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CHAPTER 1 -~ PURPOSE AND NEED

AID Requirements
The provisions of 22 CFR 216, "AID Environmental Procedures"
(October 23, 1980) require the United States Agency for International

Development (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 for greater Cairo necessitates completion of an environmental
assessment,

The objective of an assessment ig to identify potential environ-
mental consequences of the proposed project to ensure initiation of
appropriate safeguards by AID and the host country prior to a decision
tc proceed.

Contrary to the standardized proc-2dures followed for domestic U.S.-
projects, the .cope of environmental assessments conducted in foreign
locations are dictated by the potential significant effects expected

from the project.

Potential Significant Impacts

The scope of this environmental assessment, as initially outlined
by AID, and refined through a "Scoping Session" held in Cairo on
November 4, 1981, focuses on assessment of the following potential
slgnificant effects:

1. Sequence of facilities construction.

2. Alternatives for wastewater treatment.

3. Alternatives for eifluent disposal.

Proposed Imnprovement Program

American British Consultants (AMBRIC) has been under contract with

the General Organization for Sewerage and Sanitary Drainage (GOSSD) and
is now being directed by the Organization for Execution of the Greater
Cairo Wastewater Project (CWO) to develop a program designed to rehabi-

litat< and expand the greater Cairo wastewater system. The Cairo system
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is divided into two major areas by the Nile River: East Bank and West
Bank. Funds are being sought from AID to implement the wastewater
management plan on the West Bank and this study considers only that
area,

The wastewater facilities in Cairo have been neglected for many
years and have not kept pace with the rapid urban growth. AMBRIC has
proposed a large scale program which will require an extensive construc-
tion, operation and maintenance effort to solve existing problems and
avoid future ones. The planned improvements will be accomplished in
several stages and the first-stage, high-priority projects are those of
concern to this environmental assessment, Later project stages will
expand service to new areas or provide increased capacities for first-
stage facilities,

Figure 1 shows the general layout and location of West Bank first-
stage projects and major portions of the existing system. The main
goals for the proposed program to relieve existing overloaded primary
collector sewers, provide sewer service to areas which currently (or in
the near future) lack such facilities, improve treatment by upgrading
the existing Zenein wastewater plant and constructing new facllities at
Abu Rawash,

Table 1 summarizes the capital costs of the proposed first stage
improvement program. The improvements are categorized by primary funding
source into Group A and Group B projects for foreign funding and Egyptian
funding, respectively. About 30 percent of the total 1.2 billion Egyptian
pounds (LE) will be spent for wastewater system improvements on the West

Bank.
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TABLE 1

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

1980 Estimated Cost *#

(LE 10°)
WEST BANK
Group A Projects (Requiring Significant Foreign Funding)
North West Project
Primary Dralns & Pump Stations to Abu Rawasn 37.0
Secondary Collectors & Branch Sewers 46.7
Subtotal: 83.7
Giza Relief Collector Project 15.7
Pyramids Collector Prolect
Primary Drains & Pump Stations to Abu Rawash 20.0
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 Projecis: 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 ~ GROQUP A & B PROJECTS: 81C.6
EAST & WEST BANKS
General Group A Projects
Rehabiiitation 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 capitsl costs required for sewer cleaning programa.
** Approximately $U.S. 1,734,000,000 using 0.7 LE per U.S. §.
Source: AMBRIC "Design Inception Report", June 1981.

et
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CHAPTER 2 -- ENVIRONMENTAL SETTING

Study Area

The study area includes only the West Bank portion of the greater
Cairo wastewater project area. The entire project area, shown in Figure
2, encompasses approximately 875 square kilometers.

Most of the developed West Bank area is within the Governorate of
Giza. The western part of the study area extends into undeveloped areas
beyond the Alexandria-Cairo desert road.

Figure 3 shows Cairo with respect to geographical features of the
surrounding region, including where the River Nile splits into the
Rosetta and Damietta Branches forming the delta region prior to dis~-

charging into the Mediterranean Sea.

Population

The 1980 population for the total project area was estimated at 7.7
million and the population of the study area was estimated at 1.8 million.
Population of greater Cairo‘ﬁas grown steadily, but the sharpest increases
have taken place in the last decede. Expected population growth is as

summarized in Table 2.

TABLE 2
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.
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Land Use
Resldential areas dominate current and projected land use in the

West Bank study area as shown in Table 3.

TABLE 3
PROJECTED YEAR 2000 LAND USE

Area
(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.

Population density in residential areas ranges from fairly low
values ir the western rural areas to isolated pockets of high densities
approaching 1,500 persons per hectare (ha). The average projected
density for the study area is in the moderate range of 450 persons per
hectare, however, lower Income resldential areas will continue to exper-

ience severely overcrowded conditions.

Potable Water Supply

Water serving che greater Cairo area 1s primarily from the Nile,
with suprlementary supply derived from shallow wells. Several water
treatment facilities provide the necessary supply and a new one 1s under
construction on the West Bank in the Embaba area.

Water is extensively distributed on the West Bank either through
direct house connections or at public standpipes. The water network

seems to be expanding slightly in advance of sewers and continued monitoring
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of this needs to take place to ensure that no new sewers are installed
prior to water service house connections. Similarly, water connections

should not be initiated without satisfactory sewer service.

Wastewater Flows and Characteristics

Numerous factors affect the quantity and characteristics of urban
wastewater. The mix of residential, commercial, and industrial develop-
ment, and the per capita water use are the primary factors.

The projected sewered population and wastewater flows for the West
Bank are summarized in Table 4. The quantity of wastewater is expected
to increase from approximately 326,000 cubic meters per day (cmd) in

1985 to approximately 1,188,000 cmd at the planning horizon (year 2010).

TABLE 4
PROJECTED WEST BANK WASTEWATER FLOWS

Percent
Sewered Population Wastewater
Population Served Flow

(1000) (%) (1000 cmd)
1980 ’ 861 47.7 187
1985 1,427 68.3 326
1990 1,872 79.7 479
2000 3,117 97.3 1,052
Planning Horizon 3,497 97.6 1,188

Source: AMBRIC "Design Inception Repc.t", June 1981.

