treatment by 
man-made wetlands. 

Rapid infiltration treatment has the significant advantage of eliminating 
wastewater discharge to the marine environment. Technical reasons, however, have led 
to the decision not to select this alternative. The primary problems with this 
alternative were: the lack of sufficient area of available land within economic distance; 



problems with shallow groundwater levels and standing surface water; and variable 
topographic relief with active sand dunes. 

Treatment with man-made wetlands may have great potential as a treatment 
alternative, but it also requires a large tract of land. Wetland treatment, although still 
not a widely accepted technology, offers advantages in significant reduction of 
pathogens in the effluent and offering wildlife habitat in otherwise short and rapidly 
diminishing supply. In addition to large land requirements, however, an added 
technical drawback is that harvests of wetland vegetation probably must occur on a 
regular basis, or the system will rapidly lose its ability to polish the effluent. Wetland 
treatment systems are probably more suitable to small scale wastewater treatment 
systems. 

5.1.4 Sludge Drying 

Sludge drying lagoons are proposed for the Ismailia WWTP site. Odors may 
result from the sludge drying lagoons. The amount of odor generated will depend on 
the degree of stabilization achieved in the partially mixed lagoon and the water content 
of the sludge in the sludge drying lagoon. Prevailing winds will usually blow odors from 
the site away from the city center. The design~build contractor will develop proper 
O&M techniques to minimize odor problems and will train WWTP staff in these 
procedures. 

An alternative approach is to use sludge drying beds. These differ from sludge 
drying lagoons in that the sludge depth is reduced to allow rapid drying. EI-din 
Hassan (1988) reported that a 0.1 m sludge depth could be dried within 2 to 6 days at 
Alexandria, Egypt on open drying beds, an equivalent loading rate of 120 kg/m2/yr. 
This rapid drying time prevented the fly from completing its reproductive cycle. Similar 
findings have been reported by others. 

El-din Hassan (1988) also evaluated the use of solar-heated drying beds. In this 
process, sludge drying beds are covered and air from a solar collector flows over the 
drying sludge. This alternative produced drying times for 0.2 m deep beds similar to 
0.1 m open drying bed. The solar-heated drying beds were shown to be more 
economical due to a reduced drying bed area requirement and were preferred for both 
odor and insect control. The faster temperature rise in the sludge proved lethal for fly 
larvae. 

The main disadvantage of sludge drying beds is that additional labor and land 
are required. The amount of land made available to the proposed WWl-P site by the 
Ismailia Governorate constrains the project to using sludge drying lagoons. 
Furthermore, the capacity of the proposed plant is such that the depth of sludge in the 
drying lagoons is expected to be similar to that of drying beds. Thus, the advantage of 



sludge drying beds is probably not significant unless the sludge were to be used as a 
soil amendment in the future. 

5.2 Effluent Disposal Alternatives 

Alternative effluent disposal options (all emanating from the proposed new 
WWTP site southwest of Ismailia) include two specific discharge sites and three general 
discharge alternatives. The specific alternative sites are: a) discharge of disinfected 
effluent to the El Manayeef Sweetwater Canal near its intersection with the Suez- 
Ismailia Desert Road; b) discharge of disinfected effluent to El Mahsama Drain near 
its intersection with the Suez-Ismailia Desert Road. The non-specific options include: 
a) discharge by force main directly into Lake Timsah at an unspecified location in the 
southwestern corner of the lake; b) discharge into either the El Gebali or Toson Drains 
and subsequent flow into Moaskar Lake and ultimately the Suez Canal; and c) 
discharge directly into the northwestern comer of Great Bitter Lake. 

5.2.1 Discharge of Disinfected Effluent to the El Manayeef Sweetwater 
Canal 

Because the waters in the El Manayeef Canal are used for agricultural irrigation 
and for domestic use, a necessary precondition of this alternative is that the effluent 
must be disinfected prior to discharge into the canal. If the effluent is not disinfected 
and treated for removal of helminthic pathogens, downstream users of the water are 
placed at significant adverse risk to public health. Although chlorination is a very 
effective disinfectant, it does not sterilize the effluent. Consequently, pathogens such as 
the nematode Ascaris are not removed from the effluent and may be sprayed on 
agricultural lands creating additional health risks. Therefore, before this alternative can 
be recommended, disinfection method should be studied in detail to determine the 
safest in terms of human health (Sect. 5.2.6). 

The major advantage of this effluent disposal alternative is that it eliminates or 
significantly reduces wastewater discharge to El Mahsama Drain and West Lagoon. 
Although significant adverse impacts are not expected in West Lagoon with discharge 
to El Mahsama Drain, reduction of wastewater flows will further reduce the small risk 
of higher nutrient levels and reduced salinity in Lake Timsah. Potential conflicts will 
be eliminated with respect to plans to improve West Lagoon water and sediment 
quality and to provide recreational opportunities. Discharge to El Manayeef Canal will 
also allow the water to be re-used for agricultural purposes. 



5.2.2 Discharge of Disinfected Effluent to El Mahsama Drain 

Disinfected effluent from the proposed WWIP may be discharged into the El 
Mahsama Drain at a location upstream of the current discharge site and upstream of 
the point where drain waters may be recovered and diverted into the Suez Sweetwater 
Canal. Such a location might be where the Drain intersects the Ismailia-Suez Desert 
Road (Dames & Moore Station 4 in Figure 3-3). Water in the Suez Sweetwater Canal 
is used for both irrigation and potable water supply. Because of the beneficial uses for 
which the drain water would be used with the proposed diversion, effluent disinfection 
would also be necessary for this alternative. 

As mentioned in the preceding section, disinfection would not remove all of the 
pathogens from the effluent stream, and the direct and indirect risks to human health 
would be increased with exercise of this alternative. Additional investigation into the 
impacts of this option are recommended prior to implementation (Sect. 5.2.6). 

The advantages of this disposal alternative would accrue only if diversion of El 
Mahsama Drain water to the Suez Sweetwater Canal occurs downstream of the 
discharge. The advantages would be the same as for discharge to El Manayeef Canal 
(Sect. 5.2.1). 

5.2.3 Direct Effluent Discharge to Lake Timsah 

Lake Timsah supports several commercially valuable fisheries (Section 3.5). It is 
possible that effluent discharged directly into the lake from the proposed WWTP would 
produce adverse impacts to those fisheries, and that the health risk to consumers would 
be increased. The lake is believed to be at  or near its assimilative capacity in terms of 
BOD loading (Dames & Moore 1990). Increased BOD loading would therefore 
probably not be assimilated, thereby creating a DO depression in the wastewater plume 
itself and potentially over a wider area of the lake. A depression of this type would 
have an adverse impact on the fish and benthic faunal populations of the lake. The 
flow of wastewaters containing excessive nutrients into Lake Timsah may alter the 
composition and abundance of desirable commercial fish species. 

Lake Timsah is a popular recreation and tourism location. Anectodal evidence 
of public health problems have been reported, involving eye, ear, and skin infections 
among local residents who regularly swim in the lake (Dames & Moore 1990). 
Discharge directly into Lake Timsah would potentially increase the human health risk 
due to increased loading of pathogens from the discharge. Thus, this discharge 
represents a potentially significant adverse impact to public health and shoreline land 
uses. 



Given these potential adverse impacts, direct discharge of wastewater effluent to 
Lake Timsah is not recommended. 

5.2.4 Discharge to the Suez Canal via the El Gebali or Toson Drains 

This alternative discharge scheme would involve transfer of the effluent by force 
main to either El Gebali or Toson Drains, and open flow from there into one of the 
small lakes (probably Moaskar Lake) near the Suez Canal, and finally from there into 
the Suez Canal. 

A few measurements of flow rates and preliminary water quality measurements 
have been conducted (Section 3.3), but very little is specifically known about this area. 
The whole area is apparently under military control, and a proper assessment of the 
receiving environment cannot be made without more detailed studies of hydrology and 
water quality. The preliminary data indicate low dilution is likely in these lakes, and 
significant adverse declines in water quality are likely. 

Metcalf & Eddy (1979a) found that during the winter months the Suez Canal 
has sufficient assimilative capacity at that time to accept the increased wastewater 
effluent without significant adverse environmental impacts, but recommended that re- 
analysis be done for summer months as these were not examined in their study. At 
that time, it was reported that Suez Canal Authority (SCA) representatives indicated 
that wastewater discharge into the Suez Canal would be discouraged. 

The water quality impacts of discharge to the Suez Canal are difficult to assess 
in the absence of recent hydrodynamic or water quality data. Although some of the 
previous investigations have suggested a vigorous flow regime in the Suez Canal, no 
measurement appears to have been made in the immediate vicinity of the marginal 
lake system between Lake Timsah and Great Bitter Lake. Furthermore, the 
hydrodynamic regime may have been substantially altered by the progressive widening 
that has occurred in the canal over the past few decades, and older hydraulic data may 
no longer be valid. 

5.2.5 Discharge to Great Bitter Lake 

Great Bitter Lake is reported to contain several valuable commercial fisheries, 
including an active shrimp fishery (Section 3.4). It is possible that effluent from the 
wastewater treatment facility would produce adverse impacts on those fisheries that 
occur near any proposed outfall, and that there would be an attendant increase in 
health risk to those individuals consuming the fish. 

Data suggest that phytoplankton production in Great Bitter Lake is limited by 
nutrients (Dames & Moore 1990). An increase in nutrient loading would increase the 



potential for bloom conditions to occur which can result in adverse impacts (lowered 
DO) to other aquatic resources in the lake. It has also been suggested that there is an 
almost infinite residence time of waters within the lake, based on the very high 
evaporation rates and the presumed net inflow of water into the lake from both north 
and south over much of the year. If true, that condition effectively prevents the 
dilution and/or dispersion of persistent toxic pollutants, and represents a significant 
long-term adverse impact to aquatic resources. 

Great Bitter Lake is an area of growing tourism and recreation development. 
As stated earlier in Section 3.4, sewage effluent that contains pathogenic bacteria, 
viruses, and parasites may pose a serious health threat to those using the water for 
recreational purposes (i.e., swimming). Consequently, Great Bitter Lake is not 
recommended as an alternative due to the potential negative impacts on fisheries 
resources and tourism. 

5.2.6 Reuse of Effluent 

The absence of effluent reuse. as a component of the proposed lsmailia 
wastewater treatment system was a concern expressed by many scoping meeting 
attendees (Appendix A). NOPWASD officials and CMC representatives noted that 
nothing in the proposed design of the treatment plant precluded future effluent reuse 
for agriculture, aquaculture, or municipal irrigation of parks and greenbelts. 

Treated wastewater can be a valuable resource for irrigation or aquaculture 
where supplies of fresh and clean potable water are limited. Reuse contributes to 
water consewation and has certain economic advantages, such as being available in 
areas close to where the demand for food is concentrated. However, such projects can 
create problems if they are not well planned and managed. A prime consideration in 
effluent reuse is to ensure that the potential for disease transmission is eliminated. 
This can be achieved by wastewater treatment, crop restriction, control of wastewater 
application, and exposure control and promotion of hygiene. 

Ordinarily, effluent produced from a wastewater treatment plant with little 
industrial input most likely will be adequate for irrigation of cereal crops, industrial 
crops (i.e., cotton and food oil crops), fodder crops, pasture, and trees. If other crop 
irrigation is desired, or if the public in general becomes the exposed group, a fecal 
coliform guideline of not greater than 1000 MPN/100 ml has been recommended by 
WHO (1989). 

Aquaculture also may be an alternative use of effluent at  Ismailia. Strauss 
(1985) found little evidence of accumulation of enteric organisms and pathogens in 
edible fish tissue when fecal coliform concentrations in water were maintained below 
1000 MPN/100 ml. High pathogen concentrations may ecst, however, in the digestive 
tract and intraperitoneal fluid of the fish at lower levels (WHO 1989). Additional 



treatment for pathogen removal would be recommended if effluent were considered for 
aquaculture use. 

5.2.6.1 Agricultural Use of Effluent 

Agncultural reuse of urban wastewater began over 100 years ago with the 
coming of sewage collection systems. It faded from popularity at the turn of the 
century when disease problems became more obvious, but is currently undergoing a 
revival. As competition for water between urban and agricultural users grows, urban 
wastewater reuse in arid parts of the world is expected to become commonplace. For 
example, Israel now reuses 35% of its treated sewage water, mainly for agriculture, and 
targets 80% reuse by the year 2000 (Brown et al. 1990). Modern irrigation 
technologies such as drip and sprinkler systems make it easier to apply wastewater 
safely. The benefits include not only water conservation and reduced discharge to 
surface water bodies, but also conservation of nutrients. 

Wastewater reuse is appealing to an arid, rapidly growing country like Egypt. 
Cairo's Jebel el Asfar sewage farm dates to 1915 (Shwal et al. 1986a). The Land 
Master Plan for irrigation development anticipates that up to 40% of Cairo's 
wastewater will be reused by the year 2000 (Euroconsult-Pacer Consultants 1985). 
Reuse of Alexandria's wastewater to irrigate a site west of the city has also been 
considered (French pers. comm.). Egypt now imports over half its food, and limited 
water constrains expanding its irrigated area much beyond an additional 25 percent. 
Inexorably, growing municipal and industrial water use will continue to reduce the 
amount available for irrigation. By the year 2000, urban usage will reach about 4.8 
billion m31year, or 9% of Egypt's 55.5 billion m31year share of Nile water (World Bank 
1989). Agncultural reuse is not a new or neglected idea. 

The amount of land irrigable by the recovered wastewater from Ismailia is not 
important to the national totals, but can be significant locally. Assuming 60 m3/hectare 
(ha) per day peak summer irrigation requirement for orchard crops and 30 m3/ha in 
the winter, by the year 2005 Ismailia's wastewater could irrigate nearly 3,300 feddans in 
the summer and double that figure in the winter (Appendix D). 

Within limits, water with high levels of nutrients and BOD is more likely to 
benefit crops than harm them. Disregarding for the moment health considerations and 
the nuances of crop mineral nutrition, the best effluent for agriculture would have a 
high BOD and high suspended solids, retaining as much of the nutrients as possible in 
organic form (Goldberg 1979). 

The present goal of wastewater treatment at Ismailia is reducing the water 
quality and public health impacts of raw wastewater discharge into receiving waters 
near Ismailia, not water conservation and food production. The potential public health 
concerns with an agricultural reuse scheme support the chosen preferred alternative. 



Since the environmental benefits to agricultural reuse could be high if public health 
concerns can be resolved, the following sections explore the environmental impacts of 
this disposal option in more detail. 

5.2.6.2 Health Considerations of Agricultural Reuse of Effluent 

The main public health concern is the risk to farmers and food consumers from 
wastewater irrigation. To summarize the main conclusions reached by Shuval et  al. 
(1986a): 

o Infective doses of pathogens remain in effluent after conventional 
secondary treatment. 

o Helminths (Ascaris, nchuris, and hookworm) are particularly resistant; for 
example, Ascaris eggs can remain infective even after 1 year in the soil. 

o The most likely mode of disease transmission is irrigation of vegetables 
consumed raw with poorly treated wastewater. 

o The main livestock-related problem is spread of beef and pork tapeworms 
(Taenia saginata and Taenia solium). 

Reducing helminths and protozoa, whose eggs and cysts are highly persistent and 
infective doses are low, is more critical than reducing levels of bacteria and viruses, 
which tend to have the opposite traits. The simplest treatment method is settling out 
eggs and cysts in a combination of anaerobic and aerobic ponds. According to Shuval 
et al. (1986a): 

"A minimum of 1-2 days' detention in anaerobic ponds followed by 7 days 
in facultative aerobic ponds appears to be the minimum desirable 
treatment of sewage before agricultural use to achieve effective control of 
helminths or protozoans that might infect agricultural workers or crops, 
animals, or fish exposed to sewage" (p. 167). 

The proposed aerated lagoon system with its ll-day total, 5-day quiescent, 
detention time should remove most, but not all, protozoa and helminths. Full removal 
would likely require either additional maturation ponds to increase the quiescent period 
by 5-10 days, or filtration. In the years before the plant reaches maximum capacity, its 
operators may have the option of lengthening the detention time to increase pathogen 
removal. Should an agricultural reuse system be adopted in the future, health officials 
should determine whether full removal of helminths and protozoa is necessary, and 
maintain a monitoring program. 



WHO (1989) has prepared general guidelines for prudent levels of treatment of 
effluent applied to particular crops (Table 5-1). These guidelines are appropriate to 
effluent reuse by small farmers. Acceptable coliform standards, however, may need to 
reflect the irrigation method, crops grown, and farm organization. The range of 
possibilities include small farmers in frequent contact with the effluent, and a large- 
scale mechanized operation using technologies that minimize the contact. Most general 
purpose guidelines such as those in Table 5-1 do not consider irrigation method. With 
modem irrigation techniques, effluent contact with crops and farmers can be reduced. 
Using drip irrigation, for example, primary treated water can be used safely to irrigate 
fruits and certain vegetables (Goldberg 1979). Fodder crops can be grown using 
undisinfected primary-treated effluent under center pivot sprinkler systems without ill 
effects to farmers and meat and dairy product consumers, if strict controls and 
pathogen monitoring are maintained (Goldberg 1979). 

Egypt's Law 93 of 1962 (modified by Decree No. 911989) govems the reuse of 
urban wastewater for agriculture. Law 93 was meant to fit Egyptian circumstances and, 
thus, does not parallel the WHO (1989) recommendations noted above. Law 93 
provisions include: 

o The disposal site should be at least 3 km from urban or village 
boundaries. 

o The sewage should receive a minimum of primary treatment. 

o Cultivation of vegetables, fruits, or other crops eaten raw should be 
prohibited, and the land should not be used for the rearing of animals or  
dairy cattle. 

o Excessive percolation to underground aquifers should be prevented. 

Law 93 appears to allow only non-food industrial crops, heat-processed foods (for 
example, sugar beet and sugar cane, and wheat), and trees for windbreaks and timber. 
Strictly speaking, much of what the Jebel el Asfar sewage farm now grows is not 
consistent with Law 93. In the mid-1980s, about 2500 feddans were cropped at Jebel 
el Asfar using a mixture of primary- and secondary-treated water on the following 
crops: citrus, 1715 feddans; eucalyptus and trees, 570 feddans; maize and beans, 190 
feddans; vegetables, 25 feddans (Euroconsult-Pacer Consultants, 1985). 

5.2.6.3 Wastewater Chemical Composition 

Egypt's Law 93 stipulates some specific water quality standards for urban 
wastewater used for agriculture. Its provisions distinguish between application to sandy 
and clayey soils. 



Table 5-1. Recommended microbiological quality guidelines for wastewater use in agriculture. 

Reuse 
C a t e ~ o q  conditions 

Expos* 
grouo 

A Irrigation of Workers, 
crops likely to wnsumen, 
be eaten public 
uncooked, 
sports Iields, 
public parks' 

B Irrigation of Workers 
cereal crops, 
industrial crops, 
fodder crops, 
paslure and 
treesb 

C Localized None 
irrigation of 
crops in 
category B if 
exposure of 
workers and the 
public does not 
occur 

Intestinal nematodes Fecal Wastewater 
(arithmetic mliforms treatment expected to 
mean no. of (geometric achieved the required 
eggs per mean no. per microbiological 
litre) 100 ml) guality 

5 1 51OOU' A series of 
stabilizalion ponds 
designed to achieve 
the microbiological 
quality indicated, or 
equivalent treatment 

Not 
applicable 

No standard 
recommended 

Not 
applicable 

Retention in 
stabilization ponds 
for 8-10 days or 
equivalent helminth 
and fecal wliform 
removal 

Prelrealment as 
required by !he 
irrigation 
technology, but not 
less than primary 
sedimentation 

Source: WHO 1989. 
a: A more slringenl guideline (<200 fecal mliforms per 100 ml) is appropriate for public lawns, such as hotel lawns, with which the 

public may m m e  into direct mntact. 
b : In the w e  of fruit trees, irrigation should cease two weeks before fruit is picked, and no fruit should be picked off the ground. 

Sprinkler irrigation should not be used. 



o For sandy soils: 

- residual materials settling in 1 hr less than 1 cm3hiter; 

- oils, greases, and resins less than 10 ppm; 

- sulfides (based on S) less than 1 ppm. 

o For clayey soils: 

- pH between 6 and 9; 

- BOD not exceeding 80 ppm; 

- COD not exceeding 50 ppm; 

- SS not exceeding 80 ppm; 

Sulphides not exceeding 0.1 ppm; 

- Oils, grease, and resins not exceeding 5 ppm; 

- Dissolved solids not exceeding 200 ppm; 

- Cyanide not exceeding 0.1 ppm. 

The two most important chemical properties of the effluent that affect suitability 
for reuse are: a) the level of total dissolved solids (TDS), and b) concentrations of 

I heavy metals and other trace elements. Recent sampling shows average concentrations 
of 910 ppm TDS in the lsmailia wastewater influent and 240 ppm average suspended 
solids. 

L 

Egypt lacks specific standards for trace element and heavy metal concentrations 

'm 
in irrigation and waste water. The main concern is their slow accumulation in the soil 
profile and later toxic effects on plants and plant consumers. Recommendations for 
maximum concentrations in irrigation water are based on assumptions of a certain rate 

m of irrigation over a long period. The often cited U.S. recommendations assume 
application rates of 2 crnlweek for 20 years (EPA 1980). Table 5-2 shows the EPA's 
recommended maximum trace element and heavy metal concentrations adjusted to 3 

I c h e e k ,  a more likely irrigation rate for the lsmailia area, and available data on 
concentrations in Ismailia's influent. 

- The sparse data in Table 5-2 suggest that copper and cadmium may be close to 
recommended maximum concentrations. At present, most of Ismailia's industrial 



Table 5-2. Recommended Maximum Concentration of Trace Element and Heavy Metal 
Ions in Inigation Water, and Concentrations in Ismailia Wastewater Znnuent. 
(ppm, 3 crnheek) 

Aluminum 
Arsenic 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Fluoride 
Iron 
Lead 
Manganese 
Molybdenum 
Nickel 
Selenium 
Zinc 

Continual Use 
All Soils 

3.333 
0.067 
0.500 
0.007 
0.067 
0.333 
0.133 
0.667 
3.333 
3.333 
0.133 
0.067 
0.133 
0.013 
1.333 

Ismailia 
Wastewater Influent 

a: From Table 4-4. 
b: Removal efficiency unknown. 
_. No data 
Source: EPA 1980; CMC unpublished data. 

Predicted 
Effluent' 



wastewater is not discharged into the collection system. If in the future industrial 
wastewater is collected, heavy metal and trace element concentrations may be high 
even after treatment. Regular monitoring of effluent chemistry and regulation of 
industrial discharges into the waste stream should accompany agricultural reuse. 

