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CHAPTER 1 - SUMMARY
 

Proposed Program
 

Existing wastewater collection, treatment and disposal facilities
 

serving Cairo have been neglected for many years and have not kept pace
 

with rapid urban development. A very large program requiring con

siderable construction, operation and maintenance efforts has been
 

proposed to solve existing and potential future problems to the year
 

2010. Due to the magnitude of the construction required, several stages
 

are proposed. Study of the first stage development is considered herein.
 

The planned improvement program covers both the East and West Bank
 

areas within greater Cairo. Only the West Bank is considered as a part
 

of this environmental assessment, since this is the area for which funds
 

are being sought from the U.S. Agency for International Development
 

(AID) by the Government of Egypt (GOE).
 

The provisions of 22 CFR 216, "Aid Environmental Procedures"
 

(October 23, 1980), require AID to prepare environmental assessments for
 

all projects which could potentially have a significant effect on the
 

environment. The enormous size and scope of the wastewater management
 

improvement program indicate a potential significant environmental
 

effect. The first stage construction costs for both East and West Banks
 

are estimated at LE 1.2 billion or about $U.S. 1.7 billion.
 

Potential environmental impacts are categorized into three general
 

areas:
 

1. Sequence of facilities construction.
 

2. Alternatives for wastewater treatment.
 

3. Alternatives for effluent disposal.
 

Urban Development
 

Population within the West Bank study area is anticipated to grow
 

from approximately 1.8 million in 1980 to 3.2 million by year 2000. The
 

greater Cairo project area is expected to increase from 7.4 to 13.6
 

million in the same time frame.
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Population densities in some urban areas are in excess of 1,500
 

persons per hectare, including areas not served by a conventional sewer
 

system. Densities throughout the West Bank are projected to increase
 

through the year 2000. Land use is expected to be approximately three

fourths residential with the remaining area devoted to commercial,
 

governmental, and industrial activities.
 

Status of Utilities
 

Potable water supplies are reasonably kleveloped in Cairo, with a
 

large portion of the West Bank study area receiving some form of service.
 

In general, the water distribution system has proceeded at a slightly
 

faster rate than comparable sewerage facilities.
 

Wastewater facilities are severely lacking in many areas, either no
 

service is provided or it is severely curtailed. In many areas sewers
 

are clogged, causing backup of sewage and flooding of city streets.
 

Lack of sewer cleaning, dumping solid waste in the sewer system, and
 

undersized facilities contribute to this deplorable situation.
 

Treatment for West Bank wastewater flows is primarily provided at
 

the Zenein treatment facility which has dn existing capacity of approxi

mately 220,000 cubic meters per day (cmd). It is an activated sludge
 

secondary facility constructed within the last 10 years. Sludge from
 

the plant is piped to a desert location at Abu Rawash for drying and
 

subsequent use on cropland. This plant is overloaded and essentially
 

inoperable, due to technical and management problems.
 

Wastewaters, with minimal or no treatment, discharge from West Bank
 

sources to the Nahya and Muheit Drains which flow to the Rosetta Branch
 

of the Nile River. The drains carrying these wastewater flows are
 

essentially open sewers with septic conditions all the way to the river.
 

In addition to operation and maintenance (O&M) difficulties with
 

the sewer system and treatment facilities, frequent electric power
 

failures and interruptions further complicate matters. Growth of electric
 

demands within the area indicates no immediate improvements are expected.
 

Wastewacer flows for the West Bank are expected to increase from
 

approximately 326,000 cmd in 1985 to about one million cmd by year 2000.
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Wastewater strength is moderately high. Industrial wastes do not comprise
 

a significant portion of the total flow. Some limited attempts have
 

been made at industrial pretreatment prior to discharging into public
 

sewers. In general, industrial contributions are not expected to seriously
 

inhibit either liquid treatment or sludge handling operations proposed
 

for West Bank facilities.
 

Impact of No Action
 

Public health conditions in Cairo are poor. The infant mortality
 

rate of nearly 100 per 1,000 is among the highest in the world. One of
 

the greatest cause of disease and death can be attributable to water

related factors, a direct result of deficient sanitation. Improvement
 

of the basic public health and aesthetic conditions are the main objec

tives for investment in Cairo wastewater system improvements. Without
 

such improvements, the existing situation will deteriorate due to popu

lation growth and high density development.
 

The overloaded and malfunctioning physical facilities of the sewer

age system are further complicated by institutional and operation and
 

maintenance difficulties. Inadequate personnel training, e:r-ntriation
 

of those who are experienced, low wages and other personnel disincen

tives are commonplace. Funding, replacement parts, and other materials
 

are also lacking. These difficulties will cause continued deterioration
 

if improvements are not implemented.
 

Impact of Collection Alternatives
 

The first priority for improvement should be a conventional waste

water collection system. Removing wastewater from the large concen

tration of population within the urban area must be accomplished before
 

proceeding with extensive treatment programs. Providing improved and
 

expanded collection will reduce the exposure to disease from more persons
 

and the short-term impact of discharge into already polluted drains is
 

anticipated to be minimal.
 

The following three wastewater collection systems have been evalu

ated in this assessment:
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Alternative A - No Action (Existing System)
 

Alternative B - Complete Collection and Limited Conveyance
 

(Minimum Treatment with Drain Disposal)
 

Alternative C - Complete Collection and Conveyance (Including
 

Treatment)
 

Alternative A is the "No Action" alternative. This results in
 

maintaining the existing collection, conveyance, treatment, and disposal
 

systems which serve only a portion of the West Bank population. These
 

systems include primary wastewater treatment at the Nahya and Zenein
 

works with discharge to the Nahya-Muheit Drain system. Sludge produced
 

at these works is transferred to Abu Rawash where it is air dried and
 

sold to local farmers.
 

Alternative B includes construction of the complete primary sewage
 

collection system proposed by American British Consultants (AMBRIC) and
 

upgrading and expansion of the Zenein works to provide secondary treat

ment. However, no additional treatment facilities would be constructed
 

and the collected sewage that was not treated at Zenein would be dis

charged to the Nahya-Muheit Drain. This alternative is recognized as a
 

low cost and interim solution that would be implemented if adequate
 

funding were not available for a more comprehensive collection-treatment

disposal system (Alternative C, below). It would require a temporary
 

exemption of wastewater discharge standards at a government level higher
 

than the Ministry of Irrigation and the Organization for Execution of
 

the Greater Cairo Wastewater Project (CWO). Alternative B would be
 

upgraded and expanded to provide full treatment and satisfaction of
 

Government of EgypE discharge criteria 
as funding became available.
 

Alternative C includes construction of the complete primary sewage
 

collection and conveyance systems proposed by AMBRIC and upgrading and
 

expansion of the Zenein works to provide secondary treatment. Addi

tional sewage treatment and sludge disposal facilities would be con

structed at Abu Rawash or desert sites.
 

The alternative collection and conveyance systems are summarized 

in Table 1-1. 
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TABLE 1-1
 

SUMMARY OF COLLECTION, TREATMENT AND DISPOSAL ALTERNATIVES
 

Alternative - (Description) System Component 
Collection Conveyance Treatment 

A - (No Action) Existing system. Existing system. Nahya primary; 
Zenein primary; 
Abu Rawash sludge 
drying. 

Disposal
 

Nahya to drain;
 
Zenein to drain;
 
sludge to Abu Rawash
 
and agricultural use.
 

B - (Complete Collection and Add AMBRIC pri-	 Add conveyance Abandon Nahya; Zenein to drain;
 
Partial Treatment) mary collectors, 	 of AMBRIC col- upgrade/expand AMBRIC collectors to
 

lectors to Zenein to sec- drain.
 
Muheit Drain. ondary.
 

C - (Complete Collection Add AMBRIC pri- Add conveyance Abandon Nahya; Zenein to drain.
 
and Treatment) mary collectors, of AMBRIC col- upgrade/expand Other plants as
 

lectors to Zenein to sec-
 described below.
 
treatment sites. ondary. Other
 

plants as des

cribed below.
 

C-I - (Secondary Treatment Add AMBRIC pri-	 Add conveyance Add secondary Abu Rawash to
 
and Drain Disposal) mary collectors, 	 of AMBRIC col- treatment at Abu drain.
 

lectors to Abu Rawash.
 
Rawash.
 

C-2 - (Secondary Treatment Add AMBRIC pri- Add conveyance 
and Partial Land Disposal) mary collectors, of AMBRIC col-

lectors to Abu 
Rawash and Muheit 

Drain to desert. 

Add secondary Abu Rwash to
 
treatment at Abu drain and desert
 
Rawash. sites for reclama

tion.
 



------ ------------------- --------- ----- ------------ - -------

----- ----------- ---------- --- --- --------------- --------

--------- -- ------ --- --- --- ------------- ---------

0 

TABLE 1-1
 

SUMMARY OF COLLECTION, TREATMENT AND DISPOSAL ALTERNATIVES (cont'd)
 
co 

Alternative - (Description) System Component
 
Collection Conveyance Treatment Disposal
 

C-3 - (Primary Treatment and Add AMBRIC pri- Add conveyance Add primary Abu Rawash to
 
Drain Disposal) mary collectors, of AMBRIC col- treatment at Abu drain.
 

lectors to Abu Rawash.
 
Rawash.
 

C-4 - (Primary and Land Add AMBRIC pri- Add conveyance Add primary Abu Rawash to
 
Treatment/Disposal) mary collectors, of AMBRIC col- treatment at Abu desert sites
 

lectors to Abu Rawash; use desert for reclama-

Rawash and to land for further tion.
 
desert sites. treatment.
 

C-5 - (Desert Lagoon and Add AMBRIC 
-

pri-	 Add conveyance 
---

Add lagoon at Desert sites for
 
Land Disposal) mary collectors, 	 of AMBRIC col- desert sites. reclamation.
 

lectors to desert
 
sites.
 

C-6 - (Desert Infiltration Add AMBRIC pri-	 Add conveyance Add infiltration Desert sites for
 
and Land Disposal) mary collectors, 	 of AMBRIC col- at desert sites, reclamation.
 

lectors to
 

desert sites.
 

Source: Stanley Consultants.
 



Impact evaluations of these three alternatives have concentrated on
 

four criteria:
 

1. Economics.
 

2. Reliability.
 

3. Public Health.
 

4. Institutional/Social.
 

Assessment of the collection options has primarily been based on
 

professional judgment, due to lack of information in many areas. Table
 

1-2 presents a summary of the ranking of collection alternatives under
 

the four areas and an overall assessment. The rank order (1, 2, or 3) of
 

each collection alternative indicates the preferred alternative for each
 

evaluation criterion. For example, a rank of one (1) for the Economic
 

and Institutional/Social criteria indicates the alternative is preferred
 

since it is the least cost option and is most compatible with existing
 

institutional and social programs. A rank of one (1) for the Public
 

Health and Reliability criteria indicates the alternative has the most
 

public health benefits and is the most reliable alternative. It is
 

strongly emphasized that an alternative's individual rankings for each of
 

the evaluation factors are not additive. That is, the lowest sum of
 

rankings does not necessarily identify the best alternative since the
 

ranking system for each criterion does not quantify the degree of differ

ence among alternatives. An overall rank is indicated in Table 1-2
 

based on analysis of the impact evaluation criteria rankings and pro

fessional judgment.
 

The economic ranking (Table 1-2) reflects primarily capital costs
 

and does not include nonquantifiable monetary benefits for public health
 

and aesthetics. Alternative C has higher costs but ranks highest overall
 

because of potential public health improvements and institutional/social
 

benefits. Alternative B is more reliable than C, primarily because of
 

fewer pump stations to operate and some reduction in the length of sewer
 

lines.
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TABLE 1-2
 

RANKING OF COLLECTION ALTERNATIVES FOR ENVIRONMENTAL CONSEQUENCES*
 

Economic Reliability Public Health Institutional/ Overall 
Rank Rank Rank Social Rank Rank 

Alternative A 1 3 3 3 3 
(No Action) 

Alternative B 2 1 2 2 2 
(Complete Col-
lection/Limited 
Conveyance) 

Alternative C 3 2 1 1 1 
(Complete Col
lection/Con
veyance) 

*Alternative rankings are relative to each other with "I" being the most
 

desirable option and "3' the least desirable option.
 

Source: Stanley Consultants.
 

Alternative C is the preferred collection alternative if sufficient
 

financing can be obtained for construction. Since Alternative C provides
 

complete collection and conveyance to possible treatment sites, it has
 

been coupled with various treatment-disposal options for further analysis.
 

If insufficient funds are available to implement Alternative C, then
 

Alternative B will be a significant improvement over continued poor
 

wastewater collection conditions (Alternative A).
 

Impact of Treatment and Disposal Alternatives
 

Many possibilities exist for providing treatment and disposal of
 

West Bank wastewater flows. Strong commitments have been made by the
 

Government of Egypt to proceed with design and funding of the Zenein
 

plant rehabilitation. This study has assumed that Zenein will be improved,
 

for physical, institutional, and operation and maintenance reliability,
 

to provide secondary treatment before discharging to the Nahya Drain.
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Flows exceeding the capacity of Zenein would be directed to Abu Rawash
 

or to the desert for treatment. If Zenein is not upgraded and/or if
 

East Bank flows now going to the West Bank are not divrteJ, then the
 

capacity of the Abu Rawash and desert treatment schemes presented herein
 

would need to increase.
 

Desert disposal of wastewater through evaporation and percolation
 

would not be a responsible water resource option since pumping costs
 

dictate further use of the effluent for agricultural purposes, rather
 

than strict disposal with no reuse. Transport of the wastewater to
 

disposal in the Mediterranean Sea has been suggested as an option;
 

however, it is extremely costly and would be a waste of natural resources,
 

since the water is lost for any other beneficial uses.
 

Practical treatment-disposal options for the West Bank include 

treatment at Abu Rawash or in the desert, with subsequent disposal to 

either drains or to the land as irrigation water. Desert disposal on 

land areas already identified along the Alexandria-Cairo Road appear 

viable for crop production using wastewater. 

Alternative C for collection has been combined with the following 

six treatment-disposal alternatives for evaluation of environmental 

impacts: 

Alternative C-I - Secondary Treatment with Drain Disposal 

Alternative C-2 - Secondary Treatment with Partial Land Disposal 

Alternative C-3 - Primary Treatment with Drain Disposal 

Alternative C-4 - Primary and Land Treatment/Disposal 

Alternative C-5 - Desert Lagoon Treatment with Land Disposal 

Alternative C-6 - Desert High Rate Infiltration Treatment 

with Land Disposal
 

All of these alternatives assume the Zenein facility will be upgraded
 

and expanded in accordance with Government of Egypt objectives and will
 

discharge to the Muheit Drain system.
 

Alternative C-I includes complete collection and conveyance of sewage
 

for secondary treatment at Zenein and a new secondary treatment works at
 

Abu Rawash. Discharge of treated wastewater would be to the Muheit
 

Drain system and would satisfy existing Government of Egypt waste
 

treatment plant effluent quality criteria. This alternative is essen

tially that proposed by AMBRIC.
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Alternative C-2 includes all of 
the components of Alternative C-1,
 

except that some of the treated wastewater discharged to the Muheit
 

Drain is subsequently pumped to desert disposal sites identified by the
 

Government of Egypt. This alternative would provide desert reclamation
 

and satisfies existing government effluent quality criteria.
 

Alternative C-3 includes collection and conveyance of sewage 
to the
 

Zenein works and to a new primary treatment facility at Abu Rawash.
 

Discharge of treated wastewater from Abu Rawash would be to the Muheit
 

Drain via the Kom Barakat/Rimal Drain. This alternative is considered
 

a temporary solution and could be implemented if insufficient funding
 

were available for development of complete secondary facilities. It
 

would require a temporary exemption of wastewater discharge criteria at
 

a government level higher than the Ministry of Irrigat~ion and the Organi

zation for Execution of the Greater Cairo Wastewater Project (CWO).
 

Alternative C-4 includes collection and conveyance of sewage to
 

Zenein and a new primary treatment works at Abu Rawash. Discharge from
 

the Abu Rawash works would be treated further on land sites in the
 

desert. This alternative satisfies existing government effluent quality
 

criteria.
 

Alternative C-5 includes collection and conveyance of 
sewage to Zene.'n
 

and retention of Abu Rawash as a sludge disposal facility only. 
Waste

water not treated at Zenein would be conveyed to designated desert sites
 

for treatment in lagoons. The lagoon effluent would be pumped to land
 

disposal areas and utilized for crop production. This alternative would
 

satisfy existing government effluent criteria.
 

Alternative C-6 is basically the same as Alternative C-5 except
 

that sewage treatment at desert sites is by infiltration into the soil
 

with subsequent collection in underdrains or the groundwater aquifer.
 

The treated water would be used for irrigating agricultural lands.
 

The collection, conveyance, treatment and disposal components of
 

each of these alternatives are summarized in Table 1-1.
 

Each of the treatment-disposal alternatives has been evaluated for
 

environmental impacts within the economic, reliability, public health,
 

and institutional/social criteria. 
As with collection alternatives,
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professional judgment has been utilized in making assessments of the
 

likely risks for each scheme. These evaluations are intended to provide
 

guidance in overall selection of a program; they do not constitute
 

recommendations for a particular scheme.
 

Table 1-3 presents a summary of the ranking of treatment-disposal
 

alternatives for environmental consequences.
 

TABLE 1-3 

RANKING OF TREATMENT-DISPOSAL ALTERNATIVES FOR ENVIRONMENTAL CONSEQUENCES* 

Economic 
Rank 

Reliability 
Rank 

Public Health 
Rank 

Institutional/ 
Social Rank 

Alternative C-I 
(Secondary Treat
ment and Drain 
Disposa]) 

5 4 3 6 

Alternative C-2 4 6 2 4 

(Secondary Treat
ment and Partial 
Land Disposal) 

Alternative C-3 1 1 6 5 
(Primary Treat
ment and Drain 
Disposal) 

Alternative C-4 
(Primary and Land 
Treatment/Disposal) 

3 3 5 3 

Aliernative C-5 
(Desert Lagoon 
and Land Disposal) 

2 2 4 2 

Alternative C-6 
(Desert Infiltra
tion and Land 

6 5 1 1 

Disposal) 

*Alternative rankings are relative to each other with "I" being the most
 

desirable option and "6" the least desirable option.
 

Source: Stanley Consultants.
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All of the treatment-disposal alternatives have significant advan

tages and disadvantages as regards environmental consequences. 
 For
 

example, Alternative C-3 I.s the least cost and most reliable system, but
 

has major public health and institutional impacts; the opposite is the
 
case for Alternative C-6. Other alternatives rank in the middle for the
 

four evaluation categories.
 

Selection of the final implementation plan for treatment and dis
posal of West Bank wastewater flows depends strongly on the priorities
 

and commitments made by the Government of Egypt and AID. 
 Economic and
 
reliability factors must be given heavy emphasis to ensure th 
a cost

effective and well-operated wastewater system is developed. With sound
 
financial assistance and a comparable strong commitment to make the
 

system function properly once it is built, then any alternative can
 

reasonably be selected. However, lack of initiative and commitment by
 

any of the organizations involved in constructing, operating, maintain
ing, managing, and monitoring the facilities will entail numerous environ

mental risks as discussed herein.
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CHAPTER 2 - PURPOSE AND NEED
 

AID 	Requirements
 

United States statutes, regulations, and policy require the United
 

States Agency for International Development (AID) to follow certain
 

environmental procedures when involved in foreign assistance projects.
 

Since 1976, AID has required the preparation of environmental assess

ments under the provisions of 22 CFR 216, "AID Environmental Pro

cedures", for all projects which could potentially have a "significant
 

effect" on the environment. The extreme size and scope of the waste

water management program for greater Cairo dictate that it falls in the
 

category of potentially significantly effecting the environment.
 

The 	objectives of an environmental assessment are:
 

1. 	 To ensure that the environmental consequences of AID-financed
 

activities are identified and considered by AID and the host
 

country.
 

2. 	 To ensure that appropriate environmental safeguards are adopted,
 

prior to a final decision to proceed.
 

3. 	 To assist developing countries in strengthening their capa

bilities to effectively evaluate the potential environmental
 

effects of proposed development strategies and projects and to
 

select, implement, and manage effective environmental programs.
 

Environmental assessments conducted by AID in foreign locations are
 

not subject to the standardized procedures normally followed for domestic
 

U.S. projects. Instead, only the most significant environmental
 

effects of a proposed action are identified. These significant effects
 

are then utilized as the basis for evaluation of project alternatives
 

before proceeding to a final decision.
 

Environmental assessments, such as presented herein, are technical
 

analyses prepared primarily to:
 

1. 	 Inform decision makers and project designers of the potential
 

environmental impacts of proposed projects.
 

2. 	 Provide a consistent basis for evaluation of technical alter

natives.
 

3. 	 Identify possible mitigation activities.
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Environmental assessments do not recommend a specific course of action,
 

nor do they determine whether a project should or should not be under

taken. Instead, AID environmental assessments provide decision makers
 

with environmental information which should be evaluated in conjunction
 

with other detailed investigations relating to engineering, economics,
 

and financing to produce an effective project design.
 

Potential Significant Impacts
 

The scope of this environmental assessment, as outlined by AID,
 

will focus on several significant issues concerning the proposed West
 

Bank improvement programs for the greater Cairo wastewater system. The
 

areas of concern for potential significant effects are broadly cate

gorized into the following:
 

1. Sequence of facilities construction. 

2. Alternatives for wastewater treatment. 

3. Alte-natives for effluent disposal. 

Variations in each of the above three categories can result in
 

significant environmental effects. Consideration of the consequences of 

various treatment and disposal alternatives is imperative since no other 

aspect of the project will have such a direct impact on the natural 

environment. However, the sequence of facility construction is also 

important since staging the project over several years can result in 

differing environmental impacts. 

Proposed Improvement Program 

The General Organization for Sewerage and Sanitary Drainage (GOSSD
 

- an agency of the Arab Republic of Egypt) has contracted with a joint

venture of engineering firms known as American British Consultants
 

(AMBRIC), for the preparation of preliminary engineering reports and
 

final construction plans and specifications for the rehabilitation
 

and expansion of the greater Cairo wastewater system.* AMBRIC consists
 

* A new government agency, the Organization for Execution of the Greater 

Cairo Wastewater Project, has been formed to assume the original GOSSD
 
responsibilities for construction of this project. This new agency
 
is referred to as the "Cairo Wastewater Organization" (CWO).
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of two British consultants and two American consultants, in association
 

with several Egyptian consultants. To date, AMBRIC has completed engi

neering studies and prepared preliminary engineering reports outlining a
 

planned program for improving the Cairo wastewater system. In addition,
 

construction plans and specifications have been prepared for some of the
 

projects including major rehabilitation of both treatment and collec

tion systems.
 

The Cairo wastewater system is divided into two major areas by the
 

Nile River: East Bank and West Bank. The British Government has committed
 

approximately 150 million pounds sterling (about 230 million Egyptian
 

pounds) toward financing of the East Bank projects. The Government of
 

Egypt (GOE) is considering a request to AID to fund West Bank projects.
 

The wastewater facilities in Cairo have been neglected for many
 

years and have not kept pace with the rapid urban growth. AMBRIC has
 

necessarily proposed a very large program which will require a huge
 

construction, operation and maintenance effort to solve existing and
 

potential problems to the end of the planning horizon (year 2010). The
 

highest priority improvements are designated as First Stage Projects by
 

AMBRIC and, according to the plan, are to be completed by 1985-86. The
 

first-stage, high-priority projects are further divided into Group A
 

(requiring significant foreign funding) and Group B (primarily Egyptian
 

funding).
 

This study concentrates on the rehabilitation and expansion of the
 

Cairo West Bank wastewater facilities. However, the East Bank projects
 

represent approximately 70 percent of the total construction costs for
 

the entire system, and will certainly influence the ability of the GOE
 

to obtain adequate overall financing and to operate and maintain the
 

total system. Therefore, East Bank projects are summarized and refer

red to herein where there are important interfaces between the systems.
 

General layout of the West Bank first stage projects are shown in
 

Figure 2-1. The prir.ary purposes of these projects are as follows:
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1. Relieve the overloaded existing Zenein wastewater treatment
 

plant.
 

2. 	 Relieve overloaded primary (major) collector sewers in some of
 

the developed and sewered areas.
 

3. 	 Provide sewer service in the Embaba and Pyramids areas, which
 

are presently unsewered.
 

4. 	 Provide major collectors for future connection of sewer 
service
 

in areas yet to be developed.
 

The existing Zenein wastewater treatment plant consists of primary
 

and activated sludge secondary treatment with a design capacity of
 

220,000 cubic meters per day (cmd). The present average daily flow is
 

in excess of 350,000 cmd. Expansion of this facility by GOSSD is now in
 

progress. Additional rehabilitation work will be required before depend

able 	secondary treatment can be achieved.
 

For the West Bank, First Stage Group A Projects identified for
 

significant foreign funding include:
 

1. 	 The North West Project.
 

2. 	 The Pyramids Collector Project.
 

3. 	 The Giza Relief Collector Project.
 

4. 	 The Abu Rawash Wastewater Treatment Plant Project.
 

5. 	 Rehabilitation Projects.
 

The North West Project will divert flows originating in the Agouza
 

and Dokki areas from the Zenein plant and will provide collection of
 

sewage in unsewered areas of Embaba. 
These flows will be directed to
 

Abu Rawash for treatment.
 

The Pyramids Collector Project will provide new secondary collec

tors in the Pyramids area plus primary drains and pump stations to
 

convey wastewater to Abu Rawash. The area served by this project consists
 

of scattered development at present, but will be completely urbanized by
 

the planning horizon (year 2010).
 

The Giza Relief Collector Project will relieve overloaded sewers in
 

the developed areas of Giza and provide sewer service to unsewered areas
 

of Boulac El Dakrour. Wastewater from these areas will continue to flow
 

to the Zenein plant.
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A portion of the wastewater originating on the East Bank now flows
 

through a siphon under the Nile River and is pumped to the Zenein waste

water treatment plant by the Giza pump station. The site for the Zenein
 

treatment facilities is inadequate to accommodate present and future
 

flows in the area now served (which includes a portion of the East
 

Bank). Also, the Giza pump station needs relief. Consequently, the
 

AMBRIC proposal includes separate collection, treatment and disposal of
 

wastewater flows on the East Bank and West Bank. Roda Island and Zamalek
 

Island wastewater flows will continue to be treated on the West Bank.
 

A major East Bank tunnel project is proposed for collecting and trans

porting flows on the East Bank. The tunnel project will divert about
 

110,000 cmd (projected 1985 basis) of flow away from the Zenein plant to
 

new East Bank treatment facilities.
 

Group A projects also include new secondary treatment facilities at
 

Abu Rawash for flows diverted from the Zenein plant. Facilities at Abu
 

Rawash will be expanded in stages, initially starting with a 400,000 cmd
 

capacity, and increasing to 1,000,000 cmd by year 2010. Proposed treat

ment consists of primary units and coupled biofilter-activated sludge
 

secondary units.
 

To ensure adequate capacity for the conveyance of flows to treat

ment, it is necessary to clean some of the existing mojor collector
 

sewers. A cleaning program has been underway by AMBRIC and GOSSD for
 

about 18 months and only about 40 percent of the identified sewers have
 

been cleaned. The cleaning program is proposed as an ongoing operation
 

and maintenance activity for the Cairo wastewater system. Such a program
 

must be financed and performed by GOSSD to ensure a viable and effec

tive-operating system.
 

Along with the cleaning program, AMBRIC/GOSSD have identified and
 

are correcting areas in the system where gross sewage flooding of streets
 

has occurred because of system deficiencies. Rehabilitation of major
 

and subsidiary pumping stations in the collection system is also required.
 

Rehabilitation and training projects for system operators and managers
 

are included in Group A projects.
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Conveyance of the projected wastewater flows in sewered and presently
 

unsewered areas to the proposed and existing primary sewers, pump stations
 

and treatment facilities on the West Bank will necessitate construction
 

of additional secondary sewers, house connections, and miscellaneous
 

items. These projects are classified by AMBRIC as Group B projects,
 

primarily for Egyptian funding.
 

CoEts of Group A and Group B projects are summarized in Table 2-1.
 

The AMBRIC first stage improvement plan for Cairo is projected to cost
 

1.2 billion Egyptian pounds (LE) at 1980 values, of which about LE 375
 

million are attributed to the West Bank study area.
 

In general, the AMBRIC philosophy has been to initially construct
 

primary collector sewers to convey wastewater away from the city.
 

Some secondary and branch sewers will be constructed in unsewered areas,
 

to drain into the new primary collectors. The major collectors
 

provide long-term capacity for conveyance of wastewater flows to treat

ment. This allows connection of additional unsewered areas as they
 

develop without construction of parallel primary collectors to the
 

treatment facilities. This approach accomplishes the first necessary
 

step of removing the wastewater from urban areas, thereby reducing
 

public health risks, and improving aesthetics and the general quality of
 

life for the urban population.
 

The AMBRIC proposal provides for initial West Bank wastewater
 

effluent disposal at up to 370,000 cmd in drains leading to the Nile
 

River. This rate is presently allowed by a government consent decree.
 

Additional development and population growth will cause West Bank flows
 

to increase beyond 370,000 cmd. AMBRIC proposes to dispose of these
 

additional flows by reclamation of desert land for agricultural purposes.
 

A similar combination of drain/Nile River and land reclamation agricul

tural disposal. is also proposed for the East Bank.
 

The first stage projects summarized in Table 2-1 for the West Bank
 

include only effluent disposal to existing drains flowing into the Nile
 

River, and do not include costs for disposal on desert lands.
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TABLE 2-1
 

AMBRIC PROPOSED FIRST STAGE IMPROVEMENT PROGRAM COSTS (1985-86 COMPLETION)
 

1980 Estimated Cost ** 

(LE 106)
 

WEST BANK
 

Group A Projects (Requiring Significant Foreign Funding)
 

North West Project
 
Primary Drains & Pump Stations to Abu Rawash 37.0
 
Secondary Collectors & Branch Sewers 46.7
 

Subtotal: 83.7
 

Giza Relief Collector Project 15.7
 

Pyramids Collector Project
 
Primary Drains & Pump Stations to Abu Rawach 30.0
 
Secondary Collectors & Branch Sewers 18.5
 

Subtotal: 48.5
 

Abu Rawash Treatment Facilities 90.4
 

Subtotal - West Bank Group A Projects: 238.3
 

Group B Projects (Primary Egyptian Funding)
 

Zamalek Project 1.5
 
West Bank Effluent Disposal 5.0
 
Secondary Sewers & House Connections (estimate) 105.7
 

Subtotal - West Bank Group B Projects: 112.2
 

TOTAL WEST BANK - GROUP A & B PROJECTS: 350.5
 

EAST BANK 

Group A Projects 

Principal Tunnel Project 169.8 
Main East Bank Project 252.8 

Subtotal - East Bank Group A Projects: 422.6 

Group B Projects 

Maadi & Nasr City Projects 73.7 
Berka & Shoubra el Kheima Plants 127.4 
East Bank Effluent Disposal 25.9 
Secondary Sewers & House Connections (estimate) 161.0 

Subtotal - East.,Bank Group B Projects: 388.0 

TOTAL EAST BANK - GROUP A & B PROJECTS: 810.6
 

EAST & WEST BANKS
 

General Group A Projects
 

Rehabilitation of Pumping Stations 32.1
 
Rehabilitation of Zenein 16.7
 
Training 4.2
 

TOTAL - GENERAL GROUP A PROJECTS 53.0*
 

TOTAL EAST AND WEST BANK FIRST STAGE PROJECTS: 
 1214.1
 

* Excludes any capital costs required for sewer cleaning programs. 

** Approximately $U.S. 1,734,000,000 using 0.7 LE per U.S. $. 
Source: AMBRIC "Design Inception Report", Jne 1981. 
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Report Format
 

The remainder of this report evaluates the potential environmental
 

effects of the proposed improvement program as well as other alterna

tives. Chapter 3 provides background information concerning the main
 

factors which will either influence development of, or be impacted by, the
 

West Bank wastewater system. 
In Chapter 4, a wide array of wastewater
 

collection, treatment and disposal options are reviewed and specific
 

alternatives are selected for purposes of environmental assessment.
 

Criteria for analyzing the effects of alternatives are developed.
 

Chapters 5 and 6 present an analysis of the environmental consequences
 

of collection system and treatment-disposal system alternatives, res

pectively. Collection is evaluated separately from treatment-disposal
 

because of the need to assess 
the sequencing of facilities construction.
 

Parts of this report are purposely repetitive, enabling some readers
 

to selectively review areas of interest.
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CHAPTER 3 - ENVIRONMENTAL SETTING
 

This chapter presents background information concerning many of
 

the factors which have an impact on wastewater system development,
 

management and performance. Environmental conditions currently affected
 

by the present system or potentially affected by proposed improvement
 

plans are briefly summarized.
 

Study Area
 

The greater Cairo wastewater project area, encompasses approxi

mately 875 square kilometers (kIn) within the total land area known as
 

greater Cairo (Figure 3-1). The designated study area for this environ

mental assessment is only the West Bank portion. The western study
 

boundary extends to rural areas beyond the Alexandria-Cairo desert road;
 

however, most of the de.velopment in the study area is within the gover

norate of Giza. The Giza governorate is subdivided into six urban
 

administrative divisions called "kisms" (Giza, Dokki, Agouza, Embaba, El
 

Ahram and Boulac El Dakrour) and two rural administrative districts
 

known as "markazes" (Giza and Embaba).
 

Figure 3-2 shows Cairo with respect to geographical features of the
 

surrounding region.
 

Population
 

The popilation of greater Cairo has grown from about 1.2 million in
 

1930 to a censuas estimate of over 8 million persons in 1976. The 1980
 

population was estimated at 9 million. Growth is anticipated to average
 

three percent annually, yielding a year 2000 level in excess of 16
 

million persons.
 

Current (1980) project and study area (West Bank only) populations
 

are estimated at 7.7 million and 1.8 million, respectively. Thus, the
 

project area currently includes about 85 percent of greater Cairo popula

tion whereas the study area is 20 percent. Both areas are expected to
 

grow at annual rates similar to the total population, thus maintaining
 

their relative populations through the year 2000.
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Table 3-1 summarizes total population figures. Appendix D provides
 

a population breakdown by administrative district.
 

TABLE 3-1
 

CURRENT AND PROJECTED POPULATION
 

Population (1000) 
West Bank Project Greater 

Year Study Area Area Cairo Area 

1980 1,806 7,417 9,074 

1985 2,088 8,631 10,572 

1990 2,350 10,076 12,279 

2000 3,204 13,586 16,319 

Source: AMBRIC "Design Inception Report", June 1981.
 

Within the West Bank study area, the population is anticipated to
 

increase by nearly 1.4 million to a year 2000 level of 3.2 million
 

persons. Growth is estimated greatest in El Ahram and Boulac el Dakrour,
 

both in total numbers and percent of study area population. Almost half
 

of the study population increase is expected to locate within these two
 

kisms. The next highest growth areas are Agouza, Embaba and the urban
 

portion of Embaba Markaz with an anticipated increase of over 0.4 million
 

people.
 

Land Use
 

Residential - Future land use patterns for year 2000 and the
 

planning horizon are shown in Figure 3-3. Land use areas are grouped
 

into residential, commercial, governmental, and industrial categories.
 

Other areas in Figure 3-3 are either open space or agricultural.
 

Residential land use totals 7,046 hectares (ha) by the year 2000
 

(Appendix D). Future population density ranges are expected to vary
 

greatly within study area kisms and markazes. Currently, densities are
 

high in Giza with an average of over 900 persons/ha. Embaba densities are
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moderate with a current average over 500 persons/ha, but uncontrolled
 

expansion has resulted in high density pockets of over 1,500 persons/ha.
 

Dokki, Agouza and Boulac el Dakrour record current average densities
 

between 300 to 400 persons/ha. El Ahram presently has a low density
 

(200 persons/ha), but continued development in the pyramids area is
 

expected to raise this significantly.
 

By year 2000, densities are anticipated to be the highest in Giza
 

with an average of 1,390 persons/ha and the lowest in the rural areas of
 

Embaba Markaz with an average of 150 persons/ha. All other areas have
 

expected average densities ranging between 400 to 700 persons/ha.
 

The significant density iacreases in the West Bank study area are
 

predicted because of the relatively low levels currently existing, in
 

comparison to the East Bank of Cairo. Average study area densities in
 

the year 2000 are expected to be within the moderate range of 400 to 500
 

persons/ha. Lower income residential areas, however, will continue to
 

experience severely overcrowded conditions.
 

Other - Total developed land projected for the study area in year
 

2000 is listed in Table 3-2.
 

TABLE 3-2
 

PROJECTED STUDY AREA LAND USE - YEAR 2000
 

Area
 

Category (ha) (%) 

Residential 7,046 76.6
 

Commercial 85 0.9
 

Government 318 3.5
 

Industrial 1,744 19.0
 

TOTAL 9,193 100.0
 

Source: AMBRIC "Design Inception Report", June 1981
 

Commercial expansion is not expected to increase dramatically.
 

Continued development of the tourist industry in the pyramids area
 

accounts for the most substantial growth.
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Wastewater treatment plant expansions and military holdings occupy
 

the majority of the land in the government category.
 

Industrial expansion areas are anticipated to be focused in the
 

Embaba and Giza vicinities. Additionally, improved public transporta

tion in Boulac el Dakrour and the extension of El Tahrir Street to El
 

Arham should increase the attractiveness for industry in these areas.
 

Potable Water Supply*
 

The primary source of the greater Cairo water supply is the River
 

Nile. This surface water source is supplemented by wells which pump
 

water from the relatively shallow aquifer along the banks of the Nile.
 

This aquifer is recharged by Nile River water. All surface water receives
 

coagulation, sedimentation and filtration treatment kollowed by disin

fection with chlorine. All well water receives chlorine disinfection
 

but no filtration or sedimentation. As of 1979, there were eleven water
 

treatment plants within the greater Cairo area, which operated in com

bination with ten well fields. Additional treatment plants are now
 

under construction, including a plant at Embaba on the West Bank.
 

To have adequate water available for conveyance of sewage, it is
 

important that wherever house connections to sewer systems are installed,
 

house connections to the potable water system also be provided. The
 

extensive water distribution system on the West Bank of Cairo is shown
 

in Figure 3-4 superimposed on the existing and near-term future sewage
 

collection system. The service areas shown are very generalized and
 

contain numerous isolated areas that lack one or both systems. The
 

area served by the water system generally seems to be growing slightly
 

in advance of the sewer system. It is important that this
 

situation be constantly monitored, and that no new sewers be installed
 

where water service house connections are not available. This is dis

cussed in more detail in a subsequent section on wastewater collection.
 

* 	 A detailed study of the Cairo public water supply system is contained 

in "Final Report, Waterworks Master Plan; Part I - ImmediaLe Phase, Part 
II - Staged Development", by ES-Parsons in association with ECG Engin
eering Consultants Group, February 1979.
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The referenced Waterworks Master Plan forecasts a domestic per
 

capita water demand for the West Bank (Giza) area of 220 liters per day
 

in 1976, increasing to 490 liters per day by year 2000, without addi

tional wastage controls. It is projected that this future demand can
 

be reduced by 27 percent (to about 360 liters per day by year 2000) if
 

water conservation measures are implemented. The Master Plan Etates
 

that total waste in the water system is estimated to approach 50 percent
 

of consumption in some areas.
 

The AMBRIC Design Inception Report (June 1981) wastewater flow
 

projections seem to differ with the ES-Parsons water demand projec

tions. Year 2000 West Bank domestic wastewater flow projections range
 

from an average value of 260 liters per day in the urban areas down to
 

193 liters per day in the West Bank markaz (suburban or rural) areas.
 

The AMBRIC projections seem reasonable from the standpoint of actual per
 

capita water use and wastewater production figures for developing coun

tries. The ES-Parsons water consumption values, even with conservation
 

measures, appear high in comparison with cities that have relatively
 

high standards of living. It should be recognized, however, that signifi

cant quantities of wasted water (such as distribution system leakage and
 

irrigation water) may never reach the sewer system, but could be
 

lost to surface drainage systems.
 

In conclusion, the proposed wastewater service area approximates
 

the existing and proposed water service area. Coordination between
 

installation of water distribution facilities and wastewater collection
 

facilities must occur to assure adequate water for conveyance of waste

water. The per capita wastewater flow rates developed by AMBRIC appear
 

reasonable in comparison with similar urban areas in developing coun

tries.
 

Wastewater Flows and Characteristics
 

Wastewater flows from any area are determined by the following
 

factors: population density, land use, per capita consumption and
 

availability and condition of water supply and sewage collection systems.
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Population and land use were discussed in previous sections. These
 

factors are combined with industrial, institutional and governmental
 

development in forecasting future wastewater flows for the city of
 

Cairo.
 

Projected population served and wastewater flows for the West Bank
 

are summarized in Table 3-3. Appendix E provides a breakdown by kism
 

and markaz. Flows are estimated to increase from 326,000 cmd in 1985 to
 

1,188,000 cmd at the planning horizon. AMBRIC has employed conventional
 

engineering practice of providing allowances for infiltration, govern

mental, industrial, and commercial wastewater flows, in addition to
 

domestic or residential flow. Average per capita residential flow for
 

the study area is estimated at 125 liters per day in 1980, increasing to
 

261 	liters per day at the planning horizon.
 

Wastewater characteristics must be carefully analyzed for the
 

following reasons:
 

1. 	 Treatment fecilities must be designed to accommodate the
 

proper wastewater strength. Overdesign is a waste of money,
 

and underdesign will result in unacceptable effluent quality.
 

2. 	 Toxic materials, such as heavy metals, and other types of
 

industrial wastes can upset biological treatment systems,
 

resulting in unacceptable effluent quality. These toxic
 

materials can also pass through municipal treatment facilities
 

with little or no removal, resulting in degradation of water
 

quality in the receiving stream. If the effluent is applied
 

to agricultural land by irrigation, a build up of these toxic
 

elements in the soils can retard crop production and endanger
 

the public health through crop consumption.
 

3. 	 Heavy metals and other toxic materials which are removed in
 

the treatment facilities can be concentrated in the sludge.
 

If the sludge is applied to agricultural lands in sufficient
 

quantity, these toxic materials can reduce crop production and
 

may be a public health risk through edible crops and worker
 

exposure.
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TABLE 3-3
 

PROJECTED WEST BANK WASTEWATER FLOWS
 

Planning 
1980 1985 1990 2000 Horizon 

Sewered Population (1000) 861 1,427 1,872 3,117 3,497 
Percent Population Served 47.7 68.3 79.7 97.3 97.6 

Wastewater Flow (1000 cmd) 
Residential 108 204 326 791 913 
Commercial 4 6 12 25 26 
Government & Other 26 41 52 83 94 
Industrial 8 11 14 65 67 
Infiltration 41 64 75 88 88 

Total 187* 326 479 1,052 1,188 

*Excludes East Bank area to be removed from Zenein plant service area.
 

Source: 	 AMBRIC "Design Inception Report", June 1981, Tables 2.3, 2.4
 
and A.I.
 

4. 	 Some industrial wastes cannot be adequately treated in normal
 

municipal treatment plants. These wastewaters must be iden

tified and pretreated by the individual industries to insure
 

reliable treatment performance. Other industrial wastes are
 

highly corrosive or explosive and may damage the collection
 

system and be hazardous to workers and adjacent housing.
 

Limited data are available for characterization of West Bank waste

water flow rate, strength and presence of toxic elements. Data for West
 

Bank sewage obtained in 1977 by Taylor-Binnie and AMBRIC in 1980 are
 

presented in Appendix E. These data indicate that the sewage is of
 

neutral p1l, moderate organic strength (mean BOD = 360 mg/l) and high
 

total suspended solids (mean TSS = 660 mg/l). Adequate nitrogen and
 

phosphorous are available for biological treatment. Approximately 60
 

percent of the suspended solids are inorganic and about 70 percent can
 

be removed within one hour by quiescent settling. These characteristics
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are unique by United States experience and have a major impact on the
 

design and performance of primary treatment units and sludge disposal
 

processes. Limited data indicate that high levels of sulfide and oil
 

and grease may cause operational problems in the collection and treat

ment systems. AMBRIC has proposed average design values for the new Abu
 

Rawash treatment facilities that reflect these waste characteristics:
 

Influent 
Parameter Concentrations 

(mg/1) 

BOD 335 

TSS 600 

Design values for the Zenein plant expansion are similar.
 

The individual and total heavy metal concentrations in the waste

water and sludge are the parameters of principal concern for both bio

logical treatment and sludge and liquid disposal. The results of published
 

analyses of West Bank sewage and sludge and recommended limits for
 

irrigation and sludge disposal are summarized in Table 3-4. The recom

mended limits are based on typical domestic wastes in the United States
 

which have been successfully treated by the methods proposed by AMBRIC.
 

The results indicate that the metal content of the West Bank sludge
 

has not been significantly increased by existing industrial wastes. In
 

all cases, the metal concentration is less than that of typical domestic
 

sludge in the United States. The sludge zinc equivalent (2500) is less
 

than that of typical domestic sludge (5000) but exceeds the recommended
 

values for application to coarse textured top soil (500). This is
 

believed to not be a significant concern since the West Bank soils are
 

calcareous and will prevent excessive metal uptake by the crop.
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TABLE 3-4
 

COMPARISON OF WEST BANK SEWAGE AND SLUDGE CHARACTERISTICS
 
WITH RECOMMENDED LIMITS FOR TREATMENT AND DISPOSAL
 

Recommended
 

Recommended Limits for Limits for
 

West Bank Biological Reuse for 2 West Bank ) Sludge Land
 

Parameter Sewage Treatment Irrigation Sludge Application
 

Boron 0.32 	 0.75
-- 0.2-1.6 --

Cadimum <0.01 0.01 0.01 - 250 

Chromium 1.2 0.05 0.10 -- --

Copper <0.01 2.0 0.20 280-300 1000 

Lead 0.03 0.05 5.0 250-280 1000 

Mercury <0.01 0.01 -- 2.3-4.0 -

Nickel 0.01 2.5 0.2 130-240 200 

Cyanide <0.05 1.0 -- -

Zinc 0.2 --	 2.0 1200-1600 2500
 

Zinc Equiv.
 
(units) -- .-- 2300-2700 5000
 

Note: Values in ppm unless indicated.
 

1) Mean of analyses from references (a) (b) (c).
 

(a) 	Taylor-Binnie, "Vol. 4 - Design Data and Criteria".
 

(b) 	AMBRIC "Interim Development Plan, Part II, Appendices".
 

(c) 	"Reutilization of Wastewater in Land Reclamation" by M. H.
 
Labib, February 1981.
 

2) 	"Process Design Manual for Land Treatment of Municipal Wastewater",
 
USEPA (1981), EPA 625/1-81-0!3.
 

Source: Stanley Consultants.
 

The bulk liquid heavy metal content is less than the recommended
 

criteria for biological treatment and irrigation reuse for all metals
 

except chromium. This is not a significant hazard, however, since:
 

1. 	 The recommended 'hromium level for irrigation is based on
 

plant toxicity rather than human health effects. The metal
 

levels at which significant adverse crop yields occur are much
 

greater than those measured in the West Bank sewage.
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2. 	 The high chromium levels are believed to be due to the chrome
 

tanning industries located on the East Bank but whose waste

water is presently transferred to the West Bank for treatment.
 

After completion of the East Bank collector tunnel project,
 

this flow diversion will be eliminated. This will reduce the
 

West Bank sewage chromium level to that of typical domestic
 

wastewater since there are no known major sources of chromium
 

on the West Bank. If the East Bank tunnel project is delayed
 

or not completed, the East Bank flows will continue to be
 

transferred to the West Bank treatment facilities. The chrome
 

levels will be diluted by the increased collection system
 

flows and will approach the metal limits recommended for
 

biological treatment. It is believed that these limits are
 

established sufficiently low that the treatment performance
 

will not be adversely effected by the potential increase.
 