The strength of the Cairo wastewater is moderately high. Waste-
waters are primarily of domestic origin. Industrial wastes are not
expected to pose significant treatment difficulties. Characteristics of
the wastewater and the sludge removed during treatment are not expected

to limit their agricult.ral use.

Industrial Wastewater

The presence of industrial wastes in municipal sewage can have a

significant adverse impact on the collection, transmission, treatment
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and disposal systems. These materials may reduce the performance of
biological waste treatment systems or prevent utilization of the effluent
and sludge for agriculture purposes,

A limited industrial waste survey was conducted to provide a pre-
liminary assessment of industrial wastes. Fifty-nine public sector
industries which contribute the majority of the industrial waste flow
and load were identified. Industries were grouped by manufactured
product and general wastewater characteristics. Analyses indicate the
following:

1. The total industrial flow is less than 10 percent of the 1985

projected West Bank municipal flow.

2. Less than 2 percent of the projected municipal flow contains
industrial wastes that are harmful to the system and require
more than on-site pretreatment prior to discharge. The vast
majority of industrial sites are small fabricators or speclalty
shops that discharge small volumes of generally innocous or
readily manageable wastewater.,

3. The existing and projected West Bank industries have no signi-
ficant effect on the proposed primary or secondary biological
waste treatment systems. The use of sludge and treated effluent
for land reclamation does not present an immediate health or
crop toxicity problem.

4, Avallable data for adequate characterization of industrial
wastes are not reliable, not availabie, or nonexistent. A
comprehensive wastewater survey of West Bank industry is

recommended.

Wastewater Treatment and Disposal

There are three treatment works which serve the West Bank area.
The plants at Nahya and Zenein were designed to provide primary and secon=
dary levels of sewage treatment, respectively. The plant at Abu Rawash
treats only sludge from the other West Bank facilities. Sludge is

dried on sand beds and sold to local farmers for agricultnre use.
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The Nahya and Zenein plants have exceeded their design treatment
capability and are performing significantly below design expectations
because of uncontrolled growth of population and an increase in sewered
area. Poor design and construction and operation and maintenance defi-
ciencies in collection and treatment systems have aggravated the poor
treatment performance caused by overloaded conditions. Approximately
120,000 cmd of untreated sewage are bypassed directly to the Muheit
Drain at the Zenein faciiity and both plants are in gross violation of
Government of Egypt (GOE) effluent discharge criteria.

The Zenein plant is currently undergoing expansion to increase
secondary treatment capacity by 50 percent. Rehabilitation is also
needed to ensure secondary treatment performance by the existing facili-
ties. This work task is included in the AMBRIC plan and is badly needed.

The AMBRIC treatment-disposal plan for the West Bank assumes that
the Zenein works will be expanded and upgraded and that the Nahya plant
will be abandoned. A new mechanical biological treatment plant will be
built at Abu Rawash to treat an initial flow of 400,000 cmd and all
additional flow to the design horizon. The Zenein and Abu Rawash plants
will discharge secondary treated sewage to the Rosetta Branch of the
Nile River via the Muheit Drain. A portion of the Muheit Drain flow
will be withdrawn downstream from the treatment plant discharge and
utilized for desert land reclamation and crop irrigation.

The AMBRIC plan satisfies the existing effluent quality discharge
criteria of the Government of Egypt and potentially allows reuse of
effluent for agricultural purposes in accordance with national policy.
There is concern, however, about the high level of operational expertise
needed to maintain and ensure reliable treatment performance of the
biological secondary treatment works proposed for Abu Rawash. It is
primarily this concern and the expressed concern of the Government of
Egypt about discharge to the Nile which have led the Stanley Consultants
study team to re—evaluate treatment-disposal alternatives that minimize

operational skills and avoid discharge to the Nile.
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Wastewater Collection

Initial sewer construction on the West Bank did not occur until
around 1939. Deteriorated conditions brought a surge of system develop-
ment in the mid-1960's, including construction of the Zenein treatment
facility which began operation in 1970. Since that time, population
growth and urban development have taken place but wastewater facilities
have not expanded correspondingly. Large populations live in unsewered
high density areas which, when coupled with lack of other sanitation
programs, has created a major public health hazard. It is estimated less
.than half the West Bank population has sewer service.

Many of the existing sewers are overloaded causing raw sewage to
backup and flood streets in high density urban arezas. Lack of sewer
cleaning and resident misuse of the sewers through dumping of solid
waste have created further clogging problems. Of over 190 sewage pump-
ing facilities in the greater Cairo area, only 53 arc operational.
Electrical service to these facilities 1s undependable and power inter-
ruptions are routine, further compounding the overloaded situation.

Close coordination between water and wastewater authorities is
necessary to avold additional operational problems. In areas where
sewers were Installed before house water services, the system became

plugged due to lack of sufficient water to convey wastes.,

Water Quality

Wastewater from the existing Zenein and Nahya treatment facilities
discharge to the Nahya Drain. This drain flows to the Mariouteyah Canal
which parallels the Muheit and Lebbeni Drains with several interconnec- .
tions among them (Figure 1). Wastewater in this drainage system flows
until it meets the Rosetta Branch of the Nile (Figure 3).

Due to poor treatment facility performance, the Nahya and Muheit
Drains are essentlally open sewers to tie Nile. Residents living along
the dralns are generally aware of the polluted conditions and do not use
the water for purposes other than supplemental irrigation. The Rosetta
Branch is used for domestic and industrial water supply, irrigation, and

as a fishery resource. The nearest major water withdrawal for
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domestic/industrial purposes is at Kafr el Zayat, some 100 km downstream
of the confluence with the Muheit Drain.

Available water quality data suggest a moderate impact of West Bank
effluents upon the Rosetta Branch of the Nile; however, sufficient
informatior is not available to determine the extent of present river
water quality deterioration. Flows and dilution water available in the
Rosetta Branch are periodically low because of the large diversion of

water to the Raiyah el Beheira Canal at the barrage.