5.2.6.4 Environmental Effects of Agricultural Reuse of Effluent 

Reusing the effluent for agriculture would create a new set of beneficial and 
adverse environmental effects, for which a separate environmental assessment of a 
proposed reuse operational plan would be required. 

The most beneficial effect of effluent reuse would be significant reduction of 
effluent discharge into receiving waters near Ismailia. Fluctuating water requirements 
for irrigation mean that discharge would not be eliminated completely, but a well 
conceived reuse scheme could reduce it significantly. 

The adverse effects require detailed study to fully identify, but they are those 
generally associated with new irrigated lands development. Of most concern are 
adverse health impacts to farmers and food consumers. These will depend on a 
combination of factors, including pathogen levels in the effluent, crops grown, irrigation 
method, and farming system. 

Irrigating 3,500 feddans close to lsmailia could affect groundwater level and 
quality in the city. Proper drainage would be necessary to prevent levels from rising 
even higher than they are at present. Leaching to the groundwater of nutrients, 
nitrogen in particular, can be a problem with effluent reuse for irrigation. 

Various other adverse impacts might arise as a result if effluent reuse involves 
introducing agriculture where it was not previously. These would include: insects, 
odors, agricultural chemical spread, soil salinization and the propagation of water- 
borne diseases with the irrigation water. Schistosomiasis, for example, could occur even 
if the water were completely free of wastewater pathogens. Other factors that should 
be considered in effluent re-use for agriculture are briefly summarized in Appendix D. 

5.3 Sludge Disposal Alternatives 

Sludge disposal alternatives have not been given primary attention, as attention 
has focused on obtaining suitable land that will allow construction of the treatment 
plant facilities and disposal of sludge on site. Alternatives to disposal of the sludge on 
the site include use by farmers for land reclamation and soil amendment, and 
cornposting with municipal solid waste. 



Use of sludge as a soil amendment appears highly desirable in Egypt because of 
a need for more arable land. Primary environmental concerns, however, are 
implications for human health as a result of pathogens and heavy metals in the sludge. 
Issues associated with pathogens are discussed in greater detail in Section 4.6. Heavy 
metals may pose a risk not only to human health but also to plant survival if levels in 
the soil rise over repeated use. Thus, significant adverse impacts may arise from use of 
sludge as a soil amendment. 

Composting with municipal solid waste may offer important advantages, but 
impacts cannot be adequately evaluated without a description of a proposed plan. 
Such a plan does not exist at this time. 

5.4 Disinfection Alternatives 

Disinfection is the most frequently used treatment process to achieve satisfactory 
fecal coliform levels in the receiving water. It is also quite effective in inactivating 
most viruses, although viruses tend to be more resistant than bacteria (Payment 1989). 
Disinfection of wastewater effluent at Ismailia is not recommended at this time, 
primarily because background levels of bacteria in El Mahsama Drain water are so 
high that disinfection of the wastewater effluent will not affect an improvement in 
microbiological conditions in the receiving water. However, disinfection may be 
necessary if in the future the waters are recovered and re-introduced into the 
freshwater canal system for subsequent use. 

5.4.1 Chlorination 

Chlorination is one of the most commonly used disinfectant methods in present- 
day wastewater treatment facilities. The process of adding either chlorine (CI,), 
calcium hypochlorine [Ca(OCI),], or sodium hypochlorite [Na(OCI)] is the next to the 
last step in the wastewater treatment process. The primary function of chlorination is 
to eliminate those bacteria and viruses that are considered pathogenic to man (Metcalf 
and Eddy 1979b). Disinfection is inefficient, however, for eliminating protozoal cysts 
and completely ineffective against helrninth eggs (Shuval et al. 1986a), which are major 
considerations in Egypt and in this project. 

It is estimated that approximately 900 kg/d of chlorine would be needed to 
disinfect the Ismailia effluent at a dosage of 10 mg/l (Dong pers. comm.). A total 
contact time of 30 minutes would be required prior to discharge. 

Although a powerful disinfectant, chlorine is highly toxic to marine and aquatic 
organisms. Phytoplankton production (photosynthesis) has been determined to be 
greatly inhibited upon exposure to chlorine levels as low as 0.01 mg/l (Finlayson and 
Hinkelman 1977). The adverse effects of chlorine in heated water upon zooplankton 



populations has been well documented (Icanbeny 1973; Heinle 1969; Gentile et a]. 
1976). Oyster and clam larvae are adversely affected at chlorine concentration of 0.005 
mg4 and 0.001 mg4 respectively (Roberts et a]. 1975). Zooplankton mortalities ranged 
from 65.4 to 100% at chlorine concentrations of 0.4 mg/l with associated water 
temperatures of 28" to 30" C. Typical chlorine dosages for disinfection range from 1.0 
mg4 to 25.0 mg4 (Metcalf and Eddy 1979b). Chlorination of wastes may have an 
adverse effect on planktonic organisms in the zone of initial dilution both in El 
Mahsama Drain and in the West Lagoon. 

Marine fish are extremely sensitive to chlorine. Colwell (1981) stated that 
chlorination should be eliminated at wastewater treatment facilities around Chesapeake 
Bay (United States) due to its adverse effect on larval fish. Complete mortality 
occurred when larval flounder (Paralichrhys sp.) and striped mullet (Mugil cephalu~) 
were exposed to chlorine concentrations of 0.3 mg4 and 0.5 mgfl, respectively, for a 10 
minute period (Hoss et al. 1974). 

In addition, there are major difficulties in Egypt to implement and maintain the 
types of chlorination facilities (chlorine gas) that are normally provided in other 
countries. Chlorine gas is expensive, and the gas and the bottles and tanks used to 
transport it are in short supply. Thus, it cannot be assumed that chlorination can occur 
on a sustained basis. Generation of chlorine on site using hypochlorite salts is possible, 
but the additional energy costs may be high. 

Ln conclusion, it appears that chlorination would be expensive, unreliable, and 
may lead to adverse environmental effects unless dechlorination were also to occur. If 
a reliable, affordable supply of chlorine were to become available, chlorination 
eventually would be highly desirable to further protect public health in El Mahsama 
Drain, West Lagoon, and Lake Timsah. Dechlorination, however, would be required to 
protect aquatic biota. 

5.4.2 Dechlorination 

Dechlorination is the procedure by which total combined chlorine residuals are 
removed after chlorination. This process is usually the last step in the wastewater 
treatment process. The reason for dechlorination is that certain organic constituents in 
wastewater may react with chlorine to form toxic compounds (residuals) that can have 
long-term effects on the waters into which they are discharged (Esvelt et al. 1971; 
Metcalf and Eddy 1979b). Furthermore, chlorine, as noted above, can be highly toxic 
to aquatic species. To minimize these effects on the aquatic environment, 
dechlorination procedures should be implemented (Stone et a]. 1973) if in the future 
local authorities decide to provide chlorination of the Ismailia effluent. 



5.4.3 Other Disinfection Techniques 

Ozonation generally requires pilot plant testing to determine necessary dosage. 
Ozone generators require dry air, oxygen-enriched air, or pure oxygen for proper 
operation. Air-fed ozone generators require clean air as well as high maintenance 
frequency. With a dusty atmosphere and occasional sand storms in the Ismailia area, 
air-fed ozone generators will require constant monitoring and maintenance. Highly 
specialized maintenance personnel will be needed, and they are likely to be difficult to 
hire and keep on staff. Maintenance costs are also likely to be high. 

Assuming Ismailia wastewater would require about 500 kg/d of ozone, a 
minimum of about 10,000 kwhld would be required to operate the air-compressors, 
generators, and cooling tower pumps (Dong, pers. comm.). This represents a 
significant additional daily energy consumption. Between maintenance and operational 
costs, ozonation would be as much as three to four times more than chlorination costs. 
Finally, capital cost to install a complete ozone generation facility is approximately four 
to six times the cost of installing a complete chlorination system. 

Ultraviolet radiation is effective for disinfecting clean effluent (Sevenn 1980), 
although power costs and bulb replacement may be a problem. The primary key to 
ultraviolet radiation is that the effluent have low total suspended solids, i.e., 30 mgA or 
less. Ultraviolet radiation also requires frequent monitoring and maintenance. 

High coliform removals (99%) have also been achieved without disinfection by 
use of peat filter fields; however, effluent application rates are very low (Brooks et a]. 
1984; Nichols and Boelter 1982). 

Preliminary analysis suggests that these alternate forms of disinfection are not 
well suited to conditions in Egypt. 



6.0 J3WIRONMENI'AL EFFECTS OF THE NO-ACTION ALTERNATIVE 

For the purposes of this environmental assessment, it is assumed that if the no- 
action project is selected, then no new WWTP or sewage collection system would be 
constructed and put in use. It is highly unlikely that such a scenario would actually 
occur. USAID is committed to constructing a wastewater treatment facility in Ismailia, 
and the no-action alternative is not likely to be selected. In addition, modifications and 
repairs to the existing collection and treatment system are ongoing and would doubtless 
continue, even in the absence of this project. 

6.1 Effects on Surface Water Quality 

Presently, there is approximately 55,000 m3 of wastewater discharged to  El 
Mahsama and Abu Gamus Drains on a daily basis. Of this total, 31,000 m3 is partially 
treated (primary treatment) while the remaining 24,000 m3 enters Abu Gamus Drain 
and eventually flows into West Lagoon as untreated sewage. It is estimated that by the 
year 2005, another 35,000 m3 will be added to the present discharge. Consequently, in 
the year 2005, approximately 90,000 m3 of sewage effluent will enter West Lagoon via 
El Mahsama Drain. It is expected that one-third to one-half of that total will be raw 
sewage. At the present time, Abu Gamus and El Mahsama Drains function as if they 
were open sewers, with partial anaerobic treatment provided in the drains and some 
degree of polishing occurring in West Lagoon. 

With the anticipated growth in population and in the absence of the proposed 
project, increasing quantities of treated and untreated sanitary and industrial 
wastewaters will be discharged into El Mahsama Drain, and from there flow into West 
Lagoon and Lake Timsah. Lacking a treatment plant with sufficient capacity to 
accommodate the increased flows, many other areas in and near Ismailia may remain 
unsewered and will continue to discharge raw wastewaters into the drains, Lake 
Timsah, or the Suez Canal. 

If the Ministry of Works and Water Resources implements the planned 
withdrawal of an additional 300,000 m3/day of fresh water from El Mahsama Drain, the 
wastewater discharged from the Abu Atwa WWTP will flow into West Lagoon in a 
virtually undiluted state. Because the flushing of West Lagoon appears to be almost 
totally dependent on the freshwater inflow, the undiluted wastes will be retained in 
West Lagoon for a longer period of time. West Lagoon may become eutrophic, and 
the conversion of the lagoon into marshland may be accelerated. It is possible this 
process has already been happening on the southeast part of West Lagoon around the 



El Mahsama Drain outlet. The no-action alternative would likely result in a dramatic 
alteration of the flushing dynamics and ecology of West Lagoon. 

Based on analysis of existing and new water quality data, Dames & Moore 
(1990) concluded that degradation of water quality with respect to D O  levels is already 
evident in the West Lagoon and in some areas of Lake Timsah. Continued and 
increasing discharge of untreated wastewater to West Lagoon will have a significant 
adverse impact on water quality in West Lagoon and in Lake Timsah near the West 
Lagoon outlet. 

6.2 Effects on Marine and Aquatic Resources 

6.2.1 Phytoplankton and Vegetation 

Metcalf and Eddy (1979a) state that phytoplankton density in Lake Timsah is 
controlled by a variety of physical and chemical factors. These factors include 
nutrients, sunlight, and turbidity. During the Dames & Moore (1990) survey of the 
lake in July 1989, neither nutrients (with the possible exception of nitrogen) nor 
turbidity were found to be limiting. The intensity of light (Tait and DeSanto 1972) and 
perhaps salinity are believed to be the limiting factors of phytoplankton (primary) 
production. The possibility of nitrogen limitation was raised by the data collected in 
July, but the data are ambiguous. The lack of nutrient limitation on phytoplankton 
production is much clearer in the West Lagoon section of Lake Tirnsah where present 
WWTP effluent is discharged via El Mahsama Drain. Light and turbidity are 
considered to be limiting factors in the lagoon. 

West Lagoon is considered to be a sink or trap for incoming nutrients and BOD 
(Dames & Moore 1990). Under the no-action alternative, significantly increased 
nutrient and BOD loading can be expected to cause increased eutrophication and 
sedimentation in West Lagoon. Eutrophication will induce growth of aquatic rooted 
(riparian) plants and phytoplankton, although the latter will increase to a lesser degree 
because of light and turbidity limitations on the phytoplankton productivity. The 
combination of the planned diversion of El Mahsama Drain waters to the Suez 
Sweetwater Canal and increased sedimentation will restrict the freshwater flushing 
action in West Lagoon. Consequently, the composition of phytoplankton and marsh 
vegetation species is likely to change and become more marine in nature. Because the 
existing West Lagoon ecosystem is a brackish water system, this potential species shift 
is viewed as an adverse impact. 

As West Lagoon fills in by increased sedimentation, there may also be a more 
direct flow path through the lagoon to Lake Timsah. This channelized flow may carry 
increased levels of nutrients, heavy metals, and pathogens directly into Lake Timsah 
which might otherwise be trapped in West Lagoon. Increased nutrient loading in Lake 
Timsah is not expected to negatively impact the Lake's phytoplankton production due 



to present limitations of light, and perhaps salinity. Productivity in the plume from 
the West Lagoon outlet may increase, but these increases are not expected to be 
significant due to their localized nature. The impacts of other pollutants (ie., heavy 
metals and pesticides) are not expected to be significant except in the area around the 
West Lagoon outlet. Declines of DO levels around the West Lagoon outlet also are 
not likely to affect phytoplankton or vegetation. 

6.2.2 Benthic Fauna 

During a survey of West Lagoon performed in 1989 by SCU/LU (unpubl. 
data), diversity and numbers of benthic fauna were shown to be very low. Field 
surveys by Dames & Moore (1990) indicate anoxic sediments in the vicinity of Abu 
Gamus and El Mahsama Drains. The increased sedimentation and pollutant loading 
that would result from the no-action alternative is expected to have a significant 
adverse impact on the benthic fauna of West Lagoon. 

With the exception of the molluscan species, benthic faunal diversity and 
abundance are considered to be low in Lake Timsah. Metcalf and Eddy (1979a) suggest 
that this phenomenon may be due as much to natural conditions that result in low 
productivity, as to human activities such as pollutant discharge and dredging. Dames & 
Moore (1990) determined hydrogen sulfide (HS)  to be present in West Lagoon, Lake 
Timsah proper, and Bitter Lake. It has been shown that H S  in the sediments is 
indicative of high organic loading and development of anodc conditions in the 
sediments, which have an adverse impact on the benthic fauna. Heavy metals were 
also detected in the sediments during the survey (Appendix B). 

In Lake Timsah, 29 taxa of benthic macroinvertebrates were found in sampling 
performed by Metcalf and Eddy (1979a). Increased loading of nutrients, heavy metals, 
pathogenic bacteria and viruses, and other pollutants can be expected to have 
significant adverse effects on benthic faunal populations. Additionally, it was determined 
that these populations are primarily comprised of filter feeding bivalves. Bivalves, due 
to their high fdtration rates have been shown to retain pathogenic bacteria associated 
with sewage outfall (Diab 1989). The fact that several of these bivalve species are 
commercially valuable only serves to magnify the potential adverse impacts of the no- 
action alternative. Although these adverse impacts are significant, it is believed that 
they will be localized in West Lagoon and in Lake Timsah near the West Lagoon 
outlet. 

6.2.3 Fish 

Adult fish have been shown to harbor human pathogenic bacteria and viruses 
after exposure to contaminated water or food sources (Diab 1989). Wastewater 
discharge under the no-action alternative is expected to have a continued and 



increasing (correlated to discharge) adverse impact on those species inhabiting West 
Lagoon and the nearshore area around the outlet of West Lagoon to Lake Timsah. 
Transient species from other areas around Lake Timsah and potentially Great Bitter 
Lake could also be adversely affected by feeding on diseasedlinfected prey from this 
area. At present, Lake Timsah and Great Bitter Lake support very active commercial 
fisheries. Most of the production from the two lakes is consumed by the local 
population. 

Bioaccumulation, as quantified by the tissue burden of pollutants, is the result of 
a fish's history of exposure to contaminants from toxicant sources within West Lagoon 
and Lake Timsah. There are no data on bioaccumulation for either West Lagoon or 
Lake Timsah. At the present time, waste discharged to El  Mahsama Drain undergoes 
primary treatment only. As a result, metals in the sewage are reduced only slightly and 
are therefore almost fully available for bioaccumulation by organisms in West Lagoon 
and the wastewater plume into Lake Tirnsah. Metal loading to West Lagoon and the 
nearshore area of Lake Timsah will not be significantly reduced in the no-action 
alternative because up to 50% of the wastewater discharge in the year 2005 will be 
untreated. 

Lake Timsah and Great Bitter Lake are considered barriers to fish migration 
between the Red Sea and the Mediterranean Sea. Under the no-action alternative, 
this migration will be affected only if the planned diversion of freshwater to the Suez 
Sweetwater Canal takes place. The diversion will prevent approximately one-half of 
the present freshwater flow from reaching Lake Timsah. This will potentially elevate 
the salinity above present levels thereby creating an even more effective barrier to 
migration. 

The no-action alternative is expected to have significant adverse impacts on 
West Lagoon. These impacts take the form of increased eutrophication and 
sedimentation which could ultimately change the nature of West Lagoon from brackish 
to saline. This alternative is not expected to have significant adverse impacts on the 
phytoplankton or zooplankton populations of Lake Timsah or Great Bitter Lake. 
Benthic faunal populations in the Lagoon and in the area around the plume into Lake 
Timsah may be adversely effected. Finally, under the no-action alternative, pollutant 
levels and levels of pathogenic organisms would increase in both West Lagoon and in 
Lake Timsah. Consequently, fish taken from the lagoon and some areas of Lake 
Timsah might become unfit for human consumption. 

6.3 Effects on Terrestrial Habitats and Wildlife 

Selection of the no-action alternative will mean that the proposed wastewater 
treatment plant will not be constructed at the proposed site southwest of Ismailia. 
Loss of habitat and use by wildlife will, therefore, not be incurred. The existing use of 
the site by reptiles and birds will continue. 



Selection of the no-action alternative will eliminate the attraction of open water 
lagoons at the proposed treatment plant site to migrating bird species. The lagoons, if 
properly operated and maintained, would provide resting areas for migrating waterfowl. 
Under the no-action alternative, this opportunity would be lost. On the other hand, 
the potentially adverse effects of exposure to sludge-drying lagoons (Section 4.3) would 
be eliminated. 

Selection of the no-action alternative means that either a large fraction of 
partially treated waste will continue to flow via El Mahsama Drain to West Lagoon, or 
major expansion of the existing facilities will likely be required. If the former were to 
occur, partially treated sewage will continue to pollute waterways near Ismailia, 
reducing their beneficial uses to waterfowl. If major expansion of the existing 
treatment plant were to occur, an additional treatment plant site is likely needed 
because the existing plant occupies most of the space available to it and is located in a 
densely populated residential neighborhood. The effects on terrestrial resources cannot 
be assessed without additional information on the proposed site, if it were different 
than the one being considered here. Selection of the proposed WWrP site was made 
in consultation with the Ismailia Governorate, and one would expect the same site 
would be selected if a plant were built without USAID partial funding. 

In summary, balancing the long-term advantages and disadvantages of the no- 
action alternative suggests that there would be no significant environmental advantage 
to terrestrial resources and migrating birds under the no-action alternative. 

6.4 Effects on Groundwater 

Wastewaters flowing through open and unlined drains will continue to degrade 
groundwater supplies if the no-action alternative is selected. The magnitude of the 
pollution can be expected to increase substantially with increasing population growth, as 
more and more untreated sewage from unsewered areas is discharged into drains or 
into leach fields. 

6.5 Effects on Land Use 

6.5.1 General 

If the USAID-funded treatment plant is not built, Ismailia will continue using 
the existing facility. This facility is only partially operational and incapable of handling 
the city's total wastewater flow. If the Egyptian Government installs no new 
wastewater treatment capacity until after 2005, more people would be affected by 
nuisance conditions and increased public health risk than are now since the number of 
people living near the existing WWTP would be larger. That ultimate no-action 
alternative will not likely transpire. The city would probably expand its existing plant 



capacity, but, as with the current expansion, not in step with increased flows. 
Wastewater will receive at best partial treatment, better in some locations than others 
and varying in quality of treatment over time. 

6.5.2 Present and Proposed Wastewater Treatment Plant Sites 

Under the no-action alternative, wastewater treatment will continue at the 
existing Abu Atwa WWTP for the foreseeable future. The following adverse impacts 
on land use will continue: 

o Nuisance odors will continue to occur in the surrounding residential 
neighborhood. 

o Partially treated wastewater will continue to be discharged to El Mahsama 
Drain. Untreated wastewater will continue to be discharged to Abu 
Gamus Drain. Farmers and other residents using the drain water will 
continue to be exposed to adverse health risks. 

o Untreated wastewater will continue to be discharged to West Lagoon. 
The Lagoon will remain unsafe for recreational use and fish harvests. 
Plans to improve water and sediment quality in West Lagoon will be 
futile. 

o The potential for adverse effects on recreational use along the western 
shore of Lake Timsah will increase. 

These represent significant adverse impacts on existing land uses. 

If the no-action alternative is selected, temporary disturbance of farms, poultry 
operations, and vehicle traffic in or near construction areas will be eliminated. These 
benefits, however, will be at the expense of long-term significant adverse impacts on 
land uses. 

6.5.3 Demography 

In a developing country such as Egypt, expanding wastewater treatment capacity 
does not in itself induce new residential construction or attract new industry to a city. 
By themselves, environmental improvements incurred by building the proposed 
treatment plant will only modestly attract more people to live in Ismailia, or lure more 
tourists. Nor will failure to build the WWTP plant necessarily keep the city from 
growing. Under the no-action alternative, more Ismailia residents would suffer from 
ailments resulting from exposure to incompletely treated wastewater, but the adverse 
health effects would not significantly change the city's demographic future. Failing to 



build the proposed treatment plant will have little impact on Ismailia's presently 
projected population growth. 

6.6 Effects on Public Health 

New housing projects are under construction, an improved water supply is 
available and improved sewage collection and pumping systems have been installed at 
Ismailia. The existing Abu Atwa wastewater treatment plant, which was extensively 
damaged during the war period, has been only partially restored to operation. A small 
fraction of the wastewater flowing through the treatment plant receives partial 
treatment in the trickling filters. 