Therefore, the West Bank treatment-disposal options would not
 

be significantly impacted if the East Bank flows continue to
 

be transferred and treated on the West Bank.
 

Based on these data and analyses, sludge application to and irriga

tion of agricultural land with West Bank sewage is feasible on a long

term basis. A reasonable level of monitoring and prudent cropping and
 

irrigation practices will be necessary to insure that long-term soil/
 

crop 	damage and public health risks do not occur.
 

Industrial Wastewater
 

Background - The presence of industrial or trade wastes in muni

cipal sewage can have a significant adverse impact on the collection,
 

transmission, treatment and disposal systems. Several of these impacts
 

were described in the previous section. The principal industrial waste
 

concern at this stage of the Cairo wastewater project is the discharge
 

of heavy metals and/or toxic substances. These materials may reduce the
 

performance of biological waste treatment or prevent utilization of the
 

effluent and sludge for agricultural purposes. An additional concern is
 

the limited amount of data available on West Bank !ndustries and their
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wastewater flows and characteristics. This condition makes evaluation
 

of treatment and disposal processes difficult and introduces an element
 

of risk into design of appropriate processes.
 

It was necessary, therefore, to conduct a limited industrial waste
 

survey and develop a preliminary assessment of the existing and potential
 

industrial waste impact on the treatment and disposal alternatives for
 

the West Bank. This was accomplished through review and evaluation of
 

previous surveys by Taylor-Binnie and the General Organization for Indus

trialization (GOFI) and by industrial site visits. These data were used
 

to inventory and group West Bank industry by general manufacturing
 

category and by relative impact on the collection, treatment and dis

posal alternatives. The results are summarized in the following sections.
 

Industrial Waste Survey - Fifty-nine public sector industries have
 

been located within the project study area. These have been assigned
 

reference numbers and are listed in Appendix F. No West Bank industries
 

of the Helwan area have been included in this report as they were analyzed
 

in other studies.* It is strongly emphasized that the data presented in
 

Appendix F have been abstracted from numerous reports and files and
 

their representation herein does not increase their validity. In some
 

industries, a comparison of data in available reports with that obtained
 

from personal plant visits resulted in a ten-fold difference in waste
 

discharge volumes. Data were frequently unavailable or nonexistent and
 

access to production facilities was difficult or impossible despite
 

significant efforts by GOFI and GOSSD personnel.
 

The identified industries were grouped by manufactured product
 

assuming that factories within a group had similar wastewater charac

teristics and effects on the collection and treatment system. The
 

manufacturing groups and referenced industries are listed in Table 3-5.
 

The wastewaters from these industries were characterized based on
 

typical United States raw material and processing methods and engineer

ing judgment into three general classes, as shown in Table 3-6, which
 

reflect the expected need for industrial pretreatmenL.
 

*Environmental Planning Consultants (Dorsch, Holfelder, Kittleberger,
 

Kocks, Misr Consultant Engineers), "Helwan Waste Water Master Plan,
 

Special Report 4, Industrial Waste Water", 1977-78.
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TABLE 3-5
 

INDUSTRY GROUPING BY MANUFACTURING CATEGORY
 

Manufacturing Group Industry Reference Number* 

A - Cement/Clay Brick 46, 47, 48, 49, 50, 51, 52, 54 

B - Textiles 2, 5, 18 

C - Chemical Products 6, 9, 16, 40, 41, 57, 58 

D - Food Products 8, 10, 11, 15, 59 

E - Iron and Steel 7 

F - Metals 35, 36 

G - Fabricating & Other 1, 3, 4, 12, 13, 14, 17, 19, 20-34, 

37, 39, 56 

* See Appendix F. 

Source: Stanley Consultants. 

TABLE 3-6
 

INDUSTRY GROUPING BY GENERAL WASTEWATER CHARACTERISTICS
 

Wastewater Description Industry
 
Classification of Wastewater Reference Number*
 

1 Not harmful - no pretreatment 12, 13, 14, 17, 19
 
required. 20-45, 48, 49, 50,
 

51, 52, 53, 56
 

2 	 High load of inorganic or organic 1, 3, 4, 7, 8, 10,
 
material - simple pretreatment 11, 15, 46, 47, 54,
 
necessary, e.g., oil and grease 58, 59
 
removal, settling, neutralization.
 

3 	 Harmful compounds must be removed, 2, 5, 6, 9, 16,
 
e.g., heavy metals - simple pre- 18, 57
 
treatment not sufficient.
 

* See Appendix F. 

Source: Stanley Consultants. 
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This classification scheme identifies the principal types of manu

facturing activity and their potential level of impact on the treatment

dispo3al system. It does not attempt to identify the waste treatment
 

needs of a specific industrial site since it does not consider flow rate,
 

waste composition and disposal methods.
 

Analysis of these data and that presented in Appendix F indicate
 

that 	West Bank industrial wastewater can be characterized as follows:
 

1. 	 The total flow is approximately 20,000 cmd which represents
 

5 to 10 percent of the 1985 projected West Bank municipal flow.
 

Six industries discharge more than 1000 cmd. Their combined
 

flow is 75 percent of the total industrial waste discharge
 

and thus it can be readily identified and controlled.
 

2. 	 Seven facilities discharge Class 3 wastewater at a combined
 

rate of about 4000 cmd or 1 to 2 percent of the projected West
 

Bank flow. The majority of industrial sites, however, are
 

fabricators or specialty shops that discharge small volumes
 

of generally innocous or readily manageable wastes (Classes 1
 

and 2).
 

3. 	 The method of disposal, i.e., drain, sewer, or Nile River, is
 

poorly documented, but at least 60 percent of the identified
 

public sector industry discharges to the existing collection
 

system. There are, however, 39 industries located in the Abu
 

Rawash industrial sector which is presently unsewered, but
 

will be served by the proposed collection system. Their methods
 

of waste disposal are by cesspool/pits, desert land or septic
 

tank-leach field systems. The combined flow rate of these
 

facilities is about 300 cmd of principally Class 1 and 2 waste

waters. Their eventual inclusion in the collection system
 

will cause no significant adverse effect.
 

Biological Treatability Study - A bench scale activated sludge
 

treatability study was conducted by AMBRIC using wastewater collected
 

from the Giza pump station. The duration of the study was approxi

mately three months. During this time the mean BOD removal was 95 per

cent and nitrification was essentially 100 percent complete. The pilot
 

8098 	 3-13
 



plant experienced no wastewater-induced performance upsets and had a mean
 

effluent suspended solids concentration of 6 mg/l. These data substan

tiate the AMBRIC conclusion that:*
 

"Industrial wastes do not seem to be a problem. ...While analyses
 

of industrial wastes were not possible, the fact that pilot plants
 
were operated successfully for three months without serious
 
upset is reasonable proof that toxic wastes are diluted sufficiently
 

or are rendered harmless by reaction with sulfides. Projected
 
land use patterns in Cairo suggest that this situation will not
 
change appreciably in the future."
 

Other Industrial Wastes - A 1972 survey indicated there were approxi

mately 145,000 industrial establishments within the Cairo Governorate.
 

On the average, less than five persons, including owners and employees,
 

worked in each establishment. It was concluded that there were few
 

industries employing significant labor forces and that many of the
 

surveyed establishments were family operated and did not discharge a
 

significant volume of wastewater.**
 

Although statistics are not available, it is reasonable to assume
 

that a similar distribution of industry exists in the Giza Governorate.
 

Conversations with GOFI personnel tended to confirm the picture of a
 

multiplicity of small private sector industries surrounding a few large
 

public sector establishments.
 

It can be concluded, therefore, that the inventoried establish

ments constitute the great majority of industries and contributing flow.
 

Analysis of the inventoried sites thus provides a reasonable assessment
 

of West Bank industrial activity and projected impact on the treatment

disposal system. It is reasonably assumed that no major polluters were
 

missed by the inventory and that no existing facility would connect to
 

the system and upset the process performance. These assumptions will have
 

to be verified by intensive monitoring efforts during the start-up of the
 

collection and treatment systems. This is a necessary component of a badly
 

needed intensive industrial waste survey, planning and monitoring program.
 

* AMBRIC "Interim Development Plan, Part II, Appendices", February 1981. 

** Taylor-Binnie, "Vol. 3 - Existing Wastewater Facilities". 
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Conclusions - Based on this analysis and field observations it is
 

concluded that:
 

1. 	 Industrial waste data are frequently unreliable, inaccessible,
 

or nonexistent. This significantly hinders a rigorous analysis
 

and planning effort.
 

2. 	 The West Bank industrial waste flow represents less than 10
 

percent of the total wastewater flow and is primarily due to
 

major users that can be monitored and controlled.
 

3. 	 The West Bank industry has no significant adverse effect on
 

the proposed primary or secondary biological waste treatment
 

system. The existing level of chromium in the sewage may have
 

a negligible phytotoxicity effect but will be eliminated upon
 

completion of the East Bank collection tunnel project.
 

4. 	 The use of sludge for land reclamation does not present an
 

immediate health or phytotoxicity problem. Long-term land
 

application, however, must be subject to reasonable monitoring
 

and control procedures to prevent metal accumulation and soil
 

pH depression.
 

5. 	 The projected West Bank industrial activity to the planning
 

horizon shows no exceptional growth and does not alter these
 

conclusions.
 

Wastewater Collection
 

Background - Wastewater collection facilities in Cairo have develop

ed from the first combined (storm water/sanitary) and separate sanitary
 

sewers installed on the East Bank of the Nile in approximately 1914.
 

Facilities for primary treatment, biological filtration, and land disposal
 

(irrigation) were provided at Gabal el Asfar northeast of the city. The
 

system was expanded in the 1920's. The need for a sewerage system on
 

the West Bank of the Nile was recognized by the mid-1920's, but commis

sioning of a system did not occur until 1939. Treatment facilities for
 

the West Bank were provided at Abu Rawash, northwest of the city.
 

By 1954, the Cairo area served by the sewerage system had increased
 

from the original 300 ha (in 1914) to 7200 ha. At that time, only
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approximately 45 percent of the total area of the city was served by
 

sewers. By the mid-1960's, the situation had deteriorated so much (due
 

to population growth and operation problems) that it was necessary to
 

take emergency action. At that time, some of the East Bank flows were
 

diverted through a siphon under the Nile to the West Bank. Also, the
 

Zenein activated sludge treatment facilities were constructed in the
 

Giza area to treat West Bank flows and the diverted East Bank flows.
 

Existing System - Since commissioning of the Zenein treatment
 

facilities in 1970, the population of Cairo, and particularly the West
 

Bank area, has continued to grow rapidly. Inetallation of new waste

water collection and conveyance facilities has not kept pace with the
 

rapid growth in population and urban development. Existing sewer systems
 

have become overloaded, causing raw sewage overflows to flood the streets
 

in various areas, both on the East and West Banks. The combination
 

of sewer misuse (such as dumping solid waste into sewers), grease,
 

solids and grit entering the sewers, and relatively flat sewer gradients
 

have caused deposition of large quantities of solids in the existing
 

sewer system.
 

Large populations live in unsewered areas, where living conditions
 

are grossly unsanitary, primarily due to absence and inadequacy of night
 

soil and sewage disposal provisions. These wastewater disposal problems
 

are exacerbated by, and contribute to, other problems for residents of
 

unsewered areas. These include solid waste disposal, obtaining a safe
 

drinking water supply (in areas without public water distribution), and
 

other general sanitation and health factors.
 

Figure 3-4 shows the approximate area served by some form of sewer
 

system. It must be recognized that complete service is not provided
 

within this general area and, in fact, many isolated sections through

out the service area lack facilities. For example, it is currently
 

estimated that less than half of the study area population, or approxi

mately 820,000 people, are provided with sewer service. Due to over

loaded conditions and deposition of sediment in the sewers, the sewer
 

service provided is inadequate in much of the sewered area. Future
 

project and study area populations in excess of 13 million and 3 million,
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respectively, emphasize the severity of the problem and the need for
 

additional sewage collection facilities. General high population den

sities, including several areas up to 1500 people/ha, dictate that the
 

conveyance of wastewater in gravity sewers is the only viable alter

native for collection in most areas, especially considering the abundant
 

public supply of drinking water available throughout most of the area.
 

The existing major wastewater collectors and pumping stations on
 

the West Bank are shown in Figure 3-5. Approximately 35 percent of the
 

sewered West Bank area is collected and conveyed entirely by gravity
 

sewers. The remaining 65 percent of the area flows by gravity into pump
 

stations, and is pumped into force mains or lifted into higher gravity
 

sewers for transport to treatment facilities or surface drainage.
 

There are approximately 104 major and subsidiary pumping stations
 

on the East an' West Banks, and about 92 pneumatic ejector stations
 

(compressed air operated pump stations) of which only 53 are opera

tional. This large number of pumping and ejector stations suggests
 

considerable operational and maintenance difficulties for the entire
 

collection system, based upon the characteristic frequent breakdown.
 

Problem Areas - The following are the principal problems associated
 

with wastewater collection in Cairo. These problems are applicable to
 

both the East and West Bank areas.
 

1. 	 Overloaded sewers caused by contributing populations larger
 

than they were designed to serve.
 

2. 	 Deposition of silt and debris in the existing sewers, further
 

reducing their generally insufficient capacity.
 

3. 	 Disposal of night soil and wastewater in the unsewered areas.
 

4. 	 Siltation and plugging of existing sewers due to lack of
 

transport water, since they have been connected to buildings
 

without a drinking water system.
 

5. 	 Failure of pumping stations serving the collection areas,
 

resulting in system backups, sewage flooding in the streets,
 

and contamination of open drainage ditches (drains).
 

6. 	 Improper use of sewer systems, such as attempting to dispose
 

of solid wastes in the sewers, which causes plugging.
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Sewer flooding into streets, for reasons described above, is well
 

documented by AMBRIC in various summary reports under Work Order No. 1.
 

Photograph 3-1 illustrates the occurrence of such sewer flooding on the
 

West Bank.
 

~. 

PHOTOGRAPH 3-1 - TYPICAL SEWER BACKUP AND STREET FLOODING
 
IN WEST BANK URBAN AREA
 

Capacity Deficiency - Overflow of sewage into streets creates
 

serious public health problems. Various bacterial and viral diseases
 

along with endemic parasitic diseases can be transmitted by contact with
 

sewage. Children are particularly vulnerable as they play in these
 

areas. The overflowing sewage contaminates the surface water in drain

age ditches in these areas. Drainage ditches flow into canals which are
 

still used for washing of food and cooking utensils, bathing, and some

times for drinking water. Public health aspects are discussed further
 

in a subsequent section.
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Solids Deposition - Siltation and complete or partial plugging of
 

the system is caused by build up of large quantities of grease (pri

marily cooking oils), deposition of grit and silt caused by relatively
 

flat sewer grades, and disposal of solid waste into sewer manholes.
 

Cleaning of the sewers, especially the major collector lines, is a
 

continual requirement (that is, a maintenance activity which must be
 

ongoing every year) in order to assure a functional system. This need
 

for routine cleaning makes operation of the gravity sewer system more
 

difficult than in most other cities. Little long-term experience exists
 

in Cairo because sewer cleaning has not been performed on a regular basis.
 

AMBRIC has identified approximately 130 km of major collector
 

sewers (0.45 meter diameter and larger) throughout Cairo which need
 

immediate cleaning. This cleaning must be repeated at certain intervals
 

to maintain efficient operation of these sewers. After 18 months,
 

approximately 70 km of the 130 km were cleaned with mechanical bucket
 

machines, and about 20 km of the 70 km had been cleaned a second time.
 

The 130 km of sewers identified for cleaning represents only about 3
 

percent of the 4000 km of the existing system; however, they are major
 

gravity collectcrs which greatly affect total system capacity and perfor

mance.
 

Data was insufficient to prepare a realistic estimate of the labor
 

requirements needed each year for cleaning the Caio sewer system. The
 

level of effort needed is dependent upon several factors incuding the
 

length of sewers which actually require routine cleaning, the efficiency
 

of mechanical bucket machine crews that are now being trained, and solid
 

waste disposal practices. Resources required for long-term cleaning are
 

expected to be much greater than the present to achieve optimum sewer
 

operation.
 

Unsewered Areas - The AMBRIC "Interim Development Plan Report, Part
 

1, Volume 2: Appendices" (June 1980) contains an exhaustive study of
 

unsewered areas in Cairo.* Five urban and rural unsewered areas were
 

studied with regards to sanitation, demographic and socio-economic
 

criteria, and the influence of inadequate sanitary facilities on general
 

living conditions. information was obtained from questionnaires distri

buted in the survey areas and from extended interviews carried out
 

concurrent with the questionnaire distribution. While only a small
 

portion of the unsewered areas of Cairo were studied, these areas appear
 

to be representative of nearly all unsewered areas in Cairo.
 

*See also: Water and Sanitation for Health Project (WASH), "Implementation
 

Plan for Unsewered Areas Demonstration Project in Greater Cairo,"
 
February 1982. Prepared for USAID/Cairo, Technical Direction No. 77,
 
AID Contract No. AID/DSPE-C-0090.
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The AMBRIC study details the deplorable living conditions for
 

persons in unsewered areas; lack of was.ewater collection and disposal
 

facilities is a prime contributing factor to the grossly unsanitary
 

conditions. Wastewater, primarily night soil, is collected in vaults,
 

inside of, or adjacent to, the housing structures. Their insufficient
 

holding capacity aggravates the problem; they must be emptied often,
 

resulting in relatively high disposal costs. High population densities
 

preclude acceptable disposal sites for fecal material, washwater, and
 

food preparation wastes. Wastes are merely dumped on the ground, in the
 

streets, and in, or adjacent to, urban drainage channels (see Photo

graphs 3-2 and 3-3). Children defecate anywhere. These problems are
 

magnified in unsewered areas which have public water supply in the form
 

of house service connections. The house water service results in greater
 

water use and, therefore, greater production of wastewater. Surface
 

water courses receive the sanitary waste drainage from the unsewered
 

areas, and much of the population (especially where house water service
 

is not provided or is irregular) may obtain drinking and wash water from
 

the polluted canals and sometimes surface drains. These sanitation
 

inadequacies are considered in more detail in the public health sections
 

of this report.
 

Suggestions for interim sanitary improvements in unsewered areas
 

are provided by AMBRIC.* Due to the high groundwater table and abund

ant water supply, conventional sewers are determined to be the most
 

effective means of wastewater collection. In unsewered areas, where
 

conventional sewers cannot be provided soon, suggestions for improve

ments include construction of communal latrines, construction of trans

fer stations for disposal of vault contents from individual homes, and
 

construction of disposal points in the sewerage system to be used by
 

the public and contractors who empty vault contents. In some isolated
 

areas other interim solutions, such as construction of sewered aqua
 

privies may be feasible. However, all of these interim solutions would
 

be replaced by a conventional sewer system as soon as practicable.
 

*AMBRIC, "Interim Development Plan Report, Part 1, Volume 1; Main Report"
 

(June 1980).
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PHOTOGRAPH 3-2 - SEWAGE HAULER DUMPING TANK CONTENTS ONTO STREET 

PHOTOGRAPH 3-3 CHANNEL IN E14BABA-DRAINAGE 
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Water System Coordination - In order for wastewater to be conveyed
 

in conventional gravity sewers, a water supply is required. In areas
 

where the water supply is primarily from public fountains, a sewer
 

system serving individual houses should not be installed until house
 

service connections to the water supply system can also be provided.
 

Such coordination between the agencies providing water and sewer service
 

has not always occurred in Cairo. There are several examples of areas
 

where sewers were installed before house water service was provided.
 

Obviously, the sewers could not remain functional under these condi

tions. An example of a sewer installed in an area with an inadequate
 

water supply is shown in Photograph 3-4. The manhole shown is filled to
 

the top with solids and the sewer is inoperable. In this particular
 

example, the sewer was constructed by the local residents rather than GOSSD.
 

I
 

PHOTOGRAPH 3-4 - PLUGGED SEWER MANHOLE SERVING HOMES WITH NO 
CONNECTED WATER SUPPLY 

8098 3-22
 

0 



Pumping Station Failures - As previously stated, there are over 100
 

pumping stations and some 92 ejector stations in Cairo. Many of these
 

pumping facilities are In a general state of disrepair, due to lack of
 

spare parts and poor operation and maintenance. Also, the power supply
 

to these pumping stations periodically fails. Many of the stations
 

which actually function have greatly reduced capacity since several
 

pumping units are out of service. Complete or partial failure of the
 

pump stations and ejector stations is a primary cause of backups and
 

flooding of the sewer system previously described. Photographs 3-5 and
 

3-6 show the deplorable condition of a typical West Bank pumping station.
 

Solid Waste Disposal - Where sewers are provided, they are often
 

used improperly to dispose of solid wastes and night soil vault contents
 

(from unsewered areas), due to lack of adequate disposal facilities and
 

collection methods for these wastes. This illustrates that the solution
 

of the wastewater problem in Cairo will be only a partial solution to
 

the general sanitation problems of the city. Solid wastes must also be
 

adequately removed to improve the living conditions in many areas. In
 

order to assure a functioning sewer system, it is also necessary to
 

provide sufficient disposal points for night soil from vaults in the
 

unsewered areas. These disposal points must be provided at locations in
 

the sewer system specifically designed to accept such waste.
 

Wastewater Treatment and Disposal
 

Background - There are currently four sewage treatment works serving
 

the Cairo project area. The plants at Nahya, Kossous and Gabal el Asfar
 

nominally provide preliminary and primary treatment of the wastewater
 

while Zenein was designed to provide secondary treatment. A works at
 

Abu Rawash is used mainly for collection and drying of sludge pumped
 

from Zenein and Nahya. The works at Nahya, Zenein and Abu Rawash are
 

within the West Bank study area.
 

A total volume of approximately 680,000 cmd is delivered to East and
 

West Bank treatment plants. This is approximately 50 percent of the
 

daily wastewater flow from the project area. The remaining flow is
 

discharged virtually untreated or after broad Irrigation to the Muheit
 

and Belbase drains, respectively.
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PHOTOGRAPH 3-5 INTERIOR OF EL SALAAH (NEW) PUMP STATION
 

PHOTOGRAPH 3-6 - EXTERIOR OF EL SALAAI (NEW) PUMP STATION 
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All of the treatment plants have exceeded their design capabilities
 

because of uncontrolled population growth and an increase in sewered
 

area. Poor design and construction, and operation and maintenance
 

deficiencies in the collection and treatment systems have aggravated the
 

poor treatment performance caused by the overloaded conditions. Since
 

the projected sewered wastewater flow in the project area will triple at
 

the planning horizon additional major sewage collection and treatment
 

works are a necessity to avoid a public health catastrophe.
 

The following sections describe the existing treatment and disposal
 

facilities in tho study area. To best illustrate the deplorable treat

ment condition, they emphasize the existing flow, load, and facility
 

conditions relative to the original design criteria.
 

Nahya Sewage Treatment Plant - The Nahya treatment works is located
 

6 km west of the center of Cairo adjacent to the Village of Zenein. The
 

site covers an area of only 4 ha, about half of which is occupied by
 

water supply and storage for the Village of Zenein. The sewage is
 

pumped to the works from the Gamma pumping station and after nominal
 

primary treatment, is discharged to the Nahya-Muheit Drain system.
 

The plant consists of an inlet structure incorporating hand cleaned
 

screens and grit removal followed by sedimentation. Provision was made
 

for the effluent to be chlorinated before discharging to the Nahya Drain
 

but the equipment was not maintained and subsequently has been abandoned.
 

Sludge and scum from the primary tanks are pumped to the Giza station
 

and then to Abu Rawash for final disposal.
 

The plant is operating at its design average flow capacity of
 

50,000 cmd with loading and performance conditions as follows:
 

Parameter Influent Effluent Removal
 

BOD 410 mg/l 400 mg/l <5%
 

TSS 870 mg/l 740 mg/l 12%
 

There is essentially no effective BOD and TSS removal by the plant
 

and it is in gross violation of GOE effluent discliarge criteria and
 

sensible wastewater/public health management concepts. Taylor-Binnie
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described the mechanical operp )n and maintenance problems of the
 

facility and concluded that the plant was "... inherently difficult if 

not impossible to operate."* Its limited capacity and close proximity 

to the larger and more sophisticated Zenein works makes long-term use
 

undesirable and rehabilitation uneconomical.
 

Zenein Sewage Treatment Plant - The Zenein wastewater treatment
 

plant covers 37 ha and is located 7 km west of the center of Cairo
 

adjacent to Zenein Village. It was commissioned in 1970 and is the only
 

West Bank treatment plant designed to provide secondary treatment.
 

The plant receives flow from the Giza, Nahya, and Boulac el Dakrour
 

pump stations. It consists of a common headworks and three identical
 

treatment modules. Two of these are presently receiving flow and the
 

third is under construction by The Arab Contractors. The headworks
 

consists of an inlet structure, grit channels, mechanical bar screens,
 

flow measurement and preaeration for grease and scum removal. Discharge
 

from these works is to preliminary settling tanks or bypassed directly
 

to the treatment modules. Each module consists of primary settling, 

activated sludge aeration tanks and secondary settling with a common 

return sludge facility. Photographs 3-7 through 3-10 show some of the 

existing facilities. Secondary effluent is discharged to the Nahya-

Muheit Drain system and waste sludge is pumped to the Giza pump station 

and then to Abu Rawash for disposal. Ancillary equipment include low 

pressure air compressors and emergency diesel driven generators to 

provide approximately 25 percent of the total power demand (Photograph 

3-11). 

The existing works were designed to treat an average flow of 220,000 

cmd to secondary levels (BOD = 30 mg/l and TSS = 30 mg/l). Treatment 

capacity will increase to 330,000 cmd upon completion of the third 

module. Existing daily flows delivered to the plant average 340,000 to 

360,000 cmd. Flows in excess of the present design capacity are dis

charged essentiilly without treatment to the Nahya drain. Spot samples 

taken at the Zenein plant gave the following results:** 

Taylor-Binnie, "GCWP Draft 

Wastewater Facilities". 

Master Plan Report, Volume 3, Existing 

** AMBRIC, 

January 

"Rehabilitation 

1981 

_)f Zenein Wastewater Treatment Plant", 
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PHOTOGRAPH 3-7 - PREAERATION UNITS AT ZENEIN PLANT 

PHOTOGRAPH 3-8 - PRIMARY CLARIFIERS AT ZENEIN 
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PHOTOGRAPH 3-9 - AERATION TANKS AT ZENEIN PLANT 

PHOTOGRAPH 3-10 - ZENEIN PLANT FINAL CLARIFIERS, PIPING AND CHANNELS 
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PHOTOGRAPH 3-11 - STANDBY ENGINE GENERATORS FOR POWER AT ZENEIN PLANT 

Parameter Influent Effluent Removal
 

BOD 387 mg/l 250 mg/i 30%
 

TSS 410 mg/i 58 mg/l 80%
 

These effluent characteristics violate GOE discharge criteria and are
 

comparable to those of a primary treatment plant effluent. They also do
 

not reflect the impact of the bypassed flow on the receiving drain.
 

The completion of the third treatment module will increse plant
 

capacity and reduce the amount of bypassed flow. It will not, however,
 

necessarily improve the plant's treatment performance. AMBRIC* has
 

reviewed in detail the numerous and significant design, operating and
 

maintenance deficiencies of the works. AMBRIC identified the steps
 

needed to resolve the physical and process problems which have limited
 

plant performance and recommended that the unfinished module also be
 

"rehabilitated" to eliminate duplication of previous design problems.
 

The effect of rehabilitation on the existing plant will be to ensure
 

* 	 AMBRIC, "Rehabilitation of Zenein Wastewater Treatment Plant", 

January 1981. 
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secondary treatment capacily at the original intended 220,P00 cmd flow
 

level (330,000 cmd after expansio., is completed). The estimated cost of
 

the rehebilitation is LE 16.7 million.
 

The Stanley Consultants study team has reviewed the available
 

documents and made several site visits 
to the Zenein works. The
 

observed level of neglect of operation and maintenance responsibilities
 

at Zenein, regardless of inherent facility design deficiencies, is
 

appalling, The study team is in full agreement with AMBRIC's analysis
 

of needeu treatm3nt process modifications to enhance the reliability of
 

performance. It is emphasized, however, that improved operator train

ing, management and institutional control are prerequisites to the long

term resolution of the treatment problem. Without assurances of increased
 

commitments to these latter factors, investmenc in plant rehabilitation
 

may not be warranted.
 

Abu Rawash Sludge Treatment Plant - The Abu Rawash treatment works
 

is primarily a disposal facility for sludges generated at the Nahya and
 

Zenein treatment plants. It was constructed in the 1930's on a site
 

area of 280 ha located approximately 18 km west of the center of Cairo
 

and 8 km north of the Giza Pyramids. Land area has been provided to
 

allow site expansion to 670 ha which greatly facilitates the use of this
 

site for the proposed major West Bank wastewater treatment facilities.
 

The plant was designed for a flow of 34,000 cmd and to provide
 

secondary treatment prior to reuse for irrigation. The works originally
 

consisted of an inlet structure with grit removal facilities, primary
 

settling tanks, low rate biological filter beds and extensive sludge
 

drying beds. Dried sludge is stacked and sold to local farmers for its
 

nutrient and soil building properties. There is a high demand for this
 

material.
 

Since its commissioning, the plant has significantly deteriorate'
 

because of poor design and planning and insufficient operation and
 

maintenance. The filter beds are presently inoperable because of structural
 

and mechanical failures. The plant currently receives sewage and sludge
 

in approximately a 1!1 mixture and is operating at less than half capa

city since one of two parallel influent force mnans was abandoned due to
 

8098 3-30
 



severe corrosion. A carousel activated sludge basin has recently been
 

constructed to treat the overflow from the primary settling basins. It
 

is not operational, however, because of inadequate aeration equipment.
 

The overflow is presently discharged to an irrigati,.n area and the
 

remainder to the Kom Barakat/Rimal Drain system. The primary sludge
 

removal equipment, sludge conveyance structures, and drying beds (Photo

graphs 3-12 and 3-13) are operational and are performing satisfactorily
 

under the existing design, operation and maintenance constraints.
 

AMBRIC Plan for Treatment and Disposal - The AMBRIC plan for West
 

Bank wastewater treatment and disposal includes new facilities and
 

abandonment or rehabilitation of existing facilities where economically
 

practicable. It satisfies "he existing effluent quality discharge
 

criteria of the GOE and potentially allows reuse of all wastewater
 

effluent for land reclamation and agricultural purposes. The AMBRIC
 

plan has the following impacts on the existing West Bank treatment and
 

disposal works.
 

1. 	 The Nahya treatment plant will be abandoned and its flow
 

initially transferred to the Zenein treatment plant. The
 

Stanley Consultants study team agrees with this recommenda

tion.
 

2. 	 The Zenein treatment plant will be fully rehabilitated and
 

expanded to provide secondary levels of treatment to an average
 

flow rate of 330,000 cmd. The plant effluent will be dis

charged to the Nahya Drain and all sludge will be transferred
 

to Abu Rawash for disposal. The projected effluent volume,
 

BOD and TSS concentrations satisfy the existing consent degree
 

of the Mi *ster of Irrigation and the GOE's discharge criteria.
 

These efflu .t characteristics are reasonable performanze
 

expectations for a well-designed, operated, maintained, and
 

managed activated sludge facility.
 

The Stanley Consultants study team recognizes the level of
 

commitment already placed on the Zenein works by the COE and
 

AMBRIC in the West Bank wastewater plan. Under these circum

stances, they agree that the facility should be fully expanded
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PHOTOGRAPH 3-12 - PRIMARY (SLUDGE) TANKS AT ABU RAWASH 

PHOTOGRAPH 3-13 - ABU RAWASH SLUDGE DRYING BEDS 
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and rehabilitated and that without rehabilitation, it cannot 

satisfy its treatment objectives. They also recognize, how

ever, that without major improvements in facility operation 

and maintenance, the new plant performance will deteriorate to 

the same deplorable levels of the existing facility. 

3. Abu Rawash will become the major wastewater treatment and 

sludge disposal facility on the West Bank. It will provide 

secondary levels of treatment from an initial flow of 400,000 

cmd up to 1,000,000 cmd at the planning horizon. After con

ventional preliminary and primary treatment, a coupled bio

logical filter-activate. sludge process will provide secondary 

treatment. Effluent will be chlorinated and d'scharged to the 

expanded Kom Barakat/Rimal Drain system. Initially, waste 

sludge will be disposed of in sludge drying beds and sludge 

lagoons; later (about 1990), because of land restriction, 

mechanical dewatering of sludge will be necessary. 

The study team has reviewed AMBRIC's design criteria and agree 

that a properly designed, operated, maintained and managed 

facility of the type propospi will satisfy the necessary dis

charge criteria. There is again major concern about the high 

level of operational expertise needed to maintain and ensure 

reliable performance of the coupled biofilter-activated sludge 

process. It is primarily this concern and the expressed 

concern of the GOE about sewage discharge to the Nile which 

have led the study team to re-evaluate treatment-disposal 

options (see Chapters 4 and 6) that minimize operator atten

tion and avoid direct discharge to the Nile. 

4. Effluent from the Zenein and Abu Rawash works will be dis

charged via the Nahya and Kom Barakat/Rimal Drains, respec

tively, to the Muheit Drain and then to the Rosetta Branch of 

the Nile. Effluent in excess of the present discharge consent 

of 370,000 cmd will be used for land reclanation and agricul

tural purposes at a site not yet selected.. When .uitable 

reclamation sites have been developed, all effluent is pro

posed for reuse for agricultural purposes and discharge to the 

Rosetta Branch will be discontinued. 
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Water Quality
 

As previously discussed, West Bank treatment facilities discharge
 

into the Nahya Drain. The Nahya Drain flows to the Mariouteyah Canal
 

which parallels the Muheit and Lebbeni Drains (with several intercon

nections among them) until they join together near the Raiyah el Beheira
 

Canal. From the Raiyah el Beheira Canal the combined drainage is called the el
 

Rahawi Drain which discharges to the Rosetta Branch of the River Nile.
 

Since most previous studies refer to the Muheit Drain (rather than the
 

Mariouteyah Canal) as the primary receiving water of wastewater efflu

ent on the West Bank, this report will continue this reference. Figures
 

3-2 and 3-5, and Photographs 3-14 and 3-15, show the receiving water
 

system.
 

Immediately above the Delta Barrage (see Figure 3-2), the Raiyah el
 

Beheira Canal taps the River Nile and transports considerable flow to
 

delta agricultural areas and municipalities located west of the Rosetta
 

Branch.
 

The areas of primary water quality concerns include the Nile River
 

in the Cairo metropolitan area, the Rosetta Branch of the River Nile,
 

and the Muheit Drain.
 

Extensive water quality data for these three water bodies was not
 

available for this study and it is understood that such data has not
 

been routinely obtained. Nevertheless, several references provide
 

information concerning the general nature of water quality in the study
 

area.
 

In the Cairo area, reasonably good water quality is found in the
 

Nile. Dissolved oxygen (DO) levels typically range in the 5 to 10 mg/l
 

range and biochemical oxygen demand (BOD) is generally less than 5 mg/l.
 

Bacteriological counts increase slightly in the Nile as it proceeds
 

through Cairo, but then begin to fall before the Delta Barrage. Concen

trations of iron, manganese, phenols, oil and grease and other elements
 

in the Cairo area are indicative of industrial waste effluents entering
 

the Nile. The slightly increased bacteriological counts are indicative
 

of sewage entering the Nile in the Cairo area. Field observations made
 

during this investigation of the Nahya and Muheit Drains and Mariouteyah
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PHOTOGRAPH 3-14 - NAHYA DRAIN (FOREGROUND) AT ITS CONFLUENCE WITH THE 
MARIOUTEYAH CANAL (INTERCONNECTED WITH MUHEIT AND 
LEBBENI DRAINS) 

PHOTOGRAPH 3-15 - EL RAHAWI DRAIN (FOREGROUND) AS IT ENTERS THE 

ROSETTA BRANCH OF THE RIVER NILE (BACKGROUND) 
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Canal indicate extremely polluted conditions resulting from discharge of
 

essentially untreated wastes from Zenein and Nahya treatment plants.
 

The Nahya and Muheit waters were observed to be septic the entire dis

tance to the Nile River. There was some indication of slightly improved
 

water quality immediately prior to entering the Nile, possibly through
 

dilution from other irrigation return flows entering the Muheit (el
 

Rahawi) Drain.
 

Some limited water quality data exists which provides an indication
 

of 	potential conditions in the el Rahawi Drain and the Rosetta Branch
 

of 	the River Nile. Appendix G shows the range of data available for
 

this study. The sampling data of the drain substantiates the field
 

observations by showing no 
dissolved oxygen and other indicators of
 

strong pollution sources.
 

The impact of the drain on the Rosetta Branch is only suggested by
 

the 1979 and 1976-77 data in Appendix G. It is obvious the drain creates
 

an 	immediate change in water quality of the river. However, without
 

water quality data at several points further downstream, the extent and
 

magnitude of the impact on the Nile is not defined. The nearest routine
 

sampling location is at Kafr el Zayat, some 100 stream kilometers down

stream. Information at this location (prior to the industrial discharges
 

to 	the river at Kafr el Zayat) shows somewhat poorer water quality than
 

in 	the Nile River above the Delta Barrage, but in general, still a good
 

quality.
 

Due to lack of data in the reach between Muheit Drain and Kafr el
 

Zayat, it is difficult to specifically describe the existing quality and
 

impact of poorly treated wastes from Cairo. However, some references
 

suggest that existing water quality conditions are not seriously deteri

orated. It has been indicated that the Rosetta Branch recovers quickly
 

from the very sizeable organic load discharged through the Muheit Drain.*
 

Another reference indicates the river receives considerable amounts of
 

domestic effluents, but the result of these activities are not signifi

cant and river quality is favorable for use as a source of domestic,
 

industrial, and agricultural supply.** It is also suggested that organi

* 	 Government of Egypt - Ministry of Irrigation - UNDP, "Master Plan for 
Water Resource Development and Use", August 1980. 

** 	 El-Gohary, Fatma, "Water Quality Changes in River Nile and Impact of 
Waste Discharge", February 1981. 
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cally the water is of fair quality and not bacteriologically severly
 

contaminated.*
 

The Rosetta Branch water quality is currently impacted not only by
 

the wastewaters from the Muheit Drai'n, but also from agricultural drain

age and industrial effluents which are distributed along its length.
 

Several reports indicate some localized problems primarily from indus

trial wastes. Oil and grease, heavy metals, nutrients, and organic
 

chemicals are the constituents reported as being potential water quality
 

problems from industrial and agricultural discharges (irrigation return
 

flows).
 

River Flow - Existing flows in the Muheit Drain and Rosetta Branch
 

of the River Nile are important aspects of the resulting water quality.
 

No information is available on the Muheit Drain (or Mariouteyah Canal)
 

flow. Total flow is obviously larger than current discharges from
 

Zenein and Nahya wastewater treatment plants since upstream drainage
 

exists and there is drainage entering the Muheit as it proceeds to the
 

Rosetta Branch. Discharges from the wastewater treatment plants over

load the Muheit Drain impairing effective drainage from adjoining agri

cultural lands.
 

Flows in the Rosetta Branch are highly regulated at the Delta
 

Barrage. Immediately upstream of the barrage, a large portion of the
 

normal Rosetta Branch flow is diverted to the Raiyah el Beheira Canal.
 

Flow in this canal feeds a series of other canals in the delta area
 

west of the Rosetta Branch. These flows are utilized for domestic water
 

supply and irrigation. Flow characteristics for the Rosetta Branch are
 

shown in Table 3-7.
 

The January peak flow is exceptionally large compared to the aver

age annual; this is due to diversion of essentially all the flow in the
 

canal to the Rosetta to enable periodic maintenance of the canal. The
 

large increase in January compared with the average annual flow shows
 

that a very significant portion of the River Nile is diverted to the
 

canal as compared to the natural river channel of the Rosetta Branch.
 

* 	 John Taylor & Sons, Binnie & Partners, "Provincial Water Supplies 

Project, Final Report, Vol. 2, Existing Situation", February 1980. 
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TABLE 3-7
 

ROSETTA BRANCH - RIVER NILE
 

FLOW RECORDS
 

Regulated Flow in Rosetta Branch
 
Monthly Average Daily
 

(106cu.m) 	 (106cu.m)
 

Minimum 	 20 


Average Minimum (1972-76) 40 	 1.34
 

Average January Peak (1972-76) 2,347 	 75.71
 

Average Annual (1972-76) 387 	 12.73
 

Source: 	 "Draft Master Plan Report, Volume 4, Design Data and Criteria",
 
John Taylor & Sons, Binnie & Partners.
 

Water Uses - The beneficial purposes of the river and drains are
 

closely related to their water quality. The Nahya and Muheit Drains
 

(and Mariouteyah Canal) from the Zenein outfall throughout the entire
 

reach to 	the Nile River serves few uses. Due to malfunctioning of these
 

treatment facilities, the receiving drains/canal are essentially open
 

sewers. 	 Field observations and discussions with residents of the area
 

adjoining the drains indicate it is well understood that the water is
 

not of sufficient quality to utilize for bathing or washing household
 

utensils 	as other canal/drain waters are commonly employed. However,
 

drinking 	water is obtained by rural villagers in several areas from
 

shallow wells located exceptionally close tc the polluted drains as
 

shown in Photograph 3-16. The drain does provide a supplemental irri

gation source when other waters are not available (Photograph 3-17) and
 

receives agricultural drainage from irrigated lands adjacent to the
 

drain.
 

The Rosetta Branch of the Nile serves multiple water uses, includ

ing domestic, industrial, and irrigation water supply; wastewater dis

posal and as a fishery resource.
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PHOTOGRAPH 3-16 - SHALLOW 
WELL USED FOR DRINKING
 

I WATER ADJACENT TO NAHYA 
DRAIN AT ITS CONFLUENCE WITH
 
THE MARIOUTEYAH CANAL 

(MUHEIT DRAIN) 

PIOTOGRAPH 3-17 - PORTABLE IRRIGATION PUMP WITH SUCTION LINE TO 
MARIOUTEYAH CANAL/MUHEIT DRAIN 
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There are only two or three reported municipal/rural domestic water
 

supplies which draw water directly from the Rosetta Branch below the
 

Muheit Drain; the nearest one is at Kafr el Zayat, some 100 km down

stream. Kafr el Zayat is also the first major location for use of the
 

Rosetta Branch for industrial supply and discharge.
 

There are numerous places along the Rosetta Branch where flow is
 

diverted to canals or pumped for irrigation purposes. The Nile is also
 

utilized as a source for commercial fishing. However, information is
 

lacking on the extent of fishing below the mouth of the Muheit Drain.
 

It is known that the variety of species is diminished in the Rosetta
 

Branch compared with the upstream main stem of the Nile River. The
 

average lengths and weights of individual species also decrease in both
 

the Rosetta and Pamietta Branches. These observations suggest impacts
 

of municipal and industrial discharges from the Cairo and Helwan metro

politan area and/or differences in flow conditionks.*
 

Soil Characteristics
 

The soils of particular concern for this study are the desert
 

areas identified in the AMBRIC reports for receiving treated wastewater.
 

These were designated Wi through W4. The total area, shown in Figure 3-2
 

is along the Alexandria-Cairo desert road. Soils outside of the Nile
 

Valley and Delta have not been studied intensively. The "FAO High Dam
 

Survey: Semidetailed Survey" is the only soil inventory available and
 

it does not have the detail necessary for final selection of land
 

treatment sites. The soil inventory is useful only in the broadest
 

terms to provide an indication of the potential desirability of the land
 

sites.
 

AMBRIC studied six soil profiles from the initial site (Wi) and
 

performed reconnaisance surveys of the other three sites. The land
 

treatment and disposal areas that have been designated by the GOE as
 

being available are shown in Figure 3-6. The part of the Food and
 

Agriculture Organization (FAO) soils map that applies to these sites,
 

with some extension to the north, is also reproduced in Figure 3-6.
 

(See Appendix H for soil classification descriptions.)
 

*El Sedafy, A.M., Institute of Oceanography and Fisheries, Academy of
 

Scientific Research and Technology, "Survey of Nile Fish".
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The soils fall into three broad geomorphological groups: 1) river
 

terrace soils of various ages; 2) soils developed on alluvial fans and
 

outwash plains; 3) miscellaneous sandy and gravelly soils of the bluff
 

and desert which have been windworked. Because of their derivation,
 

all of the soils appear to be coarse textured, mostly sands and gravels.
 

Field observations and other information also indicate that bedrock is
 

shallow in part of the area. Photographs 3-18 and 3-19 show typical
 

terrain and soil conditions observed in Areas 1Il through W4.
 

Most of the soils in Areas W1 through W4 are considered marginal
 

for agricultural development. Land classification systems for drip and
 

sprinkler irrigation as reported by 1ITS* classify them as "Lands with
 

severe limitations for sprinkler or drip irrigation because of low water
 

and nutrient holding capacities". The FAO classifies these soils as
 

unsuitable for agricultural production or suitable only under special
 

conditions.
 

In spite of these negative assessments, many of these soils would
 

be suitable for land treatment of wastewater because the soil require

ments for land treatment are different from those of good agriculture.
 

Land treatment systems require porous soils with high infiltration capa

cities, good aeration and deep water tables. These characteristics
 

provide a medium which will quickly accept the wastewater into an environ

ment where the soil and plant processes can renovate the waste

water before it reaches the water table. The problems of low water and
 

nutrient holding capacity are not limitations to a soil that is sprinkler
 

or drip irrigated with wastewater effluent, because frequent irrigation
 

can overcome the low water holding capacity and regular application of
 

the nutritious effluent offsets the limited nutrient holding capacity.
 

Incorporation of sewage sludge will materially buildup the organic
 

content of the sandy desert soils, increasing their water and nutrient
 

holding capacity.
 

Well data in the area are limited. One well boring along the Cairo
 

to Alexandria desert road at about km 65 shows sand to a depth of 20 m
 

with stratified clay and sand below, a water table at 70 m and bedrock
 

* 1ITS et al as referenced by AMBRIC, "Interim Development Plan, Part II, 

Volume 2, Appendices", February 1981.
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at 225 m. A well at Abu Rawash shows deep sand with a clay layer at 9

10 m, a water table at 15 m and sandstone at 36 m.
 

The extremely limited data indicate there are specific places which
 

would be good sites for a slow rate land treatment system. Much more
 

data are needed as rock outcrops are also visible in some areas. However,
 

the soil maps, boring data, and field observations suggest that use of
 

the land for wastewater treatment/disposal is feasible from the soils
 

standpoint.
 

Before any further planning can be done, a detailed soil survey
 

with deep borings*, a complete iydrogeologic survey, topographic survey,
 

and a land ownership survey must be undertaken. These surveys would
 

enable identification of specific land treatment/disposal sites on which
 

more precise engineering, economic, and environmental analyses could be
 

made.
 

Groundwater Resources
 

The Nile River Valley is primarily underlain by alluvial deposits
 

which are water-bearing geological formations. As noted earlier, Cairo
 

uses wells to supplement water withdrawn from the Nile for domestic
 

purposes. Groundwater is also used extensively in the rural areas of
 

the Valley where no distribution system is provided.
 

The groundwater system is recharged primarily from the Nile River,
 

although other water sources su,-h as canals, drains and irrigation do
 

provide some localized supply. Water level of the Nile, as controlled
 

by the Aswan High Dam, determines the level of the groundwater in the 

valley area. 

Quality of groundwater from the shallow aquifers is generally high 

in iron and manganese, which can cause coloration limiting extensive 

domestic use for aesthetic reasons. Some of the shallow wells in rural 

villages have been contamination by inadequate wastewater disposal 

systems. 

The West Bank desert area adjacent to the Nile Valley is at a 

higher elevation. The highland desert areas have relatively deep water 

tables, usually at least 25-30 m deep. Due to the depth to water, the 

* At the present time a Land Master Plan is being developed under the 

auspicies of the Egyptian Academy of Sciences; perhaps this could
 
be a part of this survey.
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high drilling costs and the high energy costs of pumping, very few wells
 

have been developed in these areas. The sparsity of wells am 
 la

tively deep groundwater in the desert area is desirable for minimizing
 

the subsurface impact of wastewater land disposal systems.
 