Soil Characteristics
Figure 3 shows desert areas identified by the Government of Egypt

as potential land reclamation sites. The areas lie on either side of
the Alexandria-Cairo road and solls are coarse textured consisting
primarily of sands and gravels.

These desert lands (identified as W1 through W4 by AMBRIC) are
considered marginal for agricultural development. However, available
data indicates the soils could be successfully irrigated with wastewater
effluent using the sprinkler or drip methods. The impact of intensive
wastewater irrigation on the local groundwater is expected to be negli-
gible. Groundwater in the Nile River Valley is primarily fed from the
Nile River. The identified desert lands adjacent to the Nile Valley are
at a higher elevation and the local water table is relatively deep.
Additional information 1s needed to verify these preliminary conclu-

sions.

Public Health
Rapid population growth and urban development over the past quarter

century have created severely overcrowded and unhealthy conditions in
Cairo. Te infant mortality rate is one of the highest in the world.
Although Egypt has numerous health problems resulting from poverty,

malnutriticn and uncontrollable environmental factors, a common thread

[}

throughout the fabric of poor health is the existence of human waste,
Because of the pervasiveness of excreta-related infections, which can
readily transform malnutrition and other diseases into life-threatening
situations, human waste 1s the largest source of death and disease in

the country. Water-related diseases constitute a large portion of this.
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The majority of water-related diseases originate from contamination
of water and food through the following mechanisms:

1. Transport and storage of otherwise safe water.

2. Interrupted services and soclal customs which foster use of
canal water for bathing, washing clothes and cooking utensils
and in rare cases, drinking.

3. Poor personal hygiene.

The single most important step in reducing exposure to water-borne
disease 1s to contain and remove sources of human fecal matter. Thus,
an improved wastewater system is a necessary element to achieve improve-
ments in public health., Numerous otlier health~rzlatcd efforts are
required in order to fully realize the potential health benefits which
may accrue from improved sanitation, Additional programs include pro-
vision and protection of potable water, removal of solid waste and

effective health education.

Institutional

Numerous Egyptian laws and executive regulations have established
policies and procedures which effect the greater Cairo wastewater manage-
ment program. Several governmental agencies are involved in various
elements of the potential wastewater system. Many lateral rather than
superior organizational relationships exist among agencies. These
agencles have overlapping responsibilities and/or activities, creating
potential inefficilency. Pollution control enforcement is hampered due
to scarcity of funds, inadequately trained personnel and improper'or
insufficient equipment and supplies.

National policies such as population redistribution and fooa self-
sufficiency are pertinent to selection of a specific wastewater manage-
ment program. Utilization of wastewater for agricultural purposes in
d sert lands can assist in meeting national goals by reducing dependence
on foreign sources of food.

The cultural value of the Nile to Egypt and Egyptians is important.
From time immemorial the Nile has been revered and considered to have

baraka or blessing. The Nile 's prominent in ceremonial life to many
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rural Egyptians and is considered good, for both mystical and medicinal
reasons, Thus, even with proper wastewater treatment, discharge of
wastes into the Nile has a ritually polluting effect.

Much of the inadequacy and poor performance of existing sewerage
facilities can be related to personnel management, operation and main-
tenance. Government programs ensuring guaranteed jobs has reduced
productivity and efficlency. Wages are low and not competitive with
private enterprise or foreign governments. Migration of technically
trained Egyptian engineers and technicians to neighboring countries
cffering higher wages is uncontrolled. In addition, social values tend
to place a stigma on workers engaged in sewerage agencies due to the

cultural aversion to human waste.

Food Resources

Agriculture represents the largest sector in the Egyptian economy
employing over 40 percent of the work force. The Government of Egypt
has invested heavily in reclamation of marginal soils on desert fringes
as an attempt to offuct agricultural losses suffered to urban expansion.
High costs, poor physical performance and management problems have
characterized these government investments in desert or "new lands”.

The governmer.t has extensively intervened in management of the
agricultural sectour through pricing and marketing policies, income and
employment programs and direct investment. Complex controls and programs
appear to have hindered rather than stimulate development and increased
agricultural production is required to meet the needs of rising popula-
tion. The use of treated wastewater can potentially be integrated to

partially assist in agricultural production.

Energy Resources

Approximately 50 to 60 percent of the total electric demand in
Egypt is met by hydroelectric power, with the remaining generated by
petroleum and natural gas. Energy growth in the recent past has averaged
over 14 percent per year. This extensive growth has strained existing

generation capacity and distribution networks. This is particularly
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evidenced by numerous power interruptions in Cairo.

Prices for energy products are highly subsidized; thus existing
rates in Egypt do not truly reflect world market prices. This pricing
policy results in wasteful consumptive practices and contributes to the

high demand growth.
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CHAPTER 3 - ALTERNATIVE WASTEWATER MANAGEMENT PLANS

No Action

One option concerning the Cairo West Bank wastewater system includes
taking no action to provide improved service. This would result in
continued public health and operational problems. Further West Bank
dev::iopment would either be curtailed or cause continued overloading of
the exiscing system and result in severe deterioration of environmental

conditions,

Colic:tion Options

Transport of sewage away from the living environment is the primary
objective of any wastewater collection system. Removal of wastewater
from the populated West Bank areas should have the highest nriority osver
other system improvements, including upgraded and expanded treatment
facilities and disposal methods. Sewage collection will provide the
greatest benefit to the largest number of people.

A conventional gravity and pump wastewater collection system has
veen proposed by AMBRIC. It is the only feasible long-term solution in
the densely populated urban areas. Collection and conveyance of wastes
to the Zenein plant and the proposed Abu Rawash treatment facilities
appear desirable in comparison with treatment at numerous smaller faci-
lities located around the urban area. Figure 1 shows the proposed
AMBRIC collection system for the West Bank. The combined collection and
treatment system enables minimum conveyance of effluent to either drains
or desert land for ultimate disposal.