The treatment plant effluent is piped to El Mahsama Drain where it is 
discharged on the eastern side of the Suez Sweetwater Canal crossing. The effluent is 
diluted with the larger drain flow and reaches the West Lagoon adjacent to Lake 
Timsah. Water quality sampling performed in 1989 suggests that the saltwater marsh 
area at the discharge location of the El Mahsama Drain reduces the pollutant loads 
from the drain to the West Lagoon and Lake Timsah (Dames & Moore 1990). 
Additional flows of untreated wastewater are discharged to Abu Gamus Drain by two 
of Ismailia's pump stations. These flows enter West Lagoon along the western shore. 

A substantial amount of tourist development is occurring in Ismailia, much of it 
occurring on the strip of land which separates the West Lagoon and Lake Timsah. 
Wastewater flows from these projects discharge either to the West Lagoon or to new, 
small package sewage treatment plants which in turn discharge to the lagoon. It is 
understood that these units are being used until the new proposed treatment plant is 
completed. 

Although the West Lagoon is subject to high pollution loadings, it appears to be 
coping with these flows and is a nutrient-rich, productive area. There is substantial 
fishing activity inside the lagoon. Sampling in 1989 (Dames & Moore 1990) showed 
fecal coliform levels inside the lagoon in the order of 10,000 to 20,000 MPN/100 ml. 
While no documented reports of illness due to consumption of contaminated fish have 
been found, the potential for disease transmission certainly exists. It is likely that most 
of the population consuming fish from West Lagoon and Lake Timsah have developed 
significant levels of immunities to most of the gastrointestinal diseases. 

Swimming occurs in Lake Timsah on the shore area immediately south of the 
outlet from the West Lagoon. There have been anecdotal reports of skin rashes and 
eye and ear problems resulting from swimming in this area. Untreated sewage from 
the Suez Canal Authority housing area discharges directly into Lake Timsah on the 
northern side of the lake east of the Etap Hotel complex. Swimming and shellfishing 
also occur in areas adjacent to this discharge. These uses are at significant risk with 



respect to public health, and the risks to public health are likely to increase under the 
no-action alternative. 

6.7 Effects on Energy Use 

Under the no-action alternative, the additional energy consumption by the 
proposed plant will not occur. The no-action alternative will represent a benefit from 
the standpoint of energy consumption, but at the price of increased flows of partially 
treated wastewaters in an environmentally unacceptable manner. The benefit is 
inconsequential compared to the significant adverse impacts of continued discharge of 
raw and partially treated sewage to West Lagoon and Lake Timsah. 

6.8 Effects on Air Quality, Odors, and Noise 

Selection of the no-action alternative means that sewage will continue to be 
treated at the existing site, which is already in a denseiy populated neighborhood. 
Thus, the no-action alternative will continue to produce nuisance odor problems in 
heavily populated areas. 

6.9 Effects on Cultural Resources 

Archaeological or cultural resources have not been identified from the proposed 
wastewater treatment plant site, but are known in the Ismailia vicinity. The no-action 
alternative means that buried, undiscovered resources at the proposed treatment plant 
site, if they exist, will remain undisturbed until future development of another type 
occurs at the site. 



7.0 MITIGATION MEASURES 

The project will improve the overall water quality and public health situation in 
Ismailia. Potentially s i w c a n t  adverse impacts that may result from the proposed 
action have been identified, however, in Chapter 4. These include: 

o effects of effluent and sludge disposal on human health; and 

o effects of nutrients in the wastewater discharge on phytoplankton in West 
Lagoon. 

Mitigation measures that will be incorporated into project design and 
implementation are described in this chapter. These measures will minimize or 
eliminate the potential for significant adverse impacts, or partially mitigate the effects 
of unavoidable impacts. 

In addition, Chapter 4 notes the following factors that may be considered in 
improving environmental soundness of the project, although significant adverse 
environmental effects are not anticipated at this time: 

o monitoring use of the treatment lagoons by resident and migratory 
birds, and possible problems with birds contacting sludge drying 
lagoons; 

o monitoring algal growth in the polishing ponds and minimizing 
effects on quality of discharged effluent; 

o use of the existing wastewater treatment plant site; 

o operational energy consumption; and 

o identification and preservation of cultural resources unearthed during 
construction of the proposed facilities. 

7.1 Effluent and Sludge Disposal Impacts on Human Health 

Under the proposed design and operations of the facility, effluent will be 
discharged to El Mahsama Drain and sludge will be disposed of on land on the 
northern part of the WWTP site. The scoping meetings, however, indicate high interest 
in effluent and sludge reuse (Appendix A). Although these practices are not included 



in project design, monitoring programs should be initiated by the Egyptian authorities 
to evaluate levels and survival of pathogens in the effluent (Section 7.4) and dried 
sludge. 

If monitoring indicates additional measures are needed to protect public health, 
or if in the future the Egyptian government decides to expand or modify the facilities 
to include reuse of effluent or sludge, the following points can be taken into 
consideration with respect to worker safety, parasite removal, effluent disinfection, and 
sludge reuse. The basis for decisions will be the data collected under the 
recommended monitoring program. 

- 7.1.1 Worker Health and Safety 

Wastewater treatment plant workers may experience a higher incidence of 
disease than other population groups, although the overall risk appears to be low. It is 
recommended that a medical surveillance program be developed in cooperation with 
local health officials to ensure that all operators are properly immunized against certain 
diseases (particularly typhoid and hepatitis), and that health problems are detected 
early. Antihelminthic drugs are available and have proved effective if reinfection can 
be prevented. Iron supplements can alleviate the anemia of individuals who are 
suffering from hookworm infections until the exposure to the disease can be reduced 
(Walton 1981). A worker training program is also recommended to inform and 
educate operators about the health risks and to promote high standards of personal 
hygiene. 

Provision of protective clothing for workers likely to come into contact with 
pathogens is recommended. Laundry facilities for workers' clothing to prevent 
transmission of pathogens to workers' homes and families should be considered. The 
use of rubber or plastic footwear has been demonstrated to significantly reduce the 
occurrence of hookworm of agricultural workers in the Nile area. Use of protective 
footwear should be mandatory, especially for workers in the sludge drying lagoons. 

Appropriate measures to protect and monitor worker health and safety will be 
incorporated by the design/build contractor in the operations and maintenance (O&M) 
manual and training program for the WWlT operators. 

7.1.2 Parasite Removal and Effluent Disinfection 

Disinfection is the most often used treatment process to achieve satisfactory 
fecal coliform levels. It is also quite effective in inactivating most viruses, although 
viruses tend to be more resistant than bacteria (Cabelli 1989). Disinfection is not 
effective, however, in eliminating protozoal cysts, and is completely ineffective against 
helminth eggs (Shuval et al. 1986a), both of which are major considerations in this 
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project. In addition, there are practical difficulties in Egypt in implementing and 
maintaining the types of chlorination methods (particularly chlorine gas) that are 
normally used in other countries. 

Reductions in helminth and parasitic cyst pathogens can be achieved by several 
methods. For example, the use of anaerobic lagoons before aerobic lagoons, or an 
additional 5 to 10 days detention in polishing or maturation ponds, may be effective. 
Effluent filtration, by either slow or rapid methods, is thought to remove almost all 
helminth eggs in the effluent (Shwal et al. 1986a). 

After a preliminary review of the benefits and appropriateness of various 
disinfection technoloeies. it is recommended that slow or intermittent sand filtration be ... . 
seriously considered by Egyptian authorities if effluent reuse is employed at a future 
date, or if exposure via contact with the receiving waters is determined to be a 
significant problem. The filtration process will effectively remove the helminths. 
Reports of aerated lagoons that have been upgraded with intermittent sand filters 
indicate that significant reductions (75 to 90%) in fecal colifonn concentrations can also 
be achieved (Reynolds et a]. 1979). However, such reductions have not always been 
achieved at other facilities (George 1980). The bacterial removal associated with 
filtration is thought to be due to the removal of suspended solids in which many of the 
bacteria are entrapped or to which they are adsorbed. The BOD associated with these 
solids is also removed, and a high quality effluent typically results. 

If fecal coliform concentrations in the effluent are considered too high after 
filtration, disinfection can then be more effectively achieved due to the reduced 
interference from the suspended solids. Hypochlorite tablets could be used in this 
situation with minimal outlay of capital. Other simple chlorination devices have been 
described by Droste and McJunkin (1982). 

Alternative forms of disinfection are also available (for example, ozonation), but 
again there are practical difficulties in implementing those alternatives in Egypt. 
Ultraviolet radiation is effective for disinfecting clean effluents (Severin 1980), although 
power costs and bulb replacement may be a problem. High coliform removals (99%) 
have also been achieved without disinfection by use of peat filter fields; however, 
application rates need to be very low (Brooks et al. 1984, Nichols and Boelter 1982). 

The provision of disinfection facilities at the new plant site is, in itself, unlikely 
to significantly improve the existing water quality in the drains, and it will certainly not 
meet the WHO (1989) guideline of 200 fecal coliforms per 100 ml for water contact, or 
the WHO guideline of 1000 fecal coliforms per 100 ml for agricultural reuse. In 
reality, only a small improvement in public health would result even if highly treated 
wastewater were discharged to El Mahsama Drain. Microbiological contamination of 
the drain from other sources is so great that the drain water quality would not be 
significantly improved, and would remain unsatisfactory for agricultural reuse from a 
public health standpoint. Thus, disinfection is not proposed at this time. If it is 



decided in the future by local authorities that effluent will be reused and the discharge 
location is therefore changed to El Manayeef Canal or to El Mahsama Drain upstream 
of the proposed diversion to the Suez Sweetwater Canal, disinfection should be 
mandatory. 

7.1.3 Sludge Reuse 

Sludge reuse is not part of current project design. If in the future the Egyptian 
government or local authorities decide to implement this practice, additional treatment 
of the sludge is recommended before such use is permitted because of the persistence 
of pathogens. The two main factors related to cyst and helminth egg s u ~ v a l  are 
temperature and moisture content; oxygen availability is a secondary factor. Anaerobic 
stabilization tends to inhibit egg development, while aerobic digestion may accelerate it 
(El-din Hassan 1988). 

To reduce the possibility of Ascaris egg s u ~ v a l  and reinfection, dried sludge 
should be spread on dedicated land for 6 months to 1 year before allowing any 
agricultural use of the sludge. The sludge should be periodically tested to determine 
and document the occurrence and viability of Ascaris eggs in this material. Sludge that 
contains viable eggs should not be made available for use under conditions where 
reinfection is likely to recur. 

Inactivation of pathogens, and Ascaris in particular, can be reliably achieved by 
storage at temperatures greater than 55°C (Reimers et al. 1986). Such inactivation may 
be achieved economically by high temperature (aerobic) composting or solar heating 
and result in a safe product. 

The need for additional drying and storage would be obviated by the use of a 
composting operation. The advantage of co-composting is that sludge tends to be high 
in nitrogen content, but is generally considered a low-grade fertilizer due to other 
mineral limitations. Garbage, on the other hand, has high organic content and good 
bulking qualities. Co-camposting of these two materials after removal of glass, metal, 
and plastics can produce a useful soil amendment product. While the provision of 
composting is considered outside the scope of this project, it is recommended that the 
Ismailia Governorate evaluate this option in the future in context with its waste 
management plans to determine if this would be beneficial. Obeng and Wright (1987) 
provide a good review of the methods, benefits, and feasibility of composting and co- 
composting sludge with garbage in developing countries. 

7.2 Ecology of West Lagoon 

At the present time, West Lagoon appears to be able to assimilate the existing 
wastewater discharge, although localized impacts on sediments around the outlets of El 



Mahsama and Abu Gamus Drains are recognized. Anoxic sediments are found around 
the outlets of the drains carrying wastewater, and fecal coliform bacteria counts exceed 
Egyptian criteria. The proposed action will significantly reduce BOD loading, but 
eventually result in increased phosphorus loading to West Lagoon. Nitrogen loading 
will remain essentially unchanged. 

Water quality analyses conducted by Dames & Moore (1990) in support of the 
preliminary engineering design indicate that additional loading of phosphorus to West 
Lagoon may not result in a significant change in phytoplankton pn3duc t~ ty  (Appendix 
B). This conclusion is based on limited data sampling in July and November 1989. 
The conclusion is also based on projected wastewater flows in 2005. Once the 
proposed WWrP begins operation, nutrient loading initially will fall below existing 
levels, and only slowly begin to rise as peak flows are reached by 2005. This initial 
decline in nutrient loading provides time necessary to confirm model predictions of 
water quality impacts on West Lagoon and Lake Timsah. 

An ecological monitoring program is recommended for West Lagoon. Baseline 
data should be collected as soon as possible, and quarterly sampling should occur to 
monitor salinity, nutrient levels, phytoplankton populations, fecal coliform bacteria, and 
fecal streptococcus (enterococcus) bacteria. Stations should be located in West Lagoon, 
the outlet channel to Lake Timsah, and in a grid in Lake Timsah extending out to at 
least 100 m, 500 m, and 1 km radius around the West Lagoon outlet. Data also 
should be collected on flows and water quality conditions in Abu Gamus Drain and in 
El Mahsama Drain upstream of the proposed discharge. These data should be 
collected through 2005, perhaps by the Ismailia Wastewater Department in association 
with the Suez Canal University, the High Institute of Public Health in Alexandria, or 
the Ministry of Health in Cairo. 

The data would be used to confirm modeling analyses that predict no adverse 
impact on water quality in West Lagoon and nearby Lake Timsah. i f  unforeseen 
conditions result in a decline in water quality in either West Lagoon or Lake Timsah, 
the data should be used to identify possible causes and evaluate potential solutions, 
including change in treatment or disposal operations. 

A complementary program of monitoring of commercial fisheries in West 
Lagoon and Lake Timsah is also recommended. This program would monitor the 
presence of pathogens in fish consumed by local residents. Organizations that may 
wish to collaborate in such a monitoring program may include the Ismailia Wastewater 
Department, the General Authority for Fish Resources and Development, the Ministry 
of Health, and the Suez Canal University. The latter in particular has already begun a 
data base on fish populations in Lake Timsah. 

A monitoring program will be developed by the designbuild contractor and 
incorporated into operation and maintenance manuals and training programs for the 
WWTP operators. 



7.3 Protection of Waterfowl 

One area of potential concern regarding impact of the proposed action is the 
attraction of the lagoons to resident and migratory wading birds, especially storks. As 
discussed in Chapter 4, the sludge drying lagoons at the S h a m  El Sheikh W W P  have 
trapped and led to the deaths of a significant number of storks during their fall 
migration. Observations from a wide variety of environments indicate that waterfowl 
often land on shiny, reflective surfaces that have the appearance of water. Floating 
solid wastes (e.g., plastic bags) in the lagoons at S h a m  El Sheikh have occasionally 
been ingested and led to suffocation or starvation and death of birds. 

A monitoring program is recommended to ensure that migrating birds do not 
experience unnecessary or unusual numbers of fatalities at  the WWI'P. This program 
should be carried out during the migratory seasons in cooperation with non- 
governmental organizations concerned with wildlife as well as the Egyptian Wildlife 
Senice. If in the course of monitoring it is determined that storks are being trapped 
in sludge drying lagoons, the threat may be effectively countered by the temporary use 
of netting and fencing to prevent birds from landing on or walking into the sludge 
lagoons that are in use during the migratory season. The fencing and netting would be 
of a type commonly used to reduce bird predation at fish hatcheries. The design/build 
contractor will recommend a monitoring program and include this as part of the O&M 
procedure at the WWTP. 

Presence of floating garbage, especially plastic items, should be monitored 
frequently during migratory season. All items should be immediately removed from the 
wastewater lagoons. Solid wastes from the bar screen and grit removers should be 
stored or disposed of in a manner that minimizes exposure to scavengers near the 
WWTP. These measures will be incorporated in O&M manuals and emphasized in 
operator training. 

7.4 Algal Growth and Effluent Quality 

Project design includes constructing and equipping a laboratory. A routine 
monitoring program should be designed and executed by the laboratory staff to 
document effluent quality. In addition to monitoring BOD,, total suspended solids, 
nutrients, fecal coliforms, and other standard effluent quality parameters, the program 
should include monitoring numbers and viability of enterococcus (fecal streptococci) 
bacteria and the more resistant helminthic pathogens (e.g., AcariE eggs). Analysis of 
bacteria and pathogens may be done in association with other institutions such as the 
High Institute of Public Health or the Ministry of Health. The purpose of this 
monitoring is to establish a database that can be used by the Egyptian government if, 



in the future, the facilities are expanded or modified with the intent to reuse the 
effluent for agriculture or aquaculture. 

The effluent monitoring program should be integrated with monitoring for public 
health parameters (Section 7.1) and ecology of West Lagoon (Section 7.2). Testing for 
bacteria and pathogens should occur in the effluent just prior to discharge to El 
Mahsama Drain, at the mouth of El Mahsama Drain, and the West Lagoon outlet. In 
addition, fecal coliform and fecal streptococci bacteria should be monitored at several 
stations in West Lagoon. The results of laboratory analyses, especially for nutrients, 
BOD, and bacteria, should include results of analyses from field blanks or laboratory 
standards used for QNQC purposes or calibration of equipment. The monitoring 
program will be developed by the designbuild contractor and incorporated into 
operation and maintenance manuals and training programs for the WWTP operators. 

The quality of the effluent will be affected in a large part by the amount of 
algae growing in the facultative and polishing ponds. Submerged multiple draw-off 
points in the polishing lagoon are proposed as part of project design. Thus, algal 
growth and wntrol are not expected to be significant problems in maintaining effluent 
quality. If routine monitoring and analysis of effluent quality, however, indicate that 
additional measures are required, potential solutions include: 

o biological control using aquaculture; 

o chemical control; or 

o frequent drainage of the polishing ponds. 

Chemical wntrol would involve an herbicide, which is designed to be toxic to 
plants and therefore may have significant adverse impacts on phytoplankton in West 
Lagoon. Chemical control will also increase the rate of sludge production in the ponds 
by adding large quantities of dead algal biomass. Chemical control is not 
recommended unless no other alternative is feasible and it is demonstrated that algal 
growth is preventing the effluent from meeting Law 48 standards. 

Frequent drainage of the polishing ponds may complicate operation of the 
facility, alter sludge management techniques, and cause nuisance odor problems. Thus, 
drainage of the polishing pond is not recommended. On the other hand, the most 
common natural control for Bulinus and Biomphalaria snails is the complete drying of 
the pond for a minimum of 20 days (Pirnie-Hams International 1979). If schistosomias 
snail vectors become a problem at the Ismailia treatment plant, this approach to snail 
control may be used simultaneously to control algae. 

Wastewater aquaculture has received considerable attention in recent years. 
When wastewater is used to support aquaculture operations, the major objective is 
usually treatment of the wastewater. Systems using aquaculture are believed to 



effectively lower biochemical oxygen demand (BOD), total suspended solids (TSS), total 
Kjeldahl nitrogen (TKN), and total phosphorus (Read et al. 1983). The secondary 
objective is the production of useful biomass. Bivalves and fish are the primary species 
that have been used. Yields of up to 5,000 kglhatyr have been obtained in Israel 
where Thph are grown in conjunction with wastewater treatment facilities (Edwards 
1985). 

There are three advantages of using wastewater for aquaculture. The first is a 
constant supply of water. Second, the water will contain sufficient nutrients, making 
supplementary fertilization unnecessary. Finally, in many countries, wastewater 
treatment facility polishing ponds must be managed for Anopheles and C u k  
mosquitoes, Bulinus or Biomphloria snails, and various algae. This type of pest 
management must take place regardless of any aquaculture practices that are instituted 
in the pond. Consequently, there is often an operational and economic advantage to 
combining aquaculture and pest management. 

Most investigators recommend that natural measures be employed to control 
mosquito production in ponds (Middlebrooks 1980). The mosquito fish (Gambusia) has 
been widely used as a natural control in the United States. From a standpoint of using 
local species and avoiding introduction of non-native species, the use of lllapia is 
recommended for the Ismailia treatment plant. Zllapia also consume mosquito larvae 
and can be expected to provide some degree of control of algae (Pirnie-Harris 
International 1979; Edwards 1985). lllapia is one of the most popular and successfully 
reared aquaculture species in the Middle East. This species is much hardier than 
others such as the carp (CLprnus carpio) and grey mullet (Mugil c e p h h )  (Pirnie- 
Hams International 1979). Although all three species provide natural algal control, 
Thpia  are able to withstand salinities up to 70,000 mgA and dissolved oxygen values of 
less than 1 m u ,  both of which may be found in wastewater effluent. 

The most signifjcant problem associated with wastewater effluent and this type 
of aquaculture is the potential for the cultured species to retain human pathogenic 
bacteria andlor heavy metals. Edwards (1985) recommends that fish should only be 
grown in waste stabilization ponds for direct human consumption if the concentration 
of bacteria in the water does not exceed a concentration of 100 MPN1100 ml. In most 
cases, this problem is alleviated through depuration in clean-water ponds. The 
depuration process usually takes several weeks to complete. Under carefully controlled 
conditions, the public health risk from fish reared in a wastewater treatment effluent 
may be no greater than uncontrolled harvests of fish in receiving waters of sewage 
treatment plants (Hejkal et al. 1983). Another alternative is to use the fish produced 
in the system as fertilizer or feed for livestock. This additional step in the food chain 
would eliminate direct human consumption, thus providing additional safeguards to 
human health. 

If aquaculture is determined by local officials to be desirable or necessary for 
purposes of algal or mosquito control, the activity should be carried out with 



participation of the private sector. Public health officials, however, must be involved to 
ensure the activity is conducted in such a manner that public health is not endangered. 

7.5 Land Use 

Construction of the influent and effluent force mains will generally follow 
existing roadways, and significant adverse impacts on traffic are not expected. Along 
the El Mahsama Drain, the mains will travel along a dirt track on the bank. 
Depending on the width of corridor needed to construct the pipelines, there may be a 
small degree of incursion on agricultural land. Although this incursion is expected to 
be temporary, any partial loss of crop for the season will require compensation. 

Abandonment of the Abu Atwa WWTP will result in a temporary (several 
weeks) but significant increase in odors unless the plant is immediately cleaned. The 
land can be put to better use compatible with surrounding uses if the facilities are 
demolished and the land is restored. Immediate cleaning of the facility by local 
authorities is highly recommended. Demolition of facilities and restoration of the Abu 
Atwa WWTP site by local authorities is encouraged. 

7.6 Energy 

Of the treatment alternatives that appear economically to be the most feasible 
(trickling filter, conventional activated sludge, and aerated lagoons; Chapter 2), the 
proposed aerated lagoon system is the most reliable system but also the most energy- 
intensive to operate (Section 4.7). A tariff study is underway that will assist the 
Ismailia Governorate in ameliorating impact of increased O&M costs. The issue of 
funding support for O&M is included in Grant Agreements for the project. 