Public Health
 

Waste Disposal Relationships - The public health hazards resulting
 

from inadequate wastewater collection, treatment and disposal are an
 

accepted fact. From a health perspective, Cairo reflects a system
 

overload which has accumulated over the past quarter cencury due to
 

population growth and urban inflnx. 
 Greater Cairo contains and must
 

provide services for approximately one-fourth of the population of
 

Egypt. Carals and drains intended for agricultural use have become open
 

sewers in some high density areas. Many traditional practices of
 

household waste disposal have literally transformed the poorer areas of
 

Cairo into open dumps contaminated by human, animal, food and other
 

waste. 
These wastes would otherwise be manageable if it were not for
 

the high density living. In many lower density areas, the residual
 

effect of urban density, such as the contribution of large volumes of
 

human waste to canals and drains, have rendered local groundwater unfit
 

for direct human consumption. Within the wastewater agencies, many
 

workers are exposed to many occupational risks (Photograph 3-20). For
 

example, an estimated 100 individuals routinely "dive" into Cairo's
 

larger sewers with only a safety rope and no protective clothing or
 

equipment to dislodge blockages and otherwise maintain the system.
 

Although Egypt has numerous other health problems resulting from
 

poverty, malnutrition, and intractable environmental fact rs (e.g.,
 

malaria and schistosomiasis), a common thread throughout the fabric of
 

poor health is the existence of human waste. Human waste with its
 

direct and indirect consequences, is the largest single source of death
 

and disease in the country. Further elaboration and definition of
 

existing public health conditions may be useful to establish long-term
 

goals; however, the thrust of all efforts at this stage should be a
 

broad-based program to contain and eliminate the multiple sources of
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infection spread by inadequate disposal of human waste. Refinement and
 

concentration on specific disease grotups can take place at a later
 

stage.
 

The water provided by the Cairo government is considered to be
 

relatively safe when it enters the distribution system. The majority of
 

water-related diseases originate from contamination of water and food
 

through:
 

1. Transport and storage of the otherwise safe water.
 

2. Interrupted services and social cuscoms which foster use of
 

canal water for bathing, washing clothes and cooking untensils,
 

and in rare cases, drinking (see Photograph 3-21).
 

3. Poor personal hygiene.
 

PHOTOGRAPH 3-20 - PRDIARY SEDIMENTATION TANK CLEANING AT 
GABAL EL ASFAR WITHOUT PROTECTIVE CLOTHING 
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PHOTOGRAPH 3-21 - WOMEN WASHING IN LOCAL CANAL 

In almost all cases, contamination is a result of accidental ingestion
 

of human fecal matter present throughout the living environment. Thus,
 

the single most important step in reducing exposure is to contain and
 

remove sources of human fecal matter.
 

While it is vital to remove sources of infection through an effec

tive wastewater system, such a system alone will not be sufficient to
 

ensure desired health benefits. In other words, the existence of an
 

effective sanitation program will facilitate health improvement (over
 

perhaps 20 years) but alone will not cause it. It should be considered
 

as a necessary but insufficient first step without which improvements
 

will not take place. Future efforts will have to address three other
 

broad categories of community services that are equally important in
 

breaking the cycle of transmission of disease:
 

1. 	 Provision of potable water - provide potable water and close 

the weak links responsible for contamination between the tap 

and point of consumption. These are most important in rural 

and poor urban area3. 
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2. 	 Removal of solid waste - Solid waste is generally contaminated
 

by human fecal matter from overflowing house waste facilities
 

and habits of indiscriminate defecation, especially by children.
 

Solid waste also provides breeding/feeding areas for insects
 

and rodents which contribute to the spread of disease, but as
 

a category these latter are less important. Theoretically,
 

solid waste disposal is much less of a problem than sanita

tion; however, until the degree of fecal contamination can be
 

reduced, it should be considered nearly as important as sani

tation in the disease transmission chain.
 

3. 	 Effective health education - Teaching concern for personal
 

hygiene and nutrition will enable the bulk of the population
 

to help themselves reduce water-related diseases that do not
 

respond to preventive engineering improvements. However, in
 

the absence of practical sanitary facilities, which enable
 

people to maintain a clean living environment, community
 

education will be a fruitless exercise.
 

In estimating the anticipated benefits of investments in sanita

tion, it is vital to stress the importance of domestic hygiene, parti

cularly food preparation and personal cleanliness. Table 3-8 gives an
 

indication of a wide variety of water-related infections that respond to
 

sanitation improvements. Though they can be transmitted from a contami

nated environment, the majority of the transmission actually occurs in a
 

domestic setting. Attention to these other matters will be instrumental
 

both in actively reducing disease and in decreasing the time it may take
 

to induce benefits (to perhaps five years).
 

The following is a discussion of specific health considerations
 

related to waste disposal in Cairo. These will play an increasingly
 

important role in the planning and the implementation of environmentr
 

improvement programs.
 

Although it would be desirable to describe these issues in bpecific
 

categories, each with clearly distinguishable means of control, they are
 

unfortunately all overlapping. Both disease and death are attributable
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Sanitation
 
Effects on 

Disease 


Negligible
 

Enteric Viruses 

Enterobiasis 


Amoebiasis 

Giardiasis 


Slight-Moderate
 

Typhoid 

Salmonellosis 

Shigellosis 

Cholera 

E.Coli 

(Enterpathogenic) 


Filariasis 


Rift Valley Fever 


Moderate-Great
 

Ascariasis 

Trichuriasis 

Hookworm 

Taeniasis 


Schistosomiasis 


TABLE 3-8
 

EFFECTS OF SANITATION ALONE ON
 
MAJOR DISEASE CATEGORIES
 

Most Common Area or 

Form of Transmission 


Poor personal hygiene, 

frequent 	household/ 


domestic 	transmission 

because of short survival 

time of pathogen outside
 
host and 	low infective
 
dose necessary to produce
 
infection.
 

Poor personal hygiene, 

household/domestic trans-

mission, 	contaminated 

water supply or standing 

pools, contaminated food 

crops because pathogens 


need time to develop into
 
Infective stage.
 

Ingestion of eggs from 

soil or direct exposure 

to pathogen in yards, gar-

dens, fields, crops, pri-

marily because pathogens
 
need time to develop into
 
infective stage and some
 
must also pass through
 
intermediate vector.
 

Most Effective Type
 
of Intervention
 

Protected household water
 
supply in houses, health
 
education, workable
 
toilets, improved housing.
 

Protected household water
 
water supply, health edu
cation, workable toilets,
 
improved housing contain
ment and treatment of
 
effluent.
 

Provision of workable
 
toilets, treatment of
 
excreta prior to agri
cultural use.
 

Source: 	 Stanley Consultants, adapted from Feachem, et al. "Appropriate 
Technology ... , World Bank, 1980. 
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to interaction of a combination of factors, each of which predisposes
 

the others to be far more severe than it would if the body had to control
 

it alone. Local data are not sufficient to draw statistically signifi

cant conclusions. These are recognized flaws in the analysis, which is
 

consequently repetitive in the categorical description of health issues.
 

Appendix I breaks down health issues from several perspectives.
 

Infant and Child Mortality - As one of the most severe health
 

problems in Egypt, infant and child mortality deserves special mention.
 

Approximately 50 percent of the total Egyptian mortality occurs among
 

infants and children; one of the highest in the world. About 100 children
 

in 1,000 die before they reach their first birthday. Even this figure
 

is deemed to be low.* In 1972, the Ministry of Health recorded a mortality
 

rate of 23.6 deaths per 1,000 children, aged 1-4. In simple terms,
 

about 60 percent of annual deaths occur in the very young.
 

Diarrheas account for about 60 percent of all infant and child
 

deaths (i.e., actually dehydration from diarrhea) and these are directly
 

related to infections arising from fecal contamination. A variety of
 

bacterial infections, spread predominantly by food, direct ingestion
 

from dirty hands, playing in a filthy environment, anI also by water,
 

appear to be the most prevalent source of diarrheas (Photograph 3-22).
 

These are followed by giardiasis, a protozoan spread most commonly
 

through water, partly because it is resistant to chlorination. These,
 

in turn, are followed by viruses and other parasites. Since it will be
 

some time until these infections can be eliminated, it is important that
 

health authorities continue to promote hygiene education and effective
 

methods of oral rehydration as a curative measure until wastewater
 

removal and containment reduce exposure and subsequent infection.
 

Bacterial Infections - Undoubtedly, the most serious consequence of
 

bacteria is their role on enteric infections as a serious health problem,
 

followed in importance by protozoa and viruses. Main bacterial infec

tions are: typhoid and paratyphoid, shigellosis, and salmonellosis.
 

* 	 Field & Ropes, "Infant Mortality, The Birth Rate and Development in 
Egypt, M.I.r./Cairo University, May 1980, p. 1. 
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PHOTOGRAPH 3-22 - CHILDREN PLAYING IN SOLID WASTE 

Enteric (i.e., intestinal) infections of varied origin account for 

as much as 70 percent of hospital admissions, particularly among chil

dren. Within the range of prevalent enteric infections characterized by 

debilitating diarrheas, typhoid is one of the most important in Cairo,
 

despite the existence of a better sewage system than in other areas.
 

Typhoid reportedly comprises as much as 90 percent of enteric infections
 

requiring hospitalization. This figure may be a distortion of the
 

actual prevalence of the disease caused by the tendency of local doctors
 

to diagnose typhoid for serious intestinal infections in the absence of
 

laboratory facilities. In Abassia Fever Hospital, for example, actual
 

hospital laboratory diagnosis reduces the figure to approximately 20
 

percent with bacillary and amoebic dysentery and giardiasis responsible
 

for the majority of the remaining 70 percent.
 

There is a seasonal increase in enteric infections, as in the case
 

of typhoid, due to greater exposure to polluted waterF. for recreational
 

purposes. In addition, during summer months, people 1-end to eat more
 

raw and uncooked seasonal vegetables. In prepared and raw foods small
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doses of bacterial contaminants can readily increase to infective doses
 

because of the higher temperatures. Salmonellosis, shigellosis, (bacillary
 

dysenteries) are bacterial; amoebic dysentery and giardiasis are
 

protozoan. All appear to increase in the summer months.
 

Despite the analytical flaws and incomplete data which preclude
 

conclusive determination of disease prevalence, cause and modes of trans

mission, it is nonetheless clear that enteric infections remain one of
 

the most serious health problems confronting Egypt and Cairo. Moreover,
 

the bulk of these illnesses do not respond to sanitation improvements
 

alone because their main form of transmission is through contamination
 

of potable water during transport and storage, the direct use of contami

nated water and sands (for washing utensils) in food preparation, and
 

the direct ingestion of pathogens from food, dirty hands, household
 

utensils, toys and domestic animals.
 

Viral Infections - Recent advances in diagnostic techniques now
 

permit better identification of viruses which are ri-rrently more serious
 

of an urban than a rural problem. Compared with bacterial and protozoal
 

enteric infections causing diarrhea, viruses generally are less severe,
 

being a more short-term flu-type illness to which individuals can build
 

some resistance. Viruses can be transmitted in a water system since
 

they are resistant to normal chlorination.
 

Hepatitis and poliomyelitis, however, are severe viral diseases.
 

Approximately 18,000 cases of infective hepatitis were reported in 1979,
 

a 	figure identified by the Egyptian Ministry of Health to be considerably
 

under the actual incidence.* Because of the difficulty of determining
 

the source as water-borne, human contact or perhaps food-borne, one can
 

only suppose that removal of all human waste contaminated with feces will
 

help in reducing its incidence. Poliomyelitis, another viral infection,
 

is also on the ascent. Since these viral infections cannot be treated,
 

both are serious public health problems with economic, as well as per

sonal consequences.
 

In summary, there are about 100 different viruses excreted in human
 

feces; all are present as health hazards in Cairo: Enteroviruses (polio-,
 

echo-, coxsackie-), reovirus, adenoviruses, hepatitis A&B. As noted,
 

* 	 Ahmed Amin el Gamal, "The Health Impact of Water and Sanitation", 

W1O/UNDP, 13 Feb. 1981. 
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hepatitis and gastro-enteritis are both serious viral infections and
 

the enteroviruses are one of the most common causes of upper respiratory
 

tract diseases, especially in the summer.
 

Parasitic Infections - The remainder of serious water-related health
 

problems fall in the general category of parasitic infections.
 

Schistosomiasis - The wide-spread prevalence of schistosomiasis
 

(bilharzia) throughout the Egyptian population (even though it is appar

eutly on -he decline) is an important consideration in wastewater dis

posal. The possibility exists of spreading the snail vector habitat
 

through transport, treatment, reuse and disposal of effluents in canals
 

and drains and possibly reclaimed land. In addition, much of the West
 

Bank area is still engaged in agriculture and many Cairo residents
 

contact infections by visiting their home villages. Although only
 

marginally considered an urban wastewater problem, schistosomiasis can
 

increase the severity of excreta-related diseases and especially hepatitis.
 

Furthermore, those who have had urinary schistosomiasis can become long

term typhoid carriers, thereby complicating and lengthening the chain
 

of typhoid infection.
 

Ascaris - Ascaris, an intestinal worm (helminth), is an
 

important consideration due to its persistence in the environment.
 

The infection causes nutritional problems and can have other serious
 

repercusions. Overall prevalence is estimated at about 26 percent.
 

It is spread by ingestion of ascaris eggs commonly found in raw vege

tables or foodstuffs washed in contaminated water. (Hookworm, another
 

intestinal worm, is remarkably uncommon in Egypt, with a prevalence
 

estimated at 6 percent.*)
 

Rift Valley Fever and Filariasis - Both do exist in the area
 

and could possibly be exteneed into epidemic proportions by the inad

vertent provision of, or extension to, year-round breeding grounds for
 

mosquitoes. Mosquitoes which spread the disease (principally culex)
 

prefer breeding in places such as contaminated drainage canals, latrines,
 

or accumulations o" qolid waste with ample moisture. (The Ismalia Canal
 

has been 4,plicated in the spread of the recent outbreak of Rift Valley
 

Fever for those very reasons.)
 

* National Academy of Sciences, "Health in Egypt: Recommendations fur 

U.S. Assistance", January 1979.
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Other - To the variety of infectious diseases listed above, a thorough
 

health analysis is also obliged to include chemical toxins of a variety
 

of industrial, commercial, and agricultural uses. These include chlorides,
 

fluorides, nitrates, and sulfates. In the content of this study, pesti

cides, molluscicides and fertilizer residue are probably the most impor

tant, but as a group are proportionally less serious than bacteria,
 

viruses and parasites. Furthermore, they lend themselves to more effec

tive control as occupational hazards with proper education and surveil

lance.
 

Other matters, such as Zihr use, health education and solid waste
 

are considered in more detail under the public health section of Chapter 5
 

on collection alternatives.
 

Institutional/Social
 

Legislation and Regulations - There are numerous Egyptian laws and
 

executive regulations, organizations and ministries, which set forth
 

policies and procedures that effect the greater Cairo wastewater manage

ment program. A summary of the main laws and decrees involved is summarized
 

below. Brief descriptions of other pertinent laws and decrees are in
 

Appendix J.
 

The basic legislation governing wastewater collection and disposal
 

in Egypt is covered by Law No. 93/1952 and Law 48/1980. Law 93/1962
 

replaced three earlier laws, No. 35/ 1946, No. 96/1950, and No. 196/1953
 

(modified by No. 33/1954) concerning the drainage of water from build

ings and the discharges of public, industrial and commercial wastes to
 

drains. The Minister of Housing subsequently issued Decree No. 649/1962
 

concerning the executive regulation for Law 93/1962. A brief summary of
 

the major points of Law 93/1962 are provided below.
 

The law is divided into three chapters. The first chapter primarily
 

discussed the government's powers to provide sewers and require or
 

restrict connections; it also establishes authority over the types of
 

wastes which can enter the sewer system and the acceptable quality of
 

such wastes. The second chapter deals with types of effluents and their
 

allowable receiving waters, while the third outlines general rules and
 

penalties for noncompliance with the law.
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Industrial wastes can be discharged into the Nile River and its
 

branches or into drainage canals provided the quality is within per

missible limits established by the Ministry of Housing and approved by
 

the Ministry of Health (Appendix B of Law 93/1962). Local representa

tives of the Ministries of Irrigation and Industry are also consulted
 

in determining acceptable discharges. Monitoring and testing of indus

trial wastes is completed under the direction of the Ministry of Health.
 

For discharges found to be in violation of specifications, the offend

ing industry is given six months to bring its wastes into compliance.
 

Failure to comply is punishable by revocation of the discharge permit,
 

fines or imprisonment. In the case of an urgent hazard, the discharge
 

can be stopped by official decree or the agency in charge of drainage
 

can take corrective action at the offending industry's expense.
 

Domestic sewage cannot be discharged into the River Nile or its
 

branches, but can flow into drainage canals if it meets established
 

specifications (Appendix B Law 93/1962). Sewage collected by the greater
 

Cairo wastewater project would be a combination of industrial, commer

cial, and domestic wastes; in this case, discharge specifications for
 

domestic sewage prevail. Law 93/1962 also establishes guidelines for
 

disposal of wastewater by irrigation of agricultural lands. Discharge
 

standards are set according to the type of soil affected.
 

The provisions of Law 93/1962 are strengthened and expanded by Law
 

48/1980, entitled "Protecting the River Nile and the Water Streams
 

Against Pollution". Law 48/198 strengthens the measures aimed at pro

tecting the waterways and includes some changes in sampllig and analysis
 

procedures. It creates a special fund supplied by fines and fees to
 

assist in the establishment of municipal and industrial wastewater
 

treatment plants.
 

Administrative Entities - There are numerous governmental entities
 

responsible for environmental protection, water and wastewater manage

ment, agricultural priduction, public health, irrigation, drainage,
 

industrial development, finance and land reclamation; all of
 

which relate to the proposed improvement program for the greater Cairo
 

wastewater system.
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Many agency responsibilities and/or activities seem to overlap or
 

are neglected. By law or regulation, many steps in program development
 

and operation require reviews and approvals by several agencies, many
 

which have lateral rather than superior organizationa± relationships.
 

In addition, enforcement of laws such as No. 93/1962 dealing with pol

lution control is hampered by scarcity of funds, lack of adequately
 

trained personnel, and improper and/or insufficient equipment and supplies.
 

Improved communication among government agencies could help offset many
 

of the redundant efforts or voids. However, one control agency dealing
 

specifically with environmental protection would streamline management.
 

Primary government agencies concerned with some aspect of waste

water management are listed below and discussed in Appendix J:
 

1. 	 General Organization for Sanitary Drainage for Greater Cairo
 

(GOSDGC).
 

2. 	 National Organization for Potable Water and Sanitary Drain

age (NOPWSD).
 

3. 	 Executive Agency f'ar the Greater Cairo Sanitary Drainage
 

Project (CWO).
 

4. 	 Supreme Committee for Water (SWC).
 

5. 	 General Organization for Development Projects and Agricultural
 

Development (GODPAD).
 

6. 	 Ministry of Health.
 

7. 	 Ministry of Irrigation.
 

8. 	 Miniu;:ry of Agriculture.
 

9. 	 Ministry of Finance.
 

10. 	 Council of State.
 

11. 	 National Committee for Environment.
 

12. 	 Local Governments.
 

Social Aspects - The sociological aspects are closely related to
 

and a part of the overall institutional background for this project.
 

Discussed briefly herein are pertinent national policies, cultural
 

values and employment programs.
 

National Policies - Relevant national policies concerning this
 

project include population redistribution and food security, both of
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which stem from the GOE commitment to enhance the quality of life of its
 

citizens and to ensure the provision of their basic needs.
 

The urban population of Egypt is growing rapidly, both in absolute
 

terms and as a proportion of the total Egyptian population. If present
 

growth rates are maintained, urban population in the year 2000 will
 

reach approximately 33 million and be approximately 50 percent of the
 

total population.
 

This rapid growth rate for all the urban areas has contributed
 

significantly to the loss of the limited agricultural resources (only
 

2.5 percent of the total land area is under cultivation). Analysis of
 

LANDSAT imagery has indicated that some 30,000 feddans of agricultural
 

land per year are being lost to urban development. Since 1974, Egypt
 

has ceased being a net exporter of agricultural commodities.
 

In addition to the encroachment of urban land on agriculture,
 

growth of the urban areas has intensified the existing problems of
 

cities, including traffic, housing, employment, health, education, and
 

environmental. These urban difficulties have been of concern to the GOE
 

and have resulted in attempts to develop several "new cities" (such as
 

Sadat City along the Alexandria-Cairo road near Abu Rawash). Such
 

developments are programs aimed at redistributing the population to
 

minimize urban problems. The new cities are predominantly located in
 

desert areas to avoid use of agricultural land.
 

The national expansion of urban population and decline of old
 

agricultural land are factors for consideration with the proposed greater
 

Cairo wastewater management program. In addition, the wastewater problems
 

of Cairo cannot be isolated from other areas in Egypt. For example,
 

actions taken in the capital city tend to be followed by other urban
 

areas in Egypt; thus any wastewater management system adopted in Cairo
 

is likely to be copied by other cities.
 

Cultural Values - The importance of the Nile to Egypt and to
 

Egyptians cannot be overstated. It is the one major feature in the
 

landscape of Egypt and millions of Egyptians live close to its banks and
 

are intimately in contact with it in their daily lives. Not only is it
 

an economic resource for the nation as a whole, but it figures prorni
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nently in the cultural and aesthetic life of the people. Since time
 

immemorial, the Nile has been revered and considered to have baraka or
 

blessing. It figures prominently in the ceremonial life of many, espe

cially rural Egyptians, and it is considered good for both mystical and
 

medicinal reasons, to bathe in it and to drink from it.
 

Aside from any public health or environmental considerations, the
 

aesthetic values of Egyptians demand that the purity of the Nile be
 

maintained. Since wastewater, treated or not, has a ritually polluting
 

effect, an important criterion in evaluating wastewater management
 

systems for Cairo is the degree to which wastewater, treated or not,
 

enters the River Nile.
 

Employment Programs - As discussed earlier, much of the inability
 

of existing sewerage facilities to function properly can be related to
 

personnel -- management, operation and maintenance. Social issues are
 

the root of the personnel problems indigenous to the Egyptian public
 

sector. Governmental programs insuring guaranteed jobs has rendered
 

public-sector employment to a form of unemployment benefit for those who
 

might otherwise be out of work. Productivity and efficiency have taken
 

second place to social and political pressures to provide employment
 

opportunities for the expanding urban population. The rapid growth of
 

public-sector employment has financially strapped the government; wages
 

are low and definitely not competitive with those paid by private enter

prise or foreign governments. Thus, migration of technically trained
 

Egyptian workers to neighboring countries offering higher wages is
 

extensive and uncontrolled.
 

An additional problem encountered within the sewerage agencies is
 

the stigma attached to such employment. This stigma may stem from the
 

strong cultural aversion to human waste, and the existence of "divers"
 

who climb into the sewers and swim in sewage to clear blockages.
 

Food Resources
 

Historical Trends - Historically, agriculture has played a central
 

role in the development and planning of the Egyptian economy. Programs
 

designed to increase agricultural productivity and harvest have charac
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terized public policy since 1952, in the hope that success could do much
 

to alleviate rural poverty and food dependency on other natio:Is.
 

Today, agriculture remains the largest sector in the Egyptian economy:
 

"It employs 44 percent of the work force, provides 29 percent
 
of GPD [Gross Domestic Product], and about 30 percent of exports.
 
In addition, the vital textile industry as well. as most of the
 
service sectors - transport, commerce, finance, and government 
are directly connected to agriculture. Because of the close
 
linkages between farm and nonfarm sectors, changes in aggregate
 
agricultural output or its composition are generally reflected
 
quickly throughout the entire economy. In 1952, following the
 
revolution, farming contributed about 28 percent of GDP. In 1975,
 
the figure was still the samc. magnitude at 30 percent."*
 

Reflective of the strong commitment to agriculture has been the
 

government's sizeable investment in reclaiming marginal soils on the
 

desert fringes. By providing extended irrigation and service infra

structure to these areas, an additional 0.9 million feddans of "new
 

lands" had been added to existing agricultural area by mid-1976, coun

tering the losses to urban expansion discussed earlier. Despite the
 

promise of the new lands to make a contribution to agricultural develop

ment, a variety of problems have actually made the program a burden to
 

the sector. Cost, poor physical performance and management problems
 

have all added to the difficulties.**
 

The trend in productivity on the established agriculture lands in
 

the Delta and the Nile Valley has not been one of strong growth either.
 

Value added in agricultural production has grown at a modest 2.2 per

cent a year over the 1952 :o 1971 period, falling to 1.7 percent from
 

1971 to 1974 (see Appendix K). On a crop basis, much of this slow growth
 

in value added can be traced to the poor performance of cotton over the
 

1950 to 1975 period (see Appendix K), a crop which accounted for between
 

20 and 25 percent of the value of field crop production. The available
 

* 	 Ikram, Khalid. 1980, Egypt: Economic Management in a Period of Trans

tion. A World Bank Country Economic Report, John Hopkins University 
Press. 

**Voll, 	Sarah P. 1980, "Egyptian Land Reclamation Since the Revolution,"
 

The Middle East Journal, Vol. 34 (2): 127-148.
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information clearly indicates that growth of production has been quite
 

slow in relation to the needs of a rapidly increasing population. As a
 

result, balance of trade and food self-sufficiency problems have inten

sified over the past several years and are projected to become more
 

acute by year 2000 (Appendix K).
 

Agricultural Policy and Future Conditions* - The Egyptian govern

ment is actively involved in several areas affecting the agricultural
 

sector. Of particular importance in this regard are price and market
 

policies, income and employment programs, and direct investment iii
 

agriculture.
 

A complex system of direct controls in lieu of prices has evolved
 

in the agriculture sector, resulting in producers facing a wide variety
 

of government measures which affect their management decisions. Export
 

taxes, domestic tax on output prices, price supports, pest control and
 

seed subsidies, incentive programs to expand planted area, and physical
 

control over input use are all examples of the pervasive intervention of
 

government programs. Under these policies, prices have lost much of
 

their function in resource allocation, isolating farmers from market
 

forces. In addition, the effects of government income policies have
 

often been inconsistent and conflicting. The heavy implicit net rate of
 

taxation on agricultural incomes has kept them substantially below the
 

level of urban incomes. Moreover, regi-nal imbalances in incomes have
 

also occurred as a result of the effects of controlled area allocations
 

on cropping patterns. Finally, government investment in agriculture has
 

declined as a proportion of total investment. This decline, coupled
 

with reluctance of private investors to invest in agriculture because of
 

pricing policies, has resulted in new investment being inadequate to
 

meet urgent needs.
 

Recent events suggest a willingness on behalf of the Egyptian
 

government to ease out unnecessary controls over the agricultural sector
 

to provide additional incentives to producers. To close the f,od supply
 

deficit, it is estimated that total Egyptian agricultural production
 

needs to grow at around 4 percent a year initially to feed a population
 

* Ikram, Ibid.
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growing at 2.3 percent. Careful attention to international specializa

tion and comparative advantage can do much to alleviate the balance of
 

payment drain that has characterized recent years. However, it has been
 

suggested that a variety of interrelated problems facing agriculture, as
 

noted in Appendix K, need to be addressed by an integrated policy program.
 

Constructing such a program poses one of the major policy challenges
 

facing Egypt in the 1980's.
 

Energy Resources
 

Resources and Production - The major energy resources in Egypt are
 

hydropower, petroleum and natural gas. Hydroelectric power has been
 

generated at the Aswan Dam since 1961, and at the Aswan High Dam which
 

commenced operations in 1967-70. Installed capacities are 345 mega

watt (MW) and 2100 MW, respectively. The High Dam is primarily operated
 

for 	irrigation purposes, thus winter generation is less than 1000 MW,

i)


increasing to over 1400 MW in the summer. Full capacity generation at
 

the 	High Dam has historically been limited by inadequate transmission
 

capabilities. Expansion of the network is underway and expected to
 

increase summer generation to 1800 MW by 1983. Approximately 50 to 60
 

percent of the total electrical demand is served by hydroelectric powcr.
 

Petroleum and natural gas reserves in Egypt are largely located in
 

the 	Gulf of Suez. Following the 1967 war, much of this area was occupied
 

by Israel and control over these wells was not returned to Egypt until
 

1975. The loss of the Sinai reserves expanded exploration efforts.
 

Exploration policy has been designed to maximize Egyptian oil and gas
 

productie. with foreign companies bearing the risk of exploration in
 

exchange for tax breaks and favorable profit shares.
 

Known oil reserves were estimated at 2991 million barrels in 1980.
 

Production averaged 595,000 barrels per day in 1980, with peak production
 

reaching 700.000 barrels per day. Natural gas reserves are currently
 

estimated at 5.5 trillion cubic feet with pruduction averaging 70 billion
 

cubic f 2t per year from 1978-1980.1,2,3)
 

1) 	Ikram, Ibid.
 

2) 	U.S. Department of Commerce. Foreign Economic Trends and Their
 
Implications for the U.S. - Egypt, Sept. 1981.
 

3) 	Business Information Display (subsidiary of Sidney Development Corp.)
 
World Energy Industry, Vol. II, Number 1, 3rd Quarter 1980.
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Of the 1978 petroleum production (around 500,000 barrels per day),
 

almost 20 percent was the share of foreign partners, 40 percent was
 

domestically consumed and the rest was available for export. Approxi

mately two-thirds of Egypt's export earnings in recent years are derived
 

from petroleum sales. Recent oil finds indicate potential growth in
 

production and earnings in the years ahead. New projections are based
 

upon discoveries being made which may double current production leveis,
 

and compensate for the decline in production from oil fields that have
 

already peaked. Additionally, exploratory efforts for natural gas have
 

been increased and work has begun on converting power plants from oil to
 

natural gas in an effort to free crude oil for export.
 

Demand - Annual consumption of oil, natural gas, and hydroelectricity
 

averaged around 230 kilograms oil-equivalent (kgoe) per capita from
 

1960-1972. This is low in comparison with other countries. In 1972,
 

when per capita consumption in Egypt averaged 249 kgoe, world consump

tion averaged 1526 kgoe, Africa 279 kgoe, and the U.S. 8,032 kgoe.
 

During the 1960-1972 period, energy consumption increased at an
 

average annual rate of roughly four percent. Since then, consumption
 

has increased substantially with the adoption of the Open Door Policy
 

in 1973 to stimulate economic development. Current estimates of energy
 

demands place annual average growth rates in excess of 14 percent. This
 

trend is expected to continue until 1985, when rates are anticipated to
 

decline.
 

These high energy growth rates have strained the existing production,
 

generation and distribution networks of Egypt. Distribution networks
 

are particularly hard pressed. Electric power outages in the Cairo area
 

are frequent, but no pattern exists for specific portions of the metro

politan area. Within the electrical power subsector, most of the new
 

demands has necessarily been accommodated by increases in oil and gas
 

production. Thermal power generation is expected to increase by more
 

than 65 percent of current capacity by 1985. A new 900 MW plant is
 

under construction at Shobra el Kheima just north of Cairo. It is
 

anticipated to go on line in 1986.
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Stop-gap measures employed to meet demands in the interim rely
 

heavily upon gas-turbines. Future alternative energy sources are being
 

investigated. These include a feasibility study for constructing a
 

600 MW coal-fired plant in the Sinai and nuclear power research financed
 

by the petroleum sector in an effort to reduce pressure on the oil
 

industry and make more oil available for export.
 

Currently, all major hydro and thermal generating stations are
 

operated through the Egyptian Electricity Authority (EEA). The system
 

has a total installed capacity in excess of 4,000 M, of which 2,445 M
 

are hydro-based and the rest steam and gas turbine units.
 

Prices - Domestic prices of energy products are highly subsidized.
 

This is intended to benefit public entities involved in production, as
 

well as provide direct subsidies to consumers. Some of the rapid growth
 

in the energy sector can be attributed to excessive consumptive prac

tices encouraged by such a pricing policy.
 

World-wide energy price increases have had no impact in Egypt.
 

Domestic prices are still maintained at essentially 1956 levels. Current
 

prices are estimated to be as low as 10 percent of world market prices.
 

This differential becomes greater each year as international prices
 

continue to rise. World energy price forecasts (1980) show real annual
 

increases over the next 20 years to average 4 percent for world oil, 1
 

percent for electricity, and 6 percent for natural gas.*
 

Egyptian officials realize the imvrtance of bringing domestic
 

energy prices closer to world prices. Early in 1980, a decree was
 

issued stipulating a five-year transition period during which energy
 

prices for Egyptian Law 43 (foreign investment) firms would move toward
 

world price parity. Additionally, several proposals to raise product
 

prices and electricity rates for residential and industrial consumers
 

have been advanced. Until such reforms are implemented, the shortage of
 

domestic financial resources will continue to be the major constraint on
 

future investment in Egypt.
 

* Data Resources, Inc. Energy Review, Winter 1980-81. 

8098 3-62
 

cI 



CHAPTER 4 - ALTERNATIVE WASTEW'TER MANAGEMENT PLANS
 

This chapter presents an overview of the broad range of collection,
 

treatment and disposal options available for improving the Cairo West
 

Bank sew-rage system. The criteria used in assessing the environmental
 

sensitivity over the range of alternatives are also outlined.
 

No Action
 

Obviously one West Bank option is to take no action to provide
 

improved service. This alternative would maintain the status quo,
 

serving only a portion of the West Bank. The Nahya and Zenein treatment
 

facilities provide minimal treatment before discharge to the Nahya
 

Drain, which eventually reaches the Rosetta Branch of the River Nile via
 

the Muheit Drain. Sludge would be handled at the Abu Rawash treatment
 

site.
 

Future land use development in the West Bank Cairo area, under the
 

no action alternative, would either be curtailed or cause continued
 

overloading of the system and severe deterioration of water quality and
 

public health conditions.
 

Given the competing demands upon the limited Egyptian financial
 

resources, the no action option is one that must be considered. A
 

decision not to take action on wastewater system improvements may be
 

made either consciously or unconsciously by neglect.
 

The remainder of Chapter 4 presents alternative choices to the no
 

action alternative.
 

Collection Options
 

General - Throughout history, improvement of public health condi

tions in densely populated areas has depended upon the implementation of
 

good sanitation practices. Such practices include providing a potable
 

water supply, removal of garbage and other solid wastes, institution of
 

good hygiene and sanitary living habits among the population, and removal
 

of sewage or wastewater from the environment. The scope of this study
 

addresses wastewater collection, treatment and disposal. The remaining
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requirements for good sanitation must be implemented before improved
 

wastewater collection, treatment and disposal practices can have a
 

discernible public health benefit. At present, the Cairo potable water
 

system is considered generally acceptable. Therefore, disposal of solid
 

wastes and garbage, and improved hygiene and sanitation practices by the
 

general population will be required before wastewater collection system
 

improvements can maximize public health benefits.
 

A secondary benefit from wastewater collection, treatment and
 

disposal will be improvements in the general aesthetics and quality of
 

life 	for those residing in densely populated areas. Present conditions
 

are 	so bad in areas unsewered or inadequately served by sewers that
 

aesthetic improvements of better sewage collection alone may justify the
 

cost.
 

Removal of sewage via a collection system from densely populated
 

areas of Cairo could expose new population groups to Cairo sewage which
 

were 	previously not exposed. However, this apparent disadvantage is
 

actually a trade-off between a continued exposure of a large population
 

to 
raw sewage (no action plan) and exposure of a much smaller population
 

to less offensive or dangerous treated sewage.
 

Prior to investigating alternative collection system solutions,
 

AMBRIC generally concluded that:
 

1. 	 Existence of a high groundwater table and abundant public
 

water supply in most of the densely populated areas of Cairo
 

make a conventional gravity and pumped wastewater collection
 

system the only feasible long-term solution for wastewater
 

collection in Cairo.
 

2. 	 Removal of wastewater from the populated areas has a higher
 

priority than provision of treatment facilities and disposal
 

methods. This would provide the greatest benefit for the
 

largest number of people.
 

The Stanley Consultarts study team agrees with the general approach
 

taken by AMBRIC on colle::ion priority.
 

Determination of the final collection system configuration requires
 

analysis of:
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1. 	 Cor.figuration of the existing collection system.
 

2. 	 Lo:ation of existing treatment facilities.
 

3. 	 Existing disposal methods.
 

4. 	 Location of future treatment facilities.
 

5. 	 Final disposal methods.
 

6. 	 Total available financing.
 

AMBRIC had the task of planning wastewater system improvements for
 

the 	entire Cairo metropolitan area (excluding Helwan). Since the East
 

Bank collection, treatment, and disposal system is outside the scope of
 

this 	study, only the West Bank system treatment is considered. However,
 

several elements of the East Bank system affect the plan for the West
 

Bank 	and must be briefly addressed. It should be recognized that this
 

study of West Bank collection is constrained by the East Bank proposal
 

which is considered firm and unalterable.
 

For location of treatment facilities, AMBRIC has considered two
 

major alternatives:
 

1. 	 Separate East Bank and West Bank flows for collection, treat

ment, and disposal. New treatment facilities would be located
 

at Abu Rawash; the existing Zenein treatment facilities would
 

remain in service, with expansion and renovation. The Nahya
 

treatment plant would be abandoned. On the East Bank, new
 

wastewater treatment facilities would be constructed at Shoubra
 

el Kheima, Berka, Gabal el Asfar, and Khalag, with existing
 

treatment facilities at Kossous and Gabal el Asfar being
 

abandoned.
 

2. 	 A new treatment plant located on Warraq el Hadar Island in the
 

Nile (north of Zamalek Island) would treat all wastewater
 

flows from Cairo, except those from Zenein, Berka, end Gabal
 

el Asfar treatment plants.
 

The first of these two alternatives has been selected by AMBRIC.
 

This solution provides for smaller treatment facilities located in more
 

remote areas and avoids the legal, cultural, and institutional problems
 

associated with direct discharge of treated effluent to the Nile.
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For the East Bank collection system, AMBRIC investigated the follow

ing:
 

1. Nile collector - consisting of a new collector along the East
 

Bank of the River Nile, south of the Ismailia Canal, with the
 

associated sewers, pumping stations, and force mains.
 

2. 	 Alluvl.al tunnel - consisting of a main tunnel from Ameria to
 

south Cairo and a branch tunnel network, with tunnels located
 

in alluvial soil below existing buildings and utilities.
 

3. 	 Rock tunnel - similar to the alluvial tunnel system, but
 

located significantly deeper so that the entire tunnel system
 

would be constructed in rock.
 

After considering economic costs and the greater reliability of the
 

tunnel system, the Nile collector system was eliminated. Possible
 

construction difficulties and uncertainties on depth of rock led to the
 

selection of alluvial tunnels.
 

The AMBRIC proposed collection system for the West Bank is sum

marized in Chapter 2 (Figure 2-1). None of the sewers are tunnels as on
 

the East Bank. All West Bank sewe-:s will consist of buried piping.
 

During the course of this environmental assessment, it was men

tioned by a few Egyptian government representatives that an option not
 

considered by AMBRIC would be to locate treatment facilities more or
 

less 	uniformly around the perimeter of the Cairo metropolitan area.
 

Advantages of such a scheme would include better total system reli

ability, due to a larger number of smaller treatment facilities. Also,
 

the pollutants would be more evenly dispersed over a larger area, there

fore resulting in a lower public health hazard in event of system mal

function. However, this plan would provide fewer economies of scale and
 

would locate collection and treatment facilities further from land
 

already identified for desert reclamation using wastewater effluent.
 

The Stanley Consultants study team generally agrees with the AMBRIC
 

approach to the West Bank collection system alternatives. It accomplish

es the primary objective of removing sewage from densely populated areas,
 

and locates the collection system and treatment facilities to require
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minimum conveyance of treated effluent to either drains or desert land
 

for disposal.
 

Collection System Staging - Optimum staging of improvements for the
 

Cairo 	wastewater collection system requires a detailed analysis of the
 

following factors:
 

1. 	 The existing collection system; its capacity, condition,
 

and weaknesses.
 

2. 	 Projected population growth and land use patterns.
 

3. 	 Projected industrial development.
 

4. 	 Available financing.
 

5. 	 Legal and institutional constraints.
 

6. 	 Location and applicable methods of treatment and disposal.
 

AMBRIC has performed exhaustive studies of all of the preceding
 

factors, except available financing. Finaicing cannot be accurately
 

predicted and thus, staging alternetives must necessarily focus on
 

optimum scenarios for differing amounts of available capital.
 

If available financing is less thaa required for the complete
 

first-stage AMBRIC proposal, priorities for collection system projects
 

must be established. It is recommended that, in general, the highest
 

collection system priority should be to convey the most wastewater away
 

from the most densely populated areas. For new wastewater collection
 

systems, such as the North West and the Pyram:ds systems, the priority
 

may 	be set by their projected wastewater flow rates for these systems.
 

Projected wastewater flow rates for the North West, Zenein, and
 

Pyramids project areas are shown in Table 4-1.
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TABLE 4-1
 

PROJECTED WASTEWATER FLOW RATES FOR
 
MAJOR WEST BANK WASTEWATER COLLECTION PROJECT AREAS
 

AMBRIC
 
Drainage Projected Average Daily Wastewater Flow (cmd)
 

Project Zone 1985 1990 2000 Planning Horizon
 

North West 3 201,700 264,600 478,900 503,600
 

Zenein 1 117,300 155,800 248,300 292,100
 

Pyramids 2 6,800 58,200 324,800 392,400
 

TOTAL WEST BANK FLOWS: 325,800 478,600 1,052,000 1,188,100
 

Source: AMBRIC "Design Inception Report", Appendix A, Table A.2, June 1981.
 

From the preceding table, it is evident that the North West Project
 

including the Embh-la sewerage system and major collector drain to Abu
 

Rawash will initially carry much more flow than the Pyramids Project.
 

Since the Pyramids and North West Projects are nearly new collection
 

systems, the North West Project has a much higher priority than the
 

Pyramids Project, especially before the mid-1990's. If funding limita

tions require curtailment of some of the wastewater collection pro

jects, the Pyramids Project could be delayed until at least 1990 with

out major consequences. 

The Giza Relief Collector Project is included in the Zenein drain

age zone. Its flows are shown in Table 4-1. The Zenein drainage zone
 

is mostly sewered, but some areas are inadequately served and over

loading and sewer flooding exist. Population in the Zenein drainage
 

zone is relatively dense, and sewage overflows have a significant affect
 

on living conditions and sanitation of a large number of people.
 

The Giza Relief Collector Project will correct much of this problem, and
 

will affect a large population group, even though capacity is relatively
 

small compared to the North West and Pyramids Collector Projects. For
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this reason, priority of the Giza Relief Collector Project would rank
 

between the North West and Pyramids Projects.
 

In summary, priority of the major collection projects is as fol

lows:
 

1. 	 North West Project - including Embaba sewers; Boulac el Dakrour
 

sewers; relief sewers for Dokki, Agouza Embaba, and Boulac el
 

Dakrour; the conveyance system from Boulac el Dakrour to Abu
 

Rawash wastewater treatment plant; and the Zamalek Island
 

collector and pumping system.
 

2. 	 Zenein Area Projects - the Giza Relief Collectors. To avoid
 

overloading the Zenein wastewater treatment plant, the Central
 

Tunnel Project on the East Bank of the River Nile will also be
 

required, but this is not included in this study.
 

3. 	 Pyramids Collector Project - including a major collector drain
 

from the Pyramids area to Abu Rawash.
 

The preceding order of priority pertains to the major wastewater
 

collection projects only. However, when considering the individual
 

components of each major project, priorities differ greatly. For instance,
 

lowest priority components of the North West Project might have even
 

lower priority than some components of the less urgent Zenein or
 

Pyramids Project. A detailed study of the existing collection system
 

and projected development is required to establish these individual
 

priorities, but is beyond the scope of this environmental assessment.
 

However, guidelines for ranking individual components have been devel

oped:
 

1. 	 Unsewered areas with existing house service water supply.
 

Often in newer developments or informal settlement areas,
 

inhabited by middle income groups, house water service has
 

preceded wastewater collection. In some areas, local resi

dents have financed generally inadequate wastewater collec

tion systems. Examples include parts of Embaba, Dokki, Agouza,
 

and Boulac el Dakrour. Wastewater is collected primarily in
 

vaults beneath or adjacent to residences. Disposal, usually
 

grossly inadequate and very expensive, is by private con

tractor or government agency. Disposal practices are poor
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with vault contents often dumped in nearby drains, on vacant
 

land areas and even on streets. Inadequate solid waste collec

tion coupled with inadequate disposal of vault contents forms
 

a classic environment for spread of disease and degradation of
 

the quality of life. These areas constitute the highest
 

priority for collection system improvements.
 

2. 	 Malfunctioning sewered areac %ith existing house service
 

water supply. These older settled areas on the West Bank
 

include two subtypes: those with and those without properly
 

functioning wastewater collection systems. Most of the areas
 

with relatively adequate systems, such as Giza, Dokki, and
 

Mohandeseen, are inhabited by middle to upper income groups
 

and their population density or socio-economic profile are
 

unlikely to change. They are also not likely to present
 

serious wastewater problems in the near future, assuming that
 

service remains satisfactory. These adequate system areas
 

are not included in further discussions.
 

The second subtype are those areas with malfunctioning sewers
 

and constitute the high staging priority for collection. For
 

the moqt part, in these areas with middle to lower socio

economic groups, people routinely confront pools of sewage,
 

and the situation is similar to unsewered areas with house
 

water connections. The malfunctioning wastewater systems stem
 

from either inadequate capacity or continual misuse by the
 

inhabitants. Inadequate solid waste management clogs building
 

connections causing backflushing into lower level dwelling
 

units. Inhabitants break external drain pipes to eliminate
 

backflush from the wastewater of their upstairs neighbors,
 

forming permanent pools of sewage. Faucets (taps) and other
 

plumbing in these dwellings are not well maintained. Taps are
 

often left running, leading to a permanent stream of water
 

feeding the accumulated wastewater. The inhabitants of these
 

areas view the malfunction of the sewage system as a failure
 

of the sanitary service.
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3. 	 Unsewered areas with planned impending house service water supply.
 

These areas also tend to be inhabited by middle to lower
 

socio-economic groups, and are often informal type settle

ments. As soon as the water supply is installed, they will
 

become problem areas as previously discussed (priority 1
 

above). Sewer systems should not be installed before house
 

water service connections are available, nor should houses
 

without water service be connected to the sewer system because
 

of inadequate conveyance.
 

4. 	 Unsewered areas with standpipe water supplies. These areas
 

are inhabited by middle to lower income groups and tend to be
 

informal settlements served only by standpipes. They do not
 

suffer the same degree of wastewater accumulation as those
 

with house water services. As above, sewer systems serving
 

individual houses should not be installed until house water
 

service is available, because insufficient water is available
 

for conveyance of the sewage. Public or semi-public latrines
 

connected to the public water supply and served by a sewage
 

collection sys,-em are technically feasible but their use may
 

be precluded due to social considerations.
 

5. 	 Unsewered areas with no water supply, and potential urban
 

settlement areas. These areas represent the lowest priority
 

for provision of wastewater collection facilities, and should
 

not be installed until house water service connections are
 

available. In specialized cases, some interim improvements,
 

such as sewered aqua privies, may be applicable.
 

For staging wastewater and water systems, it is noted that the
 

availability of public water supply (in the form of house services) and
 

wastewater collection facilities can help direct the development of any
 

metropolitan area. This provides a useful tool which the government of
 

Cairo can use to help control the type and location of urban develop

ment.
 

In many low income settlement areas in Cairo, communal sanitary
 

facilities are common, typically shared by residents of a multi-family
 

dwelling.
 

8098 	 4-9
 



The practicality of communal waste faciities is primarily one of
 

scale. The larger the group served and the less intimately they are
 

related to each other, the more likely public latrine facilities will
 

not be maintained and kept clean. Such facilities should be considered
 

socially feasible only where private household connections are not
 

practical. In all areas where housing and infrastructure upgrading are
 

possible, separate house connections should be the first priority. Semi

private communal connections should only be considered for installation
 

in shanty settlements where housing is so inferior that it cannot be
 

upgraded or as a temporary improvement measure in other areas.
 