If capital funding is not adequate to complete the entire first-
stage collection system, staging priorities must be established. Those
projects which convey the most wastewater away from the most densely
populated areas should have the highest priority. Using this priority
system, collection system development should be undertaken first with
the North West Project followed by the Zenein and Pyramids Projects
(project areas as designated by AMBRIC). The North West Project includes

the Embaba sewerage system and a major collector to the Abu Rawash
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plant. The Zenein Project primarily includes relief collectors in the
Giza area. The Pyramids Project involves a major collector to Abu
Rawash,

There may be several components within each of the above major
projects which should have differing priorities. A detailed study of
the system would be required if further differentiation is needed. For
selecting individual components within a project area, it is recom-—
mended that collection service be provided in the following order:

1. Unsewered areas with existing house service water supply.

2. Malfunctioning sewered areas with existing house service water

supply.

3. Uusewered areas with planned/impending house service water

supply.

4, Unsewered areas with standpipe water supplies.

5. Unsewered areas with no water supply and potential urban

settlement areas.

Provision of communal waste facilities should be considered as a
socially feasible option only where conditions are not practical for
private household connections. In all areas where housing and infra-

structure upgrading are possible, separate house connections should be

first prioriily.

Treatment Options

A range of processes capable of providing the necessary levels of
treatment performance were reviewed for the West Bank system. It was
assumed that the Nahya plant would be abandoned, the Zenein works would
be upgraded and expanded using activated sludge and that treatment would
be provided at Abu Rawash or at remote desert sites. Treatment levels
at Abu Rawash could be secondary using mechanical-biological processes
(the AMBRIC plan) or primary only. Treatment at the desert sites would
use land intensive systems that include anaerobic lagoons followed
either by direct application on cropland or by a rapid infiltration
system prior to application on land. The lagoon system can provide
primary or better treatment while the infiltration system can provide an

effluent quality better than secondary treatment.
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Selection of wastewater and sludge treatment processes for the
treatment~disposal alternatives emphasized equivalent treatment perfor-
mance with minimum o)eration and maintenance and high performance reli-

ability.

Disposal Options
Transport and discharge of treated wastewater to the Mediterranean

Sea is a possible disposal option. It has several advantages and dis-
advantages. The high transport costs and loss of a water regource are
serious disadvantages which make this option undesirable.

Pumping wastewater to remote desert lands for final disposition is
another pogsibility. Huwever, due to the pumping costs required for the
higher desert elevations, mere disposal of the wastewater without reuse
for agricultural purposes makes this option unattractive.

Treatment of wastewater with subsequent discharge to area drains or
pumping to desert lands for crop irrigation are ihe two wastewater
treatment-disposal concepts evaluated in this study. Treatment and
discharge Lo the drains and Nile River is comparable to wastewater
practices in many parts of the world. Application of wastewater to the
sandy desert soils 1is technically feasible using either sprinkler or

drip irrigation methods.

Alternative Plans for Environmental Assessment

For purposes of assessing potential environmental impacts, it has
been assumed the Zenein treatment facility will be upgraded and operated
at a secondary treatment level. Wastewater flows exceeding the Zenein
treatment facility capacity will be conveyed for treatment either at Abu
Rawash or at desert reclamation sites proposed by the Government nf
Egypt. Technical screening of a large combination of treatment-disposal
measures has identified several alternatives for evaluation of their
potential impacts, These alternatives are graphically presented in
Figures 4 through 12 and are summarized in Table 5.

Collection -

Alternative A - No Action (Existing System) - The existing system

shown schematically in Figure 4, represents the "no action" alternative.
Collection and conveyance facilities serve only a portion of the West Bank

population. At best, the Nahya and Zenein treatment plants will provide
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TABLE 5

SUMMARY OF COLLECTION, TREATMENT AND DISPOSAT. ALTERNATIVES

Alternative — (Description)

A - (No Action)

System Component

Collection

Existing system.

Conveyance

Existing system.

Treatment

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
Partial Treatment)

Add AMBRIC pri-
mary collectors.

Add conveyance
of AMBRIC col-
lectors to
Muheit Drain.

Abandon Nahya;
upgrade/expand
Zenein to sec-—
ondary.

Zenein to drain;

AMBRIC collectors to

drain.

C - (Complete Collection
and Treatment)

Add AMBRIC pri-
mary collectors.

Add conveyance
of AMBRIC col-
lectors to
treatment sites.

Abandon Nahya;
upgrade/expand
Zenein to sec-
ondary. Other
plants as des-
cribed below.

Zenein to drain.
Cther plants as
described below.

C-1 - (Secondary Treatment
and Drain Disposal)

Add AMBRIC pri-
mary collectors.

Add conveyance
of AMBRIC col-
lectors to Abu
Rawash.

Add secondary
treatment at Abu
Rawash.

Abu Rawash to
drain.

C-2 - (Secondary Treatment
and Partial Land Disposal)

Add AMBRIC pri-
mary collectors.

Add conveyance

of AMBRIC col-
lectors to Abu
Rawash and Muheit
Drain to desert.

Add secondary
treatment at Abu
Rawash.

Abu Rawash to
drain and desert

sites for reclama-

tion.
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TABLE 5

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

Alternative - (Description)

C-3 - (Primary Treatment and
Drain Disposal)

System Component

Collection

Add AMBRIC pri-
m-ry collectors.

Conveyance

Add conveyance
of AMBRIC col-
lectors to Abu
Rawash.

Treatment

Add primary
treatment at Abu
Rawash.

Disposal

Abu Rawash to
drain.

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

Add AMBRIC pri-
mary collectors.

Add conveyance
of AMBRIC col-
lectors to Abu
Rawash and to
desert sites.

Add primary
treatment at Abu

Rawash; use desert

land for further
treatment.

Abu Rawash to
desert sites
for reclama-
tion.

C-5 - (Desert Lagoon and
Land Disposal)

Add AMBRIC pri-
mary collectors.

Add conveyance

of AMBRIC col-
lectors to desert
sites.

Add lagoon at
desert sites.

Desert sites for
reclamation.

C—6 — (Desert Infiltration
and Land pisposal)

Source: Stanley Consultants.

Add AMBRIC pri-
mary collectors.

Add conveyance
of AMBRIC col-
lectors to
desert sites.