Features that might improve energy efficiency or make use of low-cost, low- 
technology wind or solar power sources should be considered by the designbuild 
contractor during final project design. Proper sizing and evaluation of losses of 
efficiency in transformers and electric motors will help achieve optimum mix of capital 
and operating energy cost. Energy efficient motors and transformers should be 
required. Operational activities will include energy efficiency as a factor, e.g., aerators 
could be operated in cycles rather than constantly. 

Obtaining electrical feed from two different sources may be more desirable than 
providing standby diesel generators, as the latter will require major overhauls at regular 
intervals and therefore will be out of service for extended periods of time. 



- 7.7 Cultural Resources 

1 
If any suspected cultural resources or historical artifacts are uncovered during 

project construction, all work in the immediate area should be stopped and a qualified 
archeologist consulted for recommendations. These recommendations should be 

- implemented by the design/build contractor in consultation with Egyptian officials in the 
Department of Antiquities, Ministry of Culture. 
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SCOPING REPORT 
ENVIRONMENTAL ASSESSMENT O F  A NEW WASTEWATER 

TREATMENT PLANT PROPOSED FOR ISMAILIA 

Government of Egypt - U.S. Agency for International Development 
Canal Cities Water and Wastewater Project 

Phase I1 

Egypt's National Organization for Potable Water Supply and Sanitary Drainage 
(NOPWASD), in association with the United States Agency for International 
Development (USAID), is proposing to build a new sewage treatment plant for 
Ismailia. The proposed treatment plant is one element of the Canal Cities Water and 
Wastewater Project Phase 11, partially funded by USAID. Phase I1 of the project 
continues more than a decade of effort to rehabilitate Ismailia's war-damaged waste- 
water system, and provides capacity for future urban growth of this important region. 

NOPWASD and USAID tentatively agree that an Aerated Lagoon treatment 
method should be used by the proposed Ismailia wastewater treatment plant, basing 
their decision on considerations of cost, simplicity of operation, land requirements, and 
effluent quality. Plants of similar design are proposed for Suez City and Port Said. 
The treatment plant will vastly improve the quality of urban wastewater flowing into 
Lake Timsah from Ismailia. Nevertheless, proposed construction of the new facilities 
has raised several environmental concerns that require further analysis. 

NOPWASD is conducting an Environmental Assessment of the proposed new 
sewage treatment plant for Ismailia. An Environmental Assessment (EA) provides 
decision-makers with information concerning: existing environmental conditions, 
potential environmental impacts of the proposed project's construction and operation, 
possible mitigating measures, monitoring programs, opportunities for environmental 
enhancement, and environmental management plans. 

As part of preparation of the EA, scoping meetings were held in Cairo on 8 
February and in Ismailia on 13 February. The purpose of the scoping meetings was to 
bring together all parties interested in Ismailia's proposed new wastewater treatment 
plant to assist NOPWASD to identify environmental issues that should be addressed by 
the Environmental Assessment Study Team. The scoping meeting in Cairo was held in 
reference to the proposed construction of wastewater treatment plants in Suez and Port 



Said as well as the proposed project in Ismailia. Participants were invited to voice 
their concerns, questions, and comments regarding technical and environmental aspects 
of the planned wastewater treatment plant. Participants were further invited to submit 
comments in writing to Construction Management Consultants (CMC) by 1 March. 
This scoping report summarizes oral and m.tten comments received for the Ismailia 
project EA. A list of attendees at the scoping meetings in Cairo and Ismailia is 
attached. 

PROJECT DESCRIPTION 

Desien Parameters 

The Ismailia wastewater treatment plant will be built to meet a projected year- 
2005 service population, which is expected to constitute 86 percent of the total urban 
population. The design flow rate for a plant is based on the current population and 
per capita water consumption for all uses--household, commercial, and industrial--plus 
the projected population growth times the expected usage rate. The year-2005 design 
flow for Ismailia is 90,000 cubic meters per day. 

Plant Location 

Ismailia's new wastewater treatment facility will be about 7 km south of the 
existing site on the west side of the Ismailia-Suez desert road, north of the Cairo- 
Sarabum desert road. Ismailia's effluent will most likely be discharged into El 
Mahsama Drain or El Manayeef Drain at one of three alternative locations, flowing 
onward to the West Lagoon of Lake Timsah, and ultimately into the lake itself. Other 
alternatives are being considered, and the final selection of an effluent disposal 
alternative will probably be made upon completion of the E k  A sludge disposal site 
has been tentatively identified on the north end of the proposed treatment plant site. 

Aerated Lagoon Treatment Method 

After screening and grit removal, the wastewater will flow through aerated and 
facultative lagoons, which are agitated to provide oxygen, and on to a polishing pond, 
where treatment continues. The bulk of the solids settle out in the facultative lagoons. 
Sludge handling is simplified because the sludge is partially stabilized in the lagoons 
and requires removal as infrequently as every 6 months to 2 years. Collected sludge 
will be dried in sludge drying lagoons, and then stockpiled at the plant for up to 90 
days until disposal. As long as the plant is operating properly, its treated effluent will 
meet Egypt's Law 48 quality standards for BOD and TSS. 



ENVIRONMENTAL CONSIDERATIONS 

In 1989, during preparation of the Alternative Treatment Study, USAID 
requested a preliminary environmental review of the project. As a result, the following 
issues were identified for analysis in the EA. 

Effluent Oualitv and Point of Discharee 

One discharge option is to continue putting effluent into the West Lagoon of 
Lake Timsah via the El Mahsama Drain. Complicating this alternative is a planned 
diversion of EI Mahsama drain water into the Suez Sweetwater Canal by the Ministry 
of Public Works and Water Resources. Other alternatives being considered include a 
discharge of disinfected effluent to El Manayeef Canal, or discharge via agricultural 
drains to Moaskar Lake and eventually the Suez Canal between Great Bitter Lake and 
Lake Timsah. Alternative outfall discharges into the Great Bitter Lake and directly 
into Lake Timsah have also been considered, but appear to be less acceptable 
environmentally. 

Although treatment will greatly reduce the BOD, it will not eliminate it, and 
effluent nutrient levels will only be partially reduced. Determining the effects on water 
quality for the discharge alternatives will be an important part of the E A  process. 
Location of the discharge point will be based on consideration of impacts on Lake 
Timsah and the Suez Canal. 

Effluent Reuse 

Although the present plant's design does not provide for reuse of the treated 
effluent for agriculture and aquaculture, the planned treatment method and means of 
effluent discharge do not preclude this as a future possibility. However, such future 
reuse entails a number of human health issues, which will be fully considered in the 
EA. 

Sludee Dis~osal 

The design now calls for sludge disposal primarily by on-site land disposal at a 
dedicated site, tentatively located on the north end of the proposed wastewater 
treatment plant site. The EA will explore the suitability of sludge use for agriculture 
subject to conditions imposed by public health and soil contamination concerns. 

Public Health and Safety 

Pathogens remaining in the effluent and sludge are important environmental 
concerns. Chlorination of the effluent may be required to significantly reduce the 
levels of pathogens in the effluent. The chlorine itself poses a threat to fish and other 
aquatic organisms and may need to be removed if it is deemed to be an environmental 



threat. Chlorine is in short supply and expensive in Egypt, and therefore may not be a 
reliable treatment method. The necessity and desirability of chlorination will be 
appraised in the EA. 

Fly  and mosquito breeding in wastewater standing at the treatment plant 
represents another possible disease transmission threat. The extent of the threat will 
be reviewed and environmentally sound methods of mitigating it identified. 

Groundwater 

Ismailia has a relatively high groundwater table, both at the plant site and 
beneath the collection system. The EA will address the potential for wastewater 
contamination of groundwater. 

Noise. Traffic, Odors. and Other Nuisances 

The proposed wastewater plant is a large capital project, occupying over 800 
feddans that unavoidably will produce noise, traffic, odors, and other nuisances--both 
during construction and normal operation. An aspect of the E A  will be fully cataloging 
these problems and identifying ways of mitigating them. 

Effects on Aquatic and Wildlife Communities 

The biotic communities of the Suez Canal region, as with its human 
communities, should greatly benefit from the proposed new wastewater treatment plant. 
Reducing the BOD, nutrients, and pathogens now flowing from Ismailia will result in 
healthier aquatic communities in the West Lagoon and Lake Timsah. The EA will 
endeavor to put the benefits accruing from improved wastewater treatment to Lake 
Timsah and its associated natural communities in the context of water quality in the 
West Lagoon. 

COMMENTS RECEIVED 

Cairo Scovine. Meeting 

Several participants at the Cairo scoping meeting offered comments germane to 
the scope of the EA. The following is a brief summary of these comments. 

o A~ricultural reuse of effluent and sludge. Several commentors and lively 
discussion focused on the desirability of reusing wastewater and sludge for 
agriculture. 



o Chlorination. Concern was expressed regarding chlorination of the 
effluent and its effect on fisheries. 

o Parasites. Potentially high rates of infestation by the nematode Ascaris in 
the population, the resistance of eggs of this parasite to wastewater 
treatment, and implications for human health were noted. 

o Disinfection. A question was raised regarding potential use of ozonation 
as an alternative to disinfection by chlorination. 

o Reduction in fecal coliforms. Interest was expressed in the rate of 
natural die-off of fecal coliform bacteria in the receiving water. 

o Heaw metals. A question was raised about the levels of heavy metals in 
the sewage. 

o Alternatives considered. Several commentors expressed an interest in the 
alternative treatment methods and disposal options that had been 
considered and the reasons for their rejection as the preferred alternative. 

o Aleae in treatment laeoons. A question was raised regarding algae 
blooms in the treatment lagoons, how these would be managed, and their 
effects on plant operation and the environment. 

o Ecoloeical integritv of Suez Canal reeion. Concern was expressed 
regarding impacts of the proposed project on ecological functioning of the 
Suez Canal system and natural barriers to migration of species between 
the Red and Mediterranean Seas. 

o Poultrv operations. Concern was expressed regarding the effect of the 
proposed construction and operation of the wastewater treatment plant on 
a large poultry business that has several plants in the vicinity of the 
wastewater treatment plant. 

o Water qualitv samuline uroeram. Interest was expressed in the details of 
the water quality sampling program conducted as part of the preliminary 
environmental review and engineering design. This comment with respect 
to Ismailia and Port Said was also raised during the Suez scoping session. 

These comments and concerns will be considered and addressed by the EA. In 
addition to these comments germane to the EA, several comments and questions were 
raised regarding the treatment process and the EA process itself; these were addressed 
during the scoping meeting. 



Ismailia Scouine Meeting 

Several participants at the Ismailia scoping meeting offered comments germane 
to the scope of the EA. The following is a brief summary of these comments. 

o Reuse of effluent. Several commentors expressed concern regarding the 
desirability of using effluent for agriculture. One commentor expressed 
the opinion that the funds used to carry the wastes to a discharge to a 
water body should be used to carry the effluent to a desert reclamation 
site. 

o Discharee upstream of the proposed El Mahsama diversion. One 
individual noted that discharge of treated effluent upstream of a proposed 
diversion of El Mahsama Drain water to the Suez Sweetwater Canal 
would be undesirable. 

o Development plans. It was noted that a plan had been prepared to 
rehabilitate West Lagoon as part of a fisheries and tourism development 
project, and that the proposed discharge to El Mahsama Drain may not 
be consistent with this plan. 

o Impact on tourism develo~ment. Concern was raised regarding effects of 
discharge to Lake Timsah on tourism facilities and fisheries. 

o Ecoloeical intemitv of Great Bitter Lake. It was noted that Great Bitter 
Lake is ecologically and economically significant, and that this should not 
be considered as an alternative discharge location. 

o Nuisance conditions. Concern was expressed regarding algal growth and 
mosquito breeding in polishing lagoons, and their impacts on plant 
operations and human health. 

These comments and concerns will be considered and addressed by the EA. In 
addition to these comments germane to the EA, several comments and questions were 
raised regarding the treatment process and the EA process itself. 

Written Comments 

Written comments were received at the Suez scoping meeting that were directed 
at the projects in Ismailia and Port Said. Written comments germane to the Ismailia 
project include: 

o effluent standards for discharge to Lake Timsah and Great Bitter Lake; 

o location of sampling of raw wastewater for chemical analyses; 



o impact of possible diversion of water from El Mahsama Drain to water 
quality in the Suez Sweetwater Canal, if discharge of effluent were to 
occur upstream of the diversion; and 

o energy consumption and costs associated with operation and maintenance. 

I) 

These matters will be addressed in the EA. 

I Based on preliminary environmental review by the project team and questions 
and comments received at the scoping meetings for the Ismailia project, the following 
appear to be issues of primary concern: - 

o potential use of the effluent for agriculture; 

o the expected impacts of the proposed discharge on water quality of Lake 
Timsah and the West Lagoon; 

o impacts of the proposed discharge on plans for tourism development 
around Ismailia; 

I o public health risks associated with effluent discharge and re-use; 

I 
o public health risks associated with sludge re-use; and 

o alternatives considered and the basis for their rejection as the preferred 
alternative. 

I Work Plan 

A tentative outline for the Ismailia EA is attached. The issues of primary 
I concern will be addressed in appropriate detail in the EA. 

Water quality in West Lagoon will be evaluated with data collected during 
I development of the Master Plan and during field studies by the project team in July 

and December 1989. Water quality data collected in 1989 will be used in mass loading 
analyses and water quality modeling efforts to evaluate impact of wastewater discharge 

I on West Lagoon and Lake Timsah. 

I 
Development plans for the Ismailia area will be reviewed to evaluate 

compatibility of land use plans with construction and operation of the proposed 
treatment plant facilities. 

I) 

A-7 



Quality of the effluent and its suitability for agriculture or aquaculture use will 
be described. Factors to be considered in reuse of the effluent will be briefly 
described; this analysis will facilitate future master planning effort for eventual d 
expansion or upgrading of the proposed facility. In particular, quality of effluent and 
sludge with respect to bacteria and pathogens will be described, and implications for 
public health assessed. id 

The EA will briefly describe alternatives that were considered and rejected in 
the planning and preliminary design stages, and explain the reasons for their rejection IP 

as the preferred alternative. 
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CANAL CITIES PROJECT TECHNICAL REPORT 
WATER QUALITY ANALYSES - ISMAILIA 

1.1 Background 

Preliminary engineering designs are being conducted by Construction 
Management Consultants (CMC) for wastewater treatment plants for the Canal Cities 
project funded in part by the United States Agency for International Development 
(USATD). Egypt's National Organization for Potable Water Supply and Sanitary 
Drainage (NOPWASD), in association with USAID, is proposing to build one of the 
new sewage treatment plants for the city of Ismailia. Ismailia, a city of approximately 
213,000 people (1986 census data), is located on the shores of Lake Timsah, 
approximately midway along the length of the Suez Canal. Ismailia is a popular center 
for tourism as well as headquarters of the Suez Canal Authority and the Ismailia 
Governorate. 

The wastewater facilities master plan for Ismailia (Metcalf & Eddy, Inc. 1979) 
originally recommended rapid infiltration land disposal of the wastewater effluent. In 
the intervening years between preparation of the Master Plan and the preliminary 
engineering design, the proposed disposal site was developed for other purposes and 
therefore no longer available. The CMC was authorized by USAID/Cairo to conduct 
studies of alternate wastewater treatment facilities for Ismailia (Task Order No. 9). 

NOPWASD and USATD tentatively agreed that an Aerated Lagoon treatment 
method should be used by the proposed Ismailia wastewater treatment plant, basing the 
decision on considerations of cost, simplicity of operation, land requirements, and 
effluent quality. Alternative effluent disposal methods considered included: 

o direct discharge to Lake Timsah; 

o direct discharge to Great Bitter Lake; and 

o direct discharge to El Mahsama Drain, which flows into the West Lagoon, 
a small water body with a narrow outlet to Lake Timsah. 

Locations of the proposed wastewater treatment plant and effluent discharges are 
shown in Figure 1. 



FIGURE 1 
ISMAILIA GENERAL LOCATION MAP 
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1.2 Objectives 

As the Alternative Treatment Study was developed by the CMC between 
February and August 1989, a series of pertinent environmental issues were raised, 
particularly with regard to potential impacts from alternative effluent disposal methods. 
CMC initiated a water quality analysis of the proposed receiving waters. The water 
quality analysis is just one element of a multifaceted appraisal process in the 
preliminary engineering design. Other equally important elements include: technical 
soundness analysis, economic and financial benefit-cost analysis, and social soundness 
analysis. 

The objectives of the analysis was to help answer the following basic questions: 

o What is the current condition of each alternative receiving water body 
from a water quality standpoint? 

o What would be the environmental effect in terms of water quality of a 
discharge of effluent meeting Law 48 standards for 5-day biochemical 
oxygen demand (BOD,) and total suspended solids (TSS) in each 
potential receiving water body? 

o Does a measurably significant environmental benefit result from adopting 
Law 48 treatment standards as opposed to providing only a primary 
wastewater treatment facility? 

o What is the environmentally preferred receiving water body or effluent 
discharge location for the proposed wastewater treatment plant? 

1.3 Approach 

The starting point for this analysis was the series of studies and reports prepared 
between 1977 and 1980 by Metcalf & Eddy Inc. (1979) in connection with preparation 
of Water and Wastewater Facilities Master Plan for Ismailia. These reports provide an 
analysis of receiving water body assimilative capacity based on data collected in 1979 or 
available at that time from other sources. 

Some of the data collected and analyzed in 1979 were recognized as having only 
limited value in assessing basic water quality issues since it did not represent the full 
range of conditions and diurnal or seasonal variations in the water bodies sampled. In 
addition, significant changes have occurred in Ismailia since the 1979 studies were 
completed. As a consequence, the CMC was authorized by USAIDICairo in June 1989 
to conduct a limited program of field sampling of key water quality parameters in each 
of the proposed receiving water bodies. This program was carried out during a 4- 



week period in July-August 1989 and provided additional data for evaluating pertinent 
water quality issues. 

The data generated by the July 1989 field study along with other available data 
was analyzed through a combination of simple desk-top analysis techniques and more 
sophisticated computer simulation models. The July 1989 data were incorporated into 
a preliminary draft environmental review of the Canal Cities project. In that 
environmental review, the analysis focused on the water quality impact of a discharge 
of primary effluent or an effluent which would meet the requirements of the Egyptian 
Law 48. The Law 48 effluent would contain no more than 50 mgil Total Suspended 
Solids (TSS) and 60 mg/l 5-day biochemical oxygen demand (BOD,). 

The July 1989 field data indicated that a Law 48 discharge into the El Mahsama 
Drain potentially would be feasible, but areas of uncertainty remained regarding effect 
on nutrient dynamics in the West Lagoon and subsequent effect on water quality of 
Lake Timsah. A proposal by the Ministry of Works and Water Resources to divert 
water from El Mahsama Drain to the Suez Sweetwater Canal complicated the selection 
of an effluent disposal site. During presentation of the results of the preliminary 
environmental review to the CMC and USAID, the possibility of an effluent discharge 
to El Mahsama Drain was discussed. It was decided that data on this issue be refined 
with more field studies and data analysis. The key questions to be answered were: 

o What level of treatment would be required to protect water quality in El 
Mahsama Drain, the West Lagoon, and Lake Timsah? 

o What water quality effects would take place in West Lagoon if plans were 
implemented by the Ministry of Works and Water Resources to divert 
300,000 m3/day of water from the El Mahsama Drain to the Suez 
Sweetwater Canal? 

Additional water quality field studies were conducted in November-December 
1989 to address these two questions. 

2.0 METHODS 

2.1 Field Investigations 

2.1.1 July Field Studies 

Locations of sampling stations in July 1989 are shown in Figures 2 and 3. Five 
stations were sampled in Lake Timsah and West Lagoon on 24, 25, 27, and 28 July. 
Three water samples and one sediment sample were taken at all five stations, with 



water samples collected at different times of the day. Lake Timsah Stations 4 and 5 
were sampled on 28 July only because of restrictions on field work on Lake Timsah. 

Water samples were collected from El Mahsama Drain on 24, 25, and 27 July at 
two locations (Figure 2) near the existing wastewater treatment plant discharge point 
(Station B) and one station downstream (Station A). 

The northwestern sector of Great Bitter Lake was sampled on 26 and 27 July. 
Two water samples and one sediment sample were taken at each of five stations on 26 
July (Figure 3), and one water sample at each station on 27 July. A sediment sample 
was not taken at Station 1 in Great Bitter Lake because of limitations in time the 
station could be occupied. 

Salinity, temperature, pH, dissolved oxygen, and water clarity were measured in 
the field at  varying depths. A YSI Model 51B temperature/oxygen meter was used 
throughout the sampling program. Water clarity was determined with a standard 20- 
cm diameter Secchi disk. Salinity and pH measurements were made with equipment 
on loan from the Ministry of Health's Environmental and Occupational Health Center 
Laboratory in Cairo (Embaba District). 

2.1.2 November Field Studies 

A total of 12 station locations (there was no Station 8) in the El Mahsama 
Drain system and the West Lagoon were sampled on four separate days in November 
1989 at different times of the day. The station locations are shown in Figure 4 and are 
listed below: 

STATION 
NUMBER STATION NAME AND LOCATION 

Al Manayeef Drain at IsmailiaSuez Road 
Abu Sower Drain at Ismailia Sweetwater Canal 
El Mahsama Drain at Cairo-Ismailia Road 
El Mahsama Drain at Ismailia-Suez Road 
Al Dobaria Drain at junction with El Mahsama Drain 
lsmailia WWTP outfall to El Mahsama Drain 
El Mahsama Drain at bridge downstream of the WWTP 
El Mahsama Drain at Pilot Road 
Abu Gamos Drain at Pilot Road 
West Lagoon in the west arm 
West Lagoon in the east arm 
West Lagoon Outlet to Lake Timsah. 
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Measurements were made at each station for dissolved oxygen, temperature, 
conductivity, salinity, and stream flow. Profile measurements were taken at each station 
where vertical differences in field parameters were noted during the initial survey in 
November 1989. Dissolved oxygen measurements were taken at all stations on 
November 27 from 5:00 AM to 200  AM to determine minimum levels of dissolved 
oxygen; minimum levels would be expected in early morning hours, after the night time 
period of no algal photosynthesis. 

Stream flows were measured with Pygmy and Price AA velocity meters, except 
for Station 13 where an Interocean S-4 profiling current meter was deployed. At all 
other stations, open channel velocity measurements were taken at multiple locations 
across the stream width at 20% and 80% of the total depth of water, measured from 
the surface, when the water depth exceeded 0.9 meters. When water depth was less 
than 0.9 meters, one velocity reading was taken at 60% of the total depth of water, 
measured from the surface. Velocity measurements with the Interocean S-4 at Station 
13 were taken at multiple locations across the bridge opening during a 12 hour tidal 
cycle on December 10 to characterize the effects of tide on the water exchanges 
between Lake Timsah and the West Lagoon. 