Where house connections to the wastewater collection system are
 

made, the inhabitants can be expected to pay at least as much as they
 

are now paying for the evacuation of their vault latrines. The candi

dates most likely to be willing to pay for house wastewater collection
 

are resident owners and long-term tenants. Areas inhabited by highly
 

transient residents (such as areas with a high degree of furnished room
 

units) are less likely to participate in a cost recovery program.
 

Payment for communal facilities is unlikely.
 

Treatment Options
 

Background - Conventional sewage treatment is generally effected
 

by two main steps. The first or primary treatment is a physical liquid

solid separation process consisting of screening, grit removal and
 

sedimentation. This step removes about 60 percent of che suspended
 

matter and 30 percent of the oxygen demanding material (BOD). The
 

secondary treatment step is generally a biological process in which
 

the primary effluent is contacted with microorganisms that utilize the
 

remaining sewage pollutants for food. The overall effect of primary
 

plus secondary treatment of typical wastewater of domestic origin is
 

approximately a 90 percent reduction in its BOD and TSS concentrations.
 

The effluent from a complete secondary system could be reasonably expect

ed to contain less than 30 mg/l of both BOD and TSS.
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Most secondary treatment systems are not particularly effective at
 

reducing the large number of pathogenic organisms in the raw sewage.
 

Reductions of 99 percent are typical but misleading since effluent con

centrations of several million pathogens per liter may remain. If these
 

levels are unsatisfactory because of public health concerns greater
 

reduction can be achieved by chemical disinfection. Chlorine (Cl2) is
 

an effective and widely accepted water disinfectant.
 

An additional effect of conventional sewage treatment is the genera

tion of a solid-liquid residue commonly referred to as sludge. Sludge
 

is of high organic and pathogen content, malodorous and requires
 

separate handling and treatment processes to insure proper disposal.
 

Although both sewage and sludge are potentially noxious and public
 

health risks, they are, with proper management, a resource in certain
 

circumstances. The water, fertilizer and urganic content of the sewage

sludge mixture have real agricultural value for crop production, particu

larly in arid climates. These values must be considered when assessing
 

treatment and disposal alternatives.
 

The level of operational and maintenance attention and technical
 

skill required for reliable treatment performance must also be con

sidered. These are summarized in Table 4-2 using a "high-low" rating
 

scale. The listed process alternatives for primary, secondary and
 

sludge disposal are typical and have been utilized in either the AMBRIC
 

plan or in the systems developed in this study. The rating of these
 

processes is site specific; for example, oxidation ponds and sludge
 

lagoons are feasible and have low capital cost only if land is plenti

ful and inexpensive. The rating also does not reflect the ancillary
 

equipment and processes needed for a total system, such as pumping and
 

transmission needed to convey sewage to lagoon desert sites. These
 

factors are included in the economic analyses in Chapter 6. The rating
 

of the operational manpower, skill and maintenance requirements are
 

generally valid regardless of site and process circumstances.
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TABLE 4-2
 

COMPARISON OF WASTEWATER TREATMENT AND SLUDGE DISPOSAL PROCESS ALTERNATIVES
 

Treatment 
Goal 

Capital 
Cost 

Operating 
Cost 

Operating 
Manpower 

Operator 
Skill Maintenance Comments 

Primary 
Lagoons Low Low Low Low Low BOD removal = 30% 
Mechanical Medium Low Low Lc-q Low TSS removal = 60% 

Disinfection 
difficult 

Secondary 
Oxidation ponds Low Low Low Low Low BOD removal = 90% 
Biological TSS removal = 90% 
filter High 

Activated sludge High 
Mecium 
High 

Medium 
High 

Medium 
High 

Medium 
High 

Disinfection easy 

Biofilter
activated 
sludge High High High High High 

Sludge Disposal 
Lagoons Low Low Low Low Low 
Drying beds Medium Low Medium Lo- Low 
Mechanical High High Medium High High 

Source: Stanley Consultants
 



This 	summary indicates there are several alternative and equally
 

effective methods fot primary and secondary treatment and sludge dis

posal. There are significant differences however, in their capital and
 

operating costs and operational requirements. The goal of effective
 

treatment process selection is to reliably provide the level of treat

ment 	necessary for proper disposal using the simplest and least total
 

cost 	system.
 

Methodology for Treatment and Disposal - The magnitude of the Cairo
 

wastewater management project requires that selection of cost effective
 

systems for sewage treatment and disposal consider multiple interests.
 

These include technical, socio-economic and national policy for managed
 

development of resources. The Stanley Consultants study team addressed
 

the 	following concerns in reviewing treatment and disposal options:
 

1. 	 Raw wastewater characteristics and the impact of industrial
 

waste discharges.
 

2. 	 Demonstrated evidence, interest and ability to operate
 

and maintain treatment and disposal works.
 

3. 	 Institutional structure for reliable total system management.
 

4. 	 Technical compatability of treatment alternative with dis

posal alternative.
 

5. 	 Statutory/regulatory constraints on the volume, quality and
 

origin of wastewater discharged and the nature of the receiving
 

water (canal, drain or Nile River).
 

6. 	 Expressed policy and goals of the GOE for land recJamation
 

and food self-sufficiency.
 

7. 	 Availability of capital and annual funding requirements to
 

complete and operate a reliable treatment system up to the
 

planning horizon.
 

The effects of these concerns on the selection of the treatment
 

process is discussed below. Disposal alternatives are reviewed in a
 

subsequent section followed by development and discussion of alternative
 

treatment-disposal systems.
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The characteristics of the West Bank wastewater and the impacts of
 

industrial wastes on its composition were discussed in Chapter 3. There
 

are no data to indicate that this sewage is significantly different from
 

typical wastes of domestic origin. It can be adequately treated in
 

conventional secondary biological processes and thus waste composition
 

will have no major effect on selection of the treatment process.
 

Observations of the deplorable operation and maintenance practices
 

in the West Bank collection and treatment system are presented in Chapters
 

3 and 6. There is major concern by the Stanley Consultants study team
 

that these practices will continue at proposed new facilities and render
 

them useless regardless of their level of design sophistication. The
 

coupled biofilter-activated sludge process recommended by AMBRIC for the
 

major West Bank works at Abu Rawash is by United States pollution
 

control experience a sophisticated and operationally complex process.
 

It requires a high level of operator attention, maintenance, skill and
 

experience. There was little evidence that these capabilities were
 

available at the Zenein works which has been in operation for over 10
 

years.
 

It may be reasoned that the GOE has committed to retention of the
 

activated sludge works at Zenein in the West Bank treatment plan and
 

that this facility will provide the required operator training for Abu
 

Rawash. This is a reasonable and attractive approach to the operational
 

problem only if the necessary institutional and management changes are
 

implemented to accomplish it.
 

There are several statutory/regulatory constraints that have a
 

major impact on treatment process selection. Egyptian Law 93/1962
 

requires that municipal sewage must have the equivalent of secondary
 

treatment (BOD = 40 mg/l, TSS = 50 mg/l) prior to discharge to drainage
 

canals. If the sewage is applied to sandy soil it must have at least
 

the equivalent of primary treatment. Also, the Minister of Irrigation
 

has limited the total volume of sewage discharged to the Nahya-Muheit
 

Drain system to 370,000 cmd, based on the hydraulic capacity of the
 

drain and assumed secondary treatment levels.
 

8098 4-14
 



These legal conditions dictate that secondary treatment with disin

fection is required at the AMBRIC proposed sewage works at Abu Rawash
 

(Kom Barakat discharge) and Zenein (Nahya discharge). Sewage that
 

receives only primary treatment is acceptable for land application but
 

it may not be transferred to the disposal site in an existing drainage
 

canal. Finally, since the estimated sewered flow from the West Bank at
 

end of the first stage works is 580,000 cmd, 200,000 cmd must be dis

posed of by land application unless the drain discharge constraint is
 

revised.
 

The foregoing discussion suggests that additional treatment and
 

disposal alternatives should be considered and their overall impacts
 

compared to those of the AMBRIC plan. The AMBRIC plan for the West Bank
 

as described in Chapters 2 and 3 potentially satisfies the statutory and
 

regulatory constraints and the GOE's goal of land reclamation. It
 

relies heavily for its success on adequate initial capital financing,
 

sufficient, long-term operational funding and an apparent reversal of
 

traditional operator and manager attitudes and capabilities. The alter

natives therefore, should emphasize reliable yet equivalent treatment
 

performance with a minimum of operational requirements. They should
 

also reassess land application using primary rather than secondary
 

quality effluent. Finally, the impact of a reduced initial funding
 

level on the performance of the treatment system must be considered.
 

Selected Treatment Processes - The treatment-disposal system alter

natives developed by the Stanley Consultants study team assume treatment
 

works located at Abu Rawash, Zenein and at remote desert sites (WI-W4 or
 

equivalent).
 

It is assumed that the recommended expansion and rehabilitation of
 

the Zenein works will be completed. Zenein effluent will be of secon

dary quality and discharged to the Nahya Drain. All primary and secon

dary sludge will be conveyed to Abu Rawash for treatment and disposal in
 

the existing sludge drying beds and in new anaerobic lagoons needed to
 

accommodate the sludge from the expanded Zenein works. Design flow for
 

Zenein is 330,000 cmd with approximately 180,000 cmd received at com

pletion of the first stage analysis period (1992). (If the Zenein works
 

is not rehabilitated, then the total flows transported to Abu Rawash
 

or desert sites would have to be correspondingly greater.)
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Secondary treatment at Abu Rawash will be by the proposed coupled
 

biofilter-activated sludge process. Process design criteria for the
 

facilities are the same as developed by AMBRIC. First stage design flow
 

capacity for the works will be 400,000 cmd, which will be nearly ex

hausted by 1992. After gravity thickening, sludge will be disposed to
 

existing drying beds and new sludge lagoons. First stage drying bed/
 

lagoon capacity will be sufficient to accommodate primary and secondary
 

sludge produced from the combined Zenein and Abu Rawash flow of approi

mately 580,000 cmd. Under the AMBRIC plan, mechanical dewatering of
 

sludge will be required after about 1992 because of site limitations at
 

Abu Rawash. Although the proposed secondary process is an operational
 

concern, the limited site area prevents the use of an alternative process
 

that requires significantly less operation and maintenance.
 

The treatment-disposal system alternatives to the AMBRIC plan
 

developed in the following sections provide for primary treatment at Abu
 

Rawash, primary or better treatment at desert sites, and secondary or
 

better treatment at desert sites. Different processes are used for the
 

various sites and levels of treatment.
 

Primary treatment with sludge disposal at Abu Rawash will utilize
 

the mechanical processes and design criteria developed by AMBRIC for the
 

first stage works.* The first stage design sewage flow rate will be
 

400,000 cmd with disposal facilities for primary sludge produced from
 

580,000 cmd aid secondary sludge produced from 180,000 cmd. The efflu

ent will be chlorinated before discharge to the drains or conveyance to
 

remote land application sites.
 

Sewage lagoons utilizing two equally sized anaerobic lagoons operated 

in series having a combined liquid detention time of about nine days, 

are an option for treatment at remote desert sites. The lagoon effluent 

is chlorinated before screening and land application. The anaerobic 

lagoon system will provide the equivalent of primary or better treatment 

with less operational requirements than a mechanical primary plant. 

Another desert treatment system uses an anaerobic lagoon having a 

five day detention time followed by a rapid soil inrfiltration system. 

The percolate from the filter system will be collectud a I used for 

*AMBRIC "Design Inception Report" - Main Report and Appendices, June 1981. 

8098 4-16
 



irrigation. Two alternative subsurface collection systems may be con

sidered. The first utilizes conventional subsurface drains with flows
 

collected in centralized sumps and pumped to the irrigation site. The
 

second method utilizes multiple wells located uniformly throughout the
 

infiltration basin area to recover the treated underdrainage for use on
 

agricultural lrnd6. The rapid infiltration system utilizes the fil

tering properties of the sandy soil and its natural biological activity
 

to provide the equivalent of secondary or better treatment.
 

Disposal Options
 

A wide range of disposal options have previously been considered by
 

other studies and are reassessed as a part of this evaluation. Treated
 

wastewaters from the West Bank Cairo area may be disposed of by the
 

following major schemes:
 

1. 	 Transport and discharge to the Mediterranean Sea.
 

2. 	 Transport and disposal in the desert through evaporation or
 

other means.
 

3. 	 Discharge to area drains which subsequently enter the Rosetta
 

Branch of the Nile.
 

4. 	 Discharge to desert lands for additional treatment and/or use
 

for irrigation.
 

Disposal options must be closely integrated with the treatment
 

options to insure proper overall wastewater management.
 

Mediterranean Sea - One disposal option is to transport the waste

waters some 200 km north to the Mediterranean Sea. The most significant
 

advantage of this scheme is the reduction of land-based or waterway

based environmental impacts in Egypt. A serious disadvantage is the
 

high cost to convey the wastewater effluent to the Mediterranean.
 

Commitment to a high cost alternative when other less expensive options
 

are available is unlikely.
 

Another significant disadvantage of this disposal option is that
 

the quantity of wastewater will be lost to any further beneficial uses
 

in Egypt. Other options such as drain disposal or land disposal permit
 

reuse of the wastewater for other purposes before it reaches the sea.
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In an arid country water and wastewater conservation is highly de

sirable. A further disadvantage is the complex health and environ

mental issue raised from disposing to the Sea.
 

On balance, disposal to the Mediterranean Sea is not worthy of
 

consideration due to the extremely high cost in comparison with bene

fits. Thus, this disposal option is dropped from further evaluation.
 

Desert - A second disposal option is transport of collected waste

water to desert lands for final disposition. The effluent could either
 

be evaporated in a series of ponds and/or be allowed to infiltrate to
 

groundwaters. Desert disposal options would require transport of the
 

wastewater 30 km or further, depending upon the location of suitable
 

land disposal areas. In an arid and sparsely populated country desert
 

disposal of wastewater is certainly a possibility. The primary dis

advantage is that the water is essentially lost for any subsequent uses,
 

similar to disposal to the Mediterranean Sea. In light of forecasted
 

water shortages, desert disposal does not seem wise.
 

Thus desert disposal, without any additional uses, has not been
 

analyzed further in this evaluation. However, desert disposal with
 

subsequent irrigation reuse is considered in the land disposal schemes.
 

Drains - Discharge of treated wastewaters to adjacent drains, such
 

as the Muheit, and eventually the Rosetta Branch of the Nile is a practi

cal option for evaluation. This is the plan proposed by AMBRIC for the
 

West Bank. Drain disposal has historical precedence in the West Bank
 

study area. Existing drains/canals used for wastewater drainage are
 

recognized and their use by the local residents has generally been
 

curtailed.
 

Treatment and discharge of wastewater to receiving waterbodies,
 

without water quality deterioration, is effectively practiced throughout
 

the world. Disposal to the drains, in general, will require higher
 

treatment levels than other disposal options; however, the large 
trans

port costs associated with other schemes are avoided.
 

Disposal of wastewater effluent to the drains and subsequently the
 

Nile River is thus evaluated in more detail in this study.
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Land - The fourth disposal option is to transport the wastewaters
 

to cropland where it will be used as irrigation water to produce agri

cultural crops. 
 AMBRIC refers to this process as land reclamation but
 

it is actually what the U.S. Environmental Protection Agency (USEPA)
 

refers to as "slow rate land treatment". This option should be con

sidered as aa itegral part of the treatment process, as well as the
 

disposal process.
 

This option has the advantage that it can further treat the waste

water and dispose of reduced quantities of high quality effluent to
 

the groundwater aquifer. 
 In the process, the water and nutrients in
 

the wastewater are used to produce needed food and fiber crops rather
 

than being wasted to the environment as in the other options. The crops
 

can also be sold to partially defray the costs of treatment and dis

posal. 
 This option also helps meet Egyptian water use and reclamation
 

goals while providing employment for agricultural workers. It does have
 

the disadvantages of requiring large quantities of suitable land and
 

this land must be supplied with irrigation equipment and infrastructure
 

for crop production. Irrigation of the coarse textured soils made
 

available by the GOE will require that diip or 
sprinkler irrigation be
 

done to insure satisfactory irrigation of the crops and treatment of the
 

was tewater.
 

In conclusion, the state-of-the-art for land treatment and crop
 

production and the soil conditions in the GOE proposed areas are suf

ficient to consider the land disposal option as part of this assessment.
 

In addition, because the quality of the land treated effluent is rela

tively independent of the quality of the wastewater applied. the interaction
 

of pretreatment options should also be considered.
 

Interactions between wastewater pretreatment, types of crops and
 

kind of irrigation equipment 
are extremely important to the successful
 

operation of a slow rate land treatment system. A discussion of these
 

interactions and options is included herein.
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Soils and Crops - The USEPA has issued general guidelines* for
 

assessing the level of preapplication treatment necessary for slow rate
 

systems. The guidelines, listed below, are intended to provide adequate
 

protection for public health:
 

1. Primary treatment - acceptable for isolated locations with
 

restricted public access and when limited to crops not 
for
 

direct human consumption.
 

2. 	 Biological treatment by ponds or inplant processes plus control
 

of fecal coliforms count to less than 1,000 MPN/100 ml 
-


acceptable for controlled agricultural irrigation except for
 

human food crops to be eaten raw.
 

3. Biological treatment by ponds or inplant processes with addi

tional BOD or SS control as needed for aesthetics plus disin

fection to log mean fecal coliform count of 200/100 ml (EPA
 

criteria for bathing waters) - acceptable for application in
 

public access areas such as parks.
 

Application of these guidelines, to the Cairo system would require
 

certain crop irrigation and farm management choices. Land application
 

of primary effluent would necessitate a closely controlled management
 

system to insure that proper public health practices would be followed.
 

Using sprinkler irrigation, the summer crops that could be grown are
 

corn (grain), soybeans, sunflower or safflower. Winter crops could be
 

berseem, barley, or wheat. Perennial crops could be alfalfa or trees
 

for wocd such as leucaena. If a drip irrigation system were used, tree
 

or bush crops such as citrus, tropical fruits and nuts, or grapes could
 

be grown. The primary treated wastewater would be very nutritous and
 

the crops would require no additional fertilization.
 

If the treatment prior to land application included a series of
 

lagoons (ponds) or a mechanical secondary biological treatment plant
 

(such as proposed by AMBRIC), the additional pathogen reduction would
 

lessen public health concerns. All of the forementioned crops could be
 

used. In addition, food crops with nonedible pods could be grown;
 

examples are peanuts and broad beans as summer crops and lentils, lupins,
 

*"Process 
Design Manual for Land Treatment of Municipal Wastewater,"
 
USEPA (1981), EPA 625/1-81-013.
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broad beans and peas as winter crops. No additional commercial fertil

izers would generally be required with this degree of pretreatment.
 

After tertiary treatment, such as with a rapid infiltration system,
 

normal agriculture could be practiced with minimal public health or crop
 

selection concerns. This would allow the production of all kinds of
 

vegetables. The low nutrient content of the irrigation water would
 

require that commercial fertilizers be used. The reduction of the
 

nitrogen content of the water would allow the growing of cotton and
 

sugar crops which were eliminated from the former list of potential
 

crops because of their sensitivity to high nitrogen levels.
 

The soils available for the land disposal system on the West Bank
 

are coarse, sandy and gravelly soils that are not good agricultural
 

soils (see Photographs 3-18 and 3-19). These soils can be successfully
 

farmed as long as they are permeable to a deep water table and are not
 

so gravelly as to preclude practical cultivation by hand labor or mechanical
 

equipment. If the soils contain too many cobblestones for typical
 

farming in Egypt, crops such as citrus, tropical fruits and nuts, grapes,
 

or trees for wood production could be grown.
 

The infertile natural soil at sites WI-W4 could be overcome by the
 

use of the sludge being generated by the selected treatment process as a
 

soil amendment. The sludge quality is expected to be acceptable and
 

application of 25 to 50 tons per feddan before initial cropping would
 

help overcome many of the chemical and physical deficiencies of this
 

desert soil.
 

Sandy soils have been successfully reclaimed by irrigating with no
 

more than primary treated wastewater at both Abu Rawash and Gabal el
 

Asfar. Photograph 4-1 shows typical soil conditions at the Cabal el
 

Asfar sewage farm after many years (nearly 80) of applying Cairo waste

water. Table 4-3 shows an example of changes in soil at the Abu Rawash
 

Research Station with wastewater irrigation. The soils quickly respond
 

to wastewater and become very productive. Similar or better results
 

could be expected at the West Bank desert areas WI-W4 from an initial
 

sludge application and wastewater irrigation with the more efficient
 

sprinkler or drip methods. Photograph 4-2 thru 4-6 show the types of
 

agricultural development found at the long-operating Gabal el Asfar
 

sewage farm and at the Abu Rawash research station.
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PHOTOGRAPH 4-1 - TYPICAL SOIL CONDITIONS AT GABEL EL ASFAR 
AFTER YEARS OF WASTEWATER APPLICATION TO SANDY DESERT SOILS. 
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PHOTOGRAPH 4-2 - SUMMER 1981 CORN CROP 
RESIDUE AT GABAL EL ASFAR 
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PHOTOGRAPH 4-3 - CITRUS TREES AT CABAL EL ASFAR 

PHOTOGRAPH 4-4 - CITRUS PRODUCTION AT ABU RAWASH RESEARCH STATION 
Note: pine tree wind break started in foreground; 

beginning to darken after two years of ditc
with sewage. 

also soil is 
h irrigation 
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PHOTOGRAPH 4-5 WINTER LENTIL CROP 
STARTED AT ABU RAWASH RESEARCH STATION 
USING RAW SEWAGE IN DITCH IRRIGATION 
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PHOTOGRAPH 4-6 AND CASTOR BEAN PLANTS-CORN 

IN SEWAGE-IRRIGATED SANDY SOIL AT 
ABU RAWASH RESEARCH STATION 
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TABLE 4-3
 

TYPICAL SOIL DATA AT ABU RAWASH*
 

Particle Size Distribution
 
Cultivation 

Season 
Coarse 
Sand 

(M) 

Fine 
Sand 

(M) 

Silt/ 
Clay 

(7) 
CaC0 3 

(%) 
O.M. 

(%) 
pH 

Before waste-
water appli
cation 

62.6 32.9 3.0 1.45 0.23 8.2 

After first 
application 

51.0 42.4 5.14 0.78 0.59 7.4 

After second 
application 

52.5 41.6 5.97 0.36 0.60 7.2 

*Representative physical and chemical properties of surface soils (0-30 cm)
 
at the research station before and after cultiwtion using primary waste
water for irrigation.
 

Source: 	 Dr. Ezzat Abd-Elnain, Soil and Water Research Institute, Giza,
 
ARE.
 

Irrigation Methods - Water management problems can arise from
 

the difference between the constant supply of available sewage and the
 

seasonal variation in water requirements for crops. The selected irriga

tion systems should be sized to maximize wastewater irrigation rates so
 

that, if necessary, water can be applied in excess of crop consumptive
 

demands. Crops with high water demands and high nutrient requirements
 

may be selected to enhance efficient use of the wastewater. To minimize
 

the land required for wastewater disposal and to increase crop produc

tion, the system should be designed for the peak summer water demand of
 

8 millimeters (mm) per day. This results in over-irrigation during the
 

remainder of the year, of roughly 30 percent an annual basis. The
 

alternative is to provide irrigation for a larger area using additional
 

fresh irrigation water or wastewater storage to cover the peak summer
 

demands. However, the larger land irrigation areas and additional
 

conveyance systems result in higher costs.
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The low water holding capacity of the soil at sites W1-W4 dictate
 

use of center pivot sprinkler and/or drip irrigation systems with fre

quent wastewater application. Surface irrigation systems on these sandy
 

soils are impractical because of their extremely high infiltration
 

rates. Some surface irrigation systems that had failed on sandy desert
 

lands were observed by the study team.
 

Center pivot irrigation systems are well suited to frequent irri

gation; daily application at certain times of the year is essential to
 

maximize crop production on the coarse sand areas. A field crop rota

tion suited to a high level of mechanization can be selected for use
 

with center pivot irrigation systems.
 

Center pivot irrigation systems currently used in Egypt generally
 

cover 125 feddans each and are electrically driven. Center pivot systems
 

may be used in many parts of WI-W4 with little land preparation due to
 

the level to slightly rolling terrain. Center pivot sprinklers maximize
 

mechanization and minimize human contact with the effluent during irri

gation. They can be centrally controlled with limited instrumentation.
 

The units do require systematic inspection and routine maintenance;
 

however, unskilled laborers under proper direction can provide the
 

necessary equipment serivce. Applying sewage wastewater through center
 

pivot systems requires use of special screening devices, self-washing
 

inline filters and algae separators, and manual cleaning of the nozzles
 

due to the solids in the water.
 

Drip irrigation systems have proven to be highly efficient. A
 

controlled amount of water can be applied to a plant root zone, so that
 

it can be kept at or near field capacity which avoids water stress and
 

increases growth rates and yields. Fertilizers and other chemicals can
 

be automatically applied through the system. Completely automated drip
 

irrigation systems are available and are in use in Egypt and other
 

Middle East countries.
 

The principal problem with drip irrigation is blockage in the
 

supply or lateral lines or emitters. The causes of blockages are debris,
 

precipitation of dissolved salts and buildup of bacterial slime.
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Various filters and screening devices, plus proven chemical additives,
 

are available to control such blockages. Drip systems generally require
 

more labor than center pivot systems to assure adequate and uniform
 

water application and system operation.
 

Treatment-Disposal System Screening
 

As indicated in the preceding sections, several treatment and
 

disposal schemes are not worthy of further consideration. Table 4-4
 

presents those considered most practical for serving present and future
 

Cairo West Bank wastewater flows.
 

Treatment options include locations at Abu Rawash, Zenein, and/or
 

the desert. The mechanical treatment facilities at Abu Rawash and
 

Zenein could be either primary or secondary levels. Desert treatment
 

schemes, with larger land areas available, could accommodate nonmechan

ical facilities such as lagoons or high rate infiltration.
 

Disposal options are: discharge of treated effluent to drains or
 

on land. In some instances, such as primary treatment, the land can
 

serve as the final treatment step.
 

Combining the treatment and disposal options into treatment-dis

posal systems results in 25 possibilities as shown in Table 4-4. For
 

purposes of this environmental analysis, the large number of systems has
 

been reduced to a more logical group for environmental evaluation.
 

System options are reduced by the status of the Zenein treatment faci

lity. Evaluations are underway to determine major rehabilitation steps
 

to upgrade Zenein to function as a secondary treatment facility. Current

ly there are numerous equipment and personnel difficulties which hamper
 

effective plant operations. It has been assumed, for purposes of this
 

investigation, that Zenein will be upgraded to provide secondary treat

ment, that sufficient funds will be appropriated to operate and maintain
 

the plant each year, and that the operating staff will h. trained to
 

enable the facility to actually function in a secondary mode. (The
 

risks and potential impacts resulting if this does not take place are
 

discussed later in this report.) This assumption eliminates ten of the
 

treatment-disposal system combinations in Table 4-4.
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TABLE 4-4
 

TREATMENT-DISPOSAL SYSTEM OPTIONS
 

Treatment Options
 

Abu Rawash Primary Treatment (RI)
 
Abu Rawash Secondary Trea':ment (R2)
 

Zenein Primary Treatment (ZI) 
Zenein Secondary Treatment (Z2)
 

Desert Treatment for Zenein Flow (ZDe) 

Desert Treatment for Abu Rawash Flow (RDe)
 

Disposal Options 

Drain Disposal (D)
 
Land Treatment/Disposal (L) 

Treatmert-Disposal System Combinations 

RID 	Z1D* RID ZID* RDeL ZID*
 
RID ZIL* RIL ZIL* RDeL ZIL*
 
RID Z2D RIL Z2D RDeL Z2D
 
RID Z2L** RIL Z2L** RDeL Z2L**
 
RID ZDaL*' RIL ZDeL** RI)eL ZDeL**
 
R2D ZII)* R2L ZID*
 
R2D KIL* R2L ZIL*
 
R21) '2I) R2L Z2D
 
R2D Z2L** R2L Z2L**
 
R2I) Z)el** R2L ZI)eL**
 

* Eliminated from consideration assuming Zenein committed to rehabili

tation and operation as a secondary treatment plant.
 

** 	 Eliminated from consideration since conclusions from evaluation of
 

Abu Rawash land disposal can be utilized to suggest Zenein possibilities.
 

Source: Stanley Consultants
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Another consideration for Zenein is the possibility of discharging
 

treated effluent either to the Nahya Drain or to a land disposal area in
 

the desert. For this investigation, it was assumed that Zenein would
 

discharge only to the Nahya Drain. This assumption eliminates another
 

ten treatment-disposal systems in Table 4-4. Evaluation of the poten

tial for land disposal of Abu Rawash wastewater flows to a land disposal
 

area will provide guidance for similar programs at the Zenein facility.
 

Selected screening of the treatment-disposal system matrix (Table
 

4-4) results in five systems requiring detailed environmental evalua

tion.
 

Alternative Plans for Environmental Assessment
 

General - The previous sections surveyed the wide range of collec

tion, treatment and disposal op:'ons that can meet the present and
 

long-range needs of wastewater management for the Cairo West bank study
 

area. The purpose of this environmental assessment is to evaluate
 

impacts of the existing system, the proposed AMBRIC system, and others.
 

Subsequent sections briefly present the major features of the collec

tion, treatment and disposal alternatives under study. These alterna

tives are graphically presented in Figures 4-1 through 4-9 and are sum

marized in Table 4-5.
 

Collection -


Alternative A - No Action (Existing System) - Figure 4-1
 

presents a schematic of the existing West Bank wastewater system. A
 

portion of the area is served with collection sewers which discharge
 

waste to the Najya to Zenein treatment facilities. Effluent from these
 

plants discharges to the Nahya Drain, subsequently entering the Muheit
 

Drain and flowing to its confluence with the Rosetta Branch of the River
 

Nile. Field investigations indicated that the Nahya and Zenein treat

ment plants provide less than primary treatment.
 

8098 4-29
 



------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------

TABLE 4-5
 

SUMMARY OF COLLECTION, TREATMENT AND DISPOSAL ALTERNATIVES
 

Alternative - (Description) System Component 
Collection Conveyance Treatment 

A - (No Action) Existing system. Existing system. Nahya primary; 
Zenein primary; 
Abu Rawash sludge 
drying. 

Disposal
 

Nahya to drain;
 
Zenein Lo drain;
 
sludge to Abu Rawash
 
and agricultural use.
 

B - (Complete Collection and Add AMBRIC pri- Add conveyance Abandon Nahya; Zenein to drain;

Partial Treatment) 
 mary collectors, 	 of ANBRIC col- upgrade/expand AMBRIC collectors to
 

lectors to Zenein to sec- drain.
 
Muheit Drain. ondary.
 

C - (Complete Collection Add AMBRIC pri- Add conveyance 
and Treatment) mary collectors, of AMBRIC col-

lectors to 

treatment sites. 

C-I - (Secondary Treatment Add AMBRIC pri- Add conveyance 
and Drain Disposal) mary collectors. of AMBRIC col-

lectors to Abu 
Rawash. 

Abandon Nahya; Zenein to drain. 
upgrade/expand Other plants as 
Zenein to sec- described below. 
ondary. Other 
plants as des
cribed below. 

Add secondary Abu Rawash to 
treatment at Abu drain. 

Rawash. 

C-2 - (Secondary Treatment Add AMBRIC pri- Add conveyance 
and Partial Land Disposal) mary collectors, of AMBRIC col-

lectors to Abu 
Rawash and Muheit 
Drain to desert. 

Add secondary Abu Rawash ..
 
treatment at Abu drain and desert
 
Rawash. sites for reclama

tion.
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TABLE 4-5
 

%DSUMARY 
 OF COLLECTION, TREATMENT AND DISPOSAL ALTERNATIVES (cont'd)
 

Alternative - (Description) 
 System Component
 
Collection Conveyance Treatment Disposal
 

C-3 - (Primary Treatment and Add ABRIC pri- Add conveyance Add primary Abu Rawash to
 
Drain Disposal) mary collectors, of A14BRIC col- treatment at Abu drain.
 

lectors to Abu Rawash.
 
Rawash.
 

C-4 - (Primary and Land Add AIMBRIC pri- Add conveyance Add primary Abu Rawash to
 
Treatment/Disposal) mary collectors, 
 of AHBRIC col- treatment at Abu desert sites
 

lectors to Abu Rawash; use desert for reclama-

Rawash and to land for further tion.
 
desert sites, treatment.
 

C-5 - (Desert Lagoon and Add AMBRIC pri-	 Add conveyance Add lagoon at Desert sites for
 
Land Disposal) mary collectors, 	 of AMBRIC col- desert sites, reclamation.
 

lectors to desert
 
sites.
 

C-6 - (Desert Infiltration Add AMBRIC pri-	 Add conveyance 
 Add infiltration Desert sites for
 
and Land Disposal) mary collectors. of AMBRIC col- at desert sites. 
 reclamation.
 

lectors to
 
desert sites.
 

Source: Stanley Consultants.
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FIGURE 4-1
 

ALTERNATIVE A - NO ACTION (EXISTING SYSTEM)
 
PRIMARY TREATMENT -
 It 

•z 

SLUDGE ABU
+4 
TREATMENT RAWASH
 

NAHYA DRAIN
 

EXISTING 
 IAHYA
 

LAND U =
 

Sludge from these two plants is pumped to the Abu Rawash site for
 

dewatering on sludge drying beds and subsequent disposal to local agri

cultural lands.
 

Alternative B - Complete Collection and Limited Conveyance
 

(Minimum Treatment and Drain Disposal) - This collection alternative
 

involves construction of the primary collector system proposed by AMBRIC,
 

but no additional treatment facilities. Collected sewage is discharged
 

directly to the Muheit Drain. This alternative assumes that financial
 

resources are limited and that only collection can be provided. As
 

shown in Alternative B (Figure 4-2), Zenein is assumed to provide secondary
 

treated effluent prior to discharge to the Nahya Drain. Abu Rawash
 

provides only sludge disposal.
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This alternative, in essence, is designed to evaluate the environ

mental consequences of a staged improvement program which provides
 

collection prior to bringing treatment facilities on-line. 
 It is recog

nized that this is only an interim plan and that subsequent treatment
 

would definitely be needed.
 

FIGURE 4-2
 

ALTERNATIVE B - COMPLETE COLLECTION AND LIMITED CONVEYANCE
 
(MINIMUM TREATMENT AND DRAIN DISPOSAL)
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Alternative C - Complete Collection and Conveyance (For Alter

natives 1-6) - This collection alternative (Figure 4-3) represents the
 

complete primary sewer system proposed by AMBRIC, including pumping to a
 

treatment facility, rather than discharging to local drains (as in
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Alternative B). Zenein is assumed to provide secondary treatment.
 

Additional collection facilities i7:e provided in the West Bank area to
 

increase flows to Zenein.
 

The Alternative C collection and conveyance system is required to
 

provide a functioning treatment and disposal system for Alternatives 1
 

through 6 discussed subsequently.
 

FIGURE 4.-3
 

ALTERNATIVE C - COMPLETE COLLECTION AND CONVEYANCE
 
(FOR ALTERNATIVES 1-6)
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Treatment and Disposal -

Alternative C-I - Secondary Treatment with Drain Disposal - This 

treatment and disposal alternative (shown schematically in Figure 4-4) 

considers secondary treatment at boh Zenein and Abu Rawash with dis

charge of effluent to nearby drains. This alternative is the proposed 

plan for the West Bank area as contained in A14BR[C documents. Zenein 

effluent continues to the tUaihya Drain whicl enters the Mueit; Abu 
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Rawash would discharge to the Muheit Drain via the Kom Barakat-Rimal
 

Drains and then to the Rosetta Branch of the River Nile. Existing
 

sludge facilities at Abu Rawash would require expansion prior to agricul

tural land application.
 

Design flows for the first stage improvement for Abu Rawash will be
 

400,000 cmd, while Zenein is sized at 330,000 cmd. Actual flows through
 

these two facilities near the end of the first stage (1992) will be
 

390,000 cmd and 180,000 cmd at Abu Rawash and Zenein, respectively.
 

FIGURE L-I
 

ALTERNATIVE C-I - SECONDARY TREATMENT WITH DRAIN DISPOSAL
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Alternative C-2 - Secondary Treatment with Land Disposal -

This alternative is a slight variation of Alternative C-1; a portion of 

the flow from the Muheit Drain would be pumped to land disposal areas 
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(Figure 4-5). Alternative C-2 is also the improvement plan proposed by
 
AMBRIC assumiiLg the GOE obtains appropriate land areas for utilization
 

of the effluent for agric.'tural purposes. Flows to Abu Rawash and
 
Zenein for the first stage are the same as Alternative C-I. Wastewater
 

pumped from the Muheit Drain would be roughly 200,000 cmd. Pumping at
 
this rate would keep the discharge from Abu Rawash and Zenein to the
 

drain system within the maximum required by the existing consent decree
 

(370,000 cmd maximum).
 

FIGURE t-5
 

ALTERNATIVE C-2 - SECONDARY TREATMENT WITH PARTIAL LAND DISPOSAL
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Alternative C-3 - Primary Treatment with Drain Disposal - Alterna

tive C-3 provides complete collection and conveyance with secondary
 

treatment at Zenein, but only primary treatment at Abu Rawash (Figure 4

6). Sludge facilities at Abu Rawash would also be expanded prior to use
 

of sludge on agricultural lands. Effluent from these two plants would
 

discharge to the same drain system as proposed in Altz-7natives C-I and
 

C-2.
 

FIGURE 4-6
 

ALTERNATIVE C-3 - PRIMARY TREATMENT WITH DRAIN DISPOSAL
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This alternative improvement plan is a modification of the proposed
 

AMBRIC scheme in that only primary facilities would be provided at Abu
 

Rawash. First stage flows are the same. Assessment of this alternative
 

will indicate the impact of a short-term plan that could result if
 

curtailed financial resources limit construction of complete treatment
 

facilities. Alternative C-3 has been developed as a means of evaluating
 

the environmental consequences of a staged treatment program just 
as
 

Alternative B evaluates a staged collection program.
 

Alternative C-4 - Primary and Land Treatment/Disposal - This
 

alternative (Figure 4-7) also provides secondary treatment at Zenein
 

with sludge being pumped to the Abu Rawash site. Complete collection
 

and conveyance are provided. Design and actual flows for Alternative C-4
 

are the same as for other alternatives.
 

In Alternative C-4, treatment at Abu Rawash consists of only the
 

necessary mechanical facilities to provide primary treatment. In lieu
 

of discharging effluent to the drains, flows pumped to desert sites
are 


(WI-W4) for subsequent treatment and disposal. Sludge removed during
 

primary treatment would be pumped to treatment facilities in the desert.
 

Both wastewater effluent and sludge would be applied to the soil in the
 

desert areas, thus providing further treatment and utilization for
 

agricultural purposes. Zenein would provide secondary treatment and
 

Abu Rawash would be expanded for the Zenein sludge.
 

This alternative reduces investment in secondary treatment facili

ties at Abu Rawash and transfers that investment to pumping and trans

mission facilities needed to reach remote desert land treatment areas.
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FIGURE 4-7
 

ALTERNATIVE C-4 - PRIMARY AND LAND TREATMENT/DISPOSAL 
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Alternative C-5 - Desert Lagoon Treatment with Land Disposal -

This plan (Figure 4-8) provides complete collection and conveyance of 

wastewater flows (in excess of those that are going to Zenein) to desert
 

agoons in the vicinity of the Alexandria Road (WI-W4). The lagoons
 

could provide a treatment level ranging from primary to near secondary.
 

For purposes of this analysis, an intermediate level is propo.'ed con

sisting of anaerobic systems. Effluent from the lagoons would be pumped
 

to 
land disposal areas and utilized for crop production. Zenein would
 

be upgraded to secondary treatment with sludge continuing to be pumped
 

to the Abu Rawash site.
 

Alternative C-5 offsets some of 
the inherent disadvantages associ

ated with the mechanical treatment system located at Abu Rawash as
 

proposed in Alternatives C-I through C-4. 
 Design and actual conditions
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for the first stage improvements would be the same as other alternatives
 

with 400,000 cmd being pumped to the desert lagoons instead of Abu
 

Rawash.
 

FIGURE -8
 

ALTERNATIVE C-5 - DESERT LAGOON TREATMENT WITH LAND DISPOSAL
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Alternative C-6 - Desert High Rate Infiltration Treatment with 

Land Disposal - This improvement plan includes transporting the 400,000 

cmd first stage flow to a high rate infiltration treatment scheme located 

in the desert instead of providing treatment at Abu Rawash (Figure 4-9). 

The infiltration facilities would be preceded with some short-term
 

anaerobic lagoons.
 

Effluent from the system would be pumped (either from an underdrain
 

system or from the groundwater aquifer) to agricultural lands for irri

gation. Zenein would be a secondary facility discharging to the Nahya
 

Drain with sludge continuing to be routed to Abu Rawash.
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Effluent from the high rate infiltration treatment process would be
 

higher quality than secondary treatment, approaching advanced levels.
 

Alternative C-6 provides a better effluent than the desert lagoons. It
 

also offers a less mechanized treatment system than considered in Alter

native C-I through C-4.
 

FIGURE '-9
 

ALTERNATIVE C-6 - DESERT HIGH RATE INFILTRATION TREATMENT
 
WITH LAND DISPOSAL
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Criteria for Alternative Comparison
 

Evaluation of sewage collection, treatment and disposal systems
 

in developed countries has normally been conducted in a cost-effective

ness framework. Mandatory standards are established and the most cost



effective means of reaching those standards are soughc. A general
 

justification for the standards is given in terms of improving public
 

health, recreation and aesthetics. The monetary value of those improve

ments is not rigorously evaluated.
 

In the less developed countries, the proper mode of analysis is
 

less clear. Standards are seldom established and the public health
 

data required for sound benefit-cost analysis are not available. Selec

tion of the most desirable project is then less mechanical since evalu

ation criteria are flexible.
 

In this light, evaluation of improved collection, treatment and
 

disposal for Cairo is particularly challenging. The need for dramatic
 

improvement is beyond dispute.
 

The following sections discuss the criteria used in evaluation of
 

the proposed wastewater system alternatives. Four major impact cate

gories have been identified:
 

1. Economic
 

2. Reliability
 

3. Public health
 

4. Institutional/social.
 

Evaluations of these factors are, for the most part, qualitative
 

using experienced professional judgment, since quantification of many
 

items is difficult. Even cost estimates are order-of-magnitude in
 

detail and must be considered as indicating relative magnitudes among
 

alternatives, rather than absolute values.
 

Assessment of the various alternatives for economics, reliability,
 

public health, and institutional/social will consider not only impacts
 

resulting from a well-conceived and well-run system, but also those that
 

can result when portions of the system do not function as intended.
 

This approach is intended to analyze the risks inherent with any particu

lar system. In addition, the evaluation considers the potential sensi

tivity of systems to future conditions.
 

Economics - Criteria to be utilized in judging the economics of the
 

various alternatives are listed below:
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1. 	 Present value of capital costs.
 

2. 	 Annual operation and maintenance (O&M) expenses.
 

3. 	 Total life-cycle costs (financial and economic).
 

4. 	 Net benefits for agricultural use of wastewater effluent.
 

5. 	 Net annual project costs considering agricultural benefits.
 

6. 	 Sensitivity to changing economic forces and future trends.
 

The general evaluative approach used in this study is to identify a
 

wide range of alternatives covering the fundamental options. The economic
 

analysis focuses on identifying the costs of the alternatives. Both
 

financial and economic costs are examined to determine the sensitivity
 

of cost rankings to price distortion in the Egyptiar economy. A second
 

emphasis cf the economic analysis is on determining the net benefits of
 

agricultural production using sewage for reclamation and irrigation.
 

Separate evaluations are then made of the expected reliability, public
 

health improvements, and institutional/social acceptability of the
 

alternatives. A summary comparison of the alternatives in terms of
 

these major areas then provides the basis for selection of the most
 

desirable option -- No selection is made here since that choice is
 

dependent on local government and international agency agreement on
 

project criteria.
 

Reliability - Criteria fo: evaluating reliability of the alter

natives are generally categorized within the following:
 

1. 	 Training level and staff size required for operation, main

tenance, and management personnel.
 

2. 	 Availability of required replacement parts and operating
 

supplies.
 

3. 	 Dependability of equipment and electric power service employed
 

in conveyance and processes.
 

4. 	 Complexity of equipment and processes employed.
 

5. 	 Environmental or financial consequences of power failure and
 

power operation.
 

6. 	 Close proximity of treatment and disposal facilities for ease
 

of management.
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7. 
 Sensitivity of process performance to operational changes.
 

8. Likelihood of system co achieve design performance.
 

9. Potential improvement of environment with good operation.
 

10. Environmental monitoring support services required.
 

The training level required for operation, maintenance, and manage
ment personnel is extremely important because iithout sufficient capabil

ities, the best designed and constructed treatment facilities will not
 

function and will not achieve desired water quality and public health
 

improvements.
 

Total manpower requirements for system operation, maintenance and
 

management can be a measure of reliability. Larger staffs can present
 

more management difficulties.
 

Obtaining replacement parts and equipment will be crucial for
 

minimizing process downtime and inefficiency of total facility perfor
mance. Replacement parts and equipment 
are necessary not only for
 

repair of equipment which malfunctions, but also for preventive main

tenance to keep units running before they fail.
 

Availability of supplies for providing services is important,
 

especially treatment. Chemicals in short supply in Egypt, such as chlorine,
 

may affect some options differently.
 

Processes selected should employ dependable types of equipment to
 

maintain operational reliability. Equipment with fewer moving parts and
 

requiring less maintenance are considered most dependable.
 

The level of power service required is important in judging differ

ences among alternatives. Power outages 
are common in the Cairo area
 

and the near-term future is not likely to change significantly. Thus,
 

systems more subject to power loss are 
less reliable. Also, those
 

systems located long distances from an existing strong power distri

bution network are considered less reliable.
 

Equipment ana process complexities, and system performance based on
 

previous experience are interrelated. 
 The more complex a facility is to
 

operate and maintain, the higher the probability for inefficient perfor

mance. Similarly, some systems are simpler to 
operate as evidenced by
 

performance in other areas.
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Those alternatives for which power failure or poor plant operation
 

could result in significant environmental or financial consequences are
 

less 	reliable than those where these factors are less important.
 

Treatment and disposal facilities located in close proximity to
 

each other are considered most reliable. Close location will allow
 

easier management and better communication between treatment and dis

posal staffs. Close proximity also helps reduce overall system problems
 

when 	equipment or processes malfunction.
 

Alternatives employing processes sensitive to operational changes
 

will be considered the least reliable. Those alternatives which are
 

most likely to achieve their design performance levels will also be
 

judged most reliable. This assessment will be based on professional
 

judgment, and experience with similar processes and facilities in Egypt.
 

Also, experience in other countries and other installations will be
 

considered.
 

Processes which have little potential for improving existing environ

mental conditions, even with good operation, will be assessed less
 

reliable than those having high potential for environmental improvement
 

with good operation.
 

A number of support services for environmental protection will be
 

required for each alternative, including laboratory, groundwater moni

toring, stream sampling, and others. The more extensive and complex the
 

support services needed, the more opportunity there will be for system
 

malfunction and environmental degradation.
 

Many of the above reliability issues are closely related with the
 

institutional aspects. The reliability concerns, however, are those
 

that probably have the most direct impact on the environment, since a
 

breakdown usually provides a rather obvious physical end result.
 

Public Health - Following is a list of the main criteria used in
 

evaluating the impact of various alternatives upon public health:
 

1. 	 Promotion of health benefits from reduction of excreta-related
 

diseases which respond to improved sanitation.
 

2. 	 Avoid deterioration of present conditions.
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3. 	 Minimize transfer of problems from one area to another,
 

or from the present to the future.
 