Add infiltration
at desert sites.

Desert sites for
reclamation,



primary treatment with discharge to the Nahya Drain. Sludge is pro-

cessed at Abu Rawash,

FIGURE 4
ALTERNATIVE A - NO ACTION (EXISTING SYSTEM)
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Alternative B — Complete Collection and Limited Conveyance

(Minimum Treatment and Drain Disposal) -~ This alternative (Figure 5)

provides for construction of the primary collector system proposed by
AMBRIC but no conveyance of collected wastewater to Abu Rawash. Zenein
would provide secondary treatment and discharge to the Nahya Drain.
Collected wastewater not going to Zenein would be discharged untreated

to drains, This collection alternative assumes that financial resources
are limited and that new treatment facllities cannot be immediately
provided. Temporary exemption of Egyptian wastewater discharge standards

would be necessary.
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FIGURE 5

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) - Collection Alternative C (Figure 6) represents the

complete primary sewer system proposed by AMBRIC, including pumping
collected wastewater to a new treatment facility rather than discharging
to local drains as in Alternative B. Zenein would be upgraded and
expanded to secondary treatment :nd additional treatment would be provided
at Abu Rawash and/or in the desert. All treatment and disposal options

require the Alternative C collection and conveyance system be in place,
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FIGURE 6

ALTERNATIVE C ~ COMPLETE COLLECTION AND CONVEYANCE
(FOR ALTERNATIVES 1-6)
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Treatment and Disposal -
Alternative C-1 - Secondary Treatment and Drain Disposal -

This alternative provides secondary treatment at both Zenein and Abu
Rawash with discharge of effluent to nearby drains (Figure 7). This
alternative is the proposed plan for the West Bank area as contained in

AMBRIC documents,
Alternative C-2 - Secondary Treatment with Partial Land

Disposal - This slight variation of Alternative C~1 has a portion of the
flow from the Muheit Drain pumped to land disposal areas (Figure 8).
Alternative C-2 is the improvement plan proposed by AMBRIC assuming the

Government of Egypt obtains appropriate land areas to utilize the effluent

for agricultural purposes,
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FIGURE 7
ALTERNATIVE C-1 - SECONDARY TREATMENT WITH DRAIN DISPOSAL
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FIGURE 8
ALTERNATIVE C-2 - SECONDARY TREATMENT WITH PARTIAL LAND DISPOSAL
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Alternative 6-3 - Primary Treatment with Drain Disposal -~ This
alternative modifies the proposed AMBRIC scheme by providing only primary
treatment facilities at Abu Rawash with effluent discharged to existing
drains (Figure 9). Assessment of this alternative indicates the impact

of a short-term interim plan that could result from curtailed financial
resources, This plan evaluates the consequences of a staged treatment
program just as Alternative B assesses a staged collection program.
Alternative C-3 would require temporary exemption of Egyptian waste-—

water discharge standards.

FIGURE 9

ALTERNATIVE C-3 - PRIMARY TREATMEMT WITH DRAIN DISPOSAL
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Alternative C-4 - Primary and Land Treatment/Disposal - This

alternative (Figure 10) is a modification of Alternative C-3 with
primary effluent being pumped to desert sites for further treatment and
Reduced

investment ir secondary treatment facilities at Abu Rawash is trans-

disposal on agricultural land rather than discharging tc¢ drains.

ferred to investment in pumping and transmission facilities needed to

reach remote land treatment areas.

FIGURE {0

ALTERNATIVE C-4 - PRIMARY AND LAND TREATMENT/DISPOSAL
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Alternative C-5 - Desert Lagoon Treatment with Land Disposal -

Figure 11 shows this alternative which provides collection and convey-

ance of wastewater to remotely located desert lagoons in the Alexandria-

Cairo road vicinity. Effluent from the lagoons would be pumped to land

disposal areas for irrigation purposes. Thils plan offsets some of the

inherert disadvantages associcted with the mechanical treatment system

at Abu Rawash, as proposed in Alternatives C-1 through C-4.

FIGURE 11

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 alternative is comparable to Alternative C-5,

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

instead of flow-through lagoons,

Treated effluent would be collected in

vnderdrains or the groundwater aquifer and used for agricultural pro-

duction.

dependent on mechanical systems.

FIGURE 12

This plan provides better treatment than others and 1s less
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CHAPTER 4 - ENVIRONMENTAL CONSEQUENCES OF COLLECTION ALTERNATIVES

Criteria Zor Alternative Comparison

Impact evaluations of the collection alternatives have concentrated
on four criteria:

1. Economics.

2, Reliability.

3. Public Health,

4. Institutional/Social.

Evaluations of these factors utilize quantitative methods whenever
justified by study conditions and available data. In many instances,
however, the assesswents were necessarily based on experienced profes-
gsional judgment. Assessment of the alternatives considers not only
impacts resulting from a well-conceived and well-run system, but also
those that could result when portions of the system do not function as
intended. Consequently, operation and maintenance of facilities was
given particular attention in the evaluation as regards long-term environ-
mental acceptability. This analytical approach assesses the risk inherent
with any particular system and the potential means for mitigating such
risks. Sensitivity of the systems to possible future conditions 1is
assessed where appropriate.

The rank order (1, 2, or 3) of each alternative indicates the pre-
ferred 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 1is
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 ranking 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 difference among alternatives. An overall rank
for collection options is indicated based on analysis of the impact evalu-

ation criteria rankings and professional judgment.
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Economics
Table 6 summarizes the comparative capital and operation and main-

tenance costs for the three collection system alternatives in both pre-
sent value and annual cost terms. Alternative A is the least costly
because there is no capital outlay. Alternative C is approximately 50
percent more costly than Alternative B; however, Alternative B represents
a staged option or interim solution and thus it is not directly comparable

to Alternative C on a least cost basis.