A time-of-travel study using neutrally buoyant spheres (7 cm diameter) was 
conducted on November 21 in the El Mahsama Drain from Station 4 at the Suez- 
Ismailia Desert Road to the bridge at Station 7. Additional time-of-travel studies were 
conducted in Al Manayeef and Al Dobaria drains and in El Mahsama Drain from 
Station 7 to Station 9 on November 26. 

The velocity measurements at Station 13 (in the channel between the West 
Lagoon and Lake Timsah) required special attention; preliminary measurements made 
at the beginning of the November 1989 studies indicated a surface outflow of low 
salinity water with a bottom inflow of high salinity water from the lake. Initially, a 
Price AA meter suspended from a cable from the bridge at the station was used in 
November to measure flow; however it became evident that simultaneous velocity and 
flow direction (0-360") measurements were required. The December 10 flow 
measurements discussed herein accomplished this objective. 

2.2 Laboratory Analyses 

2.2.1 July Field Studies 

Water samples were collected from surface water and placed in 5-liter plastic 
bottles. Plastic bottles were provided by the Ministry of Health's Environmental and 
Occupational Health Center Laboratory in Embaba (Cairo), which also conducted the 
laboratory analyses. All sample bottles were acid washed and double rinsed in distilled 
water in the laboratory. sample containers were double-rinsed in the field with sample 



water prior to filling. Sediment samples were collected with a hand-held Eckman 
dredge' and placed in 1-liter sample bottles, which were rinsed as above. 

Water samples were analyzed for chlorophyll % BOD,, chemical oxygen demand 
(COD), total phosphate ion as phosphorus (TP), ortho-phosphate, nitrate, ammonia, 
total Kjeldahl nitrogen (TKN), oil and grease, TSS, sulfate ion, chloride, and hardness. 
All water and sediment samples were immediately stored in the dark on ice and 
shipped at the end of the day to the laboratory in Cairo. Techniques of analysis were 
according to American Water Works Association (1985) Standard Methods for the 
Examination of Water and Wastewater. 

In July 1989, samples for fecal coliform bacteria counts were collected and 
immediately filtered with a hand vacuum pump and filter kit. Following filtration, 
samples were placed in a portable incubator for storage and transport. Fecal coliform 
counts were obtained using the membrane filter technique. 

2.2.2 November Field Studies 

Water samples were collected at each station and were analyzed for: BOD,, 
COD, total phosphorus (TP), ortho-phosphate (PO,), total Kjeldahl nitrogen (TKN), 
ammonia (NH,), nitrate (NO,), silica, and fecal coliform bacteria. Chlorophyll a was 
analyzed at Stations 11, 12, and 13. In November 1989, samples for fecal coliform 
bacteria counts were collected directly in a sterilized glass BOD jar from surface water 
and immediately placed on ice for shipment. Water samples were collected in newly 
purchased 1-liter plastic bottles that were double-rinsed in the field with sample water 
prior to fdling. Water samples were stored on ice and delivered to the Ministry of 
Health's Environmental Health Center Laboratory in Cairo the morning after each 
survey. The survey dates were November 18, 20, 21, and 26, 1989. 

2.3 Water Quality Modeling 

2.3.1 Officer and Ryther 

Officer and Ryther (1977) developed a waste oxidation model that provides a 
preliminary (screening level) evaluation of dissolved oxygen changes resulting from a 
wastewater discharge. The model is based on deoxygenation by BOD inputs and 
reaeration resulting from all acting forces such as wind mixing and algae photosynthesis. 

In the Officer and Ryther analysis, the existing waste dissolved oxygen deficit 
(WDOD) was computed from measured flows coming into Lake Timsah from the West 
Lagoon, which provides polishing to wastewater discharges to El Mahsama Drain. 
Other inputs included a canal near the Hotel Etap Forsan Island in Ismailia and a 
small canal on the southwest shore of Lake Timsah. 



Evaporation data (a high rate of 7 mmlday) as stated in CMC's Alternative 
Treatment Study were included in the hydraulic balance. Also, it was assumed that 
only 5% of the Suez Canal flow entering the Lake Timsah area actually enters the lake 
and that the remaining 95% of the Suez Canal water bypasses the lake via the Bypass 
Channel. Wastewater flows and BOD, concentrations for the year 2005 were taken 
from the above referenced study, and primary effluent loads were computed assuming 
that the primary effluent BOD, concentration was 210 mg/l. 

The WASP4 model, developed by the U.S. Environmental Protection Agency 
(Ambrose et al., 1988), is a deterministic time-varying model based on dynamic 
equations describing BOD, nutrients, and algae. Additional information on the WASP4 
model as it was used in this study is found in Dames & Moore (1990). The model was 
applied to examine dissolved oxygen and nutrient dynamics in Lake Timsah. The 
WASP4 model was also used to examine water quality impacts on Great Bitter Lake. 

2.3.3 Streeter Phelps DO Sag 

A Streeter-Phelps dissolved oxygen (DO) sag analysis was conducted in order to 
determine if the proposed WWTP discharge would have a detrimental effect on DO 
conditions in El Mahsama Drain or Al Manayeef Drain upstream of the existing 
WWTP discharge. The equation used (Bowie et al. 1985) is shown below: 

where:D = DO deficit, mgll 
Lo = Ultimate Oxygen Demand (UOD) at  t=O, mg/l 
k l  = Deoxygenation coefficient, day-' 
k2 = Reaeration coefficient, day" 
Do = Initial DO deficit, mgA 
t = Time, days. 

This model has been modified by numerous researchers to account for 
deposition of particulate BOD, nitrification, sediment oxygen demand, and 
phytoplankton or macrophyte photosynthesis and respiration. In this analysis, settling 
of particulate BOD, sediment oxygen demand, and photosynthesis/respiration have not 
been explicitly modelled. Nitrification has been assumed to occur at the same rate as 
deoxygenation, with UOD = (BOD,) (1.55) + (TKN) (4.57). Reaeration was 
calculated by the equation k, = (21.7)(V)0.67/d'.85 developed by Owens et al. 1964, as 



presented in Bowie et al. 1985. In this equation, V = velocity in ftlsec and d = water 
depth in feet. 

3.0 RESULTS 

Wastewater from Ismailia's Abu Atwa Wastewater Treatment Plant (WWTP) 
presently discharges to the El Mahsama Drain which empties into the West Lagoon of 
Lake Timsah. Presently, wastewater flows to the West Lagoon are in the range of 
55,000 m3/day, of which 31,000 m3/day receives varying levels of minimal treatment at 
the existing Abu Atwa trickling filter wastewater treatment plant. Another 24,000 m3/d 
is discharged untreated by two pump stations to Abu Gamos Drain, which also empties 
into the West Lagoon. Approximately half of the wastewater flowing through the 
WWTP receives only primary sedimentation treatment before discharge; the remainder 
passes through a partially operational trickling filter system. 

A survey of the shoreline surrounding the West Lagoon found that there are no 
significant drain inputs to the West Lagoon other than El Mahsama Drain and Abu 
Gamos Drain. The West Lagoon receives additional inflows of untreated sewage from 
the Batini neighborhood of Ismailia and the new west shore tourism development. 
Both of these discharges are being addressed by construction of package plants or tie- 
ins to the city's wastewater collection system. Less than 600 m3/d raw sewage is 
discharged at the north end of West Lagoon from the Batini neighborhood, and will be 
routed through the new package treatment plant scheduled to begin operation in 
February 1990. These small inputs are disregarded in this report. 

In Ismailia and along the shores of both the lakes, tourism is rapidly developing 
into one of the major industries in the region and therefore, the deterioration of lake 
water quality could have major adverse health and economic impacts on the area. In 
addition, fishing activities in both lakes provides a significant source of food and income 
generation for the local population. For these reasons, it is particularly important that 
an acceptable receiving water body be identified. Public health problems at swimming 
beaches in Lake Timsah area are significant due to raw wastewater discharges to the 
lake from the "cover drain" near Chevalier Island and other areas along the nonh 
shore of Lake Timsah. Sewage from 4,000-5,000 people enters Lake Timsah along the 
north shore and sewage from 5,000 people enters the lake along the southwest shore. 
These public health problems are not expected to change if sewer collection is not 
provided for these raw wastewater sources, particularly those entering Lake Timsah 
directly. 



3.1 Master Plan Findings 

Three alternatives for wastewater disposal were considered by Metcalf & Eddy 
(1979): reuse for irrigation or land reclamation, discharge to the El Mahsama Drain, 
and discharge to the Suez Canal. Reuse of treated effluent was selected as the 
preferred alternative as it assisted Egypt in meeting its goal of increased local food 
production. Metcalf & Eddy (1979) determined that dissolved oxygen levels in both 
the El Mahsama Drain and Suez Canal would be acceptable in the year 2000, should 
these alternative disposal sites be selected. As effluent reuse was considered the 
preferred disposal alternative, limited attention was given to use of Lake Timsah for 
effluent disposal. The Great Bitter Lake was not considered at all, presumably due to 
distance considerations. 

Metcalf & Eddy (1979) found in its studies that the assimilative capacity of the 
El Mahsama Drain was more than adequate to accept treated wastewater flows. 
However, since that time the total average flow of the drain has been reduced by more 
than 40%. Present plans call for it to be reduced by more than 70% relative to 1978 
levels if the Governorate implements its plans to construct an additional pump station 
to divert irrigation return flows into the Suez Sweehvater Canal. 

These flow diversions if implemented, will have a significant effect on the water 
supply of the West Lagoon and circulation patterns in Lake Timsah. Greater diversion 
of drainage flows to the Suez Sweetwater Canal will diminish advective flows between 
the lagoon and the rest of the lake and reduce the volume of water available for 
dilution and mixing of the effluent. Metcalf & Eddy (1979) predict, 

"should the flow in the [El Mahsama] drain be appreciably diminished, then its 
assimilative capacity as an effluent receiving water may be greatly reduced. 
Since the drain serves as the primary source of freshwater into the West 
Lagoon, a diminished flow in the drain may result in a gradual transformation of 
the Lagoon into a saltwater marsh." 

A bio-fouling study conducted in 1977 for the Suez Canal Authority documents 
that the most severe fouling in the Canal lakes takes place in Lake Timsah, particularly 
by bivalves, barnacles, polychaete worms, and ascidians (Ghobashy et al. 1977). The 
bio-fouling problem in Lake Timsah documented in this study was greater than in the 
other six Suez Canal monitoring stations combined, and most likely reflects the 
increased level of nutrients in the lake, the reduction in salinity, and the minimal water 
movement in this area. 



3.2 Lake Timsah Discharge 

According to Metcalf & Eddy (1979), Lake Timsah is a largely saltwater lake 
with the exception of the West Lagoon. Water exchange between the lake and the 
Suez Canal is affected most by surface winds and advective flow from the El Mahsama 
Drain. There is a small tidal movement which is very minor (8-14 cm range). The 
flows through the Suez Canal mainly influence lake circulation within the dredged ship 
channel, rather than over the entire lake area. In general, excepting the West Lagoon, 
the water quality of Lake Timsah was reported as being good (Metcalf & Eddy, 1979). 

Lake Timsah is a source of fish and shellfish largely consumed by the local 
populace. The northern and western shores of Lake Timsah are developed or are 
being developed for tourism purposes. Water-contact recreation already occurs at 
lakefront beaches and more is planned. Public health problems have been reported as 
reflected by anecdotal evidence of eye, ear, and skin infections among local residents 
who regularly swim in the lake. 

Lake Timsah has a surface area of 839 hectares, and the West Lagoon surface 
area is 66 hectares. The West Lagoon volume is approximately 1,536,000 m3, and the 
Lake Timsah volume is approximately 33,800,000 m3. 

Average water quality data from Lake Timsah in July 1989 are presented in 
Table 1. Locations for sampling stations in Lake Timsah in July are shown in Figure 
2. A complete data set is found in Dames & Moore (1990). These data illustrate 
several significant points: 

o Chlorophyll g concentrations were surprisingly low in the West Lagoon in 
July (Stations 1 and 2), especially considering the high dissolved oxygen 
conditions found in surface waters (12-19.8 mgA). Chlorophyll a 
concentrations generally exceed 100 ug'l when dissolved oxygen 
concentrations are as high as observed. However, the possibility of 
laboratory error in these results cannot be discounted. 

o Chlorophyll a concentrations were also low in the other stations of Lake 
Timsah in July, but were consistent with total phosphorus and dissolved 
inorganic nitrogen (nitrate plus ammonia) concentrations. 

o The West Lagoon appears to be trapping ammonia, organic nitrogen, 
nitrate, phosphate, total phosphorus, and BOD. Station 3 in July was 
located immediately under a bridge separating Lake Timsah and the West 
Lagoon, and Station 3 nutrient levels are surprisingly low when 
considering the higher values of nearby Station 1. 



Table 1 

Average Concenrrar ions o f  Cons r i r uen t s  f o r  

Lake Tirnsah and Uesr Lagoon 

S t a r i o n  - Lake Tirnsah 

Uest  Lagoon Chennel 
1 - 2 - 3 - 4 - 5 - 

Ammonia, rng/l 1 .O 0.83 0.07 0.01 0.09 

N i r r a r e ,  rng/l 0.2 0.53 0.06 0.03 0.03 

Phosphare 0.5 0.36 0.01 0.01 NO 

as P ,  rng/ l 

CBOD5, rng/l 181 212 6.0 L .  1 3.0 

D O  rng/l 5.b 8.9 7.6 6.7 6.2 
(1.2-12.0) (6.L-19.8) 

Organic N, rng/l 8.1 5.5 1.3 0.31 0.38 

To ra l  Phosphorus 0.5 1 .O 0.01 0.013 0.02 

as P .  rng/L 

T K N ,  mg/l  9 . 1  6.L 1.3 0.35 0.33 

C h l o r o p h y l l ,  u g l l  3.9 3.1 2.1 2.2 1.5 

Secchi D i s k ,  m.  1.3 YD 1.1 1 .8 2.2 

Note: ND - No dara 

B O L  - Below d e r e c r i o n  l i r n i r  

Great B i r r e r  

Lake - 



o The Secchi disk data and dissolved oxygen profiles (Dames & Moore, 
1990) suggest that Lake Timsah is already being adversely affected by 
current levels of wastewater discharges. 

Sediment chemistry data for Lake Timsah and Great Bitter Lake are presented 
in Table 2. TKN and TP concentrations are highest at Station 1 of Lake Tirnsah, due 
to wastewater inputs. 

The evaluation of Lake Timsah as a receiving water body initially focused on the 
effect of BOD inputs upon dissolved oxygen (DO) concentrations in the lake, using the 
Officer and Ryther model. The model calculates that the existing discharge has a 
WDOD of 5.2 mgA (Table 3), while the Law 48 discharge effluent would have a 
WDOD of 6.2 mgA (Table 4). A primary effluent discharge would have a WDOD of 
9.4 mgA (Table 5). Decreases of this magnitude of DO in the wastewater plume would 
be expected from a direct discharge to Lake Timsah. These results indicate that a 
direct discharge of either Law 48 or primary effluent to Lake Timsah will not 
adequately protect receiving water quality. 

Unpublished data from the Suez Canal University/Liverpool University Joint 
Marine Biology Project indicate reduced dissolved oxygen levels in the immediate 
vicinity of the West Lagoon outlet, presumably due to low dissolved oxygen in the 
saline bottom water layer of the lagoon. The fact that the existing discharge to El 
Mahsama Drain does not currently seriously affect Lake Timsah dissolved oxygen levels 
can be attributed to the current level of freshwater inputs to the West Lagoon, which 
provides enough flushing to keep the upper layer of the lagoon aerobic. 

A summary of WASP4 modeling input and output data (147 day modeling run) 
is presented in Table 6. The results are not consistent with the Officer and Ryther 
model results. The WASP4 model results indicate that a decline in dissolved oxygen 
will not occur in Lake Timsah with a discharge of Law 48 effluent. The WASP4 
results do, however, show an elevated concentration of chlorophyll g even though the 
WASP4 input nitrogen load may be low. The respective phosphorus and nitrogen 
loads are 96 and 326 glm2/yr, which theoretically should result in eutrophic conditions 
in Lake Timsah (Jaworski 1981). Because the discharge of a Law 48 effluent may 
result in eutrophication problems, the main body of Lake Timsah itself is not 
recommended as a receiving water body for Ismailia wastewater. 

3.3 Great Bitter Lake Discharge 

The Great Bitter Lake, south of Lake Timsah on the Suez Canal, is an 
extremely large saltwater lake with inflows from the south throughout the summer and 
outflows southward to Suez Bay approximately three months per year during the 
winter. A small amount of flow enters Great Bitter Lake from the northern segment 



T a b l e  2 

Sediment Chemis t ry  D a t a  f o r  Great B i t t e r  Lake and 
Lake Timsah and  Ues t  Lagoon Samplinp S t a t i o n s  

G r e a t  B i t t e r  Lake Lake  Timsah and  u e s t  Lagoon 

H ~ S  ( f i e l d )  3.12 6 . 8  

V o l a t i l e  5.6 19 .2  
S o l i d s  

TKN mg/kg 3 i . 6  16.6 

ND . NO D a t a  C o l l e c t e d  

BDL - Below D e t e c t i o n  L i m i t  

U e s t  ~ a q o o n  Channel 
1 2 3 4  

1.1 0.8 BD L BDL BDL 

46.2  32.6 16 .2  22 .5  18.6  

7 . 6  0 .4  0 . 8  0 . 5  0.6 



TABLE 3 

UASTE ASSIMILATION W E L  - OFFICER AND RYTHER (1977) 

water Body: Lake T imah  - Exist ing Conditions 

River Flow, R Volune-avg. freshwater f ract ion,  f = 
nP3/day River Y a m  ..---------- -- - - - - - - - - - -  

1. 500,000 U. Lagoon Reaeration, k2, l /day = 0.2 Fran O f f i ce r  
2. 35,000 SE canal Dexygenation, kl, I /day = 0.4 and Ryther 
3. 60,500 Stream by ho te l  

4. L.LO0.000 5% of 5. Suez Canal 
Sun of i n p t  flows: 2,595,500 m^3/day 

Oetention time, V/R=T, days = 11.28 days 

Waste discharge oxygen dnnend. Y, gm/day = 43890000 

W/V = 1.30 
YDm = Waste DO d e f i c i t ,  mgl l  

Mote: If WU) i s  greater  than 10, the receiv ing water w i l l  be anoxic. 
If hOm i s  Less than 1.0, the receiv ing water w i l l  not  have a DO sag. 



TABLE 4 

WSTE ASSIMlLATlOY KOEL - OFFICER AND RYTIIER (19TI) 

Uater Body: Lake T i w a h  - Year 2000, Leu 48 Discharge t o  Lake Timah 

River Flou, R Vo lu r -e rg .  freshuater f rac t ion ,  f = 
.II dS/day  River N w  

- - - - - - - - - - - -  -.---------. 
1. 500,000 U. Lagoon Reaeration, k2, l /day = 0.2 F r a  O f f i c e r  

I 2. 35,000 SE canal Dexygenation, k1, (/day = 0.4 and Ryther 
3. 60,500 Stream by ho te l  
4. 2,400,000 5% o f  S. Suer Canal 

Sun o f  irput flows: 2,995,500 WS/day 
I 

Detention tim, V/R=T, days = 11.28 days - Uaste discharge oxygen demand, U, gm/day = 52536000 

W/V = 1.55 
YDM = Uaste DO d e f i c i t .  ~ / l  

YDM = U/(V/T)*((l-e'-k2T)/~L;ZT)-(l-e^-klT)/(klT~~*~kl/~kl-k2~~ 

YDM - 6.2 w/ l  

Note: I f  WCO i s  greater than 10, the receiving ua ter  w i l l  be anoxic. 

If LDM i s  Less than 1.0, the receiv ing water w i l l  not  have a 00 sag. 



TABLE 5 

WASTE ASSIMILATION KUEL - OFFICER AND RYTHER (1977) 

----------.- ussre oxidation Mode( .-.---.---------------------------- 

Yater B*: Lake Tinsah - Year 2000, Primary Discharge t o  Lake Timah (210 UGlL) 

Volune, V, m"3: 33,800.000 

River  Flow, R Vo lm-avg .  treshwater f ract ion.  t = 
m"3/day River Weme 

- - - - - - - - - - - -  
1. 500,000 Y. Lagoon Reaeration, k2, l l d a y  = 0.2 F r a u  O f f i ce r  

2. 35,000 SE canal Dexypenation, k l ,  l l d a y  = 0.4 and Ryther 
3. 60,500 Stream by ho te l  

4. 2,400,000 5% of S. Suez CamL 
Sun of inprt flows: 2,995,500 m"3/day 

Detention t ime, V/R=T, days = 11.28 days 

Uasta discharge oxygen d m & .  Y, gm/day = 79536000 

UIV = 2.35 

LDOD = Uaste DO d e f i c i t ,  mgl l  

LDOD = Y/(V/T)*((l-e~-k2Tl/(k2Tl-~1-ee-k1T~/~k1T~~~~k1/~kl-k2~~ 

LDOD = 9.4 mg/l 

Note: I f  Wm i s  greater than lD, the receiving water u i l l  be enoxic. 
I f  LDOD i s  less than 1.0, the  receiv ing water u i l l  not have a DO sag. 



Tab le  6 
Lake Timsah UASPL M o d e l l i n g  

INPUT DATA 

Lau L 8  E f f l u e n t  P r i m a r y  E f f l u e n t  
YASP4 F s t i m a t e  E s t i m a t e  " 

CBODu LOAD, kg/da 55.100 52.540 79,540 

TP LOAD, kg/da 5,000 2200 2200 

T N  LOAD, kg/da 3,000 7500 9100 

OUTPUT DATA 

Chl A .  u s / [  DO. m q l l  lM3+N02, m 9 I I  PO,,-P.mq/l CBOD . mql  l 

Day 1 0.10 5.0 0.54 0.44 4 .1  

ASSumptiOnS UUTP CBODu = 120 mg/ l ,  TP = 9 mg/ l ,  TN =22 mg/ l  

Misc,  sources  CBODu - 15 mg/l, TP = 0.5 mg/L, TN = 2 mQ/l  
Misc,  sources  0 = 2 . 7 8 ~ 1 0 ~  m3/day 

'* Assumpt ions UUTP CBODu = 420 mg/l ,  TW = 40 mg/L. 
O ther  parameters same as Lau 48 E f f l u e n t  



of the Suez Canal, although this flow is weak (Meshal 1975; Morcos and Messieh 
1973). Inflows significantly exceed outflows due to evaporation (approximately 2.8 
mm/day), resulting in very high salinity in Great Bitter Lake (Morcos 1975). The 
surface area of Great Bitter Lake is approximately 27,580 hectares, with a volume of 
1.7x109 m3. In size the Great Bitter Lake system, which includes both the Great Bitter 
Lake and the Little Bitter Lake, dwarfs Lake Timsah. 