4. 	 Avoid creation of temporary or potentially permanent health
 

hazards.
 

Since this project concentrates on wastewater, it does not address
 

the full range of health-related matters as would a specifically designed
 

health program. Unfortunately, health and disease do not respond to
 

water and sanitation interventions alone. Nutrition, respiratory infec

tions, local customs concerning disease definition and treatment, and
 

the effectiveness of local health care are equally important. As so
 

many other factors outside the scope of this study impinge on health
 

improvement, notably domestic hygiene, the criteria utilized to judge
 

the alternatives will be based on those that minimize, rather than
 

eliminate, sources of infection. Evaluation also concentrates on the
 

most debilitating and widesprcad illnesses and their sources which in
 

this case coincide with wastewater. (Leptospirosis, or weils disease,
 

for example, is a disease spread by contact with urine in liquid or
 

solid waste, but when compared with the prevalence and seriousness of
 

infant diahrreas and hepitatis, it is proportionately an insignificant
 

problem and should be reduced by the same measures attacking the more
 

serious problems.)
 

Table 4-6 briefly summarizes the five focal points for evaluating

the impact of alternatives, their risks, key elements of concern, and
 

relative seriousness.
 

In addition, the analysis attempts to signal potential factors that
 

may preclude long-term health benefits, such as system malfunction and
 

factors that demand attention in order to achieve health benefits from
 

the wastewater management program.
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TABLE 4-6 

SUMMARY OF PUBLIC HEALTH EVALUATION ASPECTS 
OF ALL ALTERNATIVES 

Key Weak Spots and 
Practical Seriousness
 

Area 
 Risks and Concern 
 of Risk
 

1. Neighborhoods Overall reduction in all sources of fecal 
 Will remain serious risk
 
contamination in food and water; promotion 
 unless project also ad
of personal hygiene. 
 dresses health education
 

and solid waste removal
 

as ancillary but essential
 

project components.
 

2. Path of Transport People still liberally use canals and drains 
 Continuing serious risk
 
for washing clothes, kitchen utensils, bath- in areas not served, in
 
ing, irrigation and sometimes for drinking 
 low density rural areas
 
water, 
 and areas with uncollected


solid waste; potential
 

epidemic from system
 
malfunction.
 

3. Treatment Area Occupational h7ard to workers. 
 Manageable problem with
 

adequate worker super
vision and education.
 

4. Reuse/Disposal Areas Hazards to workers, to 
consumers of pro- Manageable problem with
 
ducts or to water users downstream, adequate worker super-

Important as future source of epidemics 
 vision and education;
 
as general health improves, potential for epidemics
 

from system malfunction
 
or inadequately treated
 

effluent.
 

5. Temporary/Construction Inadvertant promotion of vector habitat 
 Main risk is short-term.
 
Network for schistosomiasis (snail), Rift Valley Manageable hazards becom-


Fever (mosquito), Filariasis (mosquito); 
 ing long-term from unfor
possible source of accidents, seen financial or techni

cal problems.
 

Source: Stanley Consultants.
 



Institutional/Social - There 
are a number of institutional and/or
 

social factors which have an important role in assessment of proposed
 

alternative improvement plans. Following is a listing of the major
 

categories considered in this evaluation:
 

1. 	 Meeting national policy goals (food security and population
 

redistribution).
 

2. 	 Maintenance of cultural and aesthetic values.
 

3. 	 Public acceptance with the system.
 

4. 	 Availability of qualified labor supply.
 

5. 	 Complexity of organization requirements.
 

As indicated earlier, population redistribution and food security
 

are important national policy goals which are linked to 
some of the
 

proposed alternatives. Contributions toward these goals are compared
 

among the options.
 

Some alternatives meet cultural and aesthetic values more readily
 

than others, and these are important considerations in selecting 
an
 

implementation program.
 

The willingness of the general public to accept the system and
 

utilize it effectively is a strong underlying factor for success of the
 

entire wastewater improvement program. Without support from the citi

zens, many other criteria in the reliability, public health and insti

tutional areas will be ineffective.
 

The ability to attract and retain a sufficiently large supply of
 

personnel for working in the sewerage utility is another institutional
 

consideration. 
 While this is not strictly peculiar to the wastewater
 

industry, it is 
an element which may impact on selection of a particular
 

implementation program.
 

Another key factor is the organizational requirement to effectively
 

operate and maintain the proposed facilities. Some options require a
 

broader organizational framework including more agencies and more agency
 

interaction to insure proper management.
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CHAPTER 5 - ENVIRONMENTAL CONSEQUENCES OF
 
COLLECTION ALTERNATIVES
 

Economics
 

The three levels of collection presented in this study range from
 

a zero capital cost for Alternative A (status quo) to a LE 153 million
 

investment cost for Alternative C. This latter option is identical
 

to the first stage Group A collection system proposed by AMBRIC.
 

Component costs for the West Bank project, previously shown in Table 2-1,
 

are retabulated in Table 5-1. Approximately LE 5 million (Group B
 

project) have been added to the collection and conveyance costs for
 

expansion of the drain which flows to the Rosetta Branch of the Nile.
 

TABLE 5-1
 

COLLECTION SYSTEM CAPITAL COST
 

ALTERNATIVE C 

LE 106* 

North West Project 83.7 

Giza Relief Collector Project 15.7 

Pyramids Collector Project 48.5 

Drain Expansion 5.0 

TOTAL 152.9 

* Costs are aid-1980 values with 0.7 LE per U.S. $. 

Source: AMBRIC, "Design Inception Report", June 1981. 

Alternative B is similar to Alternative C though the elimination of
 

several pump stations and several kilometers of buried sewer pipe
 

required to convey wastewater to the Abu Rawash facility reduces
 

the overall cost. Table 5-2 summarizes the deleted cost items and the
 

total capital cost for Alternative B.
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TABLE 5-2
 

COLLECTION SYSTEM CAPITAL COST
 
ALTERNATIVE B
 

LE 106*
 

TOTAL COST ALTERNATIVE C 152.9
 

Less conveyance items:
 

S. Muheit P.S. 2.8
 

Sewer - Kirdasah P.S. to
 

Pyramids '.S. 18.3
 

Pyramids P.S. 2.1
 

Sewer - S. Muheit to Abu Rawash 14.9
 

Kirdasah P.S. 2.1
 

Sewer - Kirdasah P.S. to Abu Rawash 4.7
 

TOTAL COST ALTERNATIVE B 108.0
 

* Costs are mid-1980 values with 0.7 LE per U.S. $. 

Source: AMBRIC and Stanley Consultants.
 

It is estimated that a portion of the collection system components
 

would regularly require replacement during a 20-year economic evaluation
 

period for the project. Suitable allowances for repair and replace

ment costs are provided in the cost analysis. Life-cycle capital invest

ment costs (including periodic replacement costs) for Alternatives B and
 

C are estimated at present values of LE 114.4 million and LE 162.6
 

million, respectively. Present worth salvage values of the system at
 

the end of 20 years are approximated at LE 8.7 million for Alternative B
 

and LE 13.0 million for Alternative C.
 

Partial )&M requirements for the collection system have been developed
 

for comparatie purposes. Labor, energy, and general maintenance expenses
 

for the pump stations are included in the system O&M costs. Fawever,
 

due to the lack of data, no estimate of the cost for cleaning and repair

ing sewer lines has been calculated.
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Annual O&M expenditures (excluding sewer cleaning and repairs) for
 

the primary collectors and conveyance system are estimated from LE 0.1
 

to 0.3 million for Alternative B and LE 0.2 to 0.4 million for Alterna

tive C. If sewer cleaning and repairs were included, Alternative C would
 

be somewhat higher than Alternative B due to the additional length of
 

sewer line provided.
 

AMBRIC and Taylor-Binnie Partners have estimated projected costs
 

for operation and maintenance of the entire Cairo sewerage system,
 

including collection, treatment and disposal. These costs are projected
 

to range from 13.8 million LE in 1987 to 77.9 million LE in the year
 

2000, all apparently in terms of 1980 prices. Separation of these costs
 

into components, such as operation and maintenance for the collection
 

system could not be done by the study team, and no additional information
 

was available from AMBRIC. Present costs for operation and maintenance
 

of the existing collection system were not available from GOSSD. How

ever, such costs would not be particularly relevant, because present
 

operation and maintenance practices are grossly inadequate. Also, many
 

of the pumping stations in the existing system will be eliminated, and
 

the proposed new sewers will reduce the overloaded condition of the
 

existing sewers. These factors will have a reducing effect on existing
 

operation and maintenance requirements.
 

When considering O&M requirements of the existing collection system
 

to maintain its function under overloaded conditions and deteriorating
 

appurtenances, such as pump stations, it is judged that total expendi

tures for O&M for Alternative A would actually be higher than Alterna

tives B or C because of the extensive number of pumping and ejector
 

stations, the present state of disrepair of the pumping facilities, and
 

the undersized sewers which become easily clogged and require continual
 

attention. Obviously, an "adequately" operated and maintained existing
 

collection system would provide very poor collection service when compared
 

with Alternatives B or C.
 

When compared with the inadequate O&M practices and funds presently
 

being expended for the existing collection system (Alternative A),
 

properly operated and maintained Alternatives B and C would appear to
 

have increased O&M costs.
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Combined comparative capital and O&M costs for the three collection
 

system alternatives are presented in Table 5-3 in both present value
 

and annual cost terms.
 

As shown, Alternative A is decidedly the least expensive option
 

because there is no capital outlay. Alternative C is approximately 50
 

percent more costly than Alternative B, primarily due to the additional
 

capital investment. However, Alternative B represents a staged option
 

(interim improvement) and thus is not directly comparable to Alternative
 

C on a least cost basis.
 

TABLE 5-3
 

LIFE-CYCLE AND ANNUAL COSTS FOR COLLECTION ALTERNATIVES
 

Life-Cycle Costs (LE 106)1) 

Alternative 

No Action 

A Alternative B 
Complete Collec-
tion/ Limited 

Conveyance 

Alternative C 
Complete 

Collection/ 

Conveyance 

Present Value of Capital 

Investment 0 114.4 162.6 
Salvage Value 0 8.7 13.0 

Net Present Value: 0 105.7 149.6 

Present Value of O&M __3) 1.6 2.4 

Total Present Value -- 107.3 152.0 

Annual Costs (LE 106)1)
 

Capital2 )  	 0 12.4 17.6
 

O&M 	 _-3) .2 .3
 

Total 
 --	 12.6 17.9 

1) 	Costs are mid-1980 financial values with 0.7 LE per U.S. $. 

2) 	Annual debt service costs figured on 20-year project life with 10%
 
discount rate.
 

3) 	Not estimated but expected to be higher than either Alternatives B or C,
 
if Alternative A could be adequately operated and maintained. This occurs
 
because Alternatives B and C have fewer pumping stations than the
 
existing collection system (Alternative A) and because relieving over
loaded sewers should reduce sewer cleaning requirements. See discussion
 
in text.
 

Source: Stanley Consultants.
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Table 5-4 presents a summary comparison of the economic assessment
 

of the collection alternatives.
 

TABLE 5-4
 

ECONOMIC COMPARISON OF COLLECTION ALTERNATIVES
 

Ranking Comparisons 
Alternative A Alternative B Alternative C 

Complete Collec- Complete 
tion/Limited Collection/ 

Criteria No Action Conveyance Conveyance 

Present Value of 

Capital Costs Low Medium High 

Annual O&M Expenses High Medium Medium 

Total Life-Cycle Costs Low Medium High 

Ranking of Alternatives 1 2 	 3
 

Source: Stanley Consultants.
 

Collection system justification must be that the provision of
 

adequate waste disposal is a necessary responsibility of a governmental
 

body. The resulting improvement in health conditions, aesthetics,
 

social well-being, and other nonquantifiable benefits are consequently
 

used to offset project costs. Discussions of the qualitative merits of
 

each collection option are presented in the following sections. Listed
 

below are two factors that have an impact on collection system imple

mentation and the associated risks that need to be considered:
 

1. 	 The viability of portions of the West Bank plan depend on
 

diversion of a substantial wastewater flow from the West Bank
 

by construction of the deep tunnels on the East Bank.
 

These tunnels will require large financial commitments from
 

the Government of Great Britian and the Government of Egypt.
 

With this type of construction, unforeseen conditions, such
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as soil characteristics and unknown obstructions, can have a
 

great effect on the final project costs. Therefore, financial
 

requirements for the tunnel projects could be much greater
 

than presently planned and indirectly impact the West Bank.
 

2. 	 Conveyance of the projected wastewater flows in sewered and
 

unsewered areas to the proposed (Group A) and existing "pri

mary" sewers, pump stations, and treatment facilities on the
 

West Bank will necessitate construction of additional "secon

dary" sewers, house connections, and miscellaneous items.
 

These latter projects are classified by AMBRIC as Group B
 

projects, primarily for Egyptian funding. If the Group B
 

projects are not completed, the proposed collection and treat

ment facilities evaluated herein will receive much lower flows
 

than they are designed for, and the funds used for construc

tion of Group A projects will not have been used to the best
 

advantage.
 

Reliability
 

The primary purpose of any sewage collection system is to remove
 

wastewater from areas of human habitation and human contact. Collection
 

systems which can perform this function most reliably, within the con

straints imposed by economics, public health, and institutional objec

tives of the society are preferred.
 

Alternative A - The no action alternative would perpetuate the present
 

reliability problems with wastewater collection. Uncontrolled popula

tion growth and urban development, undersized sewers, high sediment
 

loads, large quantities of grease and public misuse of the sewers are
 

all factors which contribute to overburdening of the collection system.
 

The current state of disrepair compounds the significant organizational
 

and management challenges for operating the rather complex system.
 

Additional constraints are imposed by lack of adequately trained personnel,
 

insufficient supply of spare parts for the large number of pump stations
 

and sewage ejector stations and unreliable electric service. The no
 

action alternative would allow these current difficulties to increase as
 

the system ages and population and urban development continues to increase.
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Alternative B - Alternative B consists of the complete collection
 

system as proposed by AMBRIC, but with only sufficient conveyance faci

lities to discharge the wastewater into the Muheit Drain. The system
 

removes waste from the major population areas and transports it to
 

surface drains, which convey it to the Nile River. Wastewater enters
 

the Nile downstream of the major population center of Cairo, and down

stream of all surface water intakes for the potable water system. The
 

complete collection system will significantly reduce the number of
 

existing pumping stations, greatly increasing the reliability of waste

water collection. From the collection standpoint alone, Alternative B
 

must be considered the simplest and most reliable system. However, it
 

has a major disadvantage in that no new sewage treatment facilities are
 

provided. The exis'ing Zenein treatment plant would remain in service,
 

but it will have insufficient capacity for treatment of all wastewaters.
 

This alternative will reduce the quality of water supplies for domestic
 

and livestock uses. Wastewater will be removed from densely populated
 

urban areas and transferred to more sparsely populated agricultural
 

areas. With present irrigation practices, workers and others exposed to
 

irrigation waters might be under increased public health risks.
 

Alternative C - Alternative C consists of the complete collection
 

and conveyance system as proposed by AMBRIC, and will permit a number of
 

different. alternatives for wastewater treatment. Alternative C reduces
 

or eliminates the problem of exposing downstream populations to untreated
 

wastewater. It has all of the advantages of Alternative B for collec

tion purposes, except additional major sewers and pumping stations are
 

required for conveyance to Abu Rawash. This decreases total reliability
 

of the collection system for Alternative C when compared to Alternative B.
 

Comparison of Alternatives - Table 5-5 provides a comparative
 

summary of the alternative collection systems based on reliability
 

crireria. Alternative A (No Action) is theoretically considered the
 

most complex and difficult to operate, because of the large number of
 

isolated pumping stations and the age of the existing system. It has a
 

history of poor performance with frequent overflows of wastewater in
 

high density population areas. Therefore, the no action alternative is
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TABLE 5-5
 

RELIABILITY COMPARISON OF COLLECTION ALTERNATIVES
 

Ranking Comparisons*
 
Alternative A Alternative B Alternative C
 

Complete Collec- Complete
 

tion/Linlited Collection/
 
Criteria No Action Conveyance Conveyance
 

Minimize level of train
ing for operation, main
tenance and management Medium High Medium
 

Minimize replacement
 
parts and equipment Low High Medium
 

Minimum equipment or
 
system complexity Low High Medium
 

Minimum dependence on
 

electric utilities to
 
function Low High Medium
 

Minimum manpower to 
operate Medium High Medium
 

Good system performance
 
based on equivalent
 
system experience Low Medium Medium 

Removal of sewage from
 
human contact Low Medium High
 

Ranking of Alternatives 3 1 2
 

* Considering collection system only. 

Source: Stanley Consultants.
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considered the least desirable from the reliability standpoint of the
 

three alternatives.
 

Alternative B will result in the simplest and easiest to operate
 

system when compared to the other alternatives. However, its main dis

advantage is that wastewater is only partially removed from the Cairo
 

population. From the standpoint of collection only, this alternative
 

ranks high because of ease of operation and dependability within the
 

constraints of its design limitations.
 

Alternative C p:ovides the best performance when compared with the
 

other two alternatives. It is somewhat more difficult to operate than
 

Alternative B because of the long conveyance system and the associated
 

large pumping stations needed to convey flows to Abu Rawash. From only
 

the standpoint of collection, this alternative ranks between the other
 

two alternatives.
 

The preceeding comparison assumes that the COE will commit the
 

necessary resources to assure proper operation, maintenance and replace

ment of the facilities proposed for Alternatives B and C. Past exper

ience regarding the ability of the government to commit these resources
 

has been poor. No system or alternative will function reliably without
 

these elements. The systems proposed as Alternatives B and C should be
 

less difficult to operate and maintain than the no action alternative.
 

The large screw pumping stations associated with Alternative C (convey

ance to Abu Rawash) will add some O&M difficulty over Alternative B.
 

Experience with the operation and maintenance of major pumping stations
 

has been reasonably good, as illustrated by the comparatively well

operated Giza pump station.
 

The commitment of GOSSD to the ambitious O&M training program
 

proposed by AMBRIC is an indication of Egypt's willingness to commit the
 

necessary resources to sound O&M practices.
 

Public Health
 

Because of the limited health statistics in Cairo, professional
 

judgment for assessing the potential health effects was based upon
 

observation and discussion with local health personnel. Following is a
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discussion of the impacts of the options, as well as other health-related
 

matters deemed essential to maximize health benefits from wastewater
 

system improvements.
 

Alternative A - From a health perspective taking no action is the
 

least desirable alternative, since continued growth and development will
 

worsen an already poor situation. The only favorable aspect is that no
 

action could conceivably allow the diversion of massive investment for
 

wastewater facilities to other health promoting programs; for example,
 

solid waste collection and disposal, curative health care, health educa

tion, and provision of potable water. None of these, except health
 

education, compare in importance at this stage to the potential health
 

benefits to be derived from the removal of human waste. Without that,
 

even health education would represent a poor investment.
 

Alternative B - The important aspect of both collection Alterna

tives B and C is that they remove substantial sources of contamination
 

within the urban living environment. For financial reasons, Alternative
 

B stresses immediate attention to collection and removal from neighbor

hoods by depositing untreated effluents into existing drains until GOE
 

can afford future attention to treatment. This short-term emphasis on
 

collection implies an equivalent short-term neglect of treatment and
 

disposal. Consequently, Alternative B contains a hidden risk: its
 

short-term emphasis on collection as an intermediate measure may neces

sarily become a long-term "solution" due to financial and institutional
 

circumstances beyond the control of the project. This could cause an
 

unintended deterioration of the existing situation in areas adjacent to
 

the canals and drains.
 

Limited data make it impossible to determine the short- and long

term health effects of the additional effluent flows to the drains as a
 

result of an expanded collection system. Under present conditions,
 

human waste is slowly transferred to groundwater, the drains and the
 

Nile from nonsewered areas. Moreover, the current canal/drain situation
 

with raw waste from Zenein flowing in it, is undesirable; but there is
 

no way to calculate the additional health repercussions of an increase
 

in volume of raw sewage from extension of services and cleaning of
 

clogged sewers.
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On the basis of the available information and professional judgment
 

it is felt that the removal of wastes from the high density areas in
 

Cairo and transport of them untreated to drain disposal will provide a
 

net health improvement as compared with no action because present condi

tions in drains are poor. Transfer and removal, in this case, do not
 

create any new health hazards. Rather they contribute to an already
 

deteriorated situation. Residents along the canals and drains know
 

these waterways are now polluted and consequently avoid using them.
 

In summary, the present real benefits to the urban high-density
 

residents appear to outweigh the theoretical transfer of additional
 

risks to rural low-density residents. Far more serious health risks for
 

both high- and low-density areas will emerge if Alternative B inadver

tently enlarges and institutionalizes the status quo by becoming a
 

permanent, rather than an interim, solution.
 

Alternative C - As with Alternative B, the main health aspect is
 

that it transfers a direct source of contamination from urban neighbor

hoods to one of indirect contact from domestic and agricultural uses in
 

rural areas of lower population density; this is deemed a net health
 

benefit for greater Cairo.
 

Unlike Alternative B, however, this alternative provides the potential
 

for treatment of the additional wastes collected prior to discharge to
 

the environment. Thus, Alternative C provides a significantly improved
 

health situation with fewer theoretical and practical risks compared to
 

Alternatives A and B.
 

Comparison of Alternatives --Table 5-6 presents a comparison of the
 

public health effects of Alternatives A, B and C which represent varying
 

degrees of wastewater collection in the Cairo West Bank study area. As
 

previously indicated, Alternative C is the highly preferred collection
 

option. However, if funds are limited, Alternative B will still provide more
 

significant health benefits than maintaining the status quo (Alternative A).
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TABLE 5-6
 

PUBLIC HEALTH COMPARISON OF COLLECTION ALTERNATIVES
 

Relative Comparisons 

Alternative A Alternative B Alternative C 

Complete Collec- Complete 

tion/Limited Collection/ 

Criteria No Action Conveyance Conveyance 

Public health benefits from
 

reduction of water-related
 
diseases Low Medium High
 

Avoid deterioration of
 
present conditions Low Medium High
 

Minimize transfer of pro

blems to another area Medium Low Medium
 

Avoid creation of temporary
 
health hazards Medium Low Low
 

Ranking of Alternatives 3 2 1
 

Source: Stanley Consultants.
 

Other Health Related Matters - Chapter 3 furnished a health background
 

for greater Cairo and identified, in broad terms, certain issues that
 

are equally important to wastewater improvements. The sections below
 

describes three of those, all vital supportive measures to ensure that
 

the heavy investment in sanitation infrastructure will, in fact, produce
 

health and social benefits. (Appendix H contains several tables that
 

amplify the health aspects.)
 

Zihr Use - Egyptians traditionally cool and store their house
 

drinking water in clay containers called "zihrs" and their personal
 

drinking water in "kolas". Zihrs are still in evidence in both urban
 

and rural areas, especially those without house water connections and
 

in summer months, even in those with house services. Because of their
 

porousness and widespread use, they represent a recurrent source of con

tamination. The wastewater system will not improve this situation.
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Solid Waste - In broad comparative terms, diseases spread
 

through the intermediary solid waste represent a less serious public
 

health hazard than those spread by water/wastewater. Theoretically,
 

this is primarily due to the following:
 

1. 	 Accumulation of solid waste is more a nuisance than a health
 

hazard. It produces noxious odors, provides breeding grounds
 

for rats, roaches, mosquitoes and files and is aesthetically
 

offensive.
 

2. 	 Actual incidence and prevalence of related diseases are less
 

both in severity and frequency (e.g., diarrheas spread by
 

flies) and tend to be localized problems or potential epidemics
 

(e.g., plague from rats or diseases spread by mosquitoes with
 

a limited flight range).
 

When the water and wastewater systems are improved and properly
 

maintained, water-related disease should be reduced. However, if sewers
 

and vaults are not maintained and if defecation habits do not change,
 

then uncollected solid waste in neighborhoods remains as a very impor

tant health hazard because it provides the frequent occasion for contami

nation of food, water, hands, toys, and utensils which are the ma.n
 

vehicles for the spread of enteric infections. What separates theory
 

from practice is the degree of contamination of solid waste with human
 

waste.
 

In addition, solid waste accumulation also jeopardizes efficient
 

operation of waterborne sanitation both in residences and sewer lines as
 

previously described. Finally, widespread uncollected solid waste
 

exerts an enormous deleterious psychological effect in neighborhoods
 

since the people become accustomed to and accept filthy environmental
 

conditions, thus thwarting attempts at community education for improved
 

hygiene.
 

Health Education - As indicated earlier, improvement of the
 

sewerage system will not be sufficient to induce immediate major health
 

benefits because of the complex nature of interrelated disease-causing
 

conditions in Cairo. One of the weakest links in the chain of health
 

improvement lies at the domestic level. Housing conditions, nutritional
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status/general health, and personal habits, makes it impossible to be
 

precise in suggesting recommendations. Until the general population
 

itself understands the basic elements of disease transmission, full
 

advantage of the engineering improvements to the wastewater system will
 

not take place. Indeed, despite the government's successful effort to
 

locate health services throughout rural areas, these services were
 

under-utilized by the very populations most in need for a variety of
 

socio-economic reasons, but not because of difficult access.*
 

The difficulties of launching a health education program are enormous,
 

due as much to uncontrollable social factors and possible backlashes as
 

to the sheer magnitude of the task itself. In the past, education
 

campaigns have faltered because parents have felt that schools were
 

indirectly attacking their domestic hygiene habits or lack of toilet
 

facilities. Community leaders, without understanding the complexity of
 

the problem, can effectively pit one Ministry against another in cri

tizing uncoordinated efforts before projects are completed. Addition

ally, residents are suspicious of questionnaires and dislike the govern

ment prying into their personal lives. Nonetheless, exploiting the
 

benefits of essential and extensive engineering improvements will have
 

to be coupled with equally extensive efforts at community organization
 

and self-help at the family level, amidst a population that often feels
 

it has been receiving empty promises. This poses a challenge but it
 

also entails a risk. If the project does not address these various
 

social aspects, then it may take an extra ten or twenty years to fully
 

realize the results of the enormous expenses for a wastewater system.
 

Institutional/Socia'-


The provision of basic human services is a primary governmental
 

function. The pervasive impression is that physical infrastructure is
 

seriously inadequate in Egypt. Despite acceleration in investment since
 

1973, the capacity of transportation systems, telecommunications, power
 

distribution networks, potable water systems, and sanitation facilities
 

* Field and Ropes, "The Influence of the Health System on the Recorded 

Incidence of Infant Mortality and Birth Rates in Rural Egypt", M.I.T./ 
Cairo University Health Care Delivery Systems Project, Paragraph 2, 
1980. 
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is still severely limited. The government has recognized the need to
 

either sustain or increase the current level of investment in these
 

areas, .nd has allocated about 45 percent of the public investment ex

penditures in the 1978-1982 Five-Year Plan to the various infrastructure
 

subsectors. Evidence of this commitment is the foreign and domestic
 

planning efforts that have been expended since 1977 in the development
 

of the greater Cairo wastewater project. As mentioned in previous
 

sections, expansion and rehabilitation of the sewage collection system
 

is the most desirable first step in implementation of this comprehensive
 

wastewater management system.
 

Piecemeal design and construction, coupled with public misuse of
 

the collection system have created problems for GOE agencies charged
 

with operation and maintenance responsibilities. Unconstrained popu

lation growth and inadequate land use controls have taxed the existing
 

system beyond design capabilities in many areas. Illegal connections
 

and improper disposal of solid wastes into the sewer lines clog the
 

already overburdened systems. Thia causes line breaks or sewage back up
 

into ground level dwelling units. Many owners disconnect the sewer to
 

prevent inundation. These are typical problems facing the government
 

sewage authorities which are already seriously hampered by internal
 

management and personnel problems.
 

Alternative A - Maintaining the existing conditions (Alternative A)
 

would perpetuate a substandard quality of life for a large segment of
 

the West Bank population. Alternative A would not contribute to national
 

policy goals of population redistribution and food security. Pollution
 

of drains and waterways in violation of Law 93/1962 would increase with
 

population and waste load growth. The operation and maintenance of the
 

existing overburdened collection system would continue under the direc

tion of a public sector that is debilitated by poor financial perfor

mance, general overemployment, a severe shortage of technical and managerial
 

expertise and lack of community support. Public abuse of the system
 

would also continue in the absence of any attempt at education. In
 

addition, there will be continued demands on the government to provide
 

sewers in high density areas which are currently unsewered.
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Alternative B - ImpIlementation of an improved collection system, as
 

proposed under Alternative B, could contribute greatly toward improving
 

the quality of life in the affected West Bank neighborhoods. Alterna

tive B provides some opportunity for attainment of national goals since
 

a portion of the needed collection system would be constructed. Because
 

this alternative systematically discharges a portion of the collected
 

sewage directly into the Muheit Drain, the potential for continued
 

violation of the "purity" of the Nile is substantially increased. The
 

expanded system is not expected to increase personnel requirements due
 

to abandonment of a large number of existing pumping and ejector stations.
 

Alternative C - Alternative C includes the same collection network
 

as Alternative B, but also provide6 for conveyance of the sewage to a
 

eotential treatment site at Abu Rawash. Thus, it will not only improve
 

neighborhood quality of life, but provides the collection and convey

ance system necessary for eventual use of wastewater for land reclama

tion activities, contributing toward national goals. Providing waste

water treatment would minimize impacts on the cultural value of main

taining Nile purity and reduce public health risks downstream of Abu
 

Rawash and Zenein. The increased wastewater collection system wodld
 

substantially raise O&M demands and widen the gap between manpower
 

requirements and capabilities.
 

Comparison of Alternatives - Table 5-7 provides a comparative
 

summary of the alternative collection systems based on the institutional/
 

social criteria. Alternatives B and C both have the eventual oppor

tunity to contribute toward national goals; however, Alternative C is
 

the only one which has the potential to meet the cultural value of
 

maintaining Nile quality since it is associated with treatment.
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TABLE 5-7
 

INSTITUTIONAL/SOCIAL COMPARISON OF COLLECTION ALTERNATIVES
 

Ranling Comparisons 
Alternative A Alternative B Alternative C 

Complete Collec- Complete 
tion/Limited Collection/ 

Criteria No Action Conveyance Conveyance 

Meeting national policy goals Low Medium High
 

Cultural/aesthetic values
 
maintained Low Low High
 

Public acceptance of system Low Medium Medium
 

Minimum skilled labor ne.s Medium Low Low
 

Minimum organizational
 

complexity Medium Medium Medium
 

Ranking of Alternatives 3 2 1
 

Source: Stanley Consultants.
 

Public compliance with acceptable operational procedures would be
 

unaltered under Alternatives B or C without initiation of an educational
 

program. Actual connection of hcuses to the sewer system may be diffi

cult given the existence of rent control. Low rents may prevent land

lords from paying for connections. Residents may be unable to afford
 

connections, yet others may expect free services. This potential insti

tutional difficulty will have some impact on public health and operation
 

reliability. Ilk,-ver, these impacts are minor compared to the obviously
 

improved overall si uation created by either alternative.
 

Another public acceptance factGr which applies to both Alternatives
 

B and C is the community's priorities. For example, people may feel
 

that schools, transportation or other community needs are more desirable
 

than sanitation improvements. H1owever, if the level of community aware

ness is already high concerning disease (as opposed to acceptance of
 

diarrhea and undiagnosed malnutrition, for example, as a normal part of
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childhood) then it will be easier to tap community support. Educational
 

programs, as discussed earlier for public health, are an important part
 

of the greater Cairo wastewater project. Such programs must be initiated
 

to mitigate many of the basic functional problems that will occur if the
 

collection system is implemented without widespread understanding and
 

support by the communities affected.
 

The organizationai structure required for Alternative B and C will be
 

roughly equivalent with essentially one lead governmental unit needed to
 

supervise operations. The fisk of system failure is high under the
 

existing system because of the lack of technical and managerial exper

tise within the public sector. This situation will be improved somewhat
 

with either Alternative B or Alternative C due to the more simplified
 

collection system. However, increased system size will still create a
 

high risk of failure.
 

The labor and management difficulties within the Egyptian public
 

sector are impediments to successful operation and maintenance of an
 

expanded sewage collection project. Substantial reorganization and
 

manpower planning programs will be required in an attempt to mitigate
 

the potential for system failure. In addition, commitments must be made
 

by GOE to determine effective means for not only increasing the labor
 

supply qualified to operate systems, but to also ensure that the man

power is retained within the country. Further discussion of these
 

mepsures is included in Chapter 6.
 

Summary Comparison
 

A summary comparison of collection Alternatives A, B, and C is
 

shown in Table 5-8. Comparisons are based on economics, reliability,
 

public health, and institutional/social criteria. The economic compari

son reflects capital and partial O&M costs but ignores nonquantifiable
 

monetary benefits, such is improved public health and aesthetics. For
 

the overall ranking, Alternatives B and C appear to be nearly equal.
 

However, professional judgment places the ranking of Alternative C above
 

Alternative B.
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TABLE 5-8
 

SUMMARY COMPARISON OF COLLECTION ALTERNATIVES
 

Ranking Comparisons* 
Alternative A Alternative B Alternative C 

Complete Complete 
Collection/Limited Collection/ 

No Action Conveyance Conveyance 

Economics 	 1 2 3
 

Reliability 	 3 1 2
 

Public Health 	 3 2 1
 

Institutional/Social 3 2 	 1
 

Overall Ranking of
 

Collection Alternatives 3 	 2 1
 

* 	 Overall rankings from tables in preceding sections of this chapter, 

considering collection system only. 

Source: Stanley Consultants.
 

In 	conclusion, Alternative C is the preferred collection system, if
 

sufficient funding can be obtained for construction. High ranking in
 

contributing to national goals and maintaining cultural values gives
 

Alternative C an advantage over Alternatives A and B. If funding is con

strained, Alternative B will be the next best approach. Alternative B
 

can be a first step toward ultimate construction of Alternative C and
 

treatment facilities. Conveyance facilities in Alternative C must be
 

completed before treatment facilities at Abu Rawash can be used as
 

intended by AMBRIC. Thus, the following discussion of treatment and
 

disposal options in Chapter 6 assume that the Alternative C collection
 

system is in place.
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CHAPTER 6 - ENVIRONMENTAL CONSEQUENCES
 
OF TREATMENT AND DISPOSAL ALTERNATIVES
 

Economics
 

General - The six treatment and disposal alternatives presented in
 

this study incorporate a wide variety of sewage management processes.
 

For each alternative a range of capital and O&M costs has been prepared
 

which reflects uncertainties in design, cost parameters, locations of
 

agricultural reclamation sites, and other components requiring engin

eering judgments. Separate discussions of each alternative are pre

sented first, then a summary comparison of the plans follow, using mid

range cost estimates as a base. Collection system expenditures are
 

included with treatment-disposal costs in the summary to obtain total
 

project cost comparisons. All costs are based on mid-1980 price levels.
 

Sensitivity of the alternatives to labor, power, and material cost
 

changes is also addressed.
 

Estimates of net returns from agriculture for those alternatives
 

which include land reclamation are also presented in this chapter.
 

This allows benefits derived from land reclamation activities to be
 

compared with the total project costs (investment and O&M) associated
 

with this method of disposal.
 

It must be recognized that the cost estimates presented are strict

ly order-of-magnitude. They are intended only to be indicative of the
 

relative cost among alternatives. Costs for Alternatives C-3 through C

6 are considered less reliable than C-I 
and C-2 which have considerable
 

back-up investigations already performed to substantiate the program now
 

being developed by AMBRIC and CWO.
 

Alternative C-I - This alternative, as developed by AMBRIC, com

bines secondary treatment at Zenein and Abu Rawash with disposal of
 

effluent from both plants into local drains. Capital costs for waste

water and sludge treatment are estimated between LE 96 million and LE
 

130 million. Approximately LE 17 million of this amount is for the
 

expansion and upgrading of Zenein which will soon be underway.
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Annual O&M costs are expected to be between LE 4.7 million and LE
 

6.5 million based on flows of 375,000 cmd in 1987. These expenses are
 

projected to increase to roughly LE 7.3 million to LE 10.1 million as
 

flows of 580,000 cmd are reached at the end of Stage 1 in 1992.
 

Alternative C-2 - This alternative represents the first stage works
 

as proposed by AMBRIC. Secondary treatment and sludge costs are identi

cal to Alternative C-i; however, part of the Abu Rawash discharge is
 

directed to desert lands for agricultural use. By 1992, approximately
 

170,000 cmd of effluent would be diverted to irrigate 10,000 feddans.
 

Table 6-1 summarizes costs for this alternative.
 

TABLE 6-1
 

COST SUMMARY FOR ALTERNATIVE C-2
 

Estimated Cost Range (LE 106)1)
 

Low Medium High
 

Capital
 

Treatment & Sludge 96 107 130
 

Pump Stations & Transmission2 ) 10 11 18
 

Irrigation & Intrastructure 29 30 41
 

TOTAL 135 148 189
 

Annual O&M
3 )
 

Initial Year 1987 5.6 6.3 7.6
 

Design Year 1992 8.6 9.7 11.8
 

1) Costs are mid-1980 values with 0.7 LE per U.S. $.
 

2) Cost for pumping effluent from drains to desert lan, sites.
 

3) Irrigation and infrastructure O&M costs are excluded here and
 
accounted for in the following section on net returns to agricul
ture.
 

Source: Stanley Consultants.
 

Alternative C-3 - Treatment at Abu Rawash is downgraded to a primary
 

level under this alternative. Zenein maintains its secondary design.
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Effluent from both plants is discharged to the drains. Capital costs
 

for treatment and sludge range from LE 38 million to LE 59 million.
 

Initial year O&M costs are estimated between LE 2.8 million and LE 4.1
 

million, peaking at roughly LE 4.4 million to LE 6.4 million by 1992.
 

Alternative C-4 - Alternative C-4 is similar to C-3 in treatment
 

costs, though some additional sludge handling facilities are included at
 

a desert land reclamation site. Ultimately 400,000 cmd of primary
 

treated effluent from Abu Rawash would irrigate about 11,500 feddans.
 

Costs are given in Table 6-2.
 

TABLE 6-2
 

COST SUMMARY FOR ALTERNATIVE C-4
 

Estimated Cost Range (LE 106)1)
 

Low Medium High
 

Capital
 

Treatment & Sludge 39 49 62
 

Pump Stations & Transmission2 ) 27 48 59
 

Irrigation & Infrastructure 44 54 70
 

TOTAL 	 110 151 191
 

Annual O&M
3)
 

Initial Year 1987 3.9 5.0 6.0
 

Design Year 1992 6.0 7.8 9.3
 

1) 	Costs are mid-1980 values with 0.7 LE per U.S. $.
 

2) 	Cost for pumping effluent from Abu Rawash to desert land treatment/
 
disposal site.
 

3) 	Irrigation and infrastructure O&M costs are excluded here and
 
accounted for in the following section on net returns to agricul
ture.
 

Source: Stanley Consultants.
 

Alternative C-5 - Wastewaters directed to Abu Rawash, as in Alterna

tives C-I through C-4, would be pumped directly to desert lagoons for
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treatment under Alternative C-5. Secondary treatment with drain dis

posal would still prevail at Zenein. As under Alternative C-4, approxi

mately 400,000 cmd would be used for irrigating 11,500 feddans in 1992.
 

Slight cost variations for irrigation and infrastructure occur from
 

Alternative C-4 because pre-irrigation detention ponds are not required
 

in Alternative C-5. Costs for Alternative C-5 are presented in Table 6-3.
 

TABLE 6-3
 

COST SUMMARY FOR ALTERNATIVE C-5
 

Estimated Cost Range (LE 106)1)
 

Low Medium High
 

Capital
 

Treatment & Sludge 	 40 53 64
 

Pump Stations & Transmission 2) 27 48 	 59
 

Irrigation & Infrastructure 42 50 	 65
 

TOTAL 	 109 151 188
 

Annual O&M
3)
 

Initial Year 1987 2.5 3.4 4.0
 

Design Year 1992 3.9 5.2 6.2
 

1) 	Costs are mid-1980 values with 0.7 LE per U.S. $.
 

2) 	Cost for pumping raw wastes to desert lagoon treatment and land
 
application sites.
 

3) 	Irrigation and infrastructure O&M costs are excluded here and
 
accounted for in the following section on net returns to agricul
ture.
 

Source: Stanley Consultants.
 

Alternative C-6 - This alternative differs from Alternative C-5
 

only with the type of treatment employed for wastewaters previously
 

directed to Abu Rawash. High rate desert infiltration is used instead
 

of the desert lagoons in Alternative C-5. The effluent collected for
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irrigation in Alternative C-6 is of a higher quality than other alterna

tives (C-2, C-4, and C-5), thus allowing a greater variety of crops to
 

be grown. This increases the agricultural return per feddan as dis

cussed later in this section. Costs for Alternative C-6 are provided in
 

Table 6-4.
 

TABLE 6-4
 

COST SUMMARY FOR ALTERNATIVE C-6
 

Estimated Cost Range (LE 106)1)
 

Low Medium High
 

Capital
 

Treatment & Sludge 74 123 155
 

Pump Stations & Transmission 2) 27 48 59
 

Irrigation & Infrastructure 42 50 65
 

TOTAL 143 221 279
 

Annual O&M) 

Initial Year 1987 3.0 4.0 4.6 

Design Year 1992 4.6 6.2 7.2 

1) 	Costs are mid-1980 values with 0.7 LE per U.S. $.
 

2) 	Cost for pumping raw waste to desert high rate infiltration treat
ment and land application sites.
 

3) 	Irrigation and infrastructure O&M costs are excluded here and
 
accounted for in the following section on net returns to agricul
ture.
 

Source: Stanley Consultants.
 

A large percentage of the difference between high and low treatment
 

and sludge costs can be accounted for by assumptions in lining materials
 

and the type of effluent recovery system used. The low estimate uses no
 

liner and collects the effluent by wells; the high value assumes liners
 

with underdrains to capture the effluent.
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Financial Cost Analysis - Capital and O&M cost comparisons in this 

section are based on life-cycle costs of the alternatives. These costs 

incorporate assumptions on expected lives and salvage values of the 

different components of each alternative. Collection system costs are
 

included and differ only with alternatives involving land disposal (C-2,
 

C-4, C-5, and C-6) since the LE 5 million cost for drain expansion is
 

not required. Additionally, the Alternative B collection system is
 

combined with planned improvements at the Zenein plant to represent an
 

interim plan. Alternative C-3 should also be viewed 
as an interim
 

system since it discharges primary treated effluent 
to the drains in
 

violation of quality and quantity standards established by the GOE.
 

Life-cycle financial costs for the alternatives are presented in
 

Table 6-5. As shown, Alternative B, which provides minimal 
treatment as
 

an interim plan, is necessarily the least costly. The two drain dis

posal alternatives (C-I and C-3) are also less expensive than the four
 

that incorporate land disposal/reclamation. However, Table 6-5 does not
 

include benefits attributable to agricultural production (discussed
 

later).
 

It is worthwhile to compare the alternatives based on capital 

investment and ()&M expenses separately. In terms of a lower initial 

outlay, both interim measures, Alternatives B and C-3, and the remaining 

drain disposal option, C-I, are still in the top three positions.
 

Alternative C-2 holds fourth rank largely because the pumping, trans

mission and agricultural investment is substantially smaller than that 

for the other land disposal alternatives. When land reclamation costs 

are held fairly constant, as in Alternatives C-4 - C-6, it becomes 

apparent that lagooning is slightly less expensive than primary treat

ment and both are lower than the construction cost of high rate infil

tration. 

Rankings are substantially different when O&H costs are examined. 

Alternatives C-I and C-2 become the most expensive options due to the 

high upkeep required at secondary treatment facilities. Lagooning 

(Alternative C-5) and high rate infiltration (Alternative C-6) are both 

less intensive maintenance options than primary treatment; however, 
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TABLE 6-5 
0 
%0FINANCIAL COSTS FOR ALTERNATIVES co 

10 6 ) *Present Value (LE 6 
Capital Investment Annual Costs (LE 106)*
 

O&M Net Capital
 
Initial Replacement Salvage Net Total Total Total Investment 
 O&M Total
 

Alternative B 
(Part.Coll. &
 
Zenein) 
 125 6.4 9.7 121.7 15.2 136.9 14.3 1.8 16.1
 

Alternative C-I 
(Sec. - Drain) 260 9.6 19.4 250.2 64.5 
 314.7 29.4 7.6 37.0
 

Alternative C-2 
(Sec. - Land) 296 19.8 20.2 295.6 73.4 369.0 34.7 8.6 43.3
 

Alternative C-3 
(Prim. - Drain) 200 9.6 15.8 193.8 41.0 234.8 22.8 4.8 27.6
 

Alternative C-4 
(Prim. - Land) 299 30.0 20.2 308.8 59.0 367.8 36.3 6.9 43.2
 

Alternative C-5 
(Lagoon - Land) 299 28.7 21.3 306.4 39.6 346.0 
 36.0 4.7 40.7
 

Alternative C-6 
(Infilt. - Land) 369 28.7 26.5 371.2 47.0 418.2 43.6 5.5 49.1
 

*Costs include collection, conveyance, treatment and disposal at mid-1980 values. Analyses utilize a 
20-year project life and a 10 percent discount rate (0.7 LE per U.S. $). 

Source: Stanley Consultants.
 



Alternative C-3 is less expensive than Alternative C-6 because it does
 

not include pumping costs for delivering effluent to land reclamation
 

areas. O&M costs for the irrigation systems and infrastructure have not
 

been included in this analysis, but are incorporated with the net return
 

analysis for agriculture.
 

Economic Cost Analysis - Shadow price factors from the AMBRIC
 

"Design Inception Report" of June 1981 have been used as the basis to
 

convert the cost of the alternatives from a financial to an economic
 

base. Table 6-6 presents the approximate economic costs.
 

TABLE 6-6
 

ECONOMIC COSTS FOR ALTERNATIVES
 

Pre'ent Value (LE 106)* Annual Costs (LE 106)*
 
Net Net
 

Capital O&M Total Capital O&M Total
 

Alternative B
 
(Part.Coll. & Zenein) 164 20.8 184.8 19.3 2.4 21.7
 

Alternative C-i 
(Sec. - Drain) 332 91.9 423.9 39.0 10.7 49.7
 

Alternative C-2
 
(Sec. - Land) 369 100.4 469.4 43.3 11.8 55.1
 

Alternative C-3
 
(Prim. - Drain) 262 59.6 321.6 30.8 7.0 37.8
 

Alternative C-4
 
(Prim. - Land) 371 93.0 464.0 43.6 10.9 54.5
 

Alternative C-5
 
(Lagoon - Land) 375 64.4 439.4 44.1 7.6 51.7
 

Alternative C-6
 
(Infilt. - Land) 451 79.1 530.1 53.0 9.3 62.3
 

• Costs include collection, conveyance, treatment and disposal at mid-1980
 
values. Analyses use a 20-year project life and a 10% discount rate
 
(0.7 LE per U.S. $).
 

Source: AMBRIC and Stanley Consultants.
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Considering only the capital costs, the alternative rankings are
 

basically the same as those under the financial analysis. Alternatives
 

C-4 and C-5 have reversed positions, however, they are still relatively
 

close in cost.
 

Two ranking shifts have occurred in the O&M economic analysis.
 

Alternative C-3 moves ahead of Alternative C-5 into the second lowest
 

cost position. This is primarily due to the cost of pumping the effluent
 

to the agricultural reclamation sites. The economic cost of energy
 

is almost seven times greater than the subsidized rate charged in Egypt.
 

The second ranking shift places Alternative C-I in fifth place and moves
 

Alternative C-4 to sixth. Again, pumping costs increase by more than the
 

maintenance cost difference between secondary and primary treatments.
 

Overall, the economic cost ranking of alternatives (Table 6-6) is
 

identical to the financial cost ranking (Table 6-5).
 