TABLE 6
LIFE-CYCLE AND ANNUAL COSTS FOR COLLECTION ALTERNATIVES

Alternative A Alternative B Alternative C

Complete Collec- Complete
tlon/Limited Collection/
No Action Conveyance Conveyance
Tife~Cycle Costs (LE 10%)1)
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 ) 1.6 2.4
Total Present Value - 107.3 152.0
Annual Costs (LE 105)1)
Capital?) 0 12.4 17.6
0&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 collec.ion system (Alternative A) and because relieving over-
loaded sewers should reduce sewer cleaning requirements.

Source: Stanley Consultants,
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A comparison of the economic ranking of the collection alternatives
is shown in Table 7.

Alternative A receives the highest rank, followed by Alternative B
and then Alternative C. Alternative C, which nrovides complete collec-
tion and conveyance to treatment, has the highest cost. However, the
nonquantifiable monetary benefits of public health and aesthetic improve-
ments have not been considered in the economic assessment of Alterna-
tives B and C.

Though wastewater collection should necessarily be provided by the
responsible governmental body, competing demands for limited financial
resources dictate that interim measures must be available and the effects
of these options known. Consideration of reliability, public health
and institutional/social impacts of the alternative collection systems are

addressed in the following sections.

TABLE 7
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

*Alternative rankings are relative to each other with "1" being the most
desirable option and "3" the least desirable option.

Source: Stanley Consultants.
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Reliability
Table 8 summarizes the relative ranking of collection alternatives

for various reliability factors.

Alternative A is considered the most complex and difficult to
operate because of the large number of isolated pumping stations and the
condition of the existing system. The system has a history of poor
performance and its operation results in overflows of wastewater in high
density population areas. This alternative is the least desirable
choice.

Alternative B will be the simplest and easlest to operate; however,
its main disadvantage is that wastewater is only displaced to open
drains, From the standpoint of collection only, this alternative ranks
high because of ease of operation and dependability.

Alternative C provides the best performance when compared with the
other two alternatives, but it 1s more difficult to operate because of
the long conveyance system and associlated large pumping stations. From
the standpoint of collection system reliability, this alternative ranks
just slightly below Alternative B.

Public Health

Table 9 summarizes the comparison of public health aspects of the

collection alternatives, Alternative C provides complete collec-
tion and conveyance of wastewater to treatment and is much preferred
over the other two options. Alternative B, which provides complete
collection, but conveyance to nearby drains without treatment, is more
desirable than Alternative A which provides no action.

Without collection system improvements in the West Bank area,
excreta-related diseases are not likely to decline. Provision of adequate
wastewater collection will provide a much better opportunity to decrease
these infections by reducing the current high levels of contact with
human waste. Numerous other public health and environmental programs
are required to fully realize the poteatial health benefits from a
sewage collection system. Nevertheless, provision of adequate sewage
collection will be a very important first steo to achieve improved

public health and aesthetic conditions in the West Bank urban area.

8098 29



RELIABILITY COMPARISON OF COLLECTION ALTERNATIVES

Criteria

Minimize level of train-
ing for operation, main-
tenance and management

Minimize replacement
parts and equipment

Minimum equipment or
system complexity

Minimum dependence on
electric utilities to
function

Minimum manpower to
operate

Good system performance
based on equivalent
system experience
Removal of sewage from

hhuman contact

Ranking of Alternatives

TABLE 8

Ranking Comparisons¥*

Alternative A

Alternative B

Alternative C

Complete Collec- Complete
tion/Limited Collection/
No Action Conveyance Conveyance
Medium High Medium
Low High Medium
Low High Medium
Low High Medium
Medium High Medium
Low Medium Medium

Low Medium High

3 1 2

*Alternative rankings are relative to each other with "1" being the most

desirable option and "3" the least desirable option.

collection system only.

Source: Stanley Consultants,
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TABLE 9
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
Avold deterioration of
present conditiloans Low Medium High
Minimize transfer of
problems to another area Medium Low Medium
Avold creation of tempor-
ary health hazards Medium Low Low
Ranking of Alternatives 3 2 1

*Alternative rankings are relative to each other with "1" being the most
desirable option and "3" the least desirable option.

Source: Stanley Consultants.

Institutional/Social

Table 10 summarizes the comparison of collection alternatives con-
cerning institutional and social factors.

Alternative C is the highest ranking system, priirarily due to the
potential for meeting national policy goals and cultural/aesthetic
values when 1t i1s coupled with adequate treatment and dispcsal. Insti-
tutional differences between Alternatives B and C are relatively minor,
however, Alternative B does require temporary waiver of existing Egyptian
wastewater discharge standards. The no action option has little impact on

institutional structures and thus Alternative A ranks lowest.

Summary Comparison

A summary comparison of collection Alternatives A, B, and C is
shown in Table 11. Comparisons are based on economics, reliability,

public health, and institutional/social criteria. The economic comparison
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TABLE 10
INSTITUTIONAL/SOCIAL COMPARISON OF COLLECTION ALTERNATIVES

Ranking Comparisons¥*

niternative 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
needs Medium Low Low
Minimum organizational
complexity Medium Medium Medium
Ranking of Alternatives 3 2 1

*Alternative rankings are relative to each other with "1" being the most
desirable option and "3" the least desirable option.

Source: Stanley Consultants.

reflects capital and partial 0&M costs but ignores nonquantifiable
monetary benefits, such as 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.

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
constrained, Alternative B will be the next best approach, as it provides

major health benefits through removal of sewage from the highly populated
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areas. 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 discussion of

treatment and disposal options in Chapter 5 assume that the Alternative

C collection system is in place.

TABLE 11
SUMMARY COMPARISON OF COLLECTION ALTERNATIVES

Ranking Comparisons*

Alternative A Al ternative B Alternative C
Complete Collec- Complete
tion/Limited Collection/

No Action Conveyance Conveyance
Economics 1 2
Reliability 3 1
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.
to each other with "1" being the most desirable option and "3" the
least desirable option.