Relatively little information is available concerning water quality of the Great 
Bitter Lake. It was not considered as a potential receiving water body during the 
earlier master planning phase of the Canal Cities Project between 1977 and 1980. It is 
a saltwater lake system containing a predominantly Red Sea biota. Although no data 
are currently available, it is known to have an active commercial fishery that includes a 
shrimp fishery, and the northwestern lake shore with its beaches is the site of 
expanding recreation and tourism development. 

Average water quality data from Great Bitter Lake are presented in Table 1. A 
complete data set is found in Dames & Moore (1990). These data illustrate the 
following significant points: 

o Chlorophyll a concentrations were low in Great Bitter Lake, but were 
consistent with total phosphorus and dissolved inorganic nitrogen (nitrate 
plus ammonia) concentrations; 

o Total nitrogen, total phosphorus, and BOD concentrations were lowest in 
Great Bitter Lake, with Secchi disk transparency values highest in Great 
Bitter Lake. 

Sediment chemistry data from Great Bitter Lake are presented in Table 2. The 
hydrogen sulfide values for the Great Bitter Lake sediments at Station 3 are elevated; 
however, this may be due to a field data collection or laboratory error rather than 
eutrophication, as the remaining data substantiates the high water quality of this area. 

Great Bitter Lake was modeled in a similar fashion to Lake Timsah. For 
WASP4 modeling, the hydrodynamics of Great Bitter Lake were based on average tidal 
ranges for the lake obtained from a Defense Mapping Agency nautical chart. The 
model incorporated inflows to the lake from Suez Canal from both the north and the 
south during June and July, with outflows to the south occurring during the winter 
months. Salinities in Great Bitter Lake are in the vicinity of 46 parts per thousand 
(ppt), compared to salinities of 43 ppt in the Suez Canal north and south of the lake. 
Accordingly, the detention time of the lake is almost infinite. 

Assimilative capacity for BOD inputs to the lake were assessed by WASP4 and 
the Officer and Ryther model. For the Officer and Ryther model, the impact was 
evaluated for a 464 hectare area near the Abu Sultan power plant on the northwestern 



shore of the lake west of the canal's dredged shipping channel. The circulation in this 
area was assumed to be limited to a 2,304,000 m3/day power plant cooling water 
effluent discharge and a cross-current parallel to the shore of 1.0 cdsec.  The Officer 
and Ryther model results for a Law 48 effluent are presented in Table 7, and 
demonstrate that a dissolved oxygen sag will not occur. WASP4 model results 
presented in Table 8 indicate a minor sag as the model adjusts to the initial conditions, 
however, the dissolved oxygen level rises to 5.5 mgA. The nitrogen and phosphorus 
concentrations on day 147 are significantly higher than day 1 concentrations. The day 
1 concentration of ortho-phosphate at 0.44 mgA is much higher than measured Great 
Bitter Lake values of 0.01 mgA or less. The results of these increased levels of 
nutrients is a dramatic increase of chlorophyll from a current concentration of 2 ugA 
to 56 ugA. 

These WASP4 model results must be viewed with caution as the modeling did 
not incorporate a settling term for either particulate phosphorus or phytoplankton. A 
settling coefficient is needed for Great Bitter Lake so that nutrient and phytoplankton 
kinetics are handled more completely. Disregarding the limitations of the WASP4 
model runs, the model indicates there is a basic overall concern regarding nutrient 
accumulations in the Great Bitter Lake. For a wastewater discharge of 630 kgtday of 
TP to Great Bitter Lake for 20 years and a 90% settling with no sediment release of 
phosphorus, there will be an increase in total phosphorus concentration from 0.01 mgA 
to 0.27 mgA. This phosphorus concentration increase is likely to result in significantly 
higher chlorophyll a levels. Deposition and decay of phytoplankton at the bottom of 
the Great Bitter Lake would result in dissolved oxygen depletion of bottom waters, 
which could severely affect fish habitat and productivity. Thus, without advanced 
treatment to reduce nutrient loadings, discharge to Great Bitter Lake would result in 
adverse effects on water quality. 

3.4 El Mahsama Drain Discharge 

The proposed discharge of 90,000 m3/day of treated effluent to El Mahsama 
Drain is likely to be influenced by the Governorate of Ismailia's Imgation Department 
plans to eventually divert a large proportion of the remaining irrigation return water 
currently flowing in El Mahsama Drain into the Suez Sweetwater Canal. This 
proposed project, now only at an early planning stage, is designed to expand the supply 
of irrigation water available to Suez through an expanded diversion of drain water 
flows. The project would follow one already in operation that returns 500,000 m3/day 
of water to the Sweetwater Canal. This new project, if completed, would virtually 
eliminate an important source of water available for effluent dilution. 

BOD, and COD data were collected in the El Mahsama Drain in July 1989. 
High BOD, values ranging from 80 to 640 mg/l (mean = 297 mgA) were observed in 
the mixing zone of the wastewater discharge at Station B (Figure 2). The variability in 
BOD, may be due in part to day-to-day variation in location of the sampling points 



Table 7 

------------ h a t e  Oxidatim 11061 ----------------..---.------------- 
h t e r  B c d ~  Great B l t te r  ~ a t e  A s m u t p t i r n :  0.01 W a a  cnma current 

p n l l e l  to ahore tv pDwr plant 

v o l ~ m .  V, n'3: 32,508,000 V 3  for 464 hectare box tv the P a * r  P t m t  

River F lm, R Volurr-am. f r n h w t e r  f ract lm,  f = 
a"3Iday River N u n  ------------ --.--------- 

1. 2,301.000 P o w r  plant Rmerat im, U, 1/&y = 0.2 Frcm Officer 

2. 90.000 Immmilia HRP O e x y g . ~ t l m .  k l ,  l lday = 0.1 md Ryther 
3. 18,1U,OOO Croas current at 0.01 wsec 

4. 
Sm of inpt floua:ZO,538,000 VJIday 

Detention tlm, VIR.1, days = 1.58 days 

Yaate discharge oxy'nan deaard, Y, w h y  - C6800000 

Mote: If WOD i s  mrearer than 10, the receiving uater u i l l  b. a ~ x i c .  
I f  WCO i s  Leas Than 1.0, the receiving water u i l l  mt hmve m DO Sag. 



T a b l e  8 

Great B i t t e r  Lake UASP4 Model l ing 

Input  Data  

C8ODu LOAD. kglda 26,100 

TP LOAD, kg lda  2 , 0 0 0  

TN LOID, kg lda  2 , 0 0 0  

Law 4 8  
E f f l u e n t  Est imate 

Output Data  ( P r e l i m i n a r y  Resul ts )  

ChI A .  mqll z 3 + N 0 3 .  mal l  POoOPP m a l l  

Day 1 0 .10  5 .0  0 . 5 4  0.44 4 . 1  

Day 147 5 6 . 0  5.5 3 . 8  1.3 0.5 



1 

relative to the discharge plume. The relationship of BOD to COD data indicates that 
experimental error may also account for some of the high variability. 

Ef 
4 
4 

Of particular concern were the high BOD values in samples taken at Station B Y 
just upstream of the existing wastewater discharge. BOD concentrations at this station 
varied from 72 to 340 mgll (mean = 184 mgll). These indicate other significant E 

sources of BOD inputs and flows to the El Mahsama Drain, such as upstream i 
wastewater discharges or nutrient loading from agricultural operations. Thus, field 
studies were conducted in November to more thoroughly document water quality 
conditions in drains flowing into West Lagoon. & 

3.4.1 Ismailia Streamflows 

November flow data for the drains are presented in Table 9. Flow data for 
Station 6 (the effluent from Abu Atwa WWTP) are mean values as determined by 
CMC in the Population and Flow Study. The flow data were consistent over the four 
survey dates, with the exception of Station 9. The flow measurement at Station 9 on 
November 18 was higher than the other survey dates. It is possible that the flow at 
this station is affected by tide elevations in the West Lagoon, and the high flow of 
November 18 was due to a low tide elevation in the West Lagoon. 

El Mahsama Drain at Station 4 receives flows from Stations 2 and 3 (Abu 
Sower and El Mahsama Drains, respectively). Station 4 flows were always greater than 
the sum of Stations 2 and 3, probably because of additional irrigation return flows 
between the stations. Station 1 (El Manayeef Drain) is a tributary to Station 5 (El 
Dobaria Drain) which enters El Mahsama Drain below Station 4. The average flow at 
Station 7 was generally greater than the sum of the averages at Stations 4 and 5. The 
additional flow is attributable to discharge from the existing WWTP (Station 6) which 
discharges to El Mahsama Drain between Stations 4 and 7. Station 7 flows 
downstream to Station 9 with only minor inputs below Station 7. As expected, flows at 
Stations 7 and 9 were similar with the larger flows at Station 9. Station 10 (Abu 
Gamos Drain) flows exhibited poor water quality; most of the flow to Station 10 
(24,000 ma/& 62%) is wastewater effluent from two wastewater pump stations in the 
Abu Atwa area. This raw wastewater will be pumped to the proposed WWTP when 
the proposed WWTP comes on line. 

3.4.2 West Lagoon Circulation 

The results of the 12-hour flow monitoring at Station 13 are presented in Table 
10, and net inflows and outflows are presented in Figure 5. Stations 13-2 to 13-6 
represent measuring stations at various locations across the width of the 17.4-meter 
wide channel. 



Table 9. Stream Flow Data from Ismailia, November 1989. 

Flow (mJ/davl 

Station Nov. 20 Averaee 

a: Mean flow at pump stations leading to WWTP; not measured in rhe field ar Slalion 6. 



C u r r e n t s  a t  S t a t  i o n  13, 10 Dec, 1989 

I 
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645 E l 5  445 ??15 1245 1415 1545 ?7?5 

Tlme, h-s 

- 
WTFLW - 

INFLOW 



It is clear from Figure 5 that inflows and outflows at Station 13 are closely 
linked. Outflows from the West Lagoon are high when inflows from Lake Timsah are 
low. This phenomenon is related in part to tides in Lake Timsah. A high tide 
elevation forces water from the lake into the lagoon, and a low tide elevation allows a 
release of lagoon water to the lake. During low tide, the bottom layer of the water 
column at Station 13 reverses from its predominant inflow direction, and the saline 
bottom layer of the lagoon returns to the lake. The flow patterns constantly change, 
and it can be seen in Table 10 that at any given point in time, especially during high 
tide, the surface or bottom layer at any point across the bridge opening pulses in or 
out of the lagoon. For example, at 645 AM the bottom layer at Station 13-2 is 
flowing out with the surface layer flowing in, while all the water at the adjacent Station 
13-3 is flowing out of the lagoon. The flow into the lagoon from the lake during the 
12-hr measuring period was calculated to be 463,485 m3/day, while the flow out of the 
lagoon was 921,755 m3/day. Therefore, the net flow out of the lagoon was  calculated^ 
at 458,270 m3/day. 

This information is supportive of the stream flow measurements made in El 
Mahsama Drain and Abu Gamos Drain. The average flow from these drains was 
578,621 m3/day, which is within 20% of the measured net outflow from the lagoon to 
the lake at Station 13 on December 10. Most of the 20% difference is probably due 
to the fact that the calculations of net lagoon outflow were made with data collected 
over only half of a full diurnal tidal cycle rather than through a full tidal day. The 
463,485 m3/day inflow from the lake to the lagoon would cause a 0.7 meter rise in 
water elevation in the 66 hectare lagoon, which is close to the average 0.59 meter tide 
range in Lake Timsah. 

Vegetation changes may occur along the shores of West Lagoon if freshwater 
input is reduced. These were not examined as part of the water quality studies 
described herein, but are mentioned here for information purposes. Diversion of flow 
from El Mahsama Drain to Suez Sweetwater Canal will significantly reduce freshwater 
flow to West Lagoon. This is likely to result in a thinner surface layer of fresh water 
and potentially longer residence time. In combination, these two factors may result in 
a higher likelihood of mixing of the two layers. Although much of the riparian 
vegetation currently on the edge of West Lagoon is probably salt-tolerant, a potential 
exists for loss of some obligatory freshwater species and a change toward a more salt- 
tolerant plant community. 

3.4.3 Nutrient and BOD Loading 

Water quality data collected in November 1989 are presented in Dames & 
Moore (1990). Mean values for TP, BOD, NO3, and TKN are presented in Table 11. 
The average concentration of TP for Station 9 excludes the laboratory determined 
value of 0.05 mgll for November 20 (Dames & Moore 1990), as it is believed that this 
value is an error. The average concentration of TP for Station 11 excludes the 



Table  10. Current  and Salinity Obsewal ions - Station 13, December 10, 1989 

Current lsa l in i ty  Observations - Stat ion 13, Decmber 10. 1989 
Bridge bctuccn Ycst Logom ond Lake Timsah 

OUT I N  OUT IN 
FLOU ----.- 13-2 - - - - -  - - - - - -  13-3 -.--- - - - - - -  13.4 - - - - -  - - - - - -  13-5 ----. -- - - - -  13-6 - - - - -  FLOU FLW FLW FLOU 

TIME DIRECT SAL VEL DEPTH SAL VEL DEPTH SAL VEL DEPTH SAL VEL DEPTH SAL VEL DEPTH f i l s  nJls nJ ld  nJ ld  

ppt cmls m. ppt cmls m. ppt cmls m. ppt cuds m. ppt cuds a. 
- - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  -.-.a ---.- - - - - -  .--.- ----. -- - - -  - - - - -  - - - - -  - - - - -  -----  - - - - - - - - -  --.--.--- 

645 OUT 39 43 2.4 9 36 3.0 7 13 1.5 6 21 1.3 4 13 0.7 8.1 698.823 
IN 3 42 0.5 42 6 1.9 43 15 1.5 42 15 1.6 2.5 215,198 

815 OUT 32 15 3.0 2 15 0.5 4 38 0.8 5 22 0.7 3.5 301.701 
IN 41 32 3.5 42 31 2.3 30 48 2.4 35 15 1.8 9.6 825.454 

945 OUT 7 15 0.8 35 34 2.9 34 43 3.5 10 26 1.7 22 14 2.7 14.2 1,229,005 
IN 35 18 3.0 2 23 0.3 40 12 1.5 1.7 146.399 

1115 OUT 1 28 0.4 2 12 0.3 17 32 0.8 10 29 0.8 42 20 1.2 3.2 274,928 
IN 32 28 2.2 28 54 3.0 35 49 2.6 35 7 2.6 15 26 1.3 15.6 1,350,845 

1245 OUT 1 11 0.7 20 37 1.7 8 31 1.2 10 33 1.3 10 25 1.3 6.8 589,728 
IN 35 10 3.5 41 22 1.9 40 21 2.6 40 17 2.4 40 10 1.5 6.6 571.541 

1415 OUT 35 61 1.6 22 37 3.3 22 28 4.0 22 21 3.3 22 26 2.3 16.3 1,407,255 
I N  15 50 1.8 1.6 142.301 

1565 OUT 35 50 2.1 22 35 3.3 22 43 3.8 22 42 3.5 2 37 1.3 20.2 1,742,625 
Ill 15 44 1.5 35 14 1.3 2.0 168.826 

1715 OUT 35 20 1.8 39 19 0.8 22 36 4.2 25 24 3.0 22 24 2.5 13.1 1,129,179 
I N  10 33 1.7 10 27 2.2 3.3 287.315 

Averages: 10.7 5.4 921,755 463.485 
m t f l a r  l n f l a r  

N O m  See Appendix D for locations o f  Trnnsecls 13-2 through 13-6. 



Table 11. BOD and Nutrient Loading lo West L;~g)on 

Average Flow Ave ROD-5 Avp TP AVC TKN Avp NO-3 
(nlJ/d) I& lnJg @ k& lnJg k&l I!!@ 

a: Concentrations are flow-weighted means. 
b: Loadins at Station 13 assumes nel outflow equals flows a1 Stations 9 8 10. 



laboratory determined value of 6.2 mgh for November 18 (Dames & Moore 1990), for 
similar reasons. 

BOD, concentration for Station 6 (219 mgh) appears high by developed country 
standards. CMC data on quality of raw wastewater indicate a BOD, concentration of 
270 mgh, suggesting lower per capita use of water and, therefore, higher waste 
concentration. Data collected at Station 6 were from only one of two outfall pipes 
coming kom the WWTP. The data indicate a 20% reduction in BOD,, which is the 
minimum expected from primary sedimentation treatment. Slightly better performance 
might be expected from the effluent passing through the partially operating trickling 
filter system. 

Loading is calculated in Table 11 using mean flows and mean concentrations. 
The loading to Lake Timsah from West Lagoon (Station 13) is calculated by assuming 
that the net outflow from the West Lagoon is equal to the sum of measured flows at 
Stations 9 and 10. Loads are not computed for Stations 11 and 12 as these are open 
water stations in West Lagoon. 

TKN consists of ammonia and organic nitrogen. TKN creates an oxygen 
demand when converted to nitrogen, with 4.57 mg oxygen consumed per mg TKN. 
Calculated ultimate oxygen demand (UOD) is also reported in Table 11, using the 
following formula (Bowie et al. 1985): 

UOD = (BOD,)(1.55) + (TKN)(4.57) (eq 1). 

Trap efficiencies are calculated two different ways for the West Lagoon with the 
following equations: 

{average Laeoon mdl - Station 13 mdl) (eq. 2) 
average Lagoon mgh 

(Station 9+10 loads - Station 13 load) (eq. 3). 
Station 9+ 10 loads 

Equation 2 recognizes that the larger of the two inputs is significantly closer to the 
outlet; the average lagoon concentration is the arithmetic average of concentrations 
measured at Stations 11 and 12 in the lagoon, and this is compared to output (Station 
13). Equation 3 compares input with output from the lagoon. 

The West Lagoon trap efficiency (converted to percent) is calculated to be 30% 
for TP, 32-51% for TKN, 60-61% for NO,, 29-48% for BOD,, and 29-49% for UOD. 
The lower efficiencies for TKN, BOD, and UOD are based on equation 3. These data 
suggest that these components remain in the fraction of water that is more readily 
transported from West Lagoon to Lake Timsah. Using both equations, trapping 



efficiency for total phosphorus appears low, and for nitrate appears high. The thick 
growth of reeds and wetland vegetation that chokes the lower reaches of El Mahsama 
Drain and grows along the shore of West Lagoon is probably a major source of 
nitrogen uptake from the water. 

As discussed above, there are significant tidal inflows from Lake Timsah to the 
West Lagoon. Because of this, it could be argued that the drop in concentration 
observed from the lagoon to Station 13 could be due to dilution and not to settling and 
biological uptake. This is unlikely, however, because dilution cannot explain the drop 
in concentration; the surface outflows from Station 13 were low in salinity (less than 2 
ppt) while the bottom inflows were greater than 42 ppt. Dilution computations based 
on conductivities from Stations 9, 10, and 13 (surface and bottom layers) indicate that 
the mixing of the surface layer with the saline bottom layer of the West Lagoon (Lake 
Timsah water) was approximately 1% for November 18, 20, and 26, and 23% for 
November 21. Also, the average flow measurements of the bottom layer flow at 
Station 13 tended to change directions with tidal stage. 

Overall, it appears that the West Lagoon is trapping a significant percentage of 
the incoming nutrient and BOD inputs from the El Mahsama Drain and Abu Gamos 
Drain. The trap efficiencies of 30-60% for the West Lagoon are significantly less than 
the trap efficiencies computed from the July 1989 data, which exceeded 90%. The trap 
efficiencies computed from the July 1989 data were probably overestimated because the 
sampling method (a vertical Kemmerer sampler) used in the July 1989 field survey 
collected water simultaneously from both the saline bottom layer inflowing from Lake 
Timsah and the thin surface layer of low salinity water outflowing from the West 
Lagoon. Slightly higher efficiencies might also be expected, however, during summer 
months because of plant uptake of nutrients during the growing season. 

Data for Stations 4 and 5 (Table 11) indicate that there are significant inputs of 
nutrients and BOD from sources other than the Ismailia WWTP. These sources are 
upstream of Ismailia, as indicated by data from Stations 2, 3, and 5, and probably 
include villages, farms, and cities along El Mahsama and Al Dobaria Drains. The 
Station 4 and 5 average loads for TP, TN, and BOD, for the November sampling were 
244, 3,301, and 8,735 kglday, while the respective loadings from the Ismailia WWTP 
discharge at Station 6 were 140, 1,120, and 6,789 kglday. Thus, the existing WWTP 
accounts for only 57% of TP, 34% of TN, and 78% of total BOD, in El Mahsama 
Drain just below the existing WWTP outfall. 

3.4.3.1 Impact with No Diversion of El Mahsama Drain Flows. 

The primary objective of this study is to evaluate how water quality will change 
with the construction of an upgraded WWTP for Ismailia and to confirm that an 
effluent discharge into El Mahsama Drain is environmentally acceptable from a water 
quality perspective. ..A secondary objective of this study is to establish the level of 



treatment required for the proposed WWTP so that water quality in El Mahsama 
Drain and the West Lagoon-Lake Timsah system improves or, at the least, does not 
further degrade. The possibility of a diversion of El Mahsama Drain flows to the Suez 
Sweetwater Canal may have an effect on this evaluation. Thus, this report analyses a 
no-diversion scenario and a diversion scenario of approximately 300,000 m3/d. 

In the no-diversion scenario analysis, two levels of treatment have been assumed. 
The first is a Law 48 effluent, and the second is an enhanced effluent treatment such 
that there is no net increase in nutrient loading to the West Lagoon. To provide the 
maximum benefit to water quality of West Lagoon, existing WWTP flows are assumed 
to be 55,000 myday, which would approximate flows if the wastewater discharged to 
Abu Gamos Drain were routed through the existing plant and provided minimal 
treatment. The existing and proposed flow and pollutant loads to El Mahsama Drain 
are provided in Table 12. The calculations of projected loadings from year 2005 
wastewater flows presented in Table 12 are based on the following: 

o Existing WWTP flow data are from CMC measurements in November, 
1989. It is assumed that untreated waste now discharged to Abu Gamos 
Drain is processed through the WWTP. 

o Concentrations for the existing wastewater flows are assumed to be the 
means of those measured at Station 6. This means that existing loading 
values in Table 12 may be slightly underestimated. In the final analysis of 
projected loadings, this results in a small margin of added protection to 
water quality. 

o Law 48 effluent concentrations for nutrients were estimated by CMC. 

o To maintain approximately no net increase in nutrient loading to West 
Lagoon, required concentrations of TP and TN were back-calculated using 
the year 2005 flow predictions. These values were then used to 
characterize nutrient concentrations for an "enhanced" Law 48 effluent. 
As Law 48 effluent significantly reduces BOD load, a "less than" value for 
enhanced Law 48 BOD, is assumed (Table 12) for illustrative purposes. 
If enhanced Law 48 treatment were to be comparable to full secondary 
treatment, the BOD, concentration could be as low as 30 mgl, resulting 
in a loading of 2,700 kdd. 