Energy Escalation - The preceding analyses have indicated that O&M
 

costs are sensitive to energy cost escalation. The energy component of
 

total O&M expenditures Increases from roughly 5 to 10 percent under a
 

financial cost basis to 40 to 70 percent of total O&M expenditures using
 

the economic analysis. This equates to approximately one percent of the
 

total financial cost of each alternative and 4 to 11 percent of the
 

economic cost. Energy requirements are highest for the four agricultural
 

reuse options.
 

In order for real energy cost increases to chang- the rank order of
 

the alternatives over the project life, a low cost alternative would
 

need to have a greater energy component than a high cost alternative.
 

This is the case with Alternative C-2. It ranks as the second highest
 

cost alternative yet energy only accounts for 7 percent of its total
 

cost. All less expensive Alternatives (except Alternative B) have
 

energy cost components ranging from 8 to 12 percent of total cost. The
 

smallest annual increase in real energy costs that alters the rankings
 

is in excess of 10 percent. Given current world projections on the cost
 

of electricity, an annual escalation rate of this magnitude is highly
 

unlikely.
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Agricultural Net Return Analysis - Differences in net returns from
 

agriculture for the various land disposal alternatives are attributable
 

primarily to changes in the quality and quantity of treated flow reach

ing the desert land disposal area. Alternative C-2, as proposed by
 

AMBRIC, takes only a portion of the treated flow to agricultural sites
 

while other alternatives developed herein (C-4, C-5, and C-6) transport
 

the entire quantity. Thus net returns would tend to be higher for the
 

increased-flow alternatives. However, the picture is further complicated
 

by water quality considerations, since the degree of treatment can vary
 

from the equivalent of "tertiary" from high-rate infiltration to "primary"
 

for Alternative C-4. Changes in water quality imply a variety of revenue
 

and cost impacts for land disposal options including variations in crop
 

mix and nutrient requirements, as well as energy, and operation and
 

maintenance requirements for various irrigat4 on systems.
 

A variety of crops can be expected to be grown on the proposed
 

agricultural sites should land disposal become a reality. It appears
 

citrus, high-income vegetables, and forage crops are particularly suited
 

for a variety of economic, cultural, and institutional reasons. Detailed
 

crop budgets exist for these crops: AMBRIC estimates for citrus and the
 

Alexandria study report estimates for high-income vegetables and forage
 

crops. ,2) The net return analysis that follows uses these estimates as
 

baseline values and discusses how these estimates woild be affected by
 

changes in water quality and quantity as consideration moves from one
 

land disposai alternative to the next. It is emphasized that a detailed
 

study of what crops can be grown on a specific land site must be under

taken before accurate figures for crop production are established. This
 

is particularly necessary for the sites under consideration due to the
 

FAO classification which indiates the soils are suitable for agricul

ture under special conditions only.
 

The actual net returns realized by land treatment disposal of vaste

water effluent will depend not only on which alternative is being con

sidered but also on the proportion of land allocated to citrus, high-income
 

1) AMBRIC "Interim Development Plan", Part II, Volume 2; Feb. 1981. 

2) Wastewater Consultants Group, "1978 Alexandria Wastewater Master 
Plan", Volume 2, Appendices, May 1981. 
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vegetable, and forage crops. The actual mix of crops that might
 

materialize is impossible to predict since it will depend on future
 

economic conditions and government policies. For comparison purposes,
 

it will be apsumed that the irrigated area is equally divided among
 

these three uses when water quality permits.
 

Water Quality/Quantity Changes - As the degree of wastewater
 

treatment increases, the following generalizations can be made:
 

1. 	 A wider variety of crops can be grown without posing a
 

public health problem.
 

2. 	 The operation and maintenance of irrigation systems is simpli

fied since the amount of solids and hence blockage is reduced.
 

3. 	 Fertilizer requirements become higher as more and more of
 

the nutrient value of effluent is eliminated.
 

Alternative C-2, as proposed by AMBRIC, would involve irrigation
 

of 10,000 feddans. Alternatives C-4, C-5, and C-6 consider increased
 

flows (all those directed to Abu Rawash) and would require irrigating
 

approximately 11,500 feddans. The net returns to agriculture will depend
 

on which of the "W" sites are selected for disposal of treated effluent.
 

The exact land selected will depend on ownership, soils, and topogra

phical and institutional considerations. For present purposes, all
 

agricultural land is assumed to have the characteristics of the W1 area.
 

Crop Mix Considerations - The three most typical types of
 

crops that might be grown are citrus, high-income vegetables, and
 

forage. A budget for citrus prepared by AMBRIC and budgets for high

income vegetables and forage crops prepared by the Alexandria study are
 

reproduced in Table6 6-7 and 6-8. Unlike that shown in Table 6-3,
 

this study assumes 100 percent of the land area devoted to forage crops
 

will be planted with alfalfa and not a 50-50 split between alfalfa
 

and grass. The desert land treatment sites are well-suited for alfalfa,
 

contrary to conditions in the Valley or Delta. In addition there is
 

a large demand for alfalfa hay in Egypt.
 

For Alternative C-2 AMBRIC proposed three rotations for consider

ation:
 

Rotation A: All citrus, using drip irrigation
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TABLE 6-7
 

CITRUS CROP BUDGET AT 1980 ECONOMIC PRICES

0 

Costs/Revenues For Indicated Crop Year (LE per feddan*)
Inputs 
 1 2 3 4 5 
 6 7 8 on
 

Planting material 
 375 56 -  - - - -

Fertilizer SSP 
 - - - - - - 2 6 

Trace elements i0 10 10 20 20 20 20 30
 

Agro-chemicals 
 19 19 19 37 37 
 37 37 37
 

Sundries 
 64 9 7 14 15 19 23 28
 

Cultivation/preparation 
 217 -  - - - -

Spraying 
 9 
 9 9 18 18 18 18 
 18
 

Transport 
 15 15 15 
 15 15 15 
 15 15
 

Labour
 

- general 
 20 20 20 42 
 66 42 42 
 42
 
- picking 
 -
 - - 12 21 38 
 52 67
 

Total Inputs 729 138 80 
 158 192 189 209 243
 

GROSS RETURNS 
 -
 - - 330 550 990 1375 1760
 

NET RETURNS (729) 
 (138) (80) 172 
 358 801 1166 1517 

*Costs/hectare have been converted to cost/feddan by Stanley Consultants (0.7 LE per U.S. $). 

Source: AMBRIC "Interim Development Plan", Part II, Volume 2; 
Feb. 1981.
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TABLE 6-8
 

ANNUAL NET INCOME FROM CROP PRODUCTION
 

1' Farm Gate Gross Production2 ) Net 3)
 
Crop 


Pattern Yield' Prices Income Cost Income
 
(ton/fd) (LE/ton) (LE/fd) (LE/fd) (LE/fd)
 

High Income
 

Winter
 
Berseem 12 11 132 57 75
 
Wheat 1.3 77 100 60 40
 
Barley 1.3 60 78 40 38
 
Cabbage 9 27 243 110 113
 
Peas 2 162 324 110 214
 

Average 110
 

Summer
 
Sugar Beets 14 25 350 85 265
 
Breadbeans 1.0 120 120 32 88
 
Tomatoes 7.0 60 420 130 290
 
Potatoes 7.0 70 490 260 230
 
Squash 7.0 87 609 190 419
 
Carrots 10.4 30 312 100 212
 
Corn 1.6 71 114 65 49
 

Average 222
 
Annual Total 322
 

Forage
 
Alfalfa Hay' 23 22 506 160 346
 
Grass Hay 10 10 100 45 65
 

Average 206
 
Annual Total 189
 

1) 	Full yield after 5 years of reclamation.
 
2) 	Includes all normal costs except irrigation and fertilizers.
 
3) 	Net income = gross income - production costs (1980 costs with 0.7 LE
 

per U.S. $).
 
4) 	All forage feddans will be planted with alfalfa instead of split
 

50-50 with grass.
 

Source: 	 Wastewater Consultants Group, "1978 Alexandria Wastewater
 
Master Plan", Volume 2, Appendices, May 1981.
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Rotation B: Citrus plus vegetables using drip irrigation and pro

tecting the vegetables from the wastewater with a 

plastic mulch. 

Rotation C: A three year rotation including potatoes and cotton, 

using center pivot sprinkler systems. 

These rotations seem reasonable and could be expanded to include other
 

crops as long as food crops that could be eaten raw are protected from
 

the wastewater so as to not cause public health risks.
 

Alternative C-4 reduces the level of treatment to primary. Pri

mary treatment requires isolation of the land application system, and
 

crops grown should not be for direct human consumption (see Chapter 4).
 

Center pivot irrigated winter crops could include corn, barley, wheat,
 

feed, soybeans, sunflower and safflower. Alfalfa could also be
 

sprinkler irrigated. Grapes, citrus, and tropical tree fruits and nuts
 

could be drip irrigated.
 

Alternative C-5 involves lagoon treatment and would result in a
 

level of treatment Eomewhere between primary and secondary depending
 

upon how it is designed and managed. This alternative would produce an
 

effluent which could be used for irrigation on all crops except those
 

that could be eaten raw. These include all the :rops in Alternative
 

C-4 and also summer crops such as ground nuts and broad beans and winter
 

crops of lentils, lupins, broad beans and peas. For purposes of analy

sis, it will be assumed that the effluent receives the equivalent of
 

secondary treatment.
 

Alternative C-6 uses settling ponds and high-rate infiltration
 

treatment. The tertiary quality water that would be produced by this
 

system would require no restriction on its use. Any crop could be grown
 

and the wide variety of vegetables adapted to Egypt could be used.
 

Fertilizer Considerations - The fertilizer requirements for
 

Alternative C-2 are presented in detail by AMBRIC. The nutrients in
 

the wastewater for Alternative C-4 would be sufficient and no additional
 

fertilizer would be needed after the initial sludge application. Sim

ilarly, the wastewater resulting from lagoon treatment (Alternative C-5)
 

would be nutritious enough that fertilizer would not be required if
 

an initial sludge application was made. However, for Alternative C-6,
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depending on how well the high-rate infiltration system operates, the
 

final effluent could lose practically all of its nutrients in this
 

tertiary treatment process. If this occurs, the crops would require
 

commercial fertilizer in addition to the initial sludge treatment to
 

achieve reasonable yields. The amounts of fertilizer needed depend on
 

the amount of nutrients in the effluent and on the type of crop grown.
 

Fertilizer requirements would be around 125 kilograms per feddan
 

(kg/fd) of nitrogen, 50 kg/fd of phosphate (P205) and 42 kg/fd of potash
 

(K20) per year for an average Egyptian crop mix.
 

Irrigation System Considerations - As wastewater receives
 

more treatment, fewer blockages occur in the lines or emitters of the
 

irrigation equipment. Thus, the labor involved in this activity can
 

be reduced as the degree of treatment increases. For comparison pur

poses it is assumed that labor costs are 10 to 15 percent higher for
 

primary tratment compared to secondary treatment, with tertiary treat

ment requiring 10 to 15 percent less than secondary.
 

Net Return Estimates - Each of the agricultural wastewater
 

reuse alternatives has been evaluated to estimate the total net returns
 

expected. The net returns consider appropriate crop mixes and the po

tential average annual profit per feddan for each crop. The analysis
 

for Alternatives C-2, C-4, C-5 and C-6 are discussed below:
 

1. Alternative C-2 - Assuming the 10,000 feddans are equally
 

distributed among the three crop mixes (citrus, high-income
 

vegetable and forage), the total net return per year for this
 

alternative is approximately LE 7.3 million as shown in
 

Table 6-9.
 

2. 	 Alternative C-4 - Compared to Alternative C-2, three important
 

changes occur when switching to primary treatment under Al

ternative C-4. First, high-income vegetables are essentially
 

eliminated for public health reasons. It is assumed that the
 

area that would have been allocated to these crops is used
 

for forage crops. (Allocating additional land to citrus pro

duction is questionable despite its relative profitability
 

due to long-run uncertainty in international citrus markets
 

and extended start-up times required.) Second, total irrigated
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land increases to 11,500 feddans due to the higher flows 

and application rates. Third, operation and maintenance costs 

for the irrigation system increase approximately 15 percent 

due to solids, algae and blockages. This cost increase 

results primarily from higher labor requirements. Since 

irrigation labor costs are a small portion of total irriga

tion operations costs, this increase has a negligible effect 

on net returns. For Alternative C-4, total annual net 

returns are given in Table 6-9 and estimated to be LE 8.5 

million. 

3. Alternative C-5 - Assuming lagoon treatment results in waste

water receiving approximately secondary treatment, the only 

significant change which occurs for this alternative compared 

to Alternative C-2 is that total irrigated area increases to 

11,500 feddans. Total annual net return for this alternative 

is estimated in Table 6-9 at LE 8.3 million. 

4. Alternative C-6 - High-rate infiltration treatment of efflu

ent results in tertiary quality wastewater. Thus no limita

tion on crops is necessary for public health reasons. Total 

area irrigated is 11,500 feddans. On-farm operation and main

tenance costs are lowest for this alternative due to the high 

quality water used. The cost savings, however, are again 

negligible since irrigation labor costs comprise such a small 

portion of total irrigation operating costs. The principal 

difference affecting net returns for this alternative compare, 

to Alternative C-2 is the extensive use of fertilizer required. 

With the coarse sandy soils of the proposed treatment sites, a 

typical crop mix would require 125 kg nitrogen, 50 kg P205 

and 42 kg K20 per feddan before reasonable yields cou'J be 

expected. At recent economic prices, this would add an addi

tional cost of approximately LE 58/feddan, reducing profits 

per feddan to LE 459, LE 264, and LE 288 for citrus, high-income 

vegetables, and forage crops, respectively. Total annual net 

returns for this alternative are approximately LE 7.7 million 

as shown in Table 6-9. 
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TABLE 6-9 

ANNUAL NET AGRICULTURAL RETURNS 

Annual 
Alternative Crop Feddans Return/Feddan Net Return
 

(LE) (LE 106)*
 

C-2 	 Citrus 3,333 1,517 5.0
 
High-iucome
 
Vegetables 3,333 322 1.1
 

Forage (Alfalfa) 3,334 346 1.2
 
Total 10,000 7.3
 

C-4 Citrus 3,833 1,517 5.8
 
High-Income
 

- 322 -
Vegetables 

Forage (Alfalfa) 7,667 346 2.7
 

Total 11,500 8.5
 

C-5 	 Citrus 3,833 1,517 5.8
 
High-Income
 
Vegetables 3,833 322 1.2
 

Forage (Alfalfa) 3,834 346 1.3
 
Total 11,500 8.3
 

C-6 	 Citrus 3,833 1,459 5.6
 
High-Income
 
Vegetables 3,833 264 1.0
 

Forage (Alfalfa) 3,834 288 1.1
 
Total 11,500 7.7
 

* 0.7 LE per U.S. $. 

Source: Tables 6-7 and 6-8, AMBRIC and Stanley Consultants.
 

In summary, annual net return estimatec for land disposal options
 

vary from LE 7.3 million to LE 8.5 million. Although water quality can
 

have some impact on net returns generated by reclaimed land, the crucial
 

considerations 	are the total ar .iirrigated and the proportion of the
 

area allocated 	to citrus. Signiticant changes in these variables can
 

markedly affect net return estimates while water quality changes result
 

in only modest 	changes.
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Cost-Benefit Analysis - Table 6-10 compares the preceding agri

cultural benefit analysis with alternative project costs. Only Alter

natives C-2, C-4, C-5, and C-6 generate quantifiable monetary benefits
 

as an offset to costs. (However, all alternatives produce some degree
 

of nonquantifiable monetary benefits such as health improvements, aesthe

tics, etc.) In no case are project costs ever exceeded by agricultural
 

benefits. The return from agricultural production does improve the
 

reJative cost rankings of the land-based wastewater treatment-disposal
 

schemes with Alternatives C-2, C-4, and C-5 moving in front of Alter

native C-I.
 

TABLE 6-10
 

SUMMARY OF ALTERNATIVE BENEFITS AND COSTS
 
(1980 Economic Basis)*
 

Annual Annual Annual 
Project Agricultural Project 
Cost Benefit Net Cost 

(LE 106) (LF 106) (LE 106) 

Alternative B 
(Part.Coll. & 
Zenein) 21.7 21.7 

Alternative C-i 
(Sec. - Drain) 49.7 49.7 

Alternative C-2 
(Sec. - Land) 55.1 7.3 47.8
 

Alternative C-3
 
(Prim. - Drain) 37.8 37.8
 

Alternative C-4
 
(Prim. - Land) 54.5 8.5 46.3
 

Alternative C-5
 
(Lagoon - Land) 51.7 8.3 43.4
 

Alternative C-6 
(Infilt. - Land) 62.3 7.7 54.6 

* 0.7 LE ier U.S. $.
 

Source: Stanley Consultants and AMBRIC.
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A more rigorous test of the feasibility of land disposal and recla

mation would compare that portion of the total project cost devoted to
 

land disposal activities with the annual agricultural benefits. These
 

include pumping, transmission, irrigation and infrastructure costs for
 

Alternative C-2 and C-4, but only irrigation and infrastructure costs
 

for Alternatives C-5 and C-6 because pumping and transmission is re

quired to transport the wastewater to areas of sufficient size for the
 

desert lagoons and high rate infiltration beds. Thus pumping and trans

mission are considered a part of the treatment cost. Table 6-11 iso

lates these costs and benefits.
 

TABLE 6-11
 

AGRICULTURAL DISPOSAL COSTS AND BENEFITS
 

(1980 Economic Bas.-s)* 

Annual Annual Net 
Cost Benefit Benefit 

(LE 106) (LE 106) (LE 106) 

Alternative C-2 
(Sec. - Land) 7.5 7.3 -0.2 

Alternative C-4
 
(Prim. - Land) 18.7 8.5 -10.2 

Alternative C-5
 
(Lagoon - Land) 7.7 8.3 0.6
 

Alternative C-6
 
(Infilt. - Land) 7.7 7.7 0.0
 

* 0.7 LE per U.S. $. 

Source: Stanley Consuluants
 

Alternatives C-2, C-5 and C-6 are all marginally feasible, in that
 

costs and benefits are relatively equivalent. However, if the LE 10
 

million in pumping and transmission costs are included in Alternatives
 

C-5 and C-6 costs, agricultural benefits fall shor of costs by LE 9.4
 

million and LE 10.0 million, respectively. If pumping and transmission
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is not considered a part of the agricultural cost in Alternative C-4
 

(since the primary effluent receives additional treatment on the land),
 

then this alternative is considered marginally feasible also (net beinefit
 

= -LE 0.2 million). It is also noted that the range at costs presented
 

previously for Alternatives C-2, C-4, C-5, and C-6 could significantly
 

affect this analysis, with the low values showing stronger feasibility
 

and the higher values indicating no feasibility.
 

Comparison of Alternatives - Table 6-12 presents a summary of the
 

cost comparisons discussed in this section. Alternative C-3 receives
 

top rank due to its lowest cost. As noted previously, three land disposal
 

options (Alternatives C-2, C-4, C-5) rank higher than the AMBRIC plan
 

(Alternative C-I) from the standpoint of overall economic assessment.
 

The high rate infiltration system (C-6) rates lowest in most areas. The
 

exception to this is in O&M costs and maximization of agricultural
 

benefits. The non-mechanical method of treatment for Alternatives C-5
 

and C-6 aids in offsetting the high pumping costs for conveying the
 

effluent to the desert.
 

Reliability
 

General - Relability considerations for the treatment and disposal
 

alternatives are very complex. Once an alternative is selected and
 

construction has been completed, reliability of that alternative and its
 

various components will significantly determine the success or failure
 

of the greater Cairo wastewater project.
 

Environmental consequences of unreliable or poorly operated and
 

maintained wastewater treatment and disposal facilities for the city of
 

Cairo are now tremendous and are becoming more serious with population
 

growth. Unreliable or inoperable ne, treatment and disposal facil

ities, because of their cost and magnitude, would remain for years as a
 

monument to the poor judgment of those responsible for their planning
 

and implementation.
 

Wastewater treatment facilities in developed countries, such as the
 

United States, have a very mixed record of reliability In general, the
 

more complex facilities tend to have more problems in meeting effluent
 

criteria. In developing countries, wastewater treatment facilities,
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TABLE 6-12 

ECONOMIC COMPARISON OF TREATMENT-DISPOSAL ALTERNATIVES 

Alt. C-i* Alt. C-2* 
Ranking Comparisons 

Alt. C-3* Alt. C-4* Alt. C-5* Alt. C-6* 

Financial Cost Basis 

Minimize Present Value Capital 
Minimize Annual O&M 
Minimize Total Life-Cycle 

High 
Medium 
High 

Medium 
Low 
Medium 

High 
High 
High 

Medium 
Medium 
Medium 

Medium 
High 
Medium 

Low 
High 
Low 

Economic Cost Basis 

ON 

Minimize Present Value Capitel 
Minimize Annual O&M 
Minimize Total Life-Cycle 

High 
Medium 
High 

Medium 
Low 
Medium 

High 
High 
High 

Medium 
Medium 
Medium 

Medium 
High 
Medium 

Low 
High 
Low 

Economic Benefits & Costs 

Maximize Annual Agricultural Benefits 
Minimize Net Annual Project Cost 

Low 
Medium 

Medium 
Medium 

Low 
High 

High 
Medium 

High 
High 

High 
Low 

Ranking of Alternatives 5 4 1 3 2 6 

* C-I 

C-6 

= 

= 

Sec.-Drain; C-2 

Infilt.-Land. 

= Sec.-Land; C-3 = Prim.-Drain; C-4 Prim.-Land; C-5 = Lagoon-Land; 

Source: Stanley Consultants. 



when provided, tend to be simpler and designed for lower levels of
 

treatment. The reliability of these facilities is considered to be much
 

less than in the developed countries. This is due to inadequate manage

ment expertise, a lack of trained operation and maintenance personnel,
 

and a scarcity of funds for operation and maintenance activities.
 

The median educational level and competence of the Egyptian popu

lation is higher than in many developing countries. It is apparent that
 

personnel with sufficient management, operational and maintenance exper

tise for any wastewater treatment process could be provided in Egypt.
 

a
However, as in other developing countries, this requires commitment of 


high leve± of resources. However, most governments, and particularly
 

those in developing countries, have insufficient resources to satisfy
 

competing program demands. Therefore, the treatment and disposal reli

ability issue is not a question of the ability of the Egyptians to
 

operate, manage and maintain the various treatment and disposal alter

atives. Rather, it is a question of what resources are required to
 

ensure reliability of specific alternatives, and is that the best allo

cation of those resources, considering other national priorities.
 

It is impossible for this environmental assessment to address the
 

preceding questions. Therefore, the analysis of the reliability issue
 

will focus on determining which treatment and disposal alternatives
 

least scarce resources to ensure contained reliability.
require the 


Professional judgment indicates that the simpler the wastewater
 

treatment and disposal system, the more likely it is to operate within
 

acceptable performance standards. Also, those systems requiring lower
 

levels of operational skill and lower levels of personnel training would
 

likely be more reliable.
 

Conversely, it should be recognized that the large population of
 

Cairo, even the West Bank portion, precludes a truly simple wastewater
 

treatment and disposal system. Such a large system will have unavoid

able complexities, and will require relatively sophisticated operation,
 

maintenance aid management.
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The manpower training issue is extremely important. Conversations
 

with officials of wastewater collection and treatment, water treatment
 

and distribution, and electrical generation and distribution agencies in
 

Cairo indicate that all these agencies lose perhaps 90 percent of their
 

highly trained personnel relatively soon after training. Expatriation
 

of trained personnel is a problem for the entire Egyptian society. This
 

"brain drain" is caused in part by the weak Egyptian economy, and higher
 

wages in "boom" areas such as Saudia Arabia and other OPEC countries.
 

Existing and Proposed Improvements - Alternatives C-i through C-6
 

all contain some facilities which are comparable to Zenein. Alter

natives C-i and C-2 will provide activated sludge treatment; C-3 and
 

C-4 provide primary settiing; and C-5 and C-6 include pumps and other
 

features like Zenein.
 

Operational and reliability experience at the Zenein plant has been
 

very poor. Photographs 6-1 through 6-5 illustrate how conditions have
 

been allowed to deteriorate.
 

The problems at the Zenein treatment plant are partially due to its
 

overloaded condition, inadequate original design, and construction
 

problems. However, this facility could have performed reasonably well
 

with commitment of sufficient resources in the areas of operation,
 

maintenance, and management to ensure its reliability.
 

AMBRIC has proposed a massive operator training program in an
 

effort to provide adequate operation and maintenance for Zenein and new
 

treatment and disposal facilities. However, the reliability of the
 

proposed complex plants will depend on a very significant continuing
 

commitment of resources by the Egyptians for operation and maintenance
 

in the future. For instance, management personnel will have to direct a
 

large operation and maintenance staff; large inventories of spare parts
 

must be maintained and continually monitored and upgraded; and costs for
 

staffing, power, chemicals and other supplies will be signiflhant.
 

Without sufficient commitment by the GOE, money used to finance con

struction of the treatment facilities will undoubtedly be wasted.
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PHOTOGRAPH 6-1 - INOPERABLE GRIT REMOVAL MECHANISM AT ZENEIN PLANT 

PHOTOGRAPHI 6-2 - INTERIOR OF SLUDGE PUMPIIOUSE AT ZENEIN PLANT 
Note replacement of original pumps with submersible type pumps
 
and exposed electrical power supply cables.
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PHOTOGRAPH 6-3 - SLUDGE FLOATING ON ZENEIN PRIMARY CLARIFIER 

PHOTOGRAPH 6-4 - DISASSEMBLED AND INOPERABLE AIR BLOWERS IN 
ZENEIN PLANT BLOWER ROOM 
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IIi I
 

PHOTOGRAPH 6-5 - INOPERABLE BAR SCREENS AT ZENEIN PLANT 
Note addition of bricks to prevent wastewater channel from
 
overflowing. Bar screens do not function because bars
 
have been removed and cleaning mechanisms do not work.
 

Presently, partially treated wastewater from Zenein is disposed of
 

in drains which flow into the Nile River downstream of the major metro

politan area. 
 Partially treated and untreated wastewater is also used
 

to irrigate agricultural land at Abu Rawash and Gabal el Asfar. 
 The
 

drain disposal method, while highly polluting, is very simple. Land
 

disposal, primarily by ditch irrigation, is also relatively simple
 

though highly inefficient. It causes water tables to rise, short cir

cuiting the land treatment and polluting the aquifer.
 

Sludge separated from partially treated sewage is presently dried
 

and applied to agricultural lands at state controlled farms at Gabal el
 

Asfar and Abu Rawash, and by private landowrers around Abu Rawash. This
 

method of disposal is very simple, although somewhat labor intensive.
 

Wastewater Alternatives C-2, C-4, C-5, and C-6 propose to dispose
 

of treated effluent on land by more efficient irrigation methods, such
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as center pivot or drip irrigation systems. These irrigation procedures
 

require a higher level of operator capability than the ditch irrigation
 

method. They tend to be more dependent on relatively gooc water qual

ity. Maintenance and operation of these systems can require significant
 

staffing and expertise. However, these types of irrigation systems are
 

in service in Egypt at the present time, and seem to be operating satis

factorily with normal irrigation water. With a coupled treatment/irri

gation system, poor performance of the treatment system can be reflected
 

in operational problems in the irrigation system. This factor will have
 

a large influence on ultimate reliability of land disposal systems, if
 

selected.
 

Alternative C-I - This alternative consists of the initial AMBRIC
 

recommended plan. It includes a relatively complex activated sludge
 

process which requires high operation and maintenance personnel exper

tise, complex equipment, and large quantities of scarce chlorine gas for
 

disinfection. Previous expe Lence in Egypt with this type of treatment
 

system (at Zenein) has been poor. It is located close to the metro

politan area, and a reliable power supply for this alternative can be
 

made available.
 

Alternative C-2 - Alternative C-2 treatment facilities are iden

tical to Alternative C-i. In addition, center pivot or drip type irriga

tion systems would be included for land disposal of treated effluent.
 

This alternative would be more difficult to operate and less likely to
 

achieve its design performance than Alternative C-I. It has high poten

tial for major environmental improvement with good operation, since a
 

portion of the treated affluent is placed on agricultural land, rather
 

than in the drains. It will require significant environmental monitor

ing and support services to prevent groundwater pollution and soil
 

toxicity. Part of the facilities are located near the metropolitan area
 

for power service. The irrigation sites are remote and it may be diffi

cult to provide reliable power.
 

Alternative C-3 - This option consists of primary treatment with
 

drain disposal. It requires very low operation and maintenance person

nel training levels and utilizes relatively dependable treatment equip
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ment. 
 No equipment is required for disposal of effluent. It employs
 

simple equipment and processes and is located in the metropolitan area
 

so 
that a reliable power source could be provided. Environmental conse

quences of equipment or power failure are small, since only the drains
 

and Nile River, along with some collection system areas, would be affected.
 

This alternative would require the smallest staff to operate, and is
 

likely to achieve its design performance, since it is relatively simple.
 

It ranks very low (the lowest of any alternative) regarding potential
 

environmental improvement with good operation. It would require the
 

largest quantities of chlorine gas of any alternative for disinfection.
 

Alternative C-4 - Coupling a land disposal or irrigation system
 

with primary treatment in Alternative C-4 introduces additional complex

ities for operation, maintenance, personnel training. Management difficul

ties are greater than in Alternative C-3 because disposal and treatment
 

facilities are not in close proximity. This combination of land dis

posal and primary treatment would still, however, be one of the simpler
 

systems to operate and maintain. However, the lower quality effluent
 

from the primary treatment facilities would marginally increase irri

gation system operation and maintenance.
 

Alternative C-5 - Alternative C-5 utilizes desert lagoons for
 

treatment with land disposal. The land disposal system would be similar
 

to Alternative C-4. Operation of the treatment system would be similar
 

in difficulty to primary treatment; although when periodic sludge dis

posal is needed it would be somewhat more difficult due to cleaning of
 

the lagoons. This is considered the simplest system from an equipment,
 

operation, maintenance, and staffing, standpoint. Treatment is provided
 

away from the city, so environmental consequences of treatment system
 

failure are relatively small.
 

Alternative C-6 - This consists of preliminary lagoons and rapid
 

infiltration treatment followed by a center pivot or drip irrigation
 

system. This alternative has a more complex treatment system than
 

either primary treatment or desert lagoons. It will require significant
 

groundwater monitoring to serve as an early warning system to avoid
 

pollution. Also, soil monitoring to counteract toxicity would be required
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as with all land treatment systems. There is little experience with
 

this type of treatment facility in Egypt. For this reason, it may be
 

rated lower than if it were in general usage.
 

Comparison of Alternatives - Table 6-13 summarizes the reliability
 

aspects of the treacment-disposal alternatives. The overall reliability
 

and ranking shows Alternative C-3, primary treatment with drain dis

posal, as the most reliable alternative. However, it potentially is
 

also the most highly polluting alternative.
 

Alternative C-5 consists of desert lagoon treatment followed by
 

land disposal. This is a very simple treatment system, located away
 

from Cairo and it has a very good chance of success. The treatment
 

system would be somewhat labor intensive because of requirements for
 

periodically cleaning sludge out of the lagoons. It would be the sim

plest of the land disposal systems to operate.
 

Alternative C-4 is rated as the third most reliable system. It is
 

considered slightly less reliable than Alternative C-5, because of the
 

lower effluent quality for irrigation. This would introduce additional
 

operation and maintenance problems for the irrigation system.
 

Alternative C-i is judged next most reliable, because it contatns
 

the complex coupled packed tower and activated sludge treatment system.
 

Experience with activated sludge is rather poor in Egypt, and this
 

treatment system will require significant resources for adequate opera

tion and maintenance.
 

Alternative C-6, desert Jagoons followed by rapid infiltration and
 

land treatment is rated quite :.ow in reliability, because of lack of
 

experieuice with this system in Egypt and risks of groundwatcr pollution.
 

Alternative C-2 is rated the least reliable because of the complex
 

treatment facility, followed by irrigation of agricultural land. Fail

ure of either one of these systems, which is a rather high risk, would
 

have severe environmental and financial implications.
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o00 RELIABILITY COMPARISON 

TABLE 6-13 

OF TREATMENT-DISPOSAL ALTERNIK'IVES 

Personnel & Management 
Alt. C-1* Alt. C-2* 

Ranking Comparisons 
Alt. C-3* Alt. C-4* Alt. C-5* Alt. C-6* 

Minimize O&M personnel training 
Minimize O&M staff 
Close proximity of facilities 

Low 
Medium 
High 

Low 
Low 
Low 

High 
High 
High 

Medium 
Medium 
Low 

High 
High 
Medium 

Medium 
Low 
Medium 

)o 

Equipment, Parts & Supplie3 

Minimize replacement parts 
Dependence on operating supplies 
Dependability of equipment 
Least complex equipment and process 

Process Performance 

Reliability of electric power service 
Minimize process performance sensi

tivity to operational changes 
Likely to achieve design performance 

Environmental & Financial 

Low 
Low 
Low 
Low 

High 

Low 
Medium 

Low 
Medium 
Low 
Low 

Medium 

Low 
Low 

Medium 
Low 
High 
High 

High 

High 
High 

Medium 
Medium 
Medium 
Medium 

Medium 

High 
Medium 

High 
Medium 
High 
High 

Low 

Medium 
Medium 

High 
Low 
Medium 
Medium 

Low 

Medium 
Low 

Potential environmental improvement
with good operation 

Least environmental/financial 
consequences of power failure 

Least environmental/financial 
consequences of poor operation 

Least environmental mrnitoring 

Ranking of Alternatives 

Medium 

High 

Medium 
High 

4 

High 

Medium 

Medium 
Low 

6 

Low 

High 

High 
Medium 

1 

Medium 

Medium 

Medium 
Medium 

3 

Medium 

Low 

High 
Medium 

2 

High 

Low 

Low 
Low 

5 

*C-= 

C-6 = 

Sec.-Drain; C-2 

Infilt.-Land. 

= Sec.-Land; C-3 = Prim.-Droin; C-4 = Prim.-Land; C-5 = Lagoon-Land; 

Source: Stanley Consultants. 



Public Health
 

General - For treatment and disposal systems, health aspects focus
 

on but differ in emphasis between occupational hazards and pathogen
 

removal. Occupational exposure (either treatment or disposal) with
 

resultant deterioration of health can be minimized with proper opera

tion, surveillance and education of employees, as substantiated by the
 

low incidence of health effects to treatment and agricultural employees
 

in industrialized countries.
 

Table 6-14, based on consolidated experiences in developing coun

tries, indicates pathogen removal during treatment and their survival in
 

the receiving environment. In treatment systems utilizing chlorination
 

after the basic treatment processes, removal is relatively high with
 

proper operation. However, with malfunctioning chlorination systems,
 

Table 6-14 also shows by inference the expected results. The presumed
 

lagoon removals shown are probably better than those expected with the
 

anaerobic system in Alternative C-5. Likewise, the theoretical sand
 

filtration system is probably slightly better than that expected from
 

the rapid infiltration in Alternative C-6. The last two columns of
 

Table 6-14 indicate the expectations of pathogen survival for freshwater
 

disposal (comparable to drain options C-1 and C-3) and agricultural
 

disposal (C-2, C-4, C-5, and C-6).
 

Pathogen levels in fresh sludge are generally high. Proposed
 

sludge handling for all alternatives involve usc of drying beds/lagoons
 

with subsequent storing of sludge for up to 45 days prior to use on the
 

land. This proposed scheme, particulaily in the hot, dry climate found
 

in Cairo, is expected to significantly reduce the pathogen levels in
 

sludge to a manageable occupational hazard, assuming proper eduction of
 

workers. Proper monitoring of the process should indicate its recurrent
 

hazard level, which could be corrected with minor adaptations if it
 

appears to pose a risk. Avoidance of crops that are consumed caw is
 

advised as a precaution.
 

The thrust of health analyses in wastewater treatment and disposal
 

inevitably focuses on the extent of pathogen removal. For example,
 

99 percent removal is obviously considered better than 60 percent. Yet,
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cEffluent 


Pathogen 


Enteric viruses 


Salmonellae 


Shigellae 


E. coli 


Cholera vibrio 


E. histolytica 
cysts 


Hookworm ova 


Ascaris ova 


Schistosome ova 


Taenia ova 


TABLE 6-14 

TYPICAL THEORETICAL PATHOGEN REMOVAL FOR TREATMENT AND DISPOSAL METHODS 

Treatment Removals (%) Dispnsal Removals 

to
 
1) 2) Sand 3 Effluent to Agricultural


Primary Secondary Lagoons Filtration3 ) Chlorination Freshwater Application
 

0-30 90-99 99-100 99-100 May survive. May survive May survive
 

several weeks. 5 mos.
 
50-90 90-99 99-100 100 Eliminated May survive May survive
 

several weeks. 3-12 mos.
 
50-90 90-99 
 99-100 100 Eliminated May survive May survive
 

several weeks. 3 mos.
 
50-90 
 90-99 99-99.99 99.99-100 Regrowth May survive 
 May survive
 

possible several weeks, several months.
 
50-90 90-99 
 99-100 100 Eliminated May survive Unlikely to
 

several weeks, survive 1 wk.
 

10-50 50 100 100 
 Probably M.y survive 
 May survive 1
 
Eliminated 3 xleeks. week if damp.
 

50 50-90 100 100 
 Will survive. May survive May survive
 

several wks. 20 weeks.
 
30-80 70-100 100 100 
 Will survive. May survive May survive
 

many months, several years.
 
80 50-99 100 100 Probably Ova will hatch May survive
 

Eliminated & miracidia must 1 month if
 
find snail. damp.
 

50-90 50-95 100 100 
 Will survive. Will survive May survive
 

several weeks, over 12 mos.
 
____________________with moisture.


1) Activated sludge.
 
2) For minimum 25-day retention or as 
tertiary process following primary/secondary treatment.
 
3) As tertiary processes following primary/secondary treatment.
 

Source: Adapted from: R. G. Feachem, D. J. 
Bradley, H. Garelick, D. D. Mara, "Appropriate Technology for Water

Supply and Sanitation: 
 Health Aspects of Excreta and Sullage Management - a State-of-the-Art Review,"
 
Washington, D.C.: 
 World Bank, Dec. 1980, Table 19, p. 109.
 

http:99-99.99


removal efficiencies can be deceptive because the remaining one percent,
 

depending on the initial concentrations and regrowth potential for
 

bacteria, can be just as deleterious to health as a system with 40
 

percent remaining. A one percent survival rate is often adequate for
 

developed countries where general living conditions and better health
 

prevail. However, a one percent survival, even if chlorinated, should
 

be considered a relatively high risk in developing countries for these
 

prime reasons: the normally high pathogen levels found in the more
 

concentrated untreated wastewater, the more predominant level of inappar

ent or carrier-state infections found within the population, and the
 

resistance of viruses and protozoa to normal chlorination.
 

The effect of additional volumes of raw or treated sewage from
 

this project on the Rosetta Branch is of concern, particularly with the
 

wide variation in dilution factors according to Barrage operation.
 

Chlorination of drinking water as a protective measure is relatively
 

efficient. However, some studies of existing water systems in the
 

Delta area do not offer much confidence in the reliability of installed
 

equipment. Many facilities are in a state of disrepair. Thus, reliance
 

on chlorination represents a potential environmental risk for drinking
 

water because it emparts a spurious sense of confidence. Use of efflu

ent for irrigation either directly from a treatment plant or indirectly
 

from a drain, canal or the Nile, likewise involves health risk. Use of
 

drain, canal, or river water would be a lower risk than direct reuse
 

because of dilution factors. However, the receiving waters are subject
 

to multiple extraneous sources of contamination which can offset dilu

tion advantages. All treatment and disposal options entail management
 

of permanent bodies of stagnant or slow-moving water, which could create
 

or expand vector habitats for snails and mosquitoes. By their perma

nence, treatment/disposal s~tes can likewise extend the time span for
 

feeding and breeding that would otherwise be interrupted by seasonal
 

fluctuations in temperature and moisture.
 

In summary, even with superior treatment facilities and operations,
 

treated wastewa.er offers some continued potential health risk. This is
 

especially important in Egypt due to the variety of uncontrollable
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social and agricultural uses of water. High pathogen concentration in
 

the raw wastewater, the unpredictability of residual levels, the chances
 

for extraneous sources of contamination to waterways and the potential
 

for poor operation of wastewater/water/agricultural systems all increase
 

that risk. In spite of the probabilities for consistent good removal,
 

sound health practice encourages the selection of least-cost treatment/
 

disposal system that affords nearest-to-complete pathogen removal as a
 

precaution. Furthermore, unlesi good wastewater treatment is fortified
 

by proper management, operation and maintenance, then this massive
 

investment in infrastructure together with other programs which con

tribute toward health improvements of the general public will be ineffec

tive.
 

Alternative C-i - The relative sophisticated operation of the
 

proposed secondary treatment equipment in Alternative C-I poses some
 

degree of occupational hazard; the most serious concern stems from the
 

poor operation that has characterized the past. Hazards entail exposure
 

(e.g., tashes, noxious odors, and parasite transmission) during repair
 

and preventive maintenance. These occupational hazards are manageable
 

with proper employee education and surveillance.
 

Disposal of secondary effluent to the drain and the Nile does,
 

however, pose potential risk to humans and animals. In fact, improved
 

treatment at Zenein and Abu Rawash could actually augment local health
 

risk along the Muheit Drain. Over time, treatment improvements would
 

lessen the drains obnoxiousness and probably foster a return to tradi

tional uses, such as cooking and washing. The high proportion of efflu

ent 
in the drain, could produce pathogen levels significant enough to
 

increase accidental ingestion levels to infective doses. The impact of
 

the treated effluent on the Nile itself should be minimal. Immediate
 

downstream uses for do:estic water supply are 
limited and the secondary
 

treatment will significantly reduce waste load from present conditions.
 

Alternative C-2 - Treatment occupational hizards are the same as
 

with Alternative C-I, but risks increase for agricultural workers that
 

come in contact with the wastewater or crops.
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Proper land application can increase pathogen removal over that in
 

Alternative C-I. Proper management of irrigation techniques and careful
 

crop selection would protect the food chain. Without proper manage

ment, site selection and routine environmental monitoring of wells,
 

soils, and crops, irrigation could transfer the wastewater problem from
 

the Abu Rawash and Muheit Drain area to the new lands.
 

Alternative C-3 - This alternative, providing only primary treat

ment before discharge to the drains, has a slightly lower occupational
 

risk that is offset by the significantly lower pathogen removal.
 

Alternative C-3, through additional wastewater flows to the drains,
 

would not provide a long-term improvement in receiving water quality,
 

due to the periodic reduced dilution in the Rosetta Branch. The health
 

impact of present and future discharges along the Rosetta Branch cannot
 

be defined, primarily because the water usage is not well documented.
 

Existing uses within the influence of the Muheit Drain seem to be mini

mal, therefore, discharge of the primary effluent appears an acceptable
 

interim solution (next 5 to 10 years) for relief from existing expo

sures. However, additional data on existing and desired water quality
 

and water use are necessary to fully judge this scheme.
 

Alternative C-4 - Alternative C-4, has the same treatment occupa

tional exposure and pathogen removal as for Alternative C-3. However,
 

risks associated with the agricultural development are greater with
 

primary treatment (Alternative C-4) than with secondary treatment (Alterna

tive C-2). Since there are two stagc', of treatment with secondary,
 

there are improved chances that at least some treatment (and pathogen
 

removal) will be provided before land application. Due to the lower
 

degree of treatment, there is greater risk in transferring environmental
 

problems (groundwater, crops, etc.) to the new lands.
 

Alternative C-5 - This lagoon treatment/deserL irrigation scheme
 

has potential for realizing significant benefits, but serious drawbacks
 

include potential health effects from groundwater contamination by the
 

lagoons and the possibility of increased mosquito (Culex) breeding areas
 

(during construction and during operation if maintenance is poor).
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Occupational hazards with the treatment system should be minimal.
 

The main exposure will be during sludge cleaning operations.
 

Pathogen removal in the short retention time anaerobic lagoons
 

will be lower than shown in Table 6-14, but it is expected to be com

parable to the lower values found with secondary treatment.
 

Health implications with agricultural development using lagoon
 

effluent would be comparable to Alternative C-2.
 

Alternative C-6 - The rapid infiltration treatment facilities
 

followed by crop irrigation should provide major health benefits. 
As
 

with the desert treatment lagoons (Alternative C-5), there does exist
 

some potential risk to contamination of the groundwater, even though the
 

aquifer is deep and adequate removal of pathogens should take place
 

during percolation. The risk to 
crops is minimized because of the
 

resulting high quality effluent.
 

Comparison of Alternatives - Table j-15 summarizes the health
 

effects of the alternatives usl.ng professional judgment.
 

Alternatives C-I, 
C-2, and C-5 provide moderate health benefits and
 

improvements to existing conditions; Alternative C-6 ranks highest, and
 

Alternatives C-3 and C-4 rank lowest, respectfully, in these same areas.
 

Drain disposal schemes (Alternatives C-I and C-3) avoid trans

ferring health problems resulting from wastewater pathogen exposure to
 

other areas, in comparison with land disposal options.
 

Institutional/Social
 

The institutional evaluation of the six alternative plans will
 

focus on the net differences among the plans. Thus, the treatment and
 

disposal options examined for wastes other than those treated at 
Zenein
 

will determine the relative institutional merits of each plan. As with
 

the collection system, the treatment-disposal alternatives are evaluated
 

considering several criteria.
 

National and Cultural - The national policy contribution of the
 

alternatives is evaluated in 
terms of land reclamation, employment and
 

food security. In the past, Egypt's land reclamation programs have been
 

aimed at populatiol. redistribution. Efficient food production was often
 

suppressed as a prime objective. In recent years, this emphasis has been
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C) TABLE 6-15 

PUBLIC HEALTH COMPARISON OF TREATMENT-DISPOSAL ALTERNATIVES 

Alt. C-1* Alt. C-2* 
Ranking Comparisons 

Alt. C-3* Alt. C-4* Alt. C-5* Alt. C-6* 

Produce maximum health benefits 
by pathogen removal 

Minimize occupational hazard 

Medium 

Low 

ladium 

Low 

Low 

Medium 

Low 

Medium 

High 

Medium 

High 

Medium 

Reduce exposure of general public Low High Low High High High 

ON 

Avoid deterioration of present 
disposal pathways 

Minimize transfer of problems 
to disposal areas 

Medium 

High 

High 

Medium 

Low 

High 

Medium 

Low 

Medium 

Low 

High 

Medium 

Avoid creation/extension of 
vector habitat High Medium High Medium Low Medium 

Avoid temporary hazards High Medium High Medium Low Medium 

Ranking of Alternatives 3 2 6 5 4 1 

* C-i 

C-6 

= 

= 

Sec.-Drain; C-2 

Infilt.-Land. 

= Sec.-Land; C-3 = Prim.-Drain; C-4 = Prim.-Land; C-5 = Lagoon-Land; 

Source: Stanley Consultants. 
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reconsidered because of the mounting costs of land reclamation and the
 

emergence of food security as a national policy. Food security as an
 

objective for land reclamation requires the application of more sophis

ticated agricultural techniques involving capital-intensive methods.
 

The ability of the alternatives to maintain local cultural values
 

is primarily assessed on the basis of whether the schemes would result
 

in increased wastewater drainage into the Nile, irrespective of the
 

quality of the drainage. Compliance with Law No. 92/1962 is a factor
 

in this evaluation too. Maintenance of aesthetic values deals with such
 

factors as the potential impact of treatment/disposal systems on sur

rounding neighborhoods.
 

One of the social feasibility factors is public acceptance of the
 

system; this is more readily applicable to operation of the front end
 

collection system and is considered equal among treatment systems.
 

Labor Supply - As discussed earlier, the ability to locate, train,
 

and retain requisite personnel for wastewater systems is a significant
 

problem in Egypt. Unsuccessful training programs, low wages, poor
 

working conditions, inadequate management and aversion to working with
 

wastes are all contributing factors to the lack of skilled, well-moti

vated wastewater workers. The loss of those few workers who are skilled
 

in wastewater operations to other countries compounds the social prob

lems for operation and maintenance.
 