Source:

8098
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CHAPTER 5 - ENVIRONMENTAL CONSEQUENCES OF TREATMENT AND DISPOSAL

Criteria for Alternative Comparison

Impact evaluations of the treatment and disposal alternatives have
concentrated on four criteria, just as the collection analyses:

1. Economics.

2. Reliability,

3. Public Health,

4. Institutional/Social.

Evaluations of these factors utilize quantitative methods whenever
justified by study conditions and available data. In many instances,
however, the assessments were necessarily based on experienced profes-—
sional judgment. Assessment of the alternatives considers not only
impacts resulting from a well-conceived and well-run system, but also
those that could result when portions of the system (o not function as
intendes. Consequently, operation and maintenance of facilities was
given particular attention in the evaluation as regards long~term environ-
mental acceptability. This analytical approach assesses the risk inherent
with any particular system and the potential means for mitigating such
risks. Sensitivity of the systems to possible future conditions is
assessed where appropriate.

The rank order (1 through 6) of each treatment~disposal 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 1s, the lowest sum of rankings does not necessarily
1dentify the best alternative since the ranking system does not quantify

the degree of difference among alternatives.
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Table 12 presents a comparison of the order-of-magnitude economic
costs for the alternatives assessed. Both present value and annual costs
are included in Table 12 for the collection, conveyance, treatment and
disposal system components. Alternative B, which represents an interim
plan if funding is limited, is included in Table 12 for comparison with
other options., Alternative C-3 is the lowest cost plan which has a
complete collection and conveyance system. However, Alternative C-3

also represents a short-term option that could be selected if funds are

limited.

TABLE 12
ECONOMIC COSTS FOR ALTERNATIVES

Present Value (LE 106)* Annual Costs ILE 106)*
Net Net
Capital 0&M Total Capital 0&M Total

Alternative B
(Partial Treatment &
Drain Disposal) 164 20.8 184.8 19.3 2.4 21.7

Alternative C-1

(Secondary Treatment
& Drain Disposal) 332 91.9 423.9 39.0 10.7 49.7

Alternative C-2
(Secondary Treatment &
Partial Land Disposal) 369 100.4  469.4 43.3 11.8 55.1

Alternative C-3

(Primary Treatment &
Drain Disposal) » 262 59.6 321.6 30.8 7.0 37.8

Alternative C-4

(Primary & Land
Treatment/Disposal) 371 93.0 464.0 43.6 10.9 54,5

Alternative C-5

(Desert Lagoon &
T.and Disposal) 375 64.4  439.4 44,1 7.6 51.7

Alternative C-6
(Desert Infiltration
& Land Disposal) 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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Economics

Table 13 summarizes the assessments of the economic ranking of the
treatment-disposal alternatives. The main economic factor in deter-
mining relative ranking is the net annual cost.

Alternative C-3 is ranked highest but it represents an interim
plan. Land disposal options, Alternatives C-2, C~4, and C-5, hold the
next three positions with agricultural benefits offsetting some of the
investment costs, The high inv:stment and pumping costs for Alternative
C-6 exceed secondary treatment costs for Alternative C-1, thus placing
Alternative C-6 in the lowest rank.

0f secondary importance in ranking alternatives is the operation
and maintenance expenditures required, since this will be the Government
of Egypt responsibility. Alternatives C-3, C-5, and C-6 represent the
least costly operation and maintenance options. Secondary treatment
proposed in Alternatives C-1 and C-2 rank lowest as regards operating

requirements,

Reliability

Comparisons of treatment-disposal reliability factors are presented
in Table 14.

Alternative C-3 1is the most reliable system but also the most
polluting since it represents an interim plan. Alternative C-5 would
be simple and reliable and ranks slightly ahead of Alternative C-4 because
of effluent quality for irrigation. Alternative C-1 is judged next most
reliable because it contains the complex coupled biofilter and activated
sludge system and it will require significant resources for adequate
operation and maintenance. Alternative C-6 ranks low primarily due to
lack of experience in Egypt and potential groundwater pollution risks.
The least reliable option 1s Alternative C-2 which combines the complex

treatment plant with irrigation system operations.
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TABLE 13
ECONOMIC COMPARISON OF TREATMENT-DISPOSAL ALTERNATIVES

Ranking Comparisons*#*

Alt. C-1* Alt. C-2* Alt, C-3* Alt. C-4% Alt. C-5% Alt. C—6*

Financial Cost Basis

Minimize Present Value Capital High Medium High Medium Medium Low
Minimize Annual O&M Medium Low High Medium High High
Minimize Total Life-Cycle High Medium High Medium Medium Low

Economic Cost Basis

Minimize Present Value Capital High Medium High Medium Medium Low
Minimize Annual 0&M Medium Low High Medium High High
Minimize Total Life-Cycle High Medium High Medium Medium Low

Economic Benefits & Costs

Maximize Annual Agricultural Benefits Low Medium Low High High High
Minimize Net Annual Project Cost Medium Medium High Medium High Low
Ranking of Alternatives 5 4 1 3 2 6
*C-1 Secondary Treatment & Drain Disposal; C-2 = Secondary Treatment & Partial Land Disposal;

C-3 = Primary Treatment & Drain Disposal; C-4 = Primary & Land Treatment/Disposal; C-5 = Desert Lagoon
& Land Disposal; C-6 = Desert Infiltration & Land Disposal.

**Alternative rankings are relative to each other with "1" being the most desirable option and "6" the
least desirable option.

Source: Stanley Consultants.
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RELIABILITY COMPARISON OF TREATMENT-DISPOSAL ALTERNATIVES

Minimize Personnel and Management
Requirements

Dependence on Equipment, Parts,
and Supplies

Potential Reliable Process
Performance

Minimize Environmental and
Financial Consequences

Ranking of Alternatives

TABLE 14

Ranking Comparisons*#*

Alt. C-1*% Alt. C-2* Alt., C-3* Alt. C-4* Alt. C-5*%* Alt, C-6*
Medium Low High Medium High Medium
Low Low Medium Medium High Medium
Medium Low High Medium Medium Low
Medium Medium Medium Medium Medium Low

I3 6 1 3 2 5

*C-1 = Secondary Treatment & Drain Disposal; C-2 = Secondary Treatment & Partial Land Disposal;
C-3 = Primary Treatment & Drain Disposal; C-4 = Primary & Land Treatment/Disposal; C-5 = Desert Lagoon
& Land Disposal; C-6 = Desert Infiltration & Land Disposal.