The data in Table 12 on projected loading from wastewater flows indicate that 
Law 48 effluent with no diversion will result in similar TN loading and higher TP 
loading compared to existing effluent. BOD loads with a Law 48 effluent will 
significantly decrease. 

Predicted higher TP loading with Law 48 effluent is based on CMC estimates of 
concentration of TP in Law 48 effluent and chemical analyses of wastewater samples by 



Table 12. Projected Mass Loading to West Lagoon. 

Flow (mJ/d) 
BOD, 
TP 
TN 

Flow (mJ/d) 
BODS (kgld) 
TF' 
TN (kg/d) 

Wastewater Flows 

-tine Wastewater Law 48 Enhanced Law 48 
LLWl u m.!l m! m!l w 

Total Drain Flows 

No Diversion Uostream Diversionb 
Law 48 Enhanced Law 48 Enhanced 

a: Split at present between discharges to El Mahsama and Abu Gamos Drains. 
b: 300,000 mJ/d, or 63% of present flow (est. 479.000 rn3/d) just below Stations 4 and 5. 
c: Present flow plus additional 35.000 mJ/d in WWTP. 
d: 179,000 mJ/d base now in El Mahsama Drain and 14,000 m3/d base flow in Abu Gamos Drain a! 

18 m@l BOD; 0.51 mgl TF'; 6.9 m@l TN; plus 90,000 rn3/d WWTP flow. 



the Ministry of Health's laboratory in Embaba. Data indicate that measured TP 
concentrations at Stations 6 and 10 currently are lower than the predicted Law 48 
value (Table 11). If it is assumed (worst case) that TP concentration in the existing 
effluent is equal to CMC's measured value of 9 mgfl in raw wastewater, the existing TP 
loading would be 500 kg/d, which is still lower than the projected Law 48 loading in 
the year 2005. To maintain this loading of TP in 2005 would require a TP 
concentration of 5.5 mgfl in the effluent. 

Nutrient input from Abu Gamos Drain is expected to be minor once raw sewage 
that currently flows in Abu Gamos Drain to West Lagoon is pumped to the new 
treatment plant. Base flows in Abu Gamos Drain are expected to be approximately 
14,000 m3/day. If one assumes the weighted mean concentration observed at Stations 4 
and 5 are reasonably conservative estimates of the quality of this base flow, then total 
loading to West Lagoon from base flows in Abu Gamos should not exceed 7 kg/day 
TP, 97 kg/day TN, and 250 kg/day BOD,. 

The calculations in Table 12 indicate that 'existing wastewater discharge to the 
West Lagoon accounts for 54% of TP loading, 43% of TN loading, and 50% of total 
BOD, loading in West Lagoon. 

The preliminary draft review of the July 1989 field data indicated that primary 
productivity in West Lagoon is limited by nutrient concentration. Thus, increased 
nutrient loading would increase eutrophication of West Lagoon, and degrade water 
quality. Data collected in July and November 1989 in West Lagoon were combined 
and regression and correlations calculated between chlorophyll g and nutrient 
concentrations (Figures 6 and 7). The November data were collected after the peak 
phytoplankton bloom season, which would be a period in which nutrients might be 
expected to be limiting. The data indicate that nutrient concentrations are not 
presently limiting phytoplankton productivity. Regression analysis of chlorophyll 3 as a 
function of TP produced an equation of y = 7 .5~  + 11.3 (r = 0.14). Although the 
regression has a positive slope, the slope is not significantly different from 0.0 (p = 
0.05). Regression analysis of chlorophyll g as a function of TN produced an equation 
of y = - 0 . 9 ~  + 25 (r = 0.26). 

In summary, a Law 48 effluent discharge to El Mahsama Drain will significantly 
reduce BOD loading to West Lagoon from present loading, but result in increased 
phosphorus loading and slightly increased nitrogen loading. Since the combined data 
from the July and November 1989 field studies indicate that primary productivity in 
West Lagoon is not limited by nutrients, a Law 48 effluent discharge to El Mahsama 
Drain may not accelerate eutrophication in West Lagoon or result in ecologically 
significant deterioration of water quality in West Lagoon. The data indicate TP is least 
efficiently trapped in West Lagoon. An increase in net nutrient loading, however, may 
result in slightly increased loading of nutrients to Lake Timsah. WASP4 water quality 
modeling of Lake Timsah (Section 3.2) indicates that Lake Timsah is susceptible to 
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eutrophication by nutrient loading. An enhanced Law 48 effluent would be required to 
achieve no net gain in nutrient loading to West Lagoon. 

3.4.3.2 Impact with Diversion of El Mahsama Drain Flows. 

The Ministry of Works and Water Resources is currently designing a pump 
station to divert water from El Mahsama Drain to the Suez Sweetwater Canal in order 
to support additional irrigation in the Great Bitter Lake and Suez areas. While the 
plans have not been finalized, it appears that the withdrawal will be from the El 
Mahsama Drain in the vicinity of Station 6 (Figure 4), and the withdrawal rate is 
proposed to be approximately 300,000 m3/day. This value is approximately 63% of the 
flow in El Mahsama Drain at the present time (Station 4 and 5), not including existing 
effluent. 

Alternative effluent discharge.locations being considered in the Environmental 
Assessment include near Stations 4, and 6 (Figure 4). The proposed outfall at Station 
4 is upstream of the proposed diversion (i.e., a downstream diversion, relative to 
discharge location); the overall impact will be to reduce WWTP flows to the West 
Lagoon. Using the average flow measured at Station 7 plus the additional WWTP flow 
in the year 2005 as an estimate of the flow in El Mahsama Drain at the diversion 
point, an estimated withdrawal of 300,000 m3/day will reduce the effluent discharge by a 
proportionate percentage, i.e., by 58 % (300,000/514,000 m3). The net impact will be  
to reduce the WWTP inputs from the Law 48 effluent to the West Lagoon to 2,300 
kg/day, 260 kg/day, and 1,000 kg/day of BOD, TP, and TN, respectively. Thus, if the 
proposed diversion from El Mahsama Drain to the Sweetwater Canal is located below 
the proposed discharge of wastewater to El Mahsama Drain, there will be a positive 
impact from reduced nutrient and BOD loading to the West Lagoon. 

Alternatively, effluent may be discharge near Station 6, below the proposed 
diversion (i.e., an upstream diversion, relative to the discharge location). If a diversion 
of 300,000 m3/day is implemented upstream of the proposed WWTP discharge, then the 
loadings to the West Lagoon from El Mahsama Drain will be as calculated in Table 12. 
The total BOD, and TN loadings to West Lagoon with Law 48 effluent will be 
significantly lower than existing loading or loading with no diversion. TP loading with 
Law 48 effluent will still be higher than existing loading or loading with no diversion. 
An enhanced Law 48 treatment would still be  necessary to achieve no net increase in 
nutrient loading. 

The 12-hour flow measurements at the bridge (Station 13) between the lake and 
lagoon indicate that the tidal inflows from the lake are in the range of 463,000 m3/day. 
Thus, the nutrient and BOD concentrations potentially could be lower in the West 
Lagoon than for current conditions since the freshwater inputs to the Lagoon 
potentially could be mixed at a ratio of 1.63 (463,000/283,000, or QhtJQdnia as 
compared to the existing potential mixing ratio of 0.8:l (Q,,JQ, ,+,,, or 



463,000/579,000). The actual reduction is not likely to be large, as existing data 
indicate mixing of the two layers in West Lagoon is small. The detention time for 
freshwater inputs in the West Lagoon will increase but still be relatively low, since the 
West Lagoon volume is only 1,536,000 m3. 

Adverse impacts on water quality in the Sweetwater Canal from a diversion of 
water from El Mahsama Drain downstream of the WWTP discharge are likely to 
occur; however, the water quality now in the Sweetwater Canal appears visually to be 
no better than water quality in El Mahsama Drain. Thus, deterioration in water 
quality of Sweetwater Canal by diversion of treated sewage effluent or untreated El 
Mahsama Drain water is not expected to be dramatic. Since the Sweetwater Canal is a 
drinking water source for Suez, located approximately 80-90 km south, the potential 
impact on drinking water quality for downstream users will depend on the water 
treatment facilities at Suez and the fate of BOD, nutrients, and pathogens as water 
travels in the Canal to Suez. 

3.4.4 Dissolved Oxygen Modeling of El Mahsama Drain 

A Streeter-Phelps dissolved oxygen (DO) sag analysis was conducted in order to 
determine if the proposed WWTP discharge would have a detrimental effect on DO 
conditions in El Mahsama Drain. The model was calibrated to DO conditions 
measured on 27 November during early morning hours (5:OO-7:00 AM). Average BOD 
and TKN values for stations were used rather than calibrating to conditions measured 
on each survey date. This approach was taken because the BOD test has a inherent 
degree of variation, and averaging the data tends to minimize effects of variability. 

Critical data input to the model includes the time during which the wastewater 
flows in the drain system. Time-of-travel results are presented in Table 13. The time- 
of-travel results were remarkably close to the average of velocities for the flow 
measurement stations upstream and downstream of the time-of-travel study reach. 
Figure 8 presents the model results for existing conditions and demonstrates the ability 
of the model to adequately simulate existing conditions. The model results are close to 
actual conditions with the exception of Station 7, which is a short distance downstream 
of the existing outfall. The variance at Station 7 could be explained if the wastewater 
plume is not fully mixed in the drain at this point, and the water samples were 
collected from poorly diluted effluent. A mathematical summation of upstream UOD 
inputs results in a weighted average UOD concentration of 82 m u ,  whereas the 
measured average concentration at Station 7 was 136 m u .  

Table 14 presents the model results for the scenarios simulated as part of this 
evaluation. Generally, the scenarios consider replacement of the existing discharge of 
31,000 m3/d of essentially primary treatment effluent with a discharge of 90,000 m3/day 
of either Law 48 effluent or enhanced Law 48 effluent to El Mahsama Drain at Station 
4 or Station 6. The model runs reported in Table 14 also assume no diversion of flow 



Table 13. Time-of-Travel Study Results 

Station 
Nov. 21 
El Mahasama Drain, Station 4 

Junct. wl Al Dobaria, Station 5 

Sweetwater Canal Bridge, U/S 

Sweetwater Canal Bridge, D/S 
(restart) 

El Mahsama Clrain, Station 7 

Nov. 25 
El Mahsama Drain, Station 7 

El Mahsama Drain, Station 9 

AI Manayeef Drain, Station 1 

Merge wl Al Dobaria Drain 

AI Dobaria Drain, Station 5 

Time. hrs Distance, m. Velocitv, mls 

1230 0 

1416 1159 

1434 1397 

1448 1397 

UIS: upstream 

dls: downstream 



FIGURE 8 
DISSOLVED OXYGEN AND OXYGEN DEMAND MODELLING 
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from El Mahsama Drain to the Suez Sweetwater Canal. Nitrification has been 
assumed to occur at the same rate as deoxygenation, with UOD calculated per 
equation 1 (Section 3.4.3). The calculations of UOD assume that the effluent 
concentration of TKN will be 22 mg/l for Law 48 treatment and 5 mg/l for enhanced 
Law 48 treatment. Finally, BOD, concentration in enhanced Law 48 effluent was 
assumed to be 30 mg/l, which is comparable to secondary treatment. The model was 
allowed to calculate negative DO concentrations, thereby permitting estimation of the 
magnitude of oxygen deficits. Thus, the model can be used to compare the absolute 
differences between various scenarios under consideration. In nature, negative DO 
values do not occur, rather oxygen demand is not met at the point of oxygen depletion. 

The model results indicate that anoxic conditions now occur in El Mahsama 
Drain at Stations 4 and 9 at 30°C. It is significant to point out that the critical DO 
conditions at Station 4 are due to waste inputs from upstream sources, perhaps from 
the cities of Abu Sower and El Abbasa el Sharqiya, or perhaps from a nearby 
slaughterhouse. Station 4 is upstream of the existing Ismailia WWTP discharge. DO 
levels are probably depleted for large reaches of El Mahsama Drain most of the early 
morning hours during the summer under existing conditions (Dames & Moore, 1990). 

For a discharge from either treatment option to Station 6 under winter 
conditions (20"C), significantly improved water quality is observed in El Mahsama 
Drain, particularly at Station 9. There appears to be no difference between discharges 
at Station 4 or 6. For discharge in the summer (30"C), improvement in water quality is 
observed for all scenarios. (Model results at 30°C incorporate higher rates of 
deoxygenation and reaeration; however, the saturation concentration for DO at 30°C is 
7.6 mg/l compared to 9.2 mg/l for 20°C.) Discharge of Law 48 effluent to station 6 
appears to have greater benefit to water quality than discharge to Station 4, but this 
may be because it takes time for the BOD to exert itself, and it is therefore more 
noticeable at Station 9 with discharge to Station 4. Discharge of enhanced Law 48 
would produce higher quality of water in the El Mahsama Drain, as would be expected. 
Either treatment method, however, eliminates existing problems with anoxic conditions 
in El Mahsama Drain. 

Overall, the DO modeling results indicate that the El Mahsama Drain is 
currently experiencing severe DO depletion during warm weather conditions. The waste 
loads from Ismailia and communities upstream of Ismailia are too great for the El 
Mahsama Drain to assimilate. Discharge of a Law 48 effluent would improve 
conditions in El Mahsama Drain such that aerobic conditions could be maintained 
during summer periods. The enhanced Law 48 effluent would adequately reduce loads 
of oxygen demanding substances such that DO would remain around 2.0 mg/l during 
summer periods. The enhanced Law 48 effluent would have the additional advantage 
in reducing TP, TKN, and BOD loads to the West Lagoon, which will increase DO 
levels. 



The impact on DO of diversion of a significant amount of water from El 
Mahsama Drain was also modeled. The following 'korst case" assumptions were made: 

o A withdrawal of 300,000 m3/day of water would be made near Station 6, 
where El Mahsama Drain crosses under the Suez Sweetwater Canal. This 
will mean that the flow in El Mahsama Drain at Station 7 will be 179,000 
m3/day of El Mahsama water and 90,000 m3/day of treated wastewater 
(Table 9). 

o The energy gradient of the El Mahsama Drain between Stations 4 and 7 
will be the same as the current energy gradient; therefore, the velocities 
will be similar to existing velocities, but water depths will decrease. The 
water depths and velocities were calculated from Manning's equation. 

o The energy gradient will flatten in El Mahsama Drain downstream of 
Station 7 because of tidal backwater effects. Thus, the velocity will 
decrease 50% and the water depth will remain approximately the same. 

o In one alternative, the proposed WWTP discharge is planned to be at 
Station 6 of El Mahsama Drain; the diversion is upstream. Alternatively, 
the discharge is at Station 4; the diversion is downstream. 

Results from this modeling are presented in Table 15. The data in Table 15 
indicate that diversion of El Mahsama Drain flows will result in less improvement in 
water quality for each scenario relative to no diversion (Table 14). The effect of the 
diversion on water quality in El Mahsama Drain (as measured by DO) is to reduce the 
rate of reaeration caused by flow velocity. Whereas DO levels are improved over 
existing conditions in all cases in Table 14 (no diversion), a few cases of a reduction in 
D O  levels are noted in Table 15, especially at Station 7. Declines in water quality at 
Station 7 are observed for: a) a warm weather Law 48 discharge at Station 4, and b) 
cool weather discharge of Law 48 at Station 6 and enhanced Law 48 at Station 4. 
These latter two (cool weather) declines, however, are neither large nor significant. At 
Station 9, the only decline in water quality is observed during warm weather conditions 
with Law 48 discharge to Station 4. These data indicate that a discharge to Station 6 
would be preferred during warm weather if El Mahsama Drain flows are diverted. A 
minor disadvantage of such a choice may be that the BOD effect on DO is delayed 
until it reaches the West Lagoon. It should be noted, however, that the total BOD 
load to West Lagoon would still be lower than existing levels in any case. 

Overall, the model results for diversion of 300,000 m3/day of El Mahsarna Drain 
water to the Suez Sweetwater Canal show that discharge of Law 48 effluent to Station 
6 will have no significant adverse impact on DO levels in El Mahsama Drain. 
Discharge of enhanced Law 48 effluent at either Stations 4 or 6 would have no 
significant adverse impact on DO levels in El Mahsama Drain. 



- 
Table 14. Predicted DO Concentration in El Mahsama Drain, No Diversion 

I 

L 

WWTP Station 4 Station 7 Station 9 
Discharge El Mahsama El Mahsama El Mahsama - Location Drain Drain Drain 

Scenario A A m d l  

Exist. Conditions, 20c 1.9 3.6 1.6 
Law 48, 20c 6 1.9 3.9 3.1 

0 
Law 48, 20c 4 1.9 3.9 3.2 
Enhanced Law 48, 20c 6 1.9 4.0 3.7 
Enhanced Law 45, 20c 4 1.9 4.1 3.7 

Exist. Conditions, 30c -0.8 1.0 - 1.5 - Law 48, 30c 6 -0.8 2.1 1.1 
Law 48, 3 0 ~  4 -0.8 1.7 0.9 
Enhanced Law 48, 30c 6 -0.8 2.3 1.9 
Enhanced Law 48, 30c 4 -0.8 2.3 2.0 



Table 15. Predicted DO Concentrations in El Mahsama Drain, with diversion. 

J 
WWTP Station 4 Station 7 Station 9 
Discharge El Mahsama El Mahsama El Mahsama 
Location Drain Drain Drain 111 

Scenario 

Existing, 20°C 
Law 48, 20°C 
Enhanced Law 48, 20°C 
Law 48, 20°C 
Enhanced Law 48, 20°C 

Existing, 30°C 
Law 48, 30°C 
Enhanced Law 48, 30°C 
Law 48, 30°C 
Enhanced Law 48, 30°C 



4.0 CONCLUSIONS 

Based on the results of the additional field studies conducted in November 1989, 
we have drawn several conclusions. 

o Stream flows in the El Mahsama-West Lagoon system indicate that the 
freshwater inflow to the Lagoon is in the range of 579,000 m3/day, with 
the tidal inflow from Lake Timsah in the range of 463,000 m3/day. The 
outflow was measured to be 922,000 m3/day on December 10, 1989. 

o The existing BOD and TKN loads to El Mahsama Drain from both 
Ismailia and upstream sources are predicted to be too large for the El 
Mahsama drain system to assimilate during summer conditions. An 
oxygen deficit results. 

o BOD and nutrient inputs to the West Lagoon are currently high; 
however, the Lagoon is able to assimilate these inputs while maintaining 
acceptable dissolved oxygen (DO) levels throughout the upper water 
column. 

o The Law 48 discharge in the year 2005 will increase nutrient loadings to 
West Lagoon. Chlorophyll a and nutrient levels in West Lagoon, 
however, suggest that algal productivity in West Lagoon is not nutrient 
limited. Thus, a deterioration of water quality in West Lagoon is not 
expected from increased nutrient loading. 

o Diversion of flows from El Mahsama Drain will reduce nutrient loadings 
to West Lagoon. If Law 48 discharge is to Station 6, the reduction of TP 
due to diversion will be 87% of expected year 2005 loading with no 
diversion; if discharge is to Station 4, the reduction of TP due to 
diversion will be to 48%. Nutrient impacts to the West Lagoon are 
expected to be minor for an enhanced Law 48 effluent discharge 
regardless of the amount of El Mahsama Drain water diverted to the 
Suez Sweetwater Canal. The enhanced Law 48 discharge will 
approximately maintain nutrient load inputs at existing levels. 

o BOD and nutrient inputs from a Law 48 effluent would result in higher 
DO levels in El Mahsama Drain when compared to existing conditions, 
and DO levels for an enhanced Law 48 discharge would be still higher. 
Improvements in DO levels in El Mahsama Drain would generally remain 
if diversion of flow occurs, but the improvement would be less. 



o The proposed WWTP discharge location was evaluated at Station 6 and a 
Station 4. A Law 48 discharge at Station 6 will result in higher DO 
concentrations in El Mahsama Drain. 1 

P 
o The model results for a diversion of El Mahsama Drain water to the 

Suez Sweetwater Canal with a proposed WWTP discharge at Station 4 
indicate that the enhanced Law 48 effluent will not have adverse impacts t i  
on DO levels in El Mahsama Drain. A discharge of a Law 48 effluent to 
Station 4 with diversion of El Mahsama Drain water to the Suez 
Sweetwater Canal will adversely affect DO in El Mahsama Drain during 1 

the summer. 

o The study found that discharge directly into Lake Timsah would result in i 
unacceptable environmental impacts for either a primary or Law 48 
effluent. A discharge of primary or Law 48 effluent to Great Bitter Lake 
also was determined to likely result in negative environmental impacts. d 

Comparison of the various alternatives is,complicated by the several 
i 

combinations of actions that can be taken, particularly with discharge to El Mahsama 
Drain. There are two treatment options under consideration (Law 48 and enhanced rl 
Law 48), two receiving waters (El Mahsama Drain and West Lagoon) that may vary in 
their response to alternatives, and the possibility of diversion of water from El i 

Mahsama Drain either upstream or downstream of the proposed wastewater discharge. ad 
Table 16 provides comparative information on loading in a matrix format, and 
summarizes the changes in loading that may occur among the combination of 
alternatives. J 

" 
Table 17 summarizes the water quality impacts that would result from the 

alternatives that were evaluated. These take into consideration both nutrient loading J 
and BOD loading and their likely effects on dissolved oxygen levels and algal 
productivity. A slight improvement is judged if DO deficits remain even though the i 

magnitude of the deficit is less, or if nutrient loading is not reduced over existing levels. II 

In the case of West Lagoon, adverse effects on water quality resulting from increased 
nutrient loading (primarily phosphorus) are not expected. General improvement is 
expected in West Lagoon water quality as a result of reduction in BOD loading. 

d 

i 
In conclusion, a Law 48 effluent will have an immediate beneficial impact on d 

water quality in West Lagoon, particularly with respect to oxygen demand. In turn, the 
quality of water flowing from West Lagoon into Lake Timsah will also be improved. 
As peak flows are approached toward the year 2005, however, nutrient loading, 
particularly of phosphorus, will rise and exceed current levels. Data collected in July 
and November 1989 indicate that a factor other than nutrients controls algal 
populations in West Lagoon. Thus, degradation of water quality of West Lagoon from d 
year 2005 wastewater flows in El Mahsama Drain is not likely. Diversion of some of 

i 
i 

B-48 
* 



Table 16. Loadings in KgDay. 

Law 4 8  @ Sta. 4; no diversion 

L;IW 4 8  @ Sta. 6; no diversion 

Law 4 8  @ Sta. 6; diversion 

m I Law 4 8  @ Sta. 4; diversion 
c. 
U) 

Enhanced @ Sta. 4; no diversion 

Enhanced @ Sta. 6; no diversion 

Enhanced @ Sta. 6; diversion 

Enhanced @ Sta. 4; diversion 

1 3 ,  MAI-ISAMA I>I<AIN (STATION 5)) 
'rl' I 'N I~OD-s  JJ -- 

WEST LAGOON INPUT 
TP TN BOD-5 - -  



Table 17. Water Quality Impacts 

Scenario El Mahsama Drain West Laeoon Sweetwater Canal 

Existing Poor Quality Acceptable Poor Quality 

o No Diversion 

Law 48 Much Improved 
Enhanced Most Improved 

Slightly Improved No Effect 
Moderately Improved No Effect 

o Upstream Diversion 

Law 48 Slightly Improved Moderately Improved Degradation 
Enhanced Moderately Improved Much Improved Degradation 

o Downstream Diversion 

Law 48 Adverse Much Improved Less degradation 
Enhanced Slightly Improved Most Improved Least degradation 



the El Mahsama Drain flows from discharge to West Lagoon, if diversion occurs by 
2005, will provide additional assurance that nutrient loading will not contribute to 
degradation of water quality in West Lagoon. 

5.0 RECOMMENDATION 

Of the disposal alternatives considered in this report, discharge of Law 48 
effluent to El Mahsama Drain appears to be an environmentally acceptable alternative 
with respect to protection of water quality. Discharge to Station 6 may be preferred, 
particularly during warm weather. 

The data suggest that nutrient loadings eventually will exceed existing inputs, but 
will not adversely affect water quality in West Lagoon. Since the data were not 
collected at all seasons of the year and do not consider annual variability or seasonal 
fluctuations in drain flows, an environmental monitoring program would be advisable to 
verify this finding. The environmental monitoring program should also monitor water 
quality of Lake Timsah in the vicinity of West Lagoon, to ensure that nutrients 
exported from West Lagoon are not having an adverse effect in the vicinity of the 
West Lagoon outlet. 

Provision of enhanced Law 48 treatment, with the goal of no net increase in 
nutrient loading in 2005, will adequately ensure protection of water quality in both 
West Lagoon and Lake Timsah. The need for enhanced treatment, however, is not 
clearly evident, and sufficient time exists for monitoring effects of Law 48 effluent on 
West Lagoon and Lake Timsah before nutrient loading begins to exceed present 
loadings. If the monitoring program indicates water quality problems are occurring 
because of increasing nutrient loading, measures can be taken to provide advanced 
treatment or increase detention time in the polishing lagoons or El Mahsama Drain. 
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APPENDIX C 
FAUNA OF W ISMAILIA, EGYPT AREA 



Reptiles and Amphibians 

The following are the common reptiles and amphibians of Ismailia and its environs, with 
notes about their habitat requirements. This list was compiled from Anderson (1898), 
Marx (1968), and Baha El Din (unpubl. data). 

Turkish Gecko Hernidacrylus rurcicus. Usually found in houses where it feeds of insects, 
but will also live in rocky areas. 

Natterer's Gecko Tropiocolores sreudneti. This species inhabits flat open deserts with 
scattered vegetation where it hides under rocks. 

Stenodactylus petni. A gecko species which is highly adapted to the sand dune ecosystem. 
It is rather rare in Egypt and is known only from a handful of localities. A dead specimen 
of this species was found at the site of the planned treatment plant on 8 April 1990. 

Pale Agama Agarna rnutabilis. This lizard species is an uncommon inhabitant of flat 
sparsely vegetated stony desert and occasionally sandy desert. 

Savigny's AgamaAgarnaflavirnaculara. A widespread species of flat sandy desert and sand 
dunes. 

Bosc's Lizard Acanthodacfylus baskianus. This is probably the most numerous reptile in 
Egypt. It inhabits a variety of habitats ranging from salt marshes to rocky desert and sand 
dunes. 

Egyptian Lopard  Lizard Acantllodacryluspardalis. A widespread species in the Egyptian 
deserts preferring sandy situations. It was recorded commonly at the site of the planned 
treatment plant on 8 April 1990. 

Desert Monitor Varanus griseus. A widespread desert reptile, inhabiting a variety of 
habitats, but is specially common on sand dunes, where it is considered to be one of the 
characteristic fauna. 

Eyed Skink Chalcides ocellarus. A sand dwelling species, usually found near dry 
agricultural areas and in well vegetated wadis often near water. This species is one of 
Egypt's commonest reptiles. 

Audouin's Skink Sphenops sepsoides. A characteristic species of the sand dune ecosystem. 
It was commonly found at the site of the planned treatment plant on a field visit to the 
site on 8 April 1990. 

Sandfish Scincus scincus. Highly adapted for living in soft sand, but is less widespread and 
common than the previous species. 



1 
Common Chamaeleon Chamaeleon chamaeleon. A widespread species in the northern 
deserts of Egypt. It lives in a variety of habitats with well developed vegetation, includ~ng 
sand dunes. 

4 
a 

Diademed Sand-Snake Lytorhyncku diadema. Characteristic of sand dunes and highly z 

adapted for Iiving in soft sand. It is widespread and recorded from various Iocalities from 3 
Egypt, often found on barren sand sand sheets. 

L 

Schokari Sand-Snake Psammophis schokari. Probably the most numerous and widespread d 
snake in the Egyptian deserts. A diurnal snake which feeds mainly on lizards. Inhabits 
well vegetated wadis, but is also found in a variety of other habitats such as sand dunes, 

I 

coastal salt marshes and rocky areas. 4 
Clifford's Snake Spalerosophis diadema. Inhabits semi deserts and well vegetated rocky 
areas usually close to fresh water sources. 3 

Sand Viper Cerastes vipera. A species which is highly associated with the sand dune 4 
ecosystem. It is widespread and common in suitable habitats. 

Reuss's Toad Bufo regularis. The most common and widespread amphibian in Egypt. At 
Ismailia it is found in agricultural land and gardens. 

Green Toad Bufo viridis. A species adapted to desert life. At Ismailia it is found at the 
ecotone between desert and agricultural land and often at water sources in the desert. 

Mascarene Frog Rana mascareniensis. Strictly confined to fresh water. At Ismailia it is 
found in agricultural areas in canals and in marshes. 

This is a systematic list of the important and regularly recorded bird species of Ismailia 
and its environs. Abbreviations indicate the status of each bird : RB = Resident Breeder; 
MB = Migrant Breeder; WV = Winter Visitor; M = Migrant 

Species Status 

Little Grebe Tachvba~tus ruficollis RB+WV 
Great-crested Grebe Podice~s cristatus WV 
Cormorant Phalacrocorax carbo WV 
White Pelican Pelecanus onocrotalus M 
Dalmatian Pelican Pelecanus crispus M 
Grey Heron Ardea cinerea M+WV 
Purple Heron Ardea ~ u m u r e a  M 



Little Egret Eeretta earzetta 
Cattle Egret Bubulcus ibis 
Squacco Heron Ardeola ralloides 
Night Heron Nvcticorax nvcticorax 
Little Bittern Ixobrvchus minutus 
Spoonbill Platalea leucorodia 
White Stork Ciconia ciconia 
Black Stork Ciconia nigra 
Glossy Ibis Pleeadis falcinellus 
Greater Flamingo Phoenico~terus ruber 
Shelduck Tadorna tadorna 
Wigeon h a s  Denelope 
Teal h a s  crecca 
Gargany Anas auerauedula 
Pintail Anas acuta 
Shoveler b a s  clweata 
Tufted Duck Avthva fulieula 
Pochard Avthva ferina 
Ferruginous Duck Avthva nyroca 
Osprey Pandion haliaetus 
Black Kite Milvus rnierans 
Sparrowhawk Accipiter nisus 
Steppe Buzzard Buteo buteo vulpinus 
Long-legged Buzzard Buteo rufinus 
Lesser Spotted Eagle Aauila Domarina 
Steppe Eagle Aauila ni~alensis 
Spotted Eagle Aauila clanea 
Imperial Eagle Aauila heliaca 
Booted Eagle Hieraetus nennatus 
Egyptian Vulture Neo~heron DercnoDterus 
Marsh Ham.er 
Hen Harrier Circus cvaneus 
Kestrel Falco tinnunculus 
Quail 
Water Rail Rallus aauaticus 
Crane Grus erus 
Moorhen Gallinula chloropus 
Purple Gallinule Poruhvrio Domhvrio 
Coot Fulica atra 
Painted Snipe Rostratula benghalensis 
Black-winged Stilt Hirnantouus himantopus 
Avocet Recurvirostra avosetta 
Little Ringed Plover Charadrius dubius 
Ringed Plover Charadrius hiaticula 
Kentish plover Charadrius alexandrinus 

M+WV 
RB 

M 
M 

RB 
M 
M 
M 

M 
M 

WV 
M 

M+WV 
M 

M 
M 
M 

M 
M 

M 
M 
M+WV 

M 
M 
M 

M 
M 
M 

M 
M 

M 
M 

RB+M 
M 
WV (RB?) 

M 
RB+WV 
RB 

M+WV 
RB 

M (RB?) 
M 
M 

WV+M 
B+WV+M 



Kittlitz's Sand Plover Charadrius pecuarius RB 
Greater Sand Plover Charadrius lechenaultii WV 
Grey Plover Pluvialis sauatarola WV+M 
Spur-winged Plover Houlo~terus svinosus RB 
Little Stint Calidris minuta WV+M 
Dunlin Calidris aluina WV+M 
Curlew Sandpiper Calidris ferruginea M 
Redshank Tringa totanus WV+M 
Greenshank Tringa nebularia WV+M 
Marsh Sandpiper Trinaa stagnatilis M 
Common Sandpiper Trinea hv~oleucos WV+M 
Green Sandpiper Tringa ochropus WV+M 
Ruff Philomachus puenax M 
Black-tailed Godwit Limosa limosa M 
Bar-tailed Godwit Limosa lapuonica M 
Snipe Gallinago eallinago WV+M 
Cream-coloured Courser Cursorius cursor M 
Black-headed Gull Larus ridibundus WV+M 
Gull-billed Tern Gelochelidon nilotica M 
Whiskered Tern Chlidonias hvbridus M 
White-winged Black Tern Chlidonias leucopterus M 
Spotted Sandgrouse Pterocles senegallus RB 
Rock Dove Columba livia RB 
Stock Dove Columba oenas WV 
Turtle Dove Streptopelia turtur M (MB?) 
Collard Dove Streptopelia decaocto RB 
Palm Dove Streutovelia senegalensis RB 
Pallid Swift ADUS pallidus M 
Bee-eater Merops auiaster M 
Blue-cheecked Bee-eater M e r o ~ s  suverciliosus MB 
Kingfisher Alcedo atthis M 
Pied Kingfisher Cervle rudis RB 
Hoopoe U D U D ~  epops RB 
Hoopoe Lark Alaemon alaudipes RB 
Short-toed Lark Calandrella cinerea M 
Skylark Alauda arvensis M 
Crested Lark Galerida cristata RB 
Swallow Hirundo rustica RB+M 
Sand Martin Riparia riparia RB+M 
Meadow Pipit Anthus pratensis M 
Red-throated Pipit Anthus cervinus WV 
Tawny Pipit Anthus campestris M 
White Wagtail Motacilla alba WV 
Yellow Wagtail Motacilla flava MB+M 
Bulbul Pvcnonotus barbatus RB 



Great Grey Shrike Lanius excubitor RB 
Red-backed Shrike Lanius collurio M 
Reed Warbler Acroce~halus scirpaceus M 
Clamorous Reed Warbler Acrocephalus stentoreus RB 
Fan-tailed warbler Cisticola iuncidis RB 
Graceful Warbler Prinia eracilis RB 
Olivaceous Warbler Hiuvolais pallida MB+M 
Lesser Whitethroat Svlvia curruca M 
Sardinian Warbler Svlvia melanocephala WV 
Chiffchaff Phvlloscopus collvbita WV 
Wheatear Oenanthe oenanthe M 
Isabelline Wheatear Oenanthe isabellina WV 
Redstart Phoenicurus phoenicurus M 
Bluethroat Luscinia svecica WV+M 
Goldfinch Carduelis carduelis RB 
Greenfinch Carduelis chloris RB+ WV 
Red Avadavat Arnandava amandava RB 
Linnet Acanthis cannabina WV 
Spanish Sparrow Passer hispaniolensis WV 
House Sparrow Passer domesticus RB 
Indian House Crow Corvus splendens RB 
Brown-necked Raven Corvus ruficollis RB 
Hooded Crow Corvus corone RB 

Mammals 

Following is a systematic list of the known mammals of Ismailia, with hints on the ecology 
(sources: Osborn and Helmy, 1980; Baha El Din, unpubl. data). 

Hare L ~ D U S  cauensis. Inhabits vegetated wadis and sand dunes, where it hides amongst 
vegetation and in borrows during the day time. 

Greater Gerbil Gerbillus uwamidum. A large Gerbil which prefers well vegetated areas. 
It is found regularly in palm groves and near cultivation. 

Lesser Gerbil Gerbillus eerbillus. A widespread inhabitant of the Egyptian deserts. Lives 
in sandy wadis where sand accumulates around bushes and shrubs. 

Pigmy Dipodil Di~odillus henlevi. This small desert rodent lives in a variety of habitats 
including vegetated wadis, coastal marshes, cultivated areas and among rocks. 

Silky Jird Meriones crassus. Found in vegetated wadis and coastal areas. 

House Rat Rattus rattus. A common urban dweller. 



House Mouse Mus musculus. A common urban dweller. 

Fat Sand Rat Psammomvs obesus. Inhabits saline soils and salt marshes with stands of 
succulent halophytic vegetation, chiefly of family Cheno~odiaceae. 

Egyptian Spiny Mouse Acornys cahirinus. The melanistic A.c.cahirinus is a widespread 
urban dweller, while several other desert subspecies are rock dwellers. 

Bandicot Rat Nesokia indica. Found in cultivated areas (the type locality is Shallufa north 
of Suez). It is found in damp localities and at the borders of saline lakes. 

Lesser Jerboa Jaculus iaculus. Lives in open sandy areas. Many tracks of this species 
were observed at the site of the planned treatment plant during a field visit on April 8, 
1990. 

Red Fox Vulpes wlpes. Lives in a variety of habitats ranging from well vegetated wadis 
and rocky desert to cultivated areas. At Ismailia it is largely found in the agricultural area 
and its border with the desert. 

Egyptian Mongoose Herpestes ichneumon. A widespread carnivore in the Nile Valley and 
Delta. It favors areas close to wetlands and often found near canals and wetlands. 
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CONSIDERATIONS FOR AGRICULTURAL REUSE 
O F  EFFLUENT AT ISMAILIA 

1.0 Effluent Safety Standards 

If Egypt wishes to support agricultural reuse of effluent, it must first consider how 
the operation will be consistent with requirements of Law 93. If small farmers use 
Ismailia's treated effluent, then levels of treatment similar to those recommended by the 
WHO should be adopted (Section 5.2.6). Larger corporate-style farm units may be 
capable of safely growing fruit trees with drip irrigation and fodder crops under sprinkle 
using effluent treated by the aerated lagoon system. This assumes the effluent is not 
disinfected, i.e., with fecal coliform levels higher than the WHO'S recommended 100 
organisms1100 ml. For the latter, routine testing should be done to verify the absence of 
livestock infecting helminths (parasitic worms). The recommendations that follow for 
agricultural reuse at Ismailia assume these standards. 

2.0 Effluent Salinity 

By conventional criteria, Ismailia's effluent TDS of 910 ppm (of which 240 ppm is 
soluble solids) is marginal for surface and sprinkle irrigation, but acceptable for well 
managed drip irrigation. Egypt's farmers use drain- and groundwater of worse quality as 
circumstances dictate, and they likely would accept Ismailia's effluent were it available. 

Mixing of the effluent with fresh water to reduce its total salinity to 500-600 ppm 
should be considered. This would enhance the economic viability of a reuse scheme by 
reducing the adverse effects of salinity on yield, and would simplify long term soil salinity 
management. 

3.0 Farm and Irrigation Organization 

Farm sizes in Egypt are among the world's smallest, averaging less than 5 feddans. 
Nevertheless, larger ventures of 100 to over 40,000 feddans can be found in the desert new 
lands areas. Areas along the Ismailia Canal and in the vicinity of the proposed treatment 
plant site have been among Egypt's most dynamic for new lands development over the 
past decade, both on a large scale and by small-farm entrepreneurs. The Salheyia Project, 
a 50,000-plus feddan drip- and center pivot-irrigated scheme begun in 1982 by the Arab 
Contractors Company, which rekindled Egypt's confidence that it could farm in the desert, 
lies within 20 km of the proposed plant site. A number of small farms, many using drip 
irrigation and plasticulture, lie along the Ismailia-Suez Road and the Cairo-Sarabum Road 
near the proposed site. Three new lands development cooperatives have holdings just 
west of the proposed site. 
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Tenure options for farming with Ismailia's treated wastewater span the range from .Y 
a single large 3,000-plus feddan unit to 500 or more small farms. Smaller farms would be 
owned or leased by individual households; larger units by cooperatives, joint venture 
corporations, wholly Egyptian firms, or by the state. The state includes not only public 
sector companies, but also the Army, which now operates several large new lands ventures 

i 
south of Alexandria and holds much cultivable land south of the proposed site. The 
effluent also could be conveyed to the large Salheyia venture. 4 

The area around the proposed site includes lands serviced by the existing irrigation 
system, irrigated by drainage water, and entirely unseniced. This presents the two basic d 
options of reusing the effluent by augmenting the supply to some sector of the existing 
irrigation system, or confining effluent irrigation to a single general locale. The latter 
would afford easier monitoring of effluent quality, cropping practices, and farmer health. d 

4.0 Soils and Reclamation Sites 

The 1985 Land Master Plan (Euroconsult-Pacer, 1985) identified two "land 
development units" in the general area of the proposed wastewater treatment plant: East 
Delta 6 (ED-6, Manayeef, 17,500 feddans), and East Delta 7 (ED-7, South of the Cairo- 
Ismailia Desert Road, 103,600 feddans). The soils are predominantly medium-coarse sands 
of river terrace origin with gypsum present in scattered places. They are highly saline in 
their native state, and have low water holding capacity (5-10%). 

The Land Master Plan places about 80% of ED-6 and ED-7 soils in its Land 
Management Category 111. Where the soils are flat or moderately undulating, the plan 
notes that gated-pipe surface imgation should be feasible in addition to drip and sprinkle. 
Either small or large units are feasible. 

The most accessible 3,000-5,000 feddans lies south of the proposed treatment plant, 
along the Cairo-Sarabum Road. Most of this land, although vacant, is held by the Army. 
The Army would have to release the land for agricultural use or farm it itself. Further 
west along the Cairo-Sarabum Road are the holdings of three desert development 
cooperatives. Supplying the effluent to any of the three, but most logically the nearest, 
the Ismailia Agricultural Development Cooperative, should be studied. 

5.0 Crops and Farm Planning P 
With proper precautions, a variety of crops could be grown on the proposed site. 

Should the effluent be in the range of 750-1,000 ppm TDS, then saline-tolerant crops 1 
should be favored. Citrus and alfalfa are not particularly salt tolerant and would be 
marginal. Tomatoes, leafy vegetables, onions, potatoes, and groundnuts may be cultivable, 
but too easily contaminated or not accepted by consumers. Below is a list of some ad 
possible crops: 



Perennial C r o ~ s  
Almond 
Pecan 
Olive 
Date Palm 
Castor Bean 
Jojoba 

Winter Crovs 
Berseem 
Barley 
Wheat 
Broad Bean 
Lentils 

Summer Crovs 
Cowpea 
Sudan Grass 
Sorghum 
Sunflower 
Sesame 

The most plausible large-scale farm operations are drip-im.gated orchards or a dairy, 
such as at Salheyia, growing berseem, alfalfa (if suitable), and summer fodder crops under 
center pivot or lateral-move sprinklers. Small-scale operations should likewise be orchard- 
and dairy-crop oriented. 

6.0 Irrigable Area 

Crop peak irrigation requirements determine the maximum irrigable area if there is 
no water storage. The irrigation requirement is the sum of crop evapotransporation, plus 
irrigation and conveyance losses. The latter should be small: 10-15% for drip and 15- 
20% for sprinkle. Peak irrigation requirements for the Ismailia area are roughly 60 m3/ha 
per day for tree crops (except thirstier date palm) and 100 m3/ha per day for field crops 
(Euroconsult-Pacer 1985). Thus, the forecast year-2005 flow of 90,000 m3/day will im'gate 
1,500 ha of orchard crops (3,300 feddans) or 900 ha of field crops (1,980 feddans). At 
least double these areas could be cropped in the winter. 

While the evaporative potential triples from winter to summer, urban wastewater flows 
are much more constant. Effluent-irrigated farms must either have the land and irrigation 
equipment to use the extra water in the cooler months, or the excess must be discharged 
to some receiving water body. Whether the farming system varies the cropped area or 
not, some water storage capacity should be provided to smooth the meeting of 
continuously varying irrigation requirements. Even with storage, the wastewater treatment 
plant should maintain a backup means of discharge. 

7.0 Sludge Use 

Health considerations for reusing the proposed treatment plant's sludge for agriculture 
have been covered in Chapter 5 of this report. Using the sludge on the effluent-irrigated 
lands is logical given the poor soil quality. It may be possible to allow higher levels of 
pathogens in the sludge if it is used by larger ventures rather than small farms, since 
human contact with sludge should be easier to control with larger farm operations. 



8.0 Costs 

Agricultural reuse of Ismailia's wastewater will cost a minimum of 2,500-5,000 
LEJfeddan. The main costs for this minimum amount will be on-farm irrigation, trees, 
dairy cattle, and other farm equipment. Water lift should not exceed 50 m and 
conveyance not more than 10-15 krn. 

9.0 Returns 

Recent studies by the World Bank (1989) show that returns to drip- and sprinkle- 
irrigated farming on sandy soils can be high, particularly for orchard crops. The required 
lift at Ismailia of 30-50 m is moderate, since studies have found favorable returns for 
various cropping plans with lifts of up to 100 m. Shortening the time to production by 
using fast yielding dwarf and semi-dwarf trees, and by growing other annual crops in the 
early years strongly affect the returns to orchard crops. 