Training provided to date appears to have been marginal in effect

iveness. Improper trainee selection, poor management of the trainee
 

delivery system, and the reluctance or inability of those "trained" to
 

apoly what has been taught are cited as failures with existing programs.
 

The religious overtones concerning working in an "unclean" occu

pation such as sewage treatment may be an important factor in obtaining
 

qualified personnel. Alternatives that utilize land treatment may offer
 

a partial solution to this problem by stressing the land reclamation and
 

food production aspects of the working environment, rather than simply
 

"treating sewage".
 

The success of future operation and maintenance considerations rely
 

heavily on a well-qualified labor supply. Unless the GOE makes strong
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improvements in this area, all of the alternatives will continue to be
 

adversely effected and are a potential environmental risk. Most signi

ficantly effected will be those that rely on higher technology and/or
 

more diverse system elements. Contract operation services using private
 

enterprise may be a means to offset some of the governmental diffi

culties. While this would cost more, it would remove some of the
 

current labor supply problems.
 

Organizational Framework - Organizational needs vary for the treat

ment/disposal o'tions. Alternatives discharging directly to nearby
 

drains are simpler organizationally than those which involve land disposal.
 

Drain Disposal - Design and construction of a drain disposal
 

alternative will be under the direction of one agency, the CWO. Land at
 

Abu Rawash is already available so efforts at acquisition are minimal.
 

Operation and maintenance following construction and start up, will be
 

the responsibility of GOSDGC.
 

After facilities become operable, the Ministry of Health will need
 

to monitor industrial discharges to the sewer system, treatment perform

ance, canal/drain and Nile river water quality, and employee health.
 

The Ministry of Finance would be involved in financing authorities such
 

as CWO and GOSDGC. Local government would be responsible for ensuring
 

overall public compliance with the sewerage system, including house

holds, commercial establishments and industries. There are other govern

mental entities which have some relationship to system operation, but
 

the above are the more important ones.
 

Although the necessary organizational framework for operating,
 

managing and maintaining the system seems to be in place legally, there
 

are obvious needs for strengthening performance. These same agencies
 

now have jurisdiction over the present system which by observation is
 

woefully ineffective. Clogged and overloaded sewers, pools of sewage
 

from backed up sewers, a relatively new but inoperable large treatment
 

plant (Zenein), and high density areas which need sewerage services are
 

mere manifestations of the breakdown within existing Egyptian institu

tions. Unless changes are forthcoming, the institutional area will
 

remain a constraint on satisfactory performance of the proposed new
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facilities, thus representing serious environmental and investment
 

risks.
 

Land Disposal - Experience has shown that successful land
 

reclamation projects are best carried out by the private sector with the
 

possible participation of foreign investors. The structural relation

ship between private sector agricultural interests and public sector
 

sewage treatment authorities could reinforce the need for proper opera

tion of the proposed Abu Rawash treatment facilities since the agri

cultural operation would have a vested interest in delivery of sludge
 

and wastewater at optimum standards. Details of effluent and sludge
 

delivery would require contractual agreements between the private sector
 

entities and the appropriate governmental bodies. In the case of a farm
 

site (land treatment) located in Giza, negotiations would probably be
 

with the Giza Governorate office responsible for utilities and GOSDGC
 

representatives responsible for treatment operations.
 

The governorate, through its various ministrial representatives in
 

health, irrigation, and agriculture, would have the authority over the
 

land disposal (reclamation) area to monitor effluent and sludge applica

tion processes, groundwater integrity and crop types grown and sold.
 

Public sector operation of the land reclamation sites is also a
 

viable option. Presently, sewage effluent is used for irrigation at
 

Gabal el Asfar on the East Bank. The Ministry of Agriculture, through
 

its General Organization for Agricultural Production (GOAP) (governed by
 

Law 61/1963) is in charge of sewage farm operations. Funding is pro

vided by the Ministry of Finance. The GOAP is responsiblu for marketing
 

the farm products and controlling revenue with end of year surplus, if
 

any, being returned to the Ministry of Finance.
 

For public sector development of new lands on the West Bank, GODPAD
 

would supervise the reclamation and cultivation phases with later phase
 

operations falling to the Ministry of Agriculture. As with private
 

sector operation, the appropriate representatives from the Ministries of
 

Agriculture, Irrigation and Health are responsible for monitoring crop
 

types and distribution; wastewater and sludge application methods; and
 

groundwater, soil, and work conditions.
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The GODPAD would provide the necessary infrastructure for land
 

reclamation even if reclamation is assumed by the private sector.
 

State agencies would also give priorities and financial assistance to
 

land reclamation cooperatives, to certain categories of individuals
 

(small holders, agricultural graduates, retired government public sector
 

and army personnel), and to companies or individuals engaged in land
 

reclamation and cultivation who undertake disposal of the land after

wards.
 

The organizational structure required under public or private
 

sector land reclamation sponsorship is complex. Management capabilities
 

and productivity at the government-operated Gabal el Asfar sewage farm
 

appear marginal. Thus, risk associated with public sector operation
 

would be high.
 

Private sector developments have not been implemented on a large
 

scale and thus no track record is available. Profit motivation would
 

necessarily induce better management, but permitting, monitoring or
 

contractual agreements with governmental authorities could create opera

tional weak links.
 

Institutional/social factors incorporate certain aspects of manage

ment not readily apparent. For example, crop selection and high patho

gen removal together are the most important technical aspects of 
treat

ment- disposal to protect public welfare. However, to convey these
 

social and economic benefits to the public requires monitoring and
 

surveillance which are institutional matters.
 

In summary, the land disposal schemes have all the same institu

tional complexities as drain disposal plus the additional burdens associ

ated with irrigation, agricultural and reclamation. The increased
 

institutional and technological requirements for land reclamation,
 

regardless of public or private sponsorship, definitely would have a
 

negative impact on the social feasibility of a treatment-disposal alter

native.
 

Alternative C-I - Secondary treatment dictates that a high level
 

of technological expertise would be necessary to ensure proper system
 

operation. The quality of the effluent discharged to the drains would be
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within prescribed GOE specifications, however, the quantity would exceed
 

the current discharge consent of 370,000 cmd by 1987. Without an alter

native disposal option, total discharge to the drains would increase
 

from a violation of 5,000 cmd in 1987 to over 680,000 cmd in the year
 

2000. This alternative offers no contribution to national policy
 

goals.
 

Alternative C-2 - Alternative C-2 incorporates the same treatment
 

as the previous plan, but includes provisions for pumping some of the
 

Abu Rawash treated effluent to desert land for irrigation. Implemen

tation of the land reclamation activities would be expected by 1987 when
 

flows into the drains exceed current limits. The portion of the Muheit
 

Drain between its confluence with the Nahya Drain and the pumping station
 

intake for irrigation would still receive effluent quantities in excess
 

of the current consent, but the level reaching the Nile would be in
 

compliance. Thus, this plan does contribute to national policy goals
 

and meets the conditions imposed by Law 93/1962. However, the degree of
 

managerial and technological expertise required for appropriate opera

tion and maintenance is substantially high. Treatment operations would
 

be similar to those for Alternative C-i, but the agricultural disposal
 

option significantly increases personnel and technical demands of this
 

plan.
 

Alternative C-3 - This alternative which reflects a potential
 

interim plan, downgrades wastewater treatment at Abu Rawash to a primary
 

level with the effluent being discharged to the drains. Judged on
 

social feasibility, this plan ranks above its predecessors because of
 

the lower technical and manpower requirements. However, it violates
 

quality specifications of Law 93/1962 upon implementation and quantity
 

limits after 1986. This plan offers no contribution toward meeting
 

national policy goals.
 

Alternative C-4 - The only difference between Alternatives C-3 and
 

C-4 is the utilization of desert lands for the final treatment-disposal
 

step for Abu Rawash effluent. Thus, with Alternative C-4, drain and
 

Nile River water quality will be upgraded (compared with Alternative C-3),
 

since only the Zenein discharges would be received. The national goal
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of food security through land reclamation would be advanced, but again
 

this 4.s done at the expense of the diverse, but not highly skilled,
 

labor requirements.
 

Alternative C-5 - Under this plan the Abu Rawash site is used only
 

for treatment of Zenein sludge. Sewage from the collection system which
 

would ordinarily be treated at Abu Rawash is, instead, pumped directly
 

to desert lagoons. After treatment in the lagoons, the effluent is used
 

for irrigation. Sludge would be dried and incorporated into the soil.
 

The primary advantages of this alternative include compliance with Law
 

93/1962, advancement of national policy goals and increased system
 

reliability due to lower technological requirements for treatment.
 

Agricultural enterprise requirements would be similar to those under
 

Alternative C-4.
 

Alternative C-6 - This alternative would also bypass Abu Rawash as
 

a treatment center, conveying collected wastewater to a desert site for
 

treatment by high rate infiltration. National policy, Law 93/1962 and
 

agricultural infrastructure implications are identical to those for
 

Alternative C-5.
 

Comparison of Alternatives - Table 6-16 summarizes the relative
 

performance of the six treatment-disposal alternatires as regards insti

tutional criteria. As shown, only Alternatives C-2, C-4, C-5, and C-6
 

contribute toward national policy goals. The latter three plans receive
 

a higher ranking because of the larger effluent volumes transported for
 

desert reclamation.
 

Alternatives C-2, C-4, and C-6 receive the highest ratings in
 

regard to cultural/aesthetic values, primarily due to the reduced quantity
 

of wastewater flowing into the drains and eventually into the Nile
 

River. Alternative C-5 is slightly lower because of potential aesthetic
 

impacts from lagoons. Alternative C-3 represents the culturally worst
 

case with both quantity and quality violationE of Law 93/1962. Alter

native C-I cannot attain quantity compliance.
 

Alternatives C-I and C-2 represent the least feasible options
 

because of the high technical demands on labor by secondary treatment.
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0 

INSTITUTIONAL/SOCIAL 

TABLE 6-16 

COMPARISON OF TREATMENT-DISPOSAL ALTERNATIVES 

i 

Meeting national policy goals 

Cultural/aesthetic values maintained 

Minimum skilled labor needs 

Minimum organizational complexity 

Ranking of Alternatives 

Alt. C-1* 

Low 

Medium 

Low 

High 

6 

Alt. C-2* 

Medium 

High 

Low 

Medium 

4 

Ranking Comparisons 
Alt. C-3* Alt. C-4* 

Low High 

Low High 

Medium Medium 

High Low 

5 3 

Alt. C-5* 

High 

Medium 

High 

Low 

2 

Alt. C-6* 

High 

High 

High 

Low 

1 

* C-i = 

C-6 = 

Source: 

Sec.-Drain; C-2 = Sec.-Land; C-3 = 

Infilt.-Land. 

Stanley Consultants. 

Prim.-Drain; C-4 = Prim.-Land; C-5 = Lagoon-Land; 



Alternatives C-3 and C-4 pose fewer labor constraints due to the reduc

tion to primary treatment at Abu Rawash. The lowest skilled labor needs
 

are under Alternatives C-5 and C-6.
 

The land disposal/reclamation schemes necessitate the most complex
 

organizational structures. Alternative C-2 is more favorably regarded
 

because of reduced agricultural development. The two drain disposal
 

options, Alternatives C-I and C-3, receive high ratings in the organiza

tional category, though historic precedence indicates that management
 

problems would still not be mitigated without substantial institutional
 

change.
 

Overall, Alternatives C-4, C-5 and C-6 rank highest as labor, social
 

and cultural contributions offset complex organizational requirements.
 

Meeting national goals and cultural compliance elevates Alternative C-2
 

above the two drain alternatives. Reduced labor needs places Alternative
 

C-3 ahead of Alternative C-i.
 

Summary Comparison
 

Comparisons of the economics, reliability, public health and insti

tutional/social rankings of the various treatment and disposal alter

natives are presented in Table 6-17.
 

Each of the alternatives has strong and weak points. Alternative
 

C-3 is low in cost and highly reliable because of minimal treatment and
 

disposal facilities. However, it is only considered as an interim plan,
 

thus its desirability from the public health and institutional/social
 

standpoint are low. In contrast, Alternative C-6 ranks rather low from
 

the economic and reliability standpoint, but has strong public health
 

and institutional advantages. Other alternatives show a more inter

mediate ranking across the four major areas.
 

Selection of a particular plan for implementation requires consid

eration of the assessments and rankings presented herein, as well as
 

other information which is not included as a part of this study effort.
 

For example, if funds are severely limited, then the system with low
 

initial capital costs and/or low life-cycle costs would be more desir

able than other choices, at the expense of reliability, public health,
 

and institutional/social factors.
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TABLE 6-17
 

SUMMARY COMPARISON OF TREATMENT-DISPOSAL ALTERNATIVES
 

Public
 
Econoriic 

Rank* 
Reliability 

Rank* 
Health 

Rank* 
Institutional/Social 

Rank* 

Alternative C-I 
(Sec.- Drain) 5 4 3 6 

Alternative C-2 
(Sec. - Land) 4 6 2 4 

Alternative C-3 
(Prim. - Drain) 1 1 6 5 

Alternative C-4 
(Prim. - Land) 3 3 5 3 

Alternative C-5 
(Lagoon - Land) 2 2 4 2 

Alternative C-6 
(Infilt. - Land) 6 5 1 1 

* Overall rankings from tables in preceding sections of this chapter.
 

Source: Stanley Consultants.
 

If the GOE makes a strong commitment to finance wastewater treat

ment facilities; provide for training operational, maintenance, and
 

management personnel; and establish the appropriate organizational
 

framework; then any seiected alternative would likely have a better
 

chance of success than one which the COE does not give full institu

tional backing.
 

From a public health standpoint, all of the alternatives provide
 

for achieving potential public health benefits. As indicated earlier,
 

numerous otber public health programs need to be initiated in order to
 

actually realize the benefits from improvements in wastewater system
 

management. Here again, the commitments the GOE is willing to make for
 

related public health programs may dictate one specific alternative as
 

being more or less desirable than another.
 

Reliability of the treatment and disposal systems implemented must
 

receive extremely high priority, if not the highest priority, by the
 

GOE. The proposed program is very large and failure to provide the
 

suitable programs necessary to insure reliability of system performance
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once it is built could cause major environmental impacts. Reliability
 

choices among alternatives basically revolve around which systems can
 

really be made to function properly in Egypt.
 

In summary, the priorities and commitments which the Government of
 

Egypt and funding agencies, such as AID, place upon various elements of
 

the program will dictate the plan which best suits area needs.
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University of Arizona 
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A. Earl Erickson 


Michigan State Univ. 


Loren P. Furland 

Stanley Consultants 


or spent time in Egypt gathering information for
 

Discipline/Position 


Contracting Officer 


Project Manager 
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Asst. Project Manager 

Environmental Engineer 


Agricultural & Natural 

Resource Economist 
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Soil Scientist & 


Agronomist 


Environmental Engineer 


Education
 

B.S. 	Civil
 
Engineering
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M.S. 	Sanitary Engr.
 

B.S. 	Civil Engr
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B.S. 	Math
 
B.S. Economic Theory
 

PhD Natural Resource
 
Economics;
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Regional Economics
 

G.C.E.; B.A.; PhD
 
Socio-Economics
 

B.S. 	Agronomy
 

M.S. Chemistry
 
PhD Agronomy
 

B.S. 	Civil Engr.
 
M.S. 	Environmental Engr.
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Name/Organization 


Mohammed A. K. Hassouna 

ASN - Technical 

Financial Services
 

Ronald F. Layton 

Layton & Associates, 


International 


Richard D. Leisher 

Independent Consultant
 

James A. Listorti 

Independent Consultant 


Denise Ruthenberg 


Stanley Consultants 


Brace J. Spiller 

Stanley Consultants 


Discipline/Position 


Institutional 

Analyst 


Operation and 

Maintenance Specialist 


Agricultural Engineer 


Public Health 

Specialist 


Economist/Financial 


Analyst
 

Environmental Engineer 


Education
 

B.L. Law
 
M.A. Economics
 

B.S. Chemistry
 
M.S. Analytical
 

Chemistry
 

PhD Civil Engr.
 

B.S. Agricultural Engr.
 

B.A. French & Biology
 
M.A. Economics of
 

Education
 

M.I.A. International
 
Affairs/Economic
 
Development
 

Dr. 	P.H. Public Health/
 
Environmental
 

Management
 

B.A. Economics
 

B.S. Civil Engr.
 
M.S. Sanitary Engr.
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Engr. Sarwat H. Fahmy, Undersecretary Ministry of Irrigation
 

Director of Water Master Plan
 
Dr. Mohamed Hassan Amer, Director
 

Dr. Aly Ezzat Nokhtar, Minister of Irrigation
 
Dokki St. - Dokki
 

5. 	 Egyptian Electricity Authority
 
Abbassia Square, Extension Ramees Street
 
Nasr City, Cairo
 

Engr. 	Samir Doss, Research, Studies, Development Section
 
(Tele. 835234)
 

Dr. Mohamed A. El Gassar,
 
Senior Electrical Engineer - Planning Dept. (Tele. 831542)
 

Dr. Engineer Mahmoud Hegazy, Managing Director Research,
 
Studies and Development Section (Tele. 835234)
 

6. 	 General Organization for Agricultural Production
 
Giza
 

Mr. Nabih Mahmoud, Chairman
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A. 	 Government of Egypt (continued)
 

7. 	 General Organization for Industrialization (GOFI)
 
6 Khalia Agha Street
 
Garden City, Cairo (Tele. 26651)
 

Miss Ahmed - Fatma, Civil Engineer
 
Engineer Mohammed Galal, Staff
 
Architect M. H. Gohary (Tele. 21913)
 
Engineer I. Magby - Staff
 
Miss Eglal Moustafa Ali, Chemist
 

Mrs. Georgs Sammia, Chemical Engineer
 
Daoud Soliman, (Tele. 30503) Financial Manager
 
Dr. Irvin Eugene Wallen, Industrial Waste Technical Advisor,
 

U.S. Environmental Protection Agency Employee financed by
 
USAID
 

8. 	 Giza (Pyramids) Pumping Station
 
Mr. Salim Radivan, Mechanic
 

9. 	 Giza South District
 
Mr. Fawzi Mostafa, Head of Sewage
 

10. 	 Giza West District
 
Giza
 

Mr. Karam Ibrahim, Head of Sewage
 

11. 	 GOSSD - Research Department
 
21 Azhar Street
 
Shouba Garden - 6th Floor
 
Cairo (Tele. 94494)
 

Engineer Mahmoud Hussein Habib, General Manager
 

12. 	 GOSSD - Zenein Sewage Purification Plant
 
P. 0. Box 	110, Dokki
 
Giza, Egypt (Tele. 701294/700412)
 

Ibrahim M. El-Kuhuagy
 
Dr. Ibrahim M. Ei-Sishwagy
 

13. 	 Greater Cairo Water Supply General Authority
 
P. 0. Box 55
 

Ramsis Street
 
Cairo, Egypt (Tele. 740262/742841)
 

Engineer Adel Baghdadi, New Projects - Distribution System
 
Saad El Deen El Deeb, Undersecretary for Projects Dept.
 
Ali El Hakim, Undersecretary for Network Dept.
 
Aba El - Salam El - Rafey, Chief Projects Engineer
 
Engineer Adel El - Taweiry, Mech. & Elec. - New Projects
 
Mr. Abdel Aziz Fahim, Undersecretary of Operations
 
Engineer Salah Abdel - Razik, General Director
 

New Work Administration (Tele. 984707-Home)(Tele. 752904- 11th floor)
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A. 	 Government of Egypt (continued)
 

14. 	 Ministry of Development & State for Housing and Land Reclamation
 

Dr. Youseff Amin Fahmy, Deputy Minister for Reclamation
 

15. 	 Ministry of Health
 
Cairo, Egypt
 

Dr. Ahmed Amin El Gamal (Tele. 28227), Undersecretary of
 
Health and Emergency Medical Care
 

Dr. Ezzat M. Helwa (Tele. 25728/28146), Acting Director
 
General (Tele. 26715 - Office), Environmental Health Dept.
 

Dr. Safwat Mohyi El Din, Director (Tele. 29346/28544)
 
Central Health Laboratories
 

El Gaher - Central Health Laboratories
 
Ragaa Gonda, Central Health Laboratories
 
Dr. Seham M. Hassan, Director of Industrial Health
 
Samir Kamel, Central Health Laboratories
 
Dr. Hosn-Shah Rushdy, Director General for Preventive
 
Medicine
 

Epti Saam, Central Health Laboratories
 
Dr. M. H. Shehata (Teie. 26719), Director Environmental
 

Health Department
 

16. 	 National Organization for Potable Water and Sanitary Drainage
 
Tahrir 	Square, Cairo
 

Dr. Mahmoud Labib, Director 3f Research
 

17. 	 National Research Center
 
Tahmi Street
 
Dokki, 	Cairo
 

Dr. Fatma El Gohary, Director - Environmental Health
 
Dr. Samir Fayed - Tahrir St. - Giza
 

18. 	 The Organization for Execution of the Greater Cairo Wastewater Project
 
CWO Building
 
Galaa St.
 

Engineer Atalla Safwat, Chairman (Tele. 749575)
 
Engineer Mounir Tewfik, Technical Director (Tele. 757062)
 
Engineer Wagih Doss - Staff
 

19. 	 Soil and Water Research Institute
 

Gamaa St.
 
Giza, ARE (Tele: 933310)
 

Dr. M. Nabil El Awady, Minister, Ministry of Agriculture, Cairo
 
Dr. Yehia Mohi El - Dim, Director of the Economic & Statistical
 

Research Institute
 
Dr. Ezzatt M. Abd - Elnaim (Tele. 720608), Deputy Director
 
Ministry of Agriculture, Cairo
 

Dr. Mahmond Elmansi Elshol, Sr. Soil Scientist, Director of
 
Sandy Lands, Research Department
 

Dr. Boligh Shindi Liker, Director
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B. 	 Other Government Agencies
 

1. 	 United Nations
 

a. 	 United Nations, Development Programme
 
UNDP - Water Coordinator
 
Zamalek, Cairo
 

Ms. 	Soleir Habib
 

b. 	 United Nations, Food and Agriculture Organization
 
Gordon Stringer, Farm Management Advisor
 

c. 	 United Nations, World Health Organization
 
Library
 
Regional Office (EMRO)
 
Alexandria, Egypt
 

Mr. George Amin Guirguis, Librarian
 

Eastern Mediterranean Regional Office
 
UNISANTE - P.O. Box 1517
 
Alexandria, Egypt (Tele: 30090)
 

Mr. Hans Bahr, Water Development Specialist
 

2. 	 United States
 

a. 	 USAID
 

(1) 	AID/Cairo
 
Economic and Policy Analysis Division
 
Office of Agricultural Planning, Analysis and Design
 
Office of Health
 
OL.'ce of Industrial Resources
 
Office of Infrastructure Development & Program Support
 
Office of Irrigation and Land Development
 

(2) 	AID/Washington
 
Office of Project Development
 
Office of Technical Support Services
 

b. 	 AID Contractors
 

(1) 	AMBRIC
 
P.O. Box No. 2265
 

Ataba Square, Cairo
 
John Drake, Project Director
 
James R. Wright, Deputy Project Director
 
Chris Bosker, Assistant Project Director
 

L. V. Gutierrez, Assistant Project Director
 
G. E. Waller, Principal Engineer
 
Mourad L. Ghobrial, O&M Specialist
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B. 	 Other Government Agencies (continued)
 

(2) 	Egypt Major Cereals Improvement Project
 
Dr. Everett Everson, Agronomist
 
Dr. Boyce Williams, Soil Scientist
 

(3) 	Egypt Water Use Project (EWUP)
 
Colorado State University
 
22 El Galea Street
 
Cairo
 

Mr. Eldon Hanson, Irrigation Engineer
 
Dr. A. M. Keleg, Agronomist
 
Mr. David Martella, Agricultural Economist
 
Dr. Dick McConnen, Agricultural Economist
 
Dr. Gene Quenemoen, Agricultural Economist
 
Dr. Rex Rehnberg, Agricultural Economist
 
Dr. C. V. Richardson, Irrigation Engineer
 
Dr. Verne H. Scott (University of California, Davis)
 

(4) 	Harza
 
P.O. Box 100 Dokki
 
44 Riyad St.
 
Mohandessin - Giza (Tele. 651077)
 

Herman D. Collette, Sr. Distribution Engineer
 
Raymond Martin, Project Manager
 

(5) 	W.A.S.H. Project
 
1611 N. Kent Street, Room 1002
 
Arlington, VA 22209
 

David Donaldson
 
Dennis Warner, Director
 

c. 	 U.S. Environmental Protection Agency
 
August Curley, Environmental Advisor to AID/Cairo
 

d. 	 Naval Medical Research Unit (NAMRU)
 
Beside Abbasia Fever Hospital
 
(Tele. 28219 - [U.S. Embassy] x 293 [Tie-Line]
 

Dr. John Boslego
 
Dr. Lou Bourgeois
 
Dr. Isis Mikhail
 
Capt. Ray Watten, M.D.
 

C. 	 Universities
 

1. 	 Alexandria University
 
Alexandria, Egypt (Tele. 75575)
 

Dr. Fahmy El Sharkawi
 
Professor, Sanitary Engineering
 
Head, Department of Environmental Health
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C. 	 Universities (continued)
 

1. 	 Alexandria University (continued)
 

Dr. Hassan Mitwally
 
Professor Sanitary Engineering
 

Dr. El-Molla
 
Head, Microbiology Dept.
 

High Institute!Public Health
 
Dr. Kamal Eldin Hakkim (tele: 44936)
 
Professor (Retired) 

Samia Galal Saad
 
Associate Professor
 

Public Health Department
 
Dr. Wasfeya Hussein Gamel
 
Facility of Medicine
 

2. 	 Cairo University
 

Dr. Abd'El Waheb Amer
 
Technological/MIT Water Resources Project (Tele. 941925/948775)
 

Dr. Mustafa M. Elgabaly (V.P. CADBAC)
 
Professor, Soil Science
 

Dr. Nebella Elgabaly
 
Professor, Soil Science
 

3. 	 University of Michigan
 
Ann Arbor, Michigan, USA
 

Dr. Khalil H. Mancy
 

D. 	 Private
 

1. 	 Bell Agricultural Development Corp.
 
El Sawra Building
 
Alfi Street
 
P. 0. Box 1524
 
Cairo (Tele. 933889/930001)
 

Mohamed Ayman Korra
 

2. 	 Catholic Relief Services
 
13 Ibrahim Nagib St.
 
Garden City, Cairo (Tele. 22404/21360)
 

George Ropes
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D. Private (continued)
 

3. 	 Chourbagui Co.
 
P. 0. Box 1870
 
Embabah, Cairo (Tele: 801975)
 

Engr. Omar Hassain El Hamamsy (Tele. 906052)
 
Chairman
 

Chemist, Mahmoud Hassanien Ali
 
Chief of Planning, Control & Technical Research Sector
 

4. 	 International Environment Consultants
 
18 Mansour Mohammed St.
 
Zamalek, Cairo (Tele. 23058/25057/801924)
 

Dr. Mounir Nematala
 

5. 	 Irrigation Consultant
 
Dr. Sterling Davis
 

6. 	 National Plastics Co.
 
15 EMAD El-Din Street
 
Cairo (Tele. 851128)
 

Engr. Abd El Kader M. Hossien
 
General Manager - Giza Factory
 

7. 	 Nile Match Co.
 
Bashtel, Cairo (Tele. 650932)
 

Samier Mohie Eldin, Plant Manager
 

8. Approximately 20 farmers and villagers along Mariouteyah Canal,
 
Muheit Drain, Lebbeni Drain, Nehya Drain, and el Rahawi Drain
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TABLE D-1 

CURRENT AND PROJECTED POPULATION 

Population (10 )
 

Area 1980 1985 1990 2000
 
No.• ___ No. ___ No. ___ No. ___ 

Giza 220 12.2 240 11.5 255 10.9 295 9.2
 

Dokki 110 6.1 120 5.7 132 5.6 158 4.9
 
Agouza, Embaba,
 

Embaba Markaz
 

(urban) 567 31.4 667 31.9 774 32.9 995 31.0
 
El Ahram/
 

Boulac
 
el Dakrour 537 29.7 655 31.4 742 31.6 1,204 37.6
 

Embaba Markaz
 

(rural) 190 10.5 212 10.2 236 10.0 307 9.6
 

Giza Markaz 142 7.9 153 7.3 167 7.1 191 6.0
 
Zamalek &
 

Roda
 
Islands* 40 2.2 41 2.0 44 1.9 54 1.7
 

TOTAL STUDY 

AREA 1,806 100.0 2,088 100.0 2,350 100.0 3,204 100.0
 

PROJECT AREA 7,417 8,631 10,076 13,586
 

GREATER CAIRO
 
AREA 9,074 10,572 12,279 16,319
 

• Estimated - No data available for 1980-90.
 

Source: AMBRIC "Design Inception Report", June 1981.
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Area 


Giza 


Dokki 


Agouza/Embaba/ 


Embaba Markaz
 
(urban)
 

El Ahram/ 


Boulac el
 
Dakrour
 

Giza Merkaz 


Embaba Markaz 


Zamalek & Roda
 
Islands 


TOTAL 


Source: AMBRIC 


TABLE D-2
 

STUDY AREA RESIDENTIAL LAND USE
 
AND POPULATION DENSITY
 

Year 2000
 

Residential
 
Residential Population Density
 
Area Size Range Average
 

(ha) (person/ha) (person/ha)
 

212 875-1,500 1,390
 

280 400- 600 560
 

1,436 300-1,000 690
 

2,959 225-1,000 400
 

212 380- 750 720
 

1,798 10- 700 150
 

149 360
 

7,046 450
 

"Design Inception Report", June 1981.
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Appendix E 
Wastewater Flows And Characteristics 



TABIE E-1 

PROJECTED POPULATIONS AND WASTEWATER FLOWS BY
 
KISM OR DISTRICT, WEST BANK ONLY 

_Wstewater Flows (c.d) 
otal Sewered Coernent Infiltration 

Year Kism or District Population Population Residential Commercial and Other Industrial Subtotal Allowance Totals 
(persons) (persona) 

1980*a Giza 220,000 220,000 33,L 1,371 8,446 6,226 49,207 4,974 54,181 

Dokki 110,000 110,000 14,555 800 4,461 83 19,899 6,389 26,288 

Agouna 

Embaba ara.567,000 298,072 34.106 288 5,742 285 40,421 13,721 54,142 

(Urban) 

El Ahram/Boulac 537,000 193,230 11,198 595 3,474 271 15,538 13,456 28,994 
eI Oakrour 

Giza ?arkaz 141,672 ..........- -

Embabs Harkaz 190.210 .......... ...... 

Zmalek & Rods Isls.* 40,000- 40,000* 14.5120 944* 4,346* 1,308* 21,110' 2,353* 23,463* 

TOTALS: 1,805,882 861,302 107,535 3,998 26,469 8,173 146,175 40,893 187,068 

Percent of Population Severed: (47.7%) 

1985 Giza 240,000 240,000 39,318 1,608 9,490 6,271 56,687 4,9'! 61,661 

Dokki 120,000 110,000 23,382 384 5,905 176 29,847 6,3b9 36,236 

AgouzaEmbaba 
Embaba Harlan t67,0U0 562,910 84,J44 1,283 10,852 976 97,455 18,710 116,1b5 

(Urban) 

El ADrar/Bouac 655,000 472,761 41,934 2,126 9,916 1,950 55,926 31,508 87,434 
el Dakrour 

Gina Harkaz 152,681 .......... ..... 

Ebaba Harkan 212,437 .......... ..... 

Zaslek & Rods Isls.* 41,475* 41,475* 15,047h 979- 4,506- 1,357* 21,889" 2,440* 24,329* 
TOTALS: 2,088,593 1,427.,6 204,025 6,380 40,669 10,730 261,804 64,021 325,825 
Percent of Population Severed: (4t.32) 

1990 Gina 255,000 255,000 45,638 2,284 10,702 6,449 65,073 4,974 70,047 
Dokki 132,000 132,000 30,992 1,439 6,668 235 39,334 6,389 45,723 

AgouraEsibabs 
Embaba Harkai 774,000 774,000 134,520 2,148 13,977 1,548 152,193 21,579 173,772 
(Urban) 

El Ahram/Boulac 
el Dakrour 742,000 603,684 88,924 3,759 14,543 3,119 I11345 37,606 147,951 

Gina Harka 167.100 .......... ...... 

EmbabaHarkaz 236,119 63,500 10,160 1,389 1,227 1,227 14,003 1,450 15,453 

Zmalek 6 Rods Isls. 43.807a 43,807* 15.893- 1,0340 4,760" 1,433" 23,120" 2,577* 25,6970 

TOTALS: 2,350,026 1,87i,991 326,127 12,053 51,877 I",011 404,068 74,575 478.643 

Percent of Population Severed: (79.7%) 

2000 Gin 294,700 294,700 66,073 3,510 14,173 8,758 92,514 4,974 97,488 

Dokki 157,947 157,947 62,715 1,955 5,883 1,374 71.927 6,389 78,316 

ARouza 
E otaba 
Embabd Markaz 994,520 994,520 251,232 3,944 16,658 9,033 280,867 21,579 302,446 
(Urban) 
El Ahrao/Boulac 
el iaBrour 1.204.200 1,204,200 311,358 10,034 33,211 9,421 364,024 46,279 410,303 

Gina Harkaz 191,375 153,100 26,793 1,339 2,675 3,075 33,882 2,155 36,037 
Embaba Harkz 306,566 258,666 52,817 2,584 5,000 31,278 91,679 3,870 95,549 
Zmalek 6 Rods las. 54,300 54,300 19,700 1,282- 5,9000 1.776" 28,658 3,194 31,852 

TOTALS: 3,203,608 3,117,433 790,688 24,648 83,500 64,715 963,551 88,440 1,051,991 

Percentof Population Sewered: (97.3%) 

Plan-
nin 
Rorinon 

Giza 
DokkI 

294,700 
157,974 

294,700 
157,974 

66,073 
62,715 

3,510 
1,955 

14,173 
5,883 

8,903 
1,416 

92,659 
71,969 

4,974 
6,389 
639 

97,633 
78,358 
7,5 

Agouza 
Embaba 

Eababa Harkaz 

994,520 994,520 269,245 3,944 16,658 9,103 298.9,. 21,579 320,529 

(Urban) 

El Ahram/Boulac 
el Dakrour 1,584,095 1,584,095 415,172 11,896 43,692 11,907 482,857 46,279 529,136 

Giza Harkaz 191,375" 153,100 26.793 1,339 2,675 3,075 33,882 2,155 36,037 
EnbabaHarkaz 306,56h* 258,666 52,817 2,584 5,000 31,278 91,679 3,870 95,549 
Zmalek 6 Roda Isls. 54,318 54,318 19,748 1,030- 5,160- 1,720- 27,658- 3,194 30,852 

TOTALS: 3.583,548 3,497,373 912,563 26,248 93,441 67,402 1,099,654 8,440 1,188,094 

Percentof Population Severed: (97.6%) 

a Estimated. 

50 Doesnot include East Bank area to be removed fromZenein plant service area. 

Source: AJBRIC "Design Inception Report-, June 1981,Tables 2.3, 2.4.and A.I. 
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TABLE E-2
 

SEWAGE STRENGTH AND COMPOSITION (1977)
 
a)1 Zenein Treatment Plant
 

0Giza Pump Station I ) 

Mean Mean 2' Nahya Treatment2)
% Parameter Maximum Minimum 
 Mean Influent1 ) Effluent-" Influent2 Plant Influent 

Flow (cmd) -- -- 330,000 323,000 -  -
pH (units) 7.3 6.85 7.3 7.3 
 7.36 7.35 7.5
 
Conductivity
 
(umho/cm) 1550 800 1110 
 1375 1110 1200 1250
 

Total Suspended
 

Solids mg/l3 ) 1190 240 710 
 551 142 --
 870 
200 60 140 -  140
 

Volatile Suspended
 

Solids mg/l3 ) 540
_ 60 340 473 136
160 5011 -- 600
13
 

Biochemical Oxygen
 

Demand mg/l3) 560 140 360 356 
 93 335 410
 
240 120 180 ..--


S Chemical Oxygen
 

Demand mg/l3 ) 1080 360 810 780 


T 
135 

142 550 1300 
700 260 480  -- 360 

Organic Nitrogen
 
mg/l (as N) -- -- 51 
 48 - 18 87 
Ammonia Nitrogen mg/l 

(as N) 46 11 26 - -- 20 42

Sulfide mg/l 
 10 1 5.4 1.9  - -
Total Phosphorus mg/l
 

(as P) --
 -- 4.8 4.7 - 6.1 -

Anionic Surfactants
 

mg/l .... 8.0 
 8.8 - 3.0 0.7

Boron mg/l .. 
 0.04 0.2 (effl)

Chloride mg/l 
 ......-


-
Cyanides mg/l ..-
 <0.05
 
Oil & Grease mg/l ........ 
 230 29
 



TABLE E-2 (cont'd)
 

cSEWAGE STRENGTH AND COMPOSITION (1977)
 

0Zenein Treatment Plant
 
Giza Pump Station) Mean 1) Mean 12 Nahya Treatment 2
Parameter 	 Maximum Minimum Mean Influent Effluent Influent2 Plant Influent
 

Copper mg/l 	 .......... 
 0.2 0.04
 
Zinc mg/i 	 .......... 
 0.56 0.20
 
Lead mg/l 	 .......... 
 <0.005 <0.01
 
Chromium mg/l 	 .......... 
 1.42 <0.03
 
Nickel mg/l 	 ......... 
 0.06 0.05
 
Iron mg/l (as Fe) .......... 
 4.1 0.82
 

1) 	24-hour flow proportioned composite.
 

2) 	Grab sample of raw wastewater.
 

3) 	Whole Sample Value
 
Settled Value d 1 hr.
 

!--; Not Determined. 

Source: Greater Cairo Wastewater Project, "Volume 4, Design Data and Criteria", John Taylor & Sons, Binnie 
& Partners, Tables 4.5.2 and 4.5.3. 



TABLE E-3
 

SEWAGE STRENGTH AND COMPOSITION (1980)
 

Parameter 


pH (units) 


Conductivity
 
pmho/cm) 


Total Suspended
 
Solids 


Biochemijl Oxygen
 
Demand 


Ammonia Nitrogen
 
(as N) 


Organic Nitrogen
 

(as N) 


Chloride 


Chromium 


Copper 


Iron (as Fe) 


Mercury 


1) Whole Sample Value 

Settled Value @ I hr. 

-- ; Not Determined. 

Maximum Minimum Mean 

(mg/1) (mg/1) (mg/1) 

7.9 7.6 7.7 

1396 1235 1304 

738 348 526 

550 196 323 
320 126 194 

30 18 21 

52 22 35 

184 155 168 

1.2 0.35 0.85 

-- -- <0.01 

0.93 0.25 0.63 

0.01 <0.01 <0.01 

Source: AMBRIC. "Design Inception Report", June 1981, Table 2.9
 
(sample taken June 1980 at Giza Pump Station).
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TABLE F-1 

C)
%WEST BANK INDUSTRIAL WASTE INVENTORY 

No. Name Location 
Wastewater 
Volume 

(cmd) 

Wastewater 
Class* Remarks 

1 El Nasr Co. for cooling 
& refrig. (Koldair) 

Giza 6001) G-2 Assembly of air-conditioning 
equipment. 

2 Egyptian Co. for spin-
ning & weaving (Wooltex) 

Embaba 280-3302) B-3 Discharge to El-Henith drain. 

3 Cairo Co. for metal 

products 

Embaba Unknown G-2 Assembly of metal products. 

4 Egyptian Co. for wood-
working 

Embaba 12001) G-2 

5 El Nasr Co. for spin-
ning & weaving 

(Shourbagy) 

Embaba 3200-36001,3) B-3 Pretreat by coag-floc, neutral; 
discharge to Hanaduoi drain. 

6 Nile Match Co. Embaba 501) C-3 Drain discharge of heavy metals. 

7 El Nasr Casting Co. Tanash 2452) E-2 Discharge to Nile and drains. 

8 Egyptian Bottling Co. Giza i00-i0001 ) D-2 Soft drink production. 

9 National Plastics Co. Giza 2202) C-3 Organic solvents to 

discharge. 

sewer 

10 Egyptian Bottling Co. 
(Coca-Cola) 

Giza 100-10001,2) D-2 Soft drink production discharge 
to sewer. 



TABLE F-i (cont'd) 

co 
 WEST BANK INDUSTRIAL WASTE INVENTORY 

No. Name Location WastewaterVolume WastewaterClass* Remarks 

(cmd) 

11 Pyramids Brewery
(Stella Beer) 

Giza 25001) D-2 Brewery discharge to sewer. 

12 El Nasr Tobacco Co. Giza 1501,2) G-1 Cigarett production discharge 

to sewer. 
13 Eastern Tobacco Co. Giza 100-1302) G-I Cigarett production discharge 

to sewer. 

,and 

14 El Arakia Co. for radio 

transistors 

Giza Unknown G-i Radio assembly. 

15 El Nasr Bottling Co. Dokki 200-20002,3) D-2 Soft drink production dis

charge to sewer. 
16 Oil and Soap Co. Unknown C-3 

17 Egyptian Sponge Co. Abu Rawash Unknown G-i 

18 Spinning and Weaving Abu Rawash 301) B-3 

19 Cosmetics factory Abu Rawash 161) G-I 

20 Sewing factory Abu Rawash Unknown G-I 

21 Ramadan Yarn Co. Abu Rawash 21) G-1 Sewing factory. 
22 Wahdan Knitwear Abu Rawash Unknown G-1 Sewing factory. 



TABLE F-I (cont'd)
 

CD WEST BANK INDUSTRIAL WASTE INVENTORY 
%0 

Wastewater Wastewater 
No. Name Location Volume Class* Remarks 

(cmd) 

23 Magnetic Tape factory Abu Rawash 51) G-1 

24 Television factory Abu Rawash I01) G-I Assembly of TV components. 

25 Appliance factory Abu Rawash 31) G-1 Assembly of dishwashers. 

26 Refrigeration factory Abu Rawash 301) G-1 Assembly of air-cond components. 

27 Synthetic fibers Abu Rawash Unknown 
factory 

28 Cairo Co. for Aromatic Abu Rawash Unknown G-1 Perfume products. 

29 Iran/Misr Co. for air- Abu Rawash Unknown G-1 Assembly of air-cond components. 
conditioning 

30 Insulation factory Abu Rawash 51) G-1 Fiberglass insulation. 

31 Window fabricating Abu Rawash Unknown G-1 Metal door/window fabrication. 

32 Electric cable factory Abu Rawash 1 I )  G-1 Plastic insulators for electric 

cable. 

33 Alutrade Aluminum Co. Abu Rawash Unknown G-1 Production of alum. dishes. 

34 Aluminum factory Abu Rawash 201) G-1 Production of alum. dishes. 



0 

TABLE F-i (cont'd)
 

WEST BANK INDUSTRIAL WASTE INVENTORY
 

No. 

35 

36 

Name 

Copper rolling factory 

Cold-drawn metal 

Location 

Abu Rawash 

Abu Rawash 

Wastewater 
Volume 

(cmd) 

331) 

0.51) 

Wastewater 
Class* 

F-I 

F-I 

Remarks 

Sheet metal rolling. 

Metal fabrication. 

37 

38 

39 

40 

Auto parts 

Auto parts 

Auto parts 

Plastic electric 

insulators 

Abu Rawash 

Abu Rawash 

Abu Rawash 

Abu Rawash 

Unknown 

Unknown 

Unknown 

201) 

G-I 

G-1 

G-I 

C-i 

Mechanical parts assembly. 

Mechanical parts assembly. 

Electrical parts assembly. 

41 

42 

Plastic pipe 

Kwait Footwear Co. 

Abu Rawash 

Abu Rawash 

161) 

Unknown 

C-I 

G-I Shoe manufacture. 

43 Zolat Footwear Co. Abu Rawash 201) G-I Shoe manufacture. 

44 Iran/Misr Furniture Co. Abu Rawash 31) G-i 

45 Ablakage Woodworking Co. Abu Rawash 31) G-1 

46 Concre2te piling Abu Rawash Unknown A-2 

47 Prefab. housing factory Abu Rawash 5001) A-2 Concrete prefab panels. 

r 



cTABLE 

cWEST BANK 

F-i (cont'd) 

INDUSTRIAL WASTE INVENTORY 

No. Name Location 
Wastewater 

Volume 

(cmd) 

Wastewater 
Class* Remarks 

48 Brick fqctory Abu Rawash 101 ) A-I Clay brick. 

49 Brick factory Abu Rawash 281) A-i Clay brick. 

50 Brick factory Abu Rawash 501) A-I Clay brick. 

51 Brick factory Abu Rawash I01) A-I Clay brick. 

52 Clay tile factory Abu Rawash 201) A-i 

53 Prefab assembly Abu Rawash 24 G-I Assembly of prefab housing. 

54 Quarry Abu Rawash Unknown A-2 

55 El Nasr Boiler Co. Giza Unknown 

56 Cairo Co. for food 
and essence 

Giza 1051) G-I Perfumes and aromatic 
concentrate. 

57 General Co. for 
batteries 

Giza 451) C-3 Lead storage batteries dis
charge to sewer. 

58 Cairo Transport 
Authority 

Embaba 163) C-2 180 l/d of spent oil dis
charge to sewer. 



TABLE F-i (cont'd)
 

WEST BANK INDUSTRIAL WASTE INVENTORY
 

Wastewater Wastewater
 
No. Name Location Volume Class* 
 Remarks
 

(cmd) 

59 Pepsi Cola Bottling Co. Giza 26401) 
 1-2 	 Soft drink production dis

charge to sewer.
 

*Wastewater class established by general manufacturing category and expected wastewater characteristics
 
as follows:
 

Manufacturing Group: A - Cement/Clay Brick C - Chemical Products 
 E - Iron and Steel
 
B - Textiles 
 D - Food Products 
 F - Metals
 

G - Fabricating and Other
 
Wastewater Classification Description of Wastewater
 

1 Not harmful - no pretreatment required.
 
2 High load of inorganic or organic material - simple pretreatment necessary,
 

e.g., oil and grease removal, settling, neutralization.
 
3 Harmful compounds - must be removed, e.g., heavy metals  simple pretreatment
 

not sufficient.
 

Source:
 

1) General Organization for Industrialization files.
 
2) Industrial Water Use and Wastewater Production -
Egypt Water Master Plan Report EGY-73/024, Vol. 2.
3) 
GWCP Master Plan Report Vol. 3 - Existing Facilities, Appendix 3A.
 



TABLE G-I
 

WATER QUALITY (1979)*
 

Nile at Nile El Rahawi Nile Immedi-

Beginning Immediately (Muheit) ately Down-

Rosetta Upstream Drain stream of
 
Branch of Drain at Nile Drain
 

p1l, units 8.3 - 8.5 8.1 - 8.2 7.5 - 7.6 7.6 - 8.0
 

Dissolved Oxygen, mg/i 8.4 - 9.6 7.7 - 9.9 Nil Nil - 7.6
 

Biochemical Oxygen Demand, mg/i 2 - 3 2 - 3 52 - 75 8 - 41
 

Chemical Oxygen Demand, mg/l 7 - 15 8 - 10 87 - 155 15 - 86
 

Total Solids, mg/l 184 - 215 202 -- 214 574 - 618 212 - 503 

Volatile Total Solids, mg/l 45 - 62 31 - 92 130 30 - 40 

Suspended Solids, mg/l 9 - 15 10 - 53 51 - 274 11 - 102 

Volatile Suspended Solids, mg/l 3 - 6 5 - 22 29 - 112 8 - 12 

Ammonia, mg/l (as N) Nil Nil 11.2-12.5 Nil - 11.2 

Organic Nitrogen, mg/l(as N) 0.4 - 0.9 2.8 - 6.2 17.9-22.4 5.6 - 16.9 

Iron, mg/l (as Fe) 1.0 - 1.4 1.0 - 2.0 2.6 - 3.2 0.9 - 1.4 

*Values for two sets of samples
 

Source: Egyptian Water Quality Bank; Dr. Khalil Mancy, University of Michigan.
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TABLE G-2 

AVERAGE WATER QUALITY (1976-77)
 

Nile at
 
Beginning Nile at
 

Rosetta Branch Kafr el Zayat
 

pH, units 8.2 8.2
 

Dissolved Oxygen, mg/i 8.4 7.7
 

Biochemical Oxygen Demand, mg/i 2.1 8.0
 

Chemical Oxygen Demand, mg/i 13 33
 

Total Solids, mg/l 252 294
 

Suspended Solids, mg/l 26 32
 

Ammonia, mg/l (as N) 0 2.9
 

Source: Egyptian Water Quality Bank.
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APPENDIX H 

SOIL CLASSIFICATION LEGEND FOR 
FIGURE 3-6 

RECONNAISSANCE SOIL MAP OF THE AREA 
ALEXANDRIA - CAIRO, U.A.R. 