**Alternative rankings are relative to each other with "1" being the most desirable option and "6" the

least desirable option.

Source: Stanley Consultants.



Public Health

Table 15 summarizes the potential impacts of the various treatment-

disposal alternatives on public health,

Alternative C-6 ranks high because wasiewater is removed from drain
disposal and the high quality treated effluent aminimizes risks of worker
exposure and crop production., Alternatives C-1 and C-2 provide a high
degree of treatment prior to drain or land disposal. Thus, assuming
reliable treatment operations, these alternatives are judged slightly
higher than Alternatives C-3, C~4 and C-5 which provide lower levels of
treatment prior to discharge or irrigation use.

Alternatives C-4 and C-5 are close fm rank, but better than Alter-
native C-3 which discharges a primary effluent to the drains and the
Nile River.

Institutional/Social
Summarized in Table 16 is a comparison of the institutional factors

related to treatment-disposal alternatives.

Alternative C-6 ranks hign primarily because of opportunities to
meet national policy goals and maintain cultural/aesthetic values. This
high ranking occurs despite the rather significant organizational require-
ments necessary to implement the land treatment and disposal scheme.
Alternatives C-4 and C-5 rank relatively high due to satisfaction of
national policy goals and the lower level of skilled labor supply required.
Alternative C-2 ranks higher than C-3 and C-1, primarily due to achieve-
ment of national policy goals and cultural values. Even though Alter-
native C-3 fails to meet national policy goals, it does have a reduced
commitment to a skilled labor force and simpler organizational require-
ments in comparison with Alternative C-l. Assuming the Zenein treatment
plant is rehabilitated to provide secondary treatment, only Alterna-
tive C-3 would require a temporary waiver of existing Egyptian waste-

water discharge criteria.

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 17.
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TABLE 15
PUBLIC HEALTH COMPARISON GF TREATMENT-DISPOSAL ALTERNATIVES

Ranking Comparisons**

Alt. C-1* Alt., C-2* Alt. C-3* Alt. C-4* Alt. C-5* Alt. C-6*

Produces maximum health benefits

by pathogen removal Medium Medium Low Low High High
Minimize occupational hazard Low Low Medium Med ium Medium Medium
Reduce exposure of general public Low High Low High High High
Avoid deterioration of present

disposal pathways Medium High Low Medium Medium High
Minimize transfer of problems

to disposal areas High Medium High Low Low 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-1 Secondary Treatment & Drain Disposal; C-2 = Secondary Treatment & Partial Land Disposal;

c-3 Primary Treatment & Drain Disposal; C-4 = Primary & Land Treatment/Disposal; C-5 = Desert Lagoon
& Land Disposal; C-6 = Desert Infiltration & Land Disposal.

**Alternative rankings are relative to each other wi:h "1" being the most desirable option and "6" the
least desirable option.

Source: Stanley Consultants.
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TABLE 16
INSTITUTIONAL/SOCIAL COMPARISON OF TREATMENT-DISPOSAL ALTERNATIVES

Ranking Comparisons*#*

Criteria Alt. C-1* Alt. C-2* Alt. C-3* Alt. C-4* Alt, C-5* Alt. C-6%*
Meeting national policy goals Low Medium Low High High High
Cultural/aesthetic values maintained Medium High Low High Medium High
Minimum skilled labor needs Low Low Medium Medium High High
Minimum organizational complexity High Medium High Low Low Low
Ranking of Alternatives 6 4 5 3 2 1

*C~] Secondary Treatment & Drain Disposal; C-2 = Secondary Treatment & Partial Land Disposal;

C-3 = Primary Treatment & Drain Disposal; C-4 = Primary & Land Treatment/Disposal; C-5 = Desert Lagoon
& Land Disposal; C-6 = Desert Infiltration & Land Disposal.

**Alternative rankings are relative to each other with "1" being the most desirable option and "6" the
least desirable option.

Source: Stanley Consultants.



TABLE 17
SUMMARY COMPARISON OF TREATMENT-DISPOSAL. ALTERNATIVES

Public Institutional/

Economic  Reliability  Health Social
Rank* Rank#* Rank* Rank*

Alternative C-1
(Secondary Treatment
& Drain Disposal) 5 4 3 6

Alternative C-2
(Secondary Treatment &
Partial Land Disposal) 4 6 2 4

Alternative C-3
(Primary Treatment
& Drain Disponsal) 1 1 6 5

Alternative C-4
(Primary & Land
Treatment/Disposal) 3 3 5 3

Alternative C-5
(Desert Lagoon &
Land Disposal) 2 2 4 2

Alternative C-6
(Desert Infiltration
& Land Disposal) 6 5 1 1

* Overall rankings from tables in preceding sections of this chapter.
Alternative rankings are relative to each other with "1" being the most
desirable option and "6" the least desirable option.

Source: Stanley Consultants,

Each of the alternatives has strong and weak points. Alternative C-3
is low in cost and highly reliable because of minimal treatment and dis-
posal facilities. However, it is only considered as interim plan,
thus its desirability from the public health and institutional stand-
point 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 intermediate
ranking across the four major areas.

Selection of a particular plan for implementation requires considera-
tion of the assessments and rankings presented herein, as well as other

information which is not included as a part of this study effort. For
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example, 1f funds are severely limited, then the system with low initial
capital costs and/or low life-cycle costs would be more desirable than

other choices, at the expense of reliability, public health, and insti-
tutional factors. If the Government of Egypt makes a strong commitment

to finance wastewater treatment facilities; provides for training operational,
maintenance, and management personnel; and establishes the appropriate
organizational framework; then any selected alternative would likely

have a better chance of success than one which the Government of Egypt

does not give full institutional backing.

From a public health standpoint, all of the alternatives provide
for achieving potential public health benefits. As indicated earlier,
numerous other 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 Government of Egypt 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
recelve extremely high priority by the Government of Egypt. The proposed
program is very large and failure to provide the suitable programs
necessary to insure reliability of system performance 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 dicate the plan which best suits area needs.
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