SHEETS V1 & VII 

SOIL OF THE RIVER TERRACES: PRED. UNDULATING RELIEF
 

PRED. GRAVEL SOILS WITH REDDISH SUBSOILS
 

Ra Oldest terrace soils
 

Ral - like Ra, nearly flat
 
Ra2 - like Ra, severely eroded
 

Ra8 - like Ra, with rock outcrops or rocky crust
 

Rail - like Ral, loamy sand phase
 
Ra22 - like Ra, sloping, severely gullied
 
Ra28 - like Ra, strongly undulating to rolling
 

Rb Older terrace soils
 

Rb2 - like Rb, severely eroded
 
Rb7 - like Rb, but loamy to about 20-50 cm depth
 
Rbl/7 - like Rb7, nearly level
 
Rb14 - like Rb, with gypsiferous/saline clay subsoil;
 

partly with rocky crust in surface
 
Rb2O - like Rb, with small and thin sheets of windblown
 

sand
 
Rb22 - like Rb, sloping, severely gullied
 
Rb28 - like Rb, strongly undulating to rolling
 

Rc Younger terrace soils
 

Rcl - like Rc, nearly level
 
Rc2 - like Rc, severely eroded
 
Rc22 - like Rc, sloping, severely gullied
 

SOILS OF THE DELTAIC STAGE OF VARIOUS RIVER TERRACES:
 

PRED. GRAVELLY SAND SOILS, NEARLY LEVEL. PARTLY BROWNISH COLORED IN SURFACE.
 

Eg Gravelly coarse sand soils. Slightly loamy to <20 cm depth.
 

Egl4 - like Eg, but with outcrops of sand soils with
 
gypsiferous (clay) loam subsoils and rocky crust
 
in surface
 

Eg20 - like Eg, with small and thin sheets of windblown sand
 

Eg14/20 - like Eg20, with outcrops like in the Egi4 soils
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SOILS OF FANS AND OUTWASH PLAINS
 

Fg Gritty and gravelly soils, partly loamy 

Fo Gravelly sand soils, partly slightly loamy 

Fo5 - like Fo, with terrace remnants 

Fs Sand soils, locally slightly loamy subsoils
 

Fsl7 - like Fs, partly stoney
 

WADI NATRUN COMPLEX
 

TRANSITION SOILS
 

Nn 	 Fine sandy loam soils, locally with rocky crust. Partly
 
coarse sandy gravel soils
 

NnlO - predominantly coarse sandy gravel soils with
 
gypsiferous subsoil
 

Nn20  like Nn, with small and thin sheets of windblown sand
 
Nn22 - like Nn, sloping, severely gullied
 

TALUS SOILS
 

Ng Gypsiferous coarse sand soils; gravelly surface
 

Ng20  like Ng, with small and thin sheets of windblown sand
 
Ng22 - like Ng, sloping, severely gullied
 

Nx 	 Complex of coarse and fine sand soils partly gravelly,
 
loamy gypsiferous. Locally silty clay subsoil or plateau
 
remnants.
 

Np 	 Gypsiferous sand and shale soils, predominately with rocky
 
crust.
 

WINDBLOWN 	SOILS
 

Db 	 Loose sand soils of undulating - rolling, medium and high
 

dunes, partly barkhan or longitudinal arrangement
 

Dbll - like Db, coarse sandy loam - clay loam soils or sub
soils between isolated high dunes and lower dunes
 
to 50% of the area.
 

Ds 	 Loose sand soils of medium and low dunes.
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WINDBLOWN 	SOILS (continued)
 

Ds8 

Dsl2 

Dr 

- like Ds, low-medium dunes with outcrops of rock 
or rocky crust 

- like Ds, loamy sand soils or subsoils, partly with 
rocky crust between low and some higher dunes to 
40-50% of the area 

Loose sand soils of predominantly low ripple dunes; ground
water below 2.30 m depth. 

Dr23 - like Dr, groundwater at 1.50 to 2.50 m depth 

Du5 Loose sand soils of undifferentiated sheets with terrace 
remnants. 

Dull 	 Loose sand r.ils of undifferentiated sheets of windblown
 
sand, pred. i derately deep over clay loam subsoils.
 

Dull/23 - like Dull, groundwater at 1.50 to 2.50 m depth
 

Du26 	 Wet saline/alkali windblown sand soils; groundwater at
 
less than 1 m depth.
 

SOILS OF THE WADIS
 

WblO 	 Pred. girtty and sand soils.
 

MISCELLANEOUS LAND TYPES
 

Ms 	 Severely to moderately dissected.
 

Ms8 	 - like Ms, rough mountainous land
 

Mya 	 Pred. sand or sandy loam soils, partly rocky ridges or crust;
 
partly gravel or shale land. Irregular relief.
 

Myb 	 Pred. gypsiferous, redlish, gravelly coarse sand soils;
 
locally loam and shilp soils and rocky crust in surface.
 

My8 	 - like My, with small and thin sheets of windblown sand
 
MylO - like My, pred. not gypsiferous, brownish, coarse
 

sand soils; partly rock outcrops and rocky crust in
 
surface
 

My20 - like MylO, with few and thin sheets of windblown
 
sand, partly (clay) loam subsoils
 

My2l - like My20, with wide and thick sheets of windblown
 
sand over loamy fine and medium coarse sane
 

Mx 	 Pred. rock land
 

Mx21 - like Mx, pred. folded rock in surface, with thick
 

sheets of windblown sand
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TABLE I-i
 

RELATIVE EFFECTS OF SANITATION, TREATMENT AND
 
PERSONAL HYGIENE ON MAJOR
 

WATER/SANITATION RELATED DISEASES
 

Comment
 

Sanitation Measures Effective
 

Typhoid Preventive measures reasonably effec-

Salmonellosis tive in breaking cycle of t ansmission;
 
Shigellosis main risks remain as occupational hazard,
 
Cholera epidemics or seasonal outbreaks (mostly
 
E.coli (Enteropathogenic) from increased exposure in summer months)
 
Schistosomiasis in which poverty, congestion, and poor
 

living conditions are equally important.
 

Personal Hygiene More
 
Important Than Sanitation
 

Enteric Viruses Important cause of infant diarrheas and
 
Enterobiasis mortality; health education and promo-

Amoebiasis tion of workable toilets essential. Most 
Giardiasis transmission occurs in household. 
Balantidiasis 

Intensive Sewage Treatment
 
Necessary for Removal
 

Ascaris Current problem of exposure to con-

Trichuriasis taminated soil; future problem would
 
Hookworm be occupational hazard and ingestion of
 

contaminated food crops.
 

Prevention of Insect Access to
 
Feces Necessary for Control
 

Filariasis 
 Main risk stems from inadvertent
 
Rift Valley Fever accumulation of standing pools of
 
(Diarrheas spread by flies) stagnant water and solid waste which
 

allow for short-term breeding or
 
extend seasonal breeding areas into
 
year-round hazards and increase chances
 
of exposure.
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TABLE 1-2
 

MAJOR DISEASES BY CATEGORY/SERIOUSNESS
 

RELATED TO WATER/SANITATION
 

Name Comment
 

Bacteria
 

Typhoid Probably greatest source of enteric
 
Dysentery infection in seriousness and pre
(Bacillary Dysentery or valence. Typhoid often over-diagnosed
 
Shigellosis) as any serious enteric infection.
 

Cholera No epidemics in recent years because
 

of strict surveillance of travelers
 
returning from endemic area and
 
through follow up of isolated cases.
 
Conditions in poorer areas, however,
 
are ripe for epidemic.
 

Viruses
 

Hepatitis Most children exposed and develop
 

some resistence, disease milder in
 
children, often undetected; severe
 
illness occurs in adults who have
 
never been exposed or lost resistence.
 
Viruses unaffected by normal treatment
 

and chlorination.
 

Enterites (diarrheas) Increasing in importance as an urban
 

health problem, especially in
 

children.
 

Rift Valley Fever Spread by mosquitoes which breed in
 

slow moving contaminated water,
 
accumulations of feces and solid
 
waste; flight range of 10 km possible.
 

Protozoans
 

Amebic Dysenteries Probably second most important
 
Giardiasis source of diarrhea, especially in
 

children; resistant to normal
 
chlorination.
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TABLE 1-2 (continued)
 

Name Comment 

Helminths 

Ascariasis Most commonly spread on food, ascares 
ova very resistant to mass forms of 
treatment and persistent in environment. 

Hookworm Causes anemia, lives in soil and normally 
(Ankylostomiasis) pierces feet. 

Filariasis Worm infection spread by mosquitoes as 
described under Rift Valley Fever. 

Schistosomiasis Spread by organism which pierce skin 

and are excreted by snails which prefer 
slow moving water as habitat. 
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TABLE 1-3
 

MAJOR SOURCES OF DIARRHEAS/DYSENTERIES
 
RELATED TO SANITATION 

Normal Mode of 
Disease Prime Agent Transportation 

Amoebiasis Entamoeba Food/Water 
(Amoebic histolytica 
Dysentery) 

Cholera Vibro cholera Water/Food 

Infant diarrhea Reovirus Unknown 
Gastroentenitis Parovirus Unknown 

Giardiasis Giardia Lamblia Water/Food 

Enteritis strains of Food/Water 
E. coli 

Salmonellosis 
(Typhoid) 

Salmonella 
typhimurium 

Food/Water 

Shigellosis Shigella sp. Food/Water 
(Bacillary 
dysentery) 

Comments
 

No epidemics in recent
 
years; conditions in poor
 
neighborhoods ripe for
 
epidemic, however.
 

Possible to build up
 
immunity, viral infec
tions increasing in
 
importance in urban areas.
 

Perhaps second greatest
 
source of child diarrheas.
 

Data seem to show in
creasing number of
 
pathogenic strains of
 
this normally nonpatho
genic bacterium.
 

Long-term carrier state
 
possible, appears to
 
increase in summer from
 
more recreational
 
exposure.
 

Important because only
 
moderate-to-low dose can
 
cause infection.
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TABLE 1-4
 

PRIME SOURCES OF TRANSMISSION OF
 
WATER/SANITATION RELATED DISEASES IN CAIRO
 

Current Major Diseases
 

Amebiasis 

(Amebic Dysentery)
 

Ascarisis 


Diarrheas, 

undifferentiated
 

Dysenteries, 

undifferentiated
 

Giardiasis 


Hepatitis 

infectious A
 

Schistosomiasis 


Shigellosis 

(Bacillary dysentery)
 

Typhoid 

(Salmcnellosis)
 

Current Minor Diseases
 
or Potential Epidemics
 

Chlorea 


Filariasis 


Hookworm 


Rift Valley Fever 


Insect-Spread Diarrheas 


Source of
 
Vehicle of Transmission Infection
 

Water Food* Contact Vector** Feces Urine
 

X X 	 X
 

X 	 X
 

X
 

X X X 	 X
 

X X X
 

X X X
 

X X X X
 

X X
 

X 	 X X
 

X X X
 

X X
 

X X
 

X X
 

X X
 

Contact: either contact of exposed part of body to pathogen or vector
 
or through interpersonal contact.
 

** Vector: predominantly 	insect vector. 
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TABLE 1-5 

PUBLIC HEALTH ASPECTS OF 
AGRICULTURAL REUSE OF TREATED EFFLUENTS 

Survival Times
 
In Soil On Crops


Human Pathogen General Possible 
 General Possible 
 Comments
 

Viruses Less than Up to 6 
 Less than Up to 2 Sunlight in spraying and on crops

3 months months 
 I month months considerably reduces survival of
 

of all but helminth ova.
Bacteria 
 Less than Over I Less than Up to 6
 
2 months year I month months
 

Protozoa Less than Up to 10 
 Less than Up to 5
 
2 & ys days 2 days days
 

Helminths Less than Up to 7 Less than Up to 5
 
(ova) 2 years years I month months
 

Source: 
 Adapted from Feachem et al, "Appropriate Technology for Water Supply and Sanitation", World
 
Bank, 1980.
 



APPENDIX J
 

LAWS, REGULATIONS, AND ADMINISTRATIVE ENTITIES
 

Laws and Regulations
 

Decrees
 

Decree No. 2703/1966 - This Presidential Decree of 1966
 

established The Supreme Committee for Water in the Ministry of Health.
 

Decree No. 539/1980 - This Presidential Decree established the
 

National Committee for Environment. The primary function of this high
 

level governmentai group is to formulate national environmental protec

tion policy and to review and coordinate environmental protection acti

vities among the numerous government ministries and organizations.
 

Decree No. 133/1981 - This Presidential Decree established
 

the General Organization for Sanitary Drainage for greater Cairo. This
 

agency is discussed in a later section.
 

Decree ",u. 197/1981 - Presidential Decree No. 197 of 1981
 

established the public authority entitled The National Organization for
 

Potable Water and Sanitary Drainage. This government entity (discussed
 

later) replaces both the General Organization for Potable Water and the
 

General Organization for Sewage and Sanitary Drainage.
 

Decree No. 497/1981 - The Executive Agency for the Greater
 

Cairo Sanitary Drainage Project was created by this Decree and is di-cussed
 

later.
 

Laws
 

Law Nos. 26/1954, 60/1971, 111/1975, and 43/1974 - The require

ments for establishing a company (such as for agricultural purposes)
 

are set forth in Law No. 26/1954. These are to be superseded in 1982
 

by Law No. 159/1981 but the executive regulations are yet to be released.
 

The public-sector companies are governed by Law No. 60/1971 which was
 

subsequently amended by Law No. III in 1975. A company can also be
 

formed as a joint venture which includes foreign as well as Egyptian
 

capital. Such a joint venture can be formed under Law No. 43/1974 (which
 

deals with foreign investments) and thus not be considered a public

sector company under Law No. 60/1971.
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Law No. 93/1962 - This law provides the basic legislation
 

governing wastewater collection and disposal in Egypt. This law replaces
 

three earlier laws, No. 35/146, No. 96/1950, and No. 196/1953 (modified
 

by No. 33/1954). The law describes the government's powers to provide
 

sewers and require or restrict connections, and establishes authority
 

over the types and quality of waste to be discharged into the sewer
 

system. It specifies treatment and disposal standards for different
 

effluents, most notably describing conditions under which treated waite

water can be disposed in agricultural drains. In addition, the law
 

outlines general rules and penalties for non-compliance with the law.
 

Law No. 61/1963 - The law which governs public authorities is
 

Law No. 61 of 1963. Most public authorities are established to free
 

certain existing government services, such as public utilities (water,
 

sewer, etc.), from government procedural and financial regulations.
 

Authorities function rather independently, having separate budgets and
 

management, but they still are subject to direction and control from
 

the Minister to whom they report. All profits from an authority go to
 

the public treasury while losses are supported by the state.
 

Law No. 43/1979 - This law and its executive regulations set
 

forth the functions of local government.
 

Law No. 143/1981 - This law establishes the public authority
 

called the General Organization for Development Projects and Agricul

tural Development. This agency is in charge of all desert land affected
 

by reclamation activities and is discussed later. This law abolishes
 

Law No. 100/1964 (which concerned disposal of desert land), but as yet
 

executive regulations have not been issued.
 

Law No. 48/1980 - This law strenghens and expands the provisions
 

of Law No. 93/1962. It strengthens the measures aimed at protecting
 

waterways and includes some changes in sampling and analysis procedures.
 

It creates a special fund supplied by fines and fee to assist in the
 

establishment of municipal and industrial wastewater treatment plants.
 

Administrative Entities
 

General Organization for Sanitary Drainage for Greater
 

Cairo (GOSDGC) - This organization reports to the Governor of Cairo and
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is responsible for all sewerage wrks within greater Cairo. GOSDGC
 

assumes all administration, operation and maintenance activities. Con

struction of the project considered in this study is by a separate
 

agency (discussed later), but presumably construction activities are
 

normally handled by GOSDGC. Although GOSDGC reports to the Cairo
 

Governate, other Governates, such as Giza and Kalioubia, are represented
 

on the GOSDGC Board of Directors.
 

National Organization for Potable Water and Sanitary Drain

age (NOPWSD) - The NOPWSD was recently (7 April 1981) initiated as a
 

public authority which consolidates and thereby replaces all of the func

tions of the General Organization for Potable Water and the General
 

Organization for Sewage and Sanitary Drainage (GOSSD). (At this time it
 

appears these two previous authorities are still operating under their
 

previous titles while the NOPWSD becomes functional). NOPWSD reports
 

to the Minister of Housing.
 

NOPWSD is responsible for formulating policies and plans for both
 

potable water and sewage activities at the national level. It has juris

diction for studies, design and construction of projects outside the
 

scope of local authorities or in areas serving more than one governorate.
 

NOPWSD established national standards for water and sewage projects and
 

also is responsible for training activities in the field of water and
 

wastewater management.
 

Executive Agency for the Greater Cairo Sanitary Drainage
 

Project (CWO) - This agency was recently formed (8 August 1981) and is
 

generally known as the Organization for Execution of the Greater Cairo
 

Wastewater Project (CWO). The organization reports to the Chairman of
 

the Ministry for Reconstruction. Its main function is planning and
 

supervising the implementation of the greater Cairo wastewater manage

ment project (the project under study in this report). This agency
 

was formed specifically for this project due to its extreme magnitude
 

and impact within Cairo and Egypt.
 

All activities of this agency are controlled by an Executive Committee
 

consisting of the three affected governorates and several ministries
 

and public authorities.
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Supreme Committee for Water (SWC) - This group is chaired 

by the Minister of Health. is enpowered to evaluate and approve 

from the health standpoint, projects involving potable water, treatment 

systems, and disposal of domestic and industrial effluents. Under the 

draft new law revising 93/1962, SWC approval is required for projects 

involving treatment of municipal and industrial wastewaters and disposal 

of wastewater to agricultural drains. 

General Organization for Development Projects and Agricultural
 

Development (GODPAD) - This public authority reports to the Minister of
 

Land Reclamation and is in charge of all desert land affected by recla

mation. GODPAD would be involved during the initial development years of
 

a project utilizing wastewater for crop production. The authority will
 

be responsible for providing all the necessary infrastructure (building,
 

services, etc.) for a land treatment system, even if the private sector
 

operates the farm using sewage for irrigation; however all irrigation
 

and agricultural equipment are the responsibility of the land developer.
 

The GODPAD controls the price and amount of desert land that can
 

be owned and this varies by irrigation method and type of land owner

ship. Following are the ceiling levels for spray and drip irrigation
 

methods:
 

Ownership Maximum Area 

(feddans) 

Individual 200 

Family 300 

Cooperative - Total 10,000 
- Per Member 30 

Private Company - Partnership 
- Total 10,100 

- Per Person 150 

Joint Stock Company 50,000 

Land is initially provided by GODPAD on a three-year lease basis.
 

During this time, if the landowner makes no attempt to develop and
 

reclaim the desert land, the land must be returned to the state.
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Ministry of Health - The Ministry of Health has several respon

sibilities which are particularly pertinent to the construction and oper

ation of an improved Cairo wastewater system. Some of these include:
 

1. 	 Monitoring the quality of:
 

A. 	 Municipal wastewaters discharging to surface waters or
 

agricultural land.
 

B. 	 Industrial wastewaters discharging to municipal sewers
 

or to surface waters.
 

C. 	 Surface waters (canals, drains, river) and groundwaters.
 

D. 	 Wastewater used for agricultural purposes.
 

2. 	 Advising local government of approvals for discharging waste

waters to waterways.
 

3. 	 Notifying local government of infringement of laws dealing
 

with wastewater.
 

Ministry of Irrigation - The Ministry of Irrigation has the
 

following responsibilities, among others, that are particularly appli

cable to this project:
 

1. 	 Advising the Minister of Land Reclamation on irrigation and
 

drainage regulations for desert lands.
 

2. 	 Advising local government of approvals for discharging waste

waters into waterways.
 

3. 	 Notifying local governments of infringement of laws dealing
 

with wastewater.
 

4. 	 Supervising rural areas to ensure farmers avoid unauthorized
 

cross-connections between canals and/or drains.
 

Ministry of Agriculture - The Ministry of Agriculture, under
 

current practice, would have some specific responsibilities toward the
 

wastewater project as outlined below:
 

1. 	 Developing and controlling operation of a farm using wastewater
 

if it is located on non-desert land and is to be a government
 

facility. In this case, the General Organization for Agri

cultural Production (GOAP) (reporting to the Ministry of
 

Agriculture) would be the agency governing operations. If
 

desert land is utilized for crop production, GODPAD (Ministry
 

8098 	 J-5
 



of Reclamation) would be responsible for development and
 

initial cultivation with the Ministry of Agriculture taking
 

over later.
 

2. 	 Ensuring that only specific authorized crops are grown on
 

lands irrigated with wastewater.
 

3. 	 Marketing of crops (through GOAP) to public-sector companies
 

if a sewage farm is operated by the government.
 

Ministry of Finance - All funds for a public authority (such
 

as for agricultural purposes) are provided by the Ministry of Finance.
 

Any excess funds or revenues are returned to the ministry.
 

Council of State - This government entity is responsible for
 

giving binding opinions to government agencies on the interpretation
 

of laws. It is the country's administrative court and is separate from
 

the judicial system. The Council of State is responsible for resolving
 

conflicts or disputes in laws/procedures among government agencies.
 

National Committee for Environment - Established by Presidential
 

Decree in October 1980, the National Committee for Environment is respon

sible for formulation of national environmental protection policy and to
 

review and coordinate environmental protection activities. It is headed
 

by a Secretary General who serves to coordinate activities by various
 

standing and special committees.
 

Local Governments - One of the important administrative groups
 

responsible for wastewater management and control is local governments.
 

The principal authority in charge of sewage, according to Law No. 93/
 

1962, is the relevant local government unit (city or district council).
 

Several of its responsibilities are outlined below:
 

1. 	 Authorize industrial connections to public sewers.
 

2. 	 Authorize discharge of industrial and/or municipal wastewater
 

into waterways, after consultation with and approval from the
 

Ministries of Health, Irrigation, and Industry.
 

3. 	 Detect and prevent unauthorized discharges to sewers, surface
 

waters or agricultural lands.
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4. 	 Impose legal sanctions (fines or prison sentences) when viola

tions of laws or regulations (93/1962) take place or carry out
 

works at the owner's expense.
 

j. 	 Ensure that house connections are properly installed on public
 

sewers.
 

6. 	 Ensure that pretreatment of industrial waste is done when
 

needed.
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TABLE K-I 

VALUE ADDED i. AGRICULTURAL PRODUCTION 

Value
 
Period Added* Index*
 

1952 252 100
 

1952-54 254 101
 
1955-59 275 109
 
1960-64 311 123
 

1965-69 349 138
 
1970-72 393 156
 

Growth Rate (%) -- 2.2 

*Constant 1952 prices.
 

Source: H. A. el-Tobgy, Contemporary Egyptian Agriculture
 
(Beirut: Ford Foundation, 1974), p. 210, based on Ministry
 
of Agriculture data (taken from Ikram, Ibid.).
 

TABLE K-2
 

ANNUAL GROWTH IN PRODUCTION OF SELECTED CROPS 

Growth (%)
 
Crop 1950-60 1960-70 1965-75 1950-75
 

Wheat
 
Production 2.7 0.3 3.4 2.3
 
Yield 2.7 1.3 3.6 2.6
 
Area 0.1 -1.0 0.8 -0.2
 

Maize
 
Production 1.2 3.9 2.3 2.6
 
Yield 0.3 5.5 1.0 2.3
 
Area 0.9 -1.6 1.2 0.3
 

Rice
 
Production 5.7 6.3 2.6 4.5
 
Yield 3.6 0.5 0.8 1.7
 
Area 2.3 5.8 1.7 
 2.9
 

Cotton
 
Production 0.4 0.8 -1.6 -0.1
 
Yield 0.4 3.1 0.4 1.1
 
Area -0.5 -1.6 -2.2 -1.2
 

Source: Computed from Ministry of Agriculture data (taken from Ikram, Ibid.)
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TABLE K-3 
0 FOOD PRODUCT SURPLUSES/DEFICITS AND SELF-SUFFICIENCY RATIOS 

Food Groups 

1975 
Surplus (+) 

or Deficit (-) 
(1000 ton) 

Self-Suffi-
ciency 

(%) 

1980 
Surplus (+) 

or Deficit (-) 

(1000 ton) 

Self-Suffi-
ciency 

(%) 

2000 
Surplus (+) 

or Deficit (-) 

(1000 ton) 

Self-Suff1
ciency 

(%) 
Total Grains 3520- 70.3 4629- 65.6 10154- 52.5 

Wheat 3247- 39.0 3941- 33.8 7232- 26.9 

Maize 424- 86.9 677- 82.9 1539- 73.7 

Rice 151+ I6.3 39+ 101.5 1062- 75.0 

Barley 0 100.0 0 100.0 0 100.0 

Other Grains 0 100.0 50- 93.9 321- 73.3 

Root Vegetables 65+ 108.2 84+ 107.6 51+ 103.5 

Sugar 172- 78.8 141- 85.9 325- 61.2 

Legumes 151- 69.6 100- 82.5 285- 69.3 

Oils 384- 27.4 413- 31.9 657- 27.5 

Vegetables 120+ 101.8 113+ 101.5 50+ 100.5 

Fruits 195+ 109.5 140+ 105.5 70+ 101.9 

Livestock Products 48- 89.7 140- 77.1 696- 50.1 

Source: 
 Arab League, 1979 (Taken from AMBRIC "Interim Development Plan, Part II, Volume 2, Appendices",

1981.)
 



TABLE K-4
 

MAJOR PROBLEMS IN THE AGRICULTURAL SECTOR
 

Area 	 Short Term 


Technical 	 Drainage and irrigation 

Rotation 

Regional specialization 

Inputs
 
Land-use planning
 

Institutional 	 Farm management services 

Extension services 


Cooperatives 

Decentralization 


Economic Pricing, equity, and 

efficiency 


Investment 


Production
 
Marketing
 

Intersectoral 	 Subsidies and consumption 

Taxation 

Statistical measurement
 

Source: Ikram, Ibid.
 

Long Term
 

Food gap
 
Disease control
 
Postharvest losses
 

Farm size
 
Farm fragmentation
 

Land tenure
 
Research
 
Technological changes
 

International specializa
tion and comparative
 
advantage
 

Labor productivity
 
Linkage
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APPENDIX L
 

SCOPING SESSION AND ENVIRONMENTAL ASSESSMENT
 
REVIEW PROCESS
 

A "Scoping Session" for the Cairo Sewerage Project - West Bank
 

Environmental Assessment was held on November 4, 1981 at the Cairo Waste

water Organization Building, Cairo, Egypt as required under the pro

visions of 22 CFR 216, "AID Environmental Procedures" (October 23,
 

1980). The official record of this meeting is provided below and provides
 

a detailed account of Egyptian concerns with regard to environmental
 

aspects of the Greater Cairo Wastewater Project.
 

The Draft Environmental Assessment (Main Report and Executive
 

Summary) was distributed by AID for review in February 19&2 in both
 

Egypt and the United States. Stephen F. Lintner, Environmental Coor

dinator, Bureau of Near East, AID, visited Egypt in May 1982 and conducted
 

a series of informal review sessions concerning the Draft Environmental
 

Assessment with representatives of AID, AMBRIC, and the Government of
 

Egypt. Formal written comments were received by AID and Stanley Con

sultants from AID/Cairo, AID/W, AMBRIC and the Egyptian Ministry of
 

Irrigation prior to the close of the review period on August 31, 1982.
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OFFICIAL RECORD OF "SCOPING SESSION"
 
FOR CAIRO SEWERAGE PROJECT (263-0091)
 
WEST BANK ENVIRONMENTAL ASSESSMENT
 

I. 	 INTRODUCTION
 

A "Scoping Session" for the Cairo Sewerage Project (263-0091)
 

West Bank Environmental Assessment was held from 11:00 to 1:00 on
 

November 4, 1981 at the Cairo Wastewater Organization Building,
 

Galaa Street, Cairo, Egypt. The supervising A.I.D. technical
 

officer was NB/PD/PDS, Stephen F. Lintner, Bureau Environmental
 

Coordinator assisted by AID/Cairo Frederick Guymont, Project
 

Officer. Michael i. Kingery, Deputy Assistant Director for
 

Development Resources arid Program Support, served as the senior
 

representative of AID/Cairo.
 

The meeting was held under the auspices of Eng. Atalla Safwat,
 

Chairman, Organization for the Execution of the Greater Cairo
 

Wastewater Project, Ministry of Housing, Reconstruction and Land
 

Reclamation. Eng. Safwat, in consultation with A.I.D., developed
 

the list of those to be invited to participate in the meeting and
 

issued invitations under his signature. Invitations were
 

accompanied by an agenda and technical information concerning the
 

purpose of environmental assessments and the nature of the project
 

under evaluation. 

II. 	 "SCOPING SESSION" PRESENTATIONS
 

A. 	 Introductory Comments
 

Eng. 	 Attala Safwat, Chairman, opened the meeting providing 

general comments on the Greater Cairo Wastewater Project and the 

West Bank EiviLronerm tl Assessment. 

B. 	 Introduction of Part:icipants 

Following the above colmnets, mneeLing participants introduced 

themselves and identified ITheir organization/ professional 

affiliation (set, Li.::L ot Participants). 

C. 	 A.I.D. Environmental RegIlat ions and Procedures 

Michael [. KingLery, Deputy Assistant Director for Develop

ment Resources and Prograin Support, provided a brief overview 
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of A.I.D. Environmental Regulations and Procedures, this
 

followed a prepared text and emphasized the following points:
 

1. 	 Since 1976, A.I.D. has required the preparation of Environ

mental Assessments for all projects which could poten

tially have a "significant effect" on the environment.
 

2. 	 Environmental Assessments have been prepared to date for
 

a variety of large scale capital projects.
 

These Environmental Assessments have been prepared by
 

interdisciplinary teams of specialists from a variety of
 

fields.
 

3. 	 Environmental AssessmenLs are technical analyses prepared
 

to inform decision makers and project designers of the
 

potential environmental impacts of proposed projects, to
 

evaluate technical alternatives and to identify possible
 

mitigation activities.
 

4. 	 The West Bank Environmental Assessment will focus on
 

evaluation of:
 

a. 	 Phasing Alternatives for Facilities Construction.
 

b. 	 Technical Alternatives for Wastewater Treatment.
 

c. 	 Technical Alternatives for Effluent Disposal.
 

5. 	 In examining environmental impacts of various alternatives:
 

a. 	 Economic costs, in terms of both capital costs and
 

operation and maintenance costs must be examined.
 

Energy costs must be evaluated with regard to
 

international prices.
 

b. 	 System reliability must be evaluated in terms of
 

potential operation and maintenance problems.
 

Potential environmental impacts relating to problems
 

in operation and maintenance must be evaluated.
 

c. 	 Institutional requirements must be evaluated in terms
 

of legal authority, coordination, funding and staffing.
 

6. 	 U.S. environmental legislation and regulations, such as
 

air and water quality standards, do not apply to projects
 

A.I.D. finances.
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D. 	 Greater Cairo Wastewater Project AMBRIC Consultants
 

AMBRIC Consultants represented by Chris Bosker, Assistant
 

Project Director, provided a 10 minute presentation on the
 

development of key design elements and the general concept
 

of the Greater Cairo Wastewater Project placing emphasis on
 

proposed expansion activities for the West Bank of the Nile.
 

The presentation was organized according to the following
 

outline:
 

1. 	 History of the Project.
 

2. 	 Rehabilitation Project.
 

3. 	 Expansion Project.
 

a. 	 Proposed System for the East Bank of the Nile.
 

b. 	 Proposed System for the West Bank of the Nile.
 

E. 	 Cairo Sewerage Project - West Bank Environmental Assessment-


Stanley Consultants
 

Stanley Consultants represented by Robert L. Thoem, Stanley
 

Director, provided a 15 minute presentation on their plan for
 

development of the Environmental Assessment, placing emphasis
 

on issues of phasing options for project implementation and
 

technical alternatives for wastewater treatment and disposal.
 

The presentation was organized according to the following
 

outline:
 

1. 	 Factors to be Considered in Sequence of Facilities
 

Construction.
 

a. 	 Investment in collection sewers before investment
 

in treatment facilities.
 

b. 	 Interim discharge to drains without treatment.
 

c. 	 Priorities for service to unsewered areas.
 

d. 	 Maximization of public health improvements.
 

e. 	 Investment in treatment expansion and improvement
 

without additional collection systems.
 

2. 	 Disposal Alternatives for Treated Effluent.
 

a. 	 Interim discharge to drains.
 

(1) 	Water quality impacts.
 

(2) 	Public health risks.
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b. 	 Interim desert disposal.
 

c. 	 Use for agricultural irrigation and land reclamation.
 

(1) 	Crop types.
 

(2) 	Infrastructure needs for agriculture reuse.
 

(3) 	Public health risks.
 

(4) 	Operation and maintenance needs.
 

(5) 	System reliability and energy requirements.
 

d. 	 Extension of Muheit Drain to the Mediterranean Sea.
 

3. 	 Level of Wastewater Treatment.
 

a. 	 Prior to drain discharge.
 

b. 	 Prior to agricultural reuse.
 

c. 	 Prior to desert disposal.
 

d. 	 Impacts of industrial wastes.
 

e. 	 Operation and maintenance needs.
 

f. 	 System reliability and energy requirements.
 

III. 	 DISCUSSION SESSION
 

Following the above presentations, a discussion session was held
 

which was chaired by Eng. Safwat and lasted one hour. The principal
 

points raised included:
 

A. 	 Eng. Aly Azzat Nokhtar, Ministry of Irrigation:
 

1. 	 Agricultural drains on West Bank of the Nile are fully
 

charged and it is difficult to expand their capacity due
 

to location of towns and villages immediately adjacent
 

to them. He argued that tunnels must be used in these
 

areas.
 

2. 	 Wastewater used for irrigation must be treated to meet
 

public health requirements.
 

3. 	 Steps must be taken to separate irrigated new lands from
 

old lands; seepage from new lands to old may be a problem,
 

due to differences in elevation.
 

4. 	 Ministry of Irrigation cannot agree to direct discharge
 

of untreated wastewater into the Nile.
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B. 	 Eng. Attala Safwat, Cairo Wastewater Organization:
 

1. 	 Although it is illegal to put sewage in drains, it is
 

recognized that it currently exists and that as an interim
 

measure discharge of raw or partially treated wastewater
 

will have to be accepted as there is no other way to
 

handle the material.
 

C. 	 Eng. Aly Azzat Nokhtar, Ministry of Irrigation:
 

1. The illegal discharge of wastewater must be stopped.
 

D. 	 Eng. Attala Safwat, Cairo Wastewater Organization:
 

1. Can we agree in principle to accept the idea of staged
 

development? Phase I to remove wastewater from the streets
 

with interim disposal to agricultural drains. Phase II
 

to develop an agricultural reuse program.
 

E. 	 Dr. Amin El Gamal, Ministry of Health:
 

1. 	 Water is now taken from polluted drains and pumped to
 

irrigation canals all over Egypt in order to raise irri

gation water levels.
 

F. 	 Dr. Kamal Hakim, High Institute of Public Health:
 

1. 	 He conducted a study in 1981 concerning Mohmoudia Canal;
 

water was being pumped from the Edku Drain which was
 

receiving direct discharges from a wastewater treatment
 

plant. He stated that since the treatment plant was not
 

functioning properly this increased the health risks.
 

G. 	 Eng. Aly Azzat Nokhtar, Mi.-istry of Irrigation:
 

1. 	 Noted that water discharged into agricultural drains was
 

not contaminated with untreated wastewater.
 

H. 	 Eng. Attala Safwat, Cairo Wastewater Organization:
 

1. 	 Water is currently being discharged into agricultural
 

drains which go into the Nile and its branches that is
 

contaminated with untreated domestic and industrial
 

wastewaters, toxic substances such as pesticides.
 

2. 	 What are the practical steps which can be taken to obtain,
 

through a phased process, a treated effluent which is not
 

a public health risk?
 

3. 	 There is a limited amount of money available for this
 

project, land reclamation could cost up to I billion
 

Egyptian Pounds more. Which options should we take in
 

development of a long term program?
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4. 	 Any improvement in the Cairo wastewater system would
 

represent a significant improvement in public health
 

conditions.
 

I. 	 Eng. Aly Azzat Nokhtar, Ministry of Irrigation:
 

1. 	 Many of these proposals would require modifications to
 

existing legislation.
 

J. 	 Dr. Fahmy El Sharkawi, High Institute of Public Health:
 

1. 	 While Public Law 93 forbids discharge to the Nile, the
 

law does allow discharge to drains under certain condi

tions provided that it is properly treated.
 

2. 	 Noted that any options must be seriously reviewed in
 

terms of the poor operation and maintenance performance
 

traditionally found in Egyptian wastewater treatment plants.
 

K. 	 Dr. Michel Fouad, Ministry of Development:
 

1. 	 Egypt is short of water so there is a strong need to
 

consider reusing sewage as long as it is treated sufficiently
 

to meet hygenic requirements. He noted that it remains
 

necessary to evaluate economic aspects of reuse.
 

2. 	 Egypt by the year 2000 will have 20-30 million additional
 

inhabitants. It is necessary to develop laws, regulations
 

and controls to assure that wastewater can be safely
 

reused as a water source.
 

L. 	 Dr. Amin El Gamal: Ministry of Health:
 

1. 	 It is very necessary to alleviate present sewage problems
 

in the urban "downtown" areas through the construction
 

of sewers and pumping stations.
 

2. 	 It is necessary to consider the public health impacts
 

of the drains because providing sewers in the urban area
 

could merely transfer problems to a different location.
 

3. 	 Emphasis cannot be exclusively placed on the construction
 

of sewers. There must be some balance between investments
 

in sewage collection and treatment.
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M. 	 Dr. Fahmy el Sharkawi, High Institute of Public Health:
 

1. Consideration must be given to the important need for
 

chlorine and recognize it is imported in large quantities
 

to Egypt at the present time.
 

N. 	 Dr. Amin el Gamal, Ministry of Health:
 

1. 	 The type of crops for different types of irrigation
 

methods needs to be examined. The cultivation of some
 

crops utilizing wastewater is illegal and presents a
 

health risk.
 

0. 	 Dr. Ahmed Abdel Warith, Ain Shams University:
 

1. 	 The Master Plan for the Greater Cairo Sewerage System is
 

sound and should be followed.
 

2. 	 Cairo is living on "borrowed time" with regard to the
 

sewerage system and public health. The study process is
 

taking too long and facilities need to get under way as
 

soon 	as possible.
 

3. 	 Sewers are needed, specially in the unsewered areas.
 

P. 	 Dr. Amin el Gamal, Ministry of Heaith:
 

1. 	 Disposal of sewage to drains results in certain compromises.
 

Providing primary treatment only as a first step may be
 

one compromise. Project planners must be careful in
 

disposal to the Nile as many downstream users withdraw
 

water and use it without treatment.
 

2. 	 The need for sewage collection in the city versus the
 

impacts on the drains are not clear cut. Collection and
 

discharge to drains may merely increase the potential
 

for an epidemic along the drains.
 

Q. 	 Dr. Fahmy el Sharkawi, High Institute of Public Health:
 

1. 	 Re-emphasized the need for continuous training at all
 

levels and the critical need for improving management.
 

R. 	 Dr. Ahmed Abdel Warith, Ain Shams University:
 

1. 	 Recommended that study team consider Gabal el Asfar as
 

an example of one project using sewage for farming over a
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number of years. This is the only Egyptian experience
 

with the use of sewage for farming. It is currently not
 

operated properly, varieties of vegetables are being
 

irrigated which clearly should not be cultivated utilzing
 

wastewater.
 

S. 	 Eng. M. E. Abdel Agin, Water Supply Consultant:
 

1. 	 The treatment plant objectives should be targeted to
 

produce an effluent which will be suitable for agri

cultural reuse in the future.
 

T. 	 Eng. Attala Safwat, Cairo Wastewater Organization:
 

1. 	 There are limited resources available for this pollution
 

control program. Priorities must be established as to
 

what will be built first. Getting sewege out of the densely
 

urbanized areas is critical. Providing treatment with
 

chlorination and discharge to drains is the most logical
 

first step given the extremely high cost for the facili

ties. Use of the effluent for agricultural reuse at a
 

later date when more funds become available will be
 

possible.
 

U. 	 Dr. Kamal Hakim, High Institute of Public Health:
 

1. 	 There is no sewage in Egypt receiving chlorination even
 

though Public Law 93, passed in 1962, requires this. (The
 

law has been widely ignored.)
 

2. 	 Given the high level of incidence of disease in Egypt
 

it is reasonable to assume there will be a high health
 

risk with improperly treated human wastes.
 

3. 	 Training of operators and managers of the treatment systems
 

is extremely important to ensure a properly functioning
 

system.
 

V. 	 Dr. Michel Fouad, Ministry of Development:
 

1. 	 According to Ministry of Irrigation reports, there will
 

be a water shortage in the future. Unless additional
 

sources of water are developed, agricultural production
 

will be restricted to 2.8 million feddans.
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2. 	 Constraints to utilization of wastewater are (a) the
 

level of treatment required and (b) identification of
 

the proper types of crops.
 

3. 	 Treatment costs need to be studied, terms of the import
 

substitution value of the crops grown.
 

4. 	 Properly treated wastewater needs to be seen as an
 

additional water resource.
 

W. 	 Eng. Attala Safwat, Cairo Wastewater Organization:
 

1. 	 Irrigation personnel in Egypt need to study and determine
 

how preoent standard irrigation systems can be improved in
 

efficiency. This would enable considerably more land to
 

be irrigated, just as the treated sewage effluent wil
 

enable new lands to be put into agricultural use.
 

IV. 	 SUMMARY
 

1. At the termination of the discussion session, Eng. Safwat
 

closed the meeting, suggesting informal discussions among all
 

in attendance.
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LIST OF "'SCOPING SESSION" PARTICIPANTS: CAIRO SEWERAGE PROJECT 
- WEST BANK ENVIRONMENTAL ASSESSMENT 

o Name Profession/Position 


U. S. Agency for International Development:
 

1. Frederick Guymont 


2. Michael I. Kingery 


3. Stephen F. Lintner 


Stanley Consultants:
 

1. Robert L. Thoem 


2. Jack Musterman 


3. Dennis C. Cory 


4. Sherif M. El Hakim 


5. Earl Erickson 


6. Loren P. Furland 


7. Mohamed A. K. Hassouna 


C> 

Project Engineer 


Deputy Assistant Director 

for Development Resources
 
and Program Support
 

Bureau Environmental 

Coordinator 


Study Team Leader, 

Environmental Engineer 


Study Team, Deputy Leader, 


Environmental Engineer 


Agricultural Economist 


Social Scientist 


Agronomist 


Environmental Engineer 


Institutional Analyst 


Organization 


AID/Cairo 


AID/Cairo 


AID/Washington 


Stanley Consultants 


Stanley Consultants 


University of 


Arizona 


Sherif M. El Hakim 


and Associates 


Michigan State 


University 


Stanley Consultants 


ASN - Technical 


Financial Services 


Address
 

Cairo Center
 

Cairo Center
 

Dept. of State
 
Washington, D.C.
 

(USA)
 

Atlanta, Georgia
 
(USA)
 

Muscatine, Iowa
 

(USA)
 

Tuscon, Arizona
 

(USA)
 

11 Mahmoud El-Hefny St.
 

Garden City, Cairo
 

Lansing, Michigan
 

(USA)
 

Atlanta, Georgia (USA)
 

11 Mahmoud El-Hefny St.
 

Garden City, Cairo
 



Name 

o 8. Ronald F. Layton 

9. Richard D. Leisher 


10. 	James A. Listorti 


11. 	Bruce Spiller 


12. 	Denise Ruthenburg 


AMBRIC Consultants:
 

1. 	Chris Bosker 


2. 	L. V. Gutierrez 


3. 	Jim Wright 


Cairo Wastewater Organization:
 

1. 	Atalla Safwat 


2. 	Mounir Tawfik 


Government of Egypt:
 

1. 	M. Nabil El Awady 

(for Dr. Aly Hossany) 


2. 	Amin El Gamal 


3. 	Gamal H. F! Samra 


,.17 4. Michel Fouad 


Profession/Position 


Environmental Engineer 


Agricultural Engineer 


Soil Scientist 


Public Health Specialist 


Environmental Engineer 


Capital Projects Economist 


Assistant Project Director 


Assistant Project Director 


Deputy Project Director 


Chairman 


Technical Director 


Undersecretary of 

Agricultul-e 


Undersecretary of State 


Secretary General 


Chairman 


Organization Address
 

Layton & Assoc. Inc. Neosho, Missouri (USA) 

U.S. Soil Conserva- Alexandria, Virginia
 
tion Service (USA)
 
(Retired)
 

Independent Consultant Washington, D.C. (USA)
 

Stanley Ccnsultants 


Stanley Consultants 


AMBRIC 


AMBRIC 


AMBRIC 


CWO 


CWO 


Ministry of Agricul-

ture
 

Ministry of Health 


National Committee 


for Environment 


General Organization 


for 	Phsyical Planning 


Atlanta, Georgia (USA)
 

Muscatine, Iowa (USA)
 

Galaa St., Cairo
 

Galaa St., Cairo
 

Galaa St., Cairo
 

Galaa St., Cairo
 

Galaa St., Cairo
 

Cairo
 

Cairo
 

Kasr El Eini,
 

Cairo
 

Ministry of
 

Development
 



Name 


o 5. E. M. Helwa 

cGeneral 

6. Aly Azzat Nokhtar 


7. Mohmoud Shabakah 


Egyptian Experts
 

1. M. E. Abdel Azim 

Y 2. Kamal Hakim 

3. Fahmy El Sharkawi 


4. Ahmed Abdel Warith 


Profession/Position 


Acting Director 


of
 
Environmental Health
 

Undersecretary of 

State 


Former Chairman 

of General Organization 

for Sewerage and Drainage 


Engineer 


Professor 


Professor 


Sanitary Engineer 


Consultant 


Participants Invited but Unable to Attend:
 

1. H. Talaat Eid Chairman 


2. F. El Fadawy Vice Chairman 


2S-: 

Organization 


Ministry of Health 


Ministry of 

Irrigation (Cairo 

Giza Governorate) 


Water Supply 


Consultant
 

High Institute 


of Public Health
 
University of Alex.
 

High Institute 


of Public Health 


University of Alex.
 

Ain Shams 


University
 

General Organization
 
for Greater Cairo
 
Water Supply
 

General Organization
 
for Greater Cairo
 
Water Supply
 

Address
 

Cairo
 

Giza St.
 
Irrigation Bldg.
 
Giza
 

Mogamaa Building 
Midan El Tahrir 
Cairo 

Cairo
 

Alexandria
 

165 Horreya,
 

Alexandria
 

Cairo
 



Name 
 Profession/Position 
 Oranization 
 Address
 

3. 
 Representative 
 General Organization
 

for Industrialization
 

4. 
 Representative 
 Ministry of Housing

(Land Reclamation) 
 Reconstruction of Land
 

Reclamation
 
6. Aiad Morgan Professor 
 University of Alexandria
 

7. 
 Representative 
 World Health Organization
